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THE MISSION OF AGARD
The mission of AGARD is to bring together the leading pessonalities of the NATO nations ir: the fields of
science and technology relating to aerospace for the following purposes:

— Exchanging of scientific and technical information;

— Continuously stimulating advances in the aerospace sciences relevant to strengthering the commoan defence
posture;

— Linproving the co-operation among miember nations in aerospace rasearch and development;

— Providing scientific and technical advice and assistance to the North Atlantic Military Committee in the
field of aerospace research 2nd develops 1ent;

— Rendering scientific and technical assist: nec, as requested, to other NATO bodies and to member nations
in connection with research and develog ment problems in the aerospace field.

—~ Providing assistance to member rations 1or the purpose of increasing their scientific and technical potential;

— Recommending effective ways for the member nations 1o use their research and deveicurgent capabilities
for the commion benefit of the NATO community.

The highest authority within AGARD is the National Delegates Board consisting of officially appeinted senior
representatives from each Member Nation. The mission of AGARD is carried out through the Panels which are
composed for experts appointed by the National Delegates, the Consultant and Excnange Program and the Aerospace
Appiications Studies Program. The results of AGARD work are reported to the Member Nations and the NATO
Authorities through the AGARD series of publications of which this is one.

Participation in AGARD activities is by invitation oniy and is normally limited to citizens of the NATO naticns.

The material in this publication has beer reproduced
directly from copy supplied by AGARD or the author.
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FOREWORD :

It is the exchange of information which is one of the fundamental migsions
of AGARD, and towards which our Annual Meeting of the Aerospace Medical Panel
is specifically dirocted.

i S e M

In this instance we have, through the hospitality of the French National
Delegates, had the opportunity of holding our Autumn Meeting of 1971 in Luchen
in the Py:énees. One of the advantages of a meeting in a small town is that
the delegates are kept in cluse touch with one another, which makes the

exchange of information on an unprogrammed basis even more effective.

The programme itself, with its three themes: disorientation, simplified
methods for clinical examination of aircrew, and biophysical problems in
;ezospece medicine, reflects the wide range of expertise available in our Panel -
an expertise which is directed towards the problems of the operstors in both
the military and the civil environmenis, since the same type of problem is
frequently encountered in the fwo fields.

The quality of the presentations was commented upon most favourably, and
I would like to take this opportunity of thanking the authors on bznalf of the
Panel. I wish also to thank the editors of the Technical Evaluations, which
provide an expert review of each phase of the meeting, so chat the salient
points and troad conclusions reached in discuscion may be permanently recorded.

N NS

Group Captain T C D Whiteside, RAF
Chairman ASMP

Kl
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PREFACE

One of the principle objectives of AGARD is to promote the exchange of
sciepzific and technical information within the NATO countries. The pages
vaich follow are a permanent record of the proceedings of a meeting, organised
by the Aerospace Medical Panel of AGARD, which was devoted to the problen of
spatial disorientation. The limitations of mans' ability to sense aircraft

attitude and motion are one of the main causes of the sensory illusions

embraced by the term 'disorientation in flightf. These have been recognised
for over fifty years and are well described in aeromedical text books. However,
the operational consequences of gpatial disorientation, in particular the loss
of life and aircraft in orientation-error accidents and the ways in which
disorientaticn may be ameliorated, ara less clearly understood. The papers
presented at the 28th Meeting of the Aerospace Medical Panel make good this

3 deficiency and provide a convenient digest of currer: opinion and research into
E the more practical aspects of the problem of spatial disorientation in flight.
It is considered that these Proceedings will be of value, not only to
aeromedical specialists, but also to those engaged in the training of aircrew
and in opzrational duties.

The value of published proceedings is enhanced by the inclusion of the

informal exchange between participants, for such discussion underlines impor-

1
i

tant findings or exposes weaknesses in argument and technique. It is an
importait part of the editor's task to produce an intelligible text of such

discussion from recorded comrentary and from forms which participants were

T TR T

asked to complete. In my limited experience, only sbout a third of the actual
discussion is reflected in these 'discussion forms' and the editor must rely
hkeavily upon the tape recording if an accurate account Is tc appear in the
printed proceedings. On this octasion my task was made the wmore difficult
because only abeut 407 of the discussion was recorded due to an intermittent
fault which was not discovered until some time after the mecting., For 2 few

papers the recorded discussion was complete, but for the others 1 have had to

rely on written corments and hazy recollection, so the discussicn as printed

is incomplete. This deficiency is much regretted. To those suthors and

= speakers who are not adequately represented I extend the apologies of the
= recording engineers. To those who are misr>presented, I alone bear responsi-
bility.

A J BENSON
Techaical Prograrse Organisex
and Editor
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SUMMARY

Thie volume conteins the text of 16 papers, related to the problem of spatial disorientation in
flight, which were presented during the first part of the 28th Meeting of the Aerospace Medical Panel,

held at Luchon, Framce, 28-30 September 1971. The papers covered the following topies: 1. description

ard analysis of disorientation incidents, 2. o-vientation error accidents, 3. training procedures,

4, lahoratory ctudies. The principal findings and recommendations are summarised in 2 Technical
Evaluation Repf~i, -
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OPENING CEREMONY
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The civil and military dignitaries who took part in the opening reremeny
of the 20th Meeting of the AGARD Aerospace Medical F nel were intreduccs by
the Chairman of the Panel, Group Captain T C N Whiteside.

T A A A ety

The Co-ordinator for the host country, Médecin Général R Grandpierre,
extended greetingsto delegates and distinguished guests, in particular to the
Director General of Medical Services of the French Armed Forces, Médecin
Général P G Lenoir, and to the Mayor of Luchon, Dr A Castaigne. Cn behalf of
the French National Delegate, Général Grandpierre expressed pleasure that the
20th Meeting of the Aerospace Medical Panel was being held in France. He
enphasised the importance which the National Delegatesz attach to the exchange of
inforzation within the NATO countries and in particular their aspirations for
the success of the meeting in Luchon. He had no doubt that this objective
would be fulfilled since the civil authorities of Luchon, had, by their generous
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hospitality provided a most favourable milieu for a meeting which had attracted
contributions of a high techrical ztandard.

Général Lenoir in his address, expressed appreciaticn to Général Grandpierre
and to the Chairman of the Aerospace Medical Panel fur inviting hiu to attend

the opening cerecony and for the welcome which he had received since his arrival
in Luchon.

Général Lencir said that his interest in AGARD and in particular the work
of ASMP was two fold. As an oroy man, in charge of the cozbined Medical Services
of the French Armed Forces, it was important that the found out more about the
activities of Specialists in the field of Aviation Medicine. The other reason
fcr his presence in Luchon, Général Lenoir explained, was more personal and
stermed from a meeting wish the Chairman of ASMP. He was deeply impressed with
the sincerity with which Group Captain Whitesidc had explained to him the
abjectives of AGARD and the activities of the Panel he represented. The General
was pleased to have the opportunity to express publicly his gratitude to the

Chairman of ASMP for his work in promoting international co-operation.

Général Lenoir recognised the cozplexity of the aeromedical problems posed
by modern military aviation and considered that as the operat .onal requirements
become wore exacting. it was essential that there should be close co-operation
in rescarch and devalopment in the discipline of aerospace medicine. The

success of such international co-operation was dependant upon mutual trust 2nd
an attitude of 'fair play'.

In cencluding Genéral Lenoir, reatfirmed the welcome to the delegates from
the NATO countrics who had assexbled in Luchkon and wished them every success i3
the technical sessions which would follow.
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DISORIENTATION INCIDENTS REPORTED BY MILITARY PILOTS ACROSS 14 YEARS OF FLIGHT* 7

Brant Clark
San Jose Statc College, San Jose, California, U.S.A. 95114

SUMMARY

Recent incidents involving disoricntation in flight reported by 236 U. S. Air Force, Aniny,
and Navy pilots were compared with inc:dents reported by 137 pilots in 1956. The incidents
were strikingly similar for varicus tvpes of aircraft and even for combat and noncombat
situations. These findings and those of other investigators suggest that disorientation is curiently

experienced in a wide variety of flight opcsations throughout the world and will continue to be
experienced by military aircraft pilots.

INTRODUCTION

The piiot’s task in orientation to the horizon and to gravitational and gravitoinertial force has been one of the constant problems
in aerospace medicine. Indeed, volume | (1930} of Aerospace Medicine (then the Journal of Aviation Medicine) reported on **Blind
Flying,” a symposium about orientation and disorizntation in flight.! Since then many papers have been written on the topic, but no
attempt will be made here to review this literature since it has been done recently by several others.? ™

* 1t is worth noting. however, that
while materiel failure as a cause of aircraft accidents has deczeased during the past decade, the relative importance of “*pitot ervor™ as a

cause has increased.® Consequeatly, factors important in causing disorientation in flight also become increasingly important.

e e AR T N T
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Disoricntation is used in this discussion simply to refer to situations in flight in which the pilot’s perception of the attitude,
position, or moiion of inis aircraft or other objects in space is nonveridical {i.c., peiception differs from physical events). Thus,
disoricntation encompasses a wide varicty of perceptions that may deviate only slightly from veridicality, or may result in gross
perceptual crrors leading to inappropriate control movements or to accidents. Hhxson, Nivepr, and Spezia® have defined such

“orientation-error accidents’ as those *. .. said to occur whenever an accident results from a pilot’s incorrect perception of his true
motion aiid atsitude in space.”

R R
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Disorientation of one type ot another is ubiquitous in military Night operations.! 7 Recent reports have described disorientation
in many diffcrent aircraft and many countrics, e.g., Canada,’® Czechoslovakia,! ! Japan.®+!* Russia,?»* the United Kingdom.? and the
United States®»?3:}4 Consequently, theee is a continuing interest in the topic, anad many investigations have heen undertabon to
4 understand the many, complex factors that contribute t3 orientation and disorientation. Of these studies. 2 significant number have

involved the vestibulor system. which contributes in important ways to disoricntation in flight, becaase of its spesial characteristics
during the passive rotation of the pilot during flight.> ~ *$

Tor

NN S R

In spitc of the increase in knowledge of the topic in the past 40 years, however, reports of disorientation cxperienced by pilots
continue, sonetimes ag criticaf incidents and sometimes invelving accidents.”-®+! 171 3-16 This is not surprising because both orientation

and disorientation are a result of complex perceptual systems interacting in complex ways.2 ™! Furthermore, extrapolation from the
Iaberatory to flight with its own unique. complex environment must be underiaken with cauticn. Conscquently. pericaic investigations
of critical incidents involving disoricntation during flight arc of value sirce flight uperations may be expected to vary over time. This

report describes the various kinds of disorientation and related experiences reposted by a group of pilots flying several types of aircraft
and compares these cvents with those reported by a group of pilots in 1956.8-1?

METHOD
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Zilots Reporting Disorientation

The reports of critical incidents involving disoricntation were obtained from 336 pilots in the U, S. Air Force. Army, and Navy, all
in active flight status. They wers arbitrarily classificd into five categories in terms of the aircraft they were flving at the time (Table 1).
The majority had fiown within the 5 days prior to responding to the questionnaire: only 12 had not flown within the past moath. Their
median age was 31 ther median flight time in the current aircraft was 600 hiours: and their median total flight hours were
2,000,
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“The data colicction for this study was accomplished at Ames Rewasci Center, NASA, with the assistance of John D. Stewart and
Cratles C. Kubokawa and was sepported by NASA Grant NGL 05-046-002 to San Jose State Coilege




o T R T e R T T R P A S e R TR ey e e e
Al2
Table 1. The pereentage of 321 privts seporting disonen? stin s five types of current sirerafs compared with the
percentagc uf 137 pilots reputing these experiences in 1956. -
Migh Single
Transport  Traming  altnude  placcjets  Hehcopier 1956
N=65 N=I0S N=39 N=13 M=G9 N=437
1. Although the wogs were really level, 1 Fept naving sene ™ * =1 ane og the
other of the wings was down, 71 o7 41 8S 52 67
2, Winle observing a flate on o darh night,  thoughtat e+« . e Course,
but 1t was scally floating stsaight down, 18 15 3 31 33 2
3. On a dark night, I was confused about the stais and surface lights. Corsequently,
1 becanxe unceriain about the position of the hotizon. 48 30 49 92 29 e
4. When | came oul of a thich overcast, the horizon scemed severely tilted,
although I was strzight and level. 25 19 38 35 9 20
<, Following a foss of altitude while maintaining a constant headng, my ears
cleated and | felt 1 was in a turn, 9 12 10 3 3 .-
6. Although 1 was in complete contrel of the plane, I lost my seps2 of diection. 1
thought | was fiying east, but | was actually ncading nosth. 23 51 b3 54 53 47
7. Al at once, 1t scemed as if | was straight and level, although in teshity I wasma
turn, 10 <3 3 36 k] 66
8. 1 was sery ntent on the target and didn't chech my altimeter. Suddenly |
realized that 1 was too dow, and sbruptly pulled out with oniy i fow feet to
spare. 14 i1 3 23 15 I
9. | became confused in attempting to mix contact and instrument flight cues for
orientation. 37 31 44 38 3 31
10. When | levelled off after a bank, I had a tendency to over bank in the opposits
duection, 42 <0 35 92 4 67
11. 1 had a full view of the b2y with the lights ail arcund it. It seemed hike 2 totally
strange place, although normally it was quste familiar. 23 25 15 31 k2] 27
12, The sunlight coming through the propelless caused flicker, and a ¢rew member
became confused and sety uncomfortable. 14 10 3 0 2% v
13, Following a climb on a constant heading, 1 felt I was in a bank. The inrtruments
indicated straight and level, 26 29 18 15 2 ..
14. On a routine patrol flight, I had » feeling of not knowing where 1 was, of genting
turned atound in direction mome sarily. M 43 he) 3¢ 5 39
15. During instrument flight, | found myself feaning to the right in the cochpit to -
keep myself vestical, hl 36 31 46 hes 45
16, During straight and level flight, 1 felt that [ wasin a bank, 60 56 39 8§ 42 B
17. On a cross-witd landing, | noticed that I was drifting badly across the runway.
but { faded to make any cortection for it, i5 2 S 1] $ 12
18. Following a steep, ctimbing tuen. I felt 1 was tuming in the vpposite direction,
but the instruments indscated straight and level, 2 26 2: 36 3l s
19. As we flew through the fog, I bacame confused by the rotating beacon on the
aireraft because it caused 2 flickering light in the cockpit. 42 23 p 3 6 a2 -
20. As | climbed to high altitude. 1 had 2 feeling of isolation and of being teparated
from the carth, 23 n 13 i8 ) 3.

Fligitt Expericnces Questionnaire

All of the reports of disoricntation expericnces were obtained from a three-part questionnaire that included (1) a descriptivn of
the purposes of the study and four demographic items. (2) a request for a writters description of an experience with disoricnitation
the aircrafs they wer currently flying., and (3) a check list of flight experiences in the airc.aft they were currentdy 8yving. The cheek list,
which was derived from pilots’ descriptions of vertigo (Table 1), was an abridgment and modification of a checl: list vsaed in an catlur
study of disorisntation in jet pilots.® The pilots were asked 1o check those items in the list if they hac' had the same or a sinular
experieree in the aircraft they were flyving. The questionnaires were distributed in vanous squadrons and retumed viithout idemification
of the respondent.

]
3
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RESULTS

The ubiguitous nature and varicy, “haracter of these reports of disorientation is evident from cven a3 ca~*! e\xamination of ths
reports. The data indicate that most pilots experience these effects at one time or another. This is cortainly not surprisine since
dirnatientation is 2 result of the interaction of <everal normal per ¢ptital processes3 ™3 :12.18

Disaricntation Reported on the Check List

The data from the cheek list (Table 1) show much variation from pitot to pilet. Of the 20 items on tiac cheek tist, indevdia pilots
checkhed 1 ons v 16 wath a median of 6. Onlv 22 pilots checked no itesms while 64 checked 10 or more (1.c.. 93% choch2d at Ieast one
tiem), The check ot included 1§ items from an earlier study.® A striking feature of the resulis is the similarity of the responses of thi
group to those of the jet pilots in 1956. When these 15 statements aere ranked in order of frequency of response for the two groups,
the rank order correlation tumed out to be +0.86 showing that the frequency of reports of disorientation has changed little in the past
14 years, It 1s evideri from the items checked by one or mare pilots taat there is much similarity across the 1y pes of aircraft flown and
that thesc pilots experience a wide vatiety of types of disorieatation.

Disoricatation i typically a complex perceptual process henee clasafying the items 1< a difficult task.!? Nevertheless, the data
confirm carlicr results® in showing that the most frequently reported 8y pe of disorientaion involves uncertamty regarding the attude
and motion of the wircraft (Items 1. 7, 10). Visual disorientation (1.c.. confugon or uncertainly regazding obsests tn the pilot’s visual
ficld) was much less frequently reported (Iiems 2, 3. 4). However, 92% of the 13 pilots flying alone in jet aireralt repurted confusion of
stars with surfuce tighting. 4
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Light flickening at appropnate froquendies has been known 1oe many yesrs to produce annoyance. lowsred slertness, various types
of cenfusion. and even convulsions,” -F3+1 €18 Furthermore, Borry and Bastwood? 314 and others*® have reported disonentgtion
among helicopter pilots associated with flicker from the rotatine wing. This study confirms therr findings (Item 12), but indicates more
frequent disorientation (Item 19) related to the flicker ¢aused by the antiollsien haht (see also the report of pilot 327 below).
Experimental evidence in a simulated cochpii'® has shown that ficker i the range found 1 anticollision hights does not produce
significant changes i EFG and nystagmus nor does it appear 1o couse changes i visibility. However, the duration of fliches was shiort,
and the pilot was ot engaged in o denanding task, Consequently. a substantial number of mihitary prlots may be expected to
experience discomirrt, drowsiness, confusion. and even disorientation associated wiih flicker from the anticolliston hght

Geograpfuca) disovientation, ine.rrect orientation to compass points or places (Jems 6. 14), was frequently reported by all groups
on the cheek list Another problem related 10 geographicat disorientation is the difficulty pilots sometumes have i recogmzng farihiar
landmarhs (fiem 1) About 2537 of the pilots seported this eapenience (known by the techint 1 name of jamais v, “'never seen™),

A muen lese commonly reported 1y pe et disortentatien i~ “pressure vertigo™ associzted with pressure changes in the ear denng
changes 12 altitude 25 Jones™® tinding that about 107 of lus pilots report thes experience 1s confirmed by the results of the chech f
(Item 5) atthough Lundgren and Malin® © found 187 of a group of pilots reporting “*pressure verfigo.”™

Confirming the results of an carhier study, sbout 337 of the jet pilots reported expenencing the “*break-off phenomenon.” feehings
of isolation and separation from the carth dunng fhght, that Jeads sometimes to exhularation and sometsmes to fear or
uneasiness 348337 Although jet pilots report the expenence more frequently thar others, it 1s also reported by all of the other groups
including the Pelicopter pilots (Table 1), 1t 1s ear that the effect 1s not simply a function of ngh alttude flight.’

A final fector that may contnbute 1o disonentation s the way the pilot directs lus attention to the available intonnation segarding
orentation (Jems 8, 17).2 This v an cld problem in wstrument fhight and 1s illustrated i the extreme case by a prlot directing his
attention to one mstrumeat to the exclusion of ail other sources of information. As would e exvpected from the type of operations
involved, such restriction of attention was reported most frequently by pilots of single place jets. To counter this effect some pilots and
copilots in transport type aircraft hav  worked out a procedure using conversatn 1 between them to redi.e undue concentration on the
flight divector during tfinal approacss \s in catlier studies, 3 third or ntore of these pilots reported problems when they attempted to
miv, ¥YFR and 1FR sources of infor, .tion (Item 9). Proponents of head-up displays have suggested that such arrangements make it
easier to alternate between visual and mstrument thght Whetlier this would ead to less disontentation remaiis to be demonstratedd.

Reports of Gritical Incidents lnvolving Disorientation

The pilots were asked 1o describe an experience imvolving orientation m space that was in some sense unusual or critical and nught
fead to some difficulty in flight. Of the 336 pilots who responded, 187 reported 4 ontiai mncident before completing the check hist
fTabl= 1} The written description of the incident and a chedk list of descnptive terms related to the madent were used 1 an item
analysis of cach nerrative One difficulty in collecting the data through the squadrons rather than iz personal interviews was that the
narratives sometimes facked descriptive details that could huve been obtamed 1n an intenview, However, 1t was possible to tdentify 40
incidents that occurred during cperations in Victnam. Consequently, 4 separate analy sis was undertahen for these metdents to dentity
any unigque experiences under these flight (onditions.

It should be emphasized that these wnotten narratnes were merely a sample of occurrences recalled by the pilot 1 response to an
oper-ended request and therefore maast be evaluated in these terms. Furthermore, the assocated faciors were narform!y compley The
pilots aited many associated factors that in their minds contributed to the ¢vpenence such as  ncorrect or madequate visual
mformition, fatigue and inadequate planning (partivalarly an the Vietnam greup), lash of fapubanty wath the awrcraft, famny
intraments, emergency conditions, carelessness, and inadequate attention. The descriptions made it clear that i many sases 3 senes of
disoricntation events occurred, but in evaluatig the indident, it was clasafivd n the categony judged to be predommant {see P2222
below) Some 157 of the micidents were impossible 10 categorize because of mnadequate mformation (e.g . the priot merely <tated =}
experienced vertigo™)

Open-ended techniques of the sort use¢ here have one importani, potential virtue that s nussing from a <heck hst. They
soretimes reveal niusual. new 1) pes of phesomena that pilots expericnce i flight. However, this was not the case with these reports of
sritical maderts i fhght Al hat included adequate deseniptive data were seadily classified inte one of the seven wategones tdentified
on the cheek hist. Nor were there unmique types of disoricatation reported tn Vietnam

The most commonly reported type of expenenee msobed disorientation with regard to the atitude and motion of the awcraft
(General, 327, Vietnam, 437). For example

Pilot 36 (P-30) (Mictnam). “1 switched off my beawon, but developed vertigo, T felt that 1 was straight and favel, but the
instnoments satd [ was Shimbing to the feft 1 could look up and see the stars, but had no nonzontal iabality ™

1296 (Geaerad). * conducting a tumng rendszvous, lead rolled our after breakup and passed through o thin cirus cloud As }
passed through same cloud and then exited. ! felt as though lead and my<elf were inverted.”

P-222 ¢Vietnam). It was a low lovel fhight m very bad wx ... . Expenienced mnadvertent IFR. A.C was rolled 1o 90° angle of
bank Coptlt reaction was fast enough 1o sight A/C before hitting the water. After nghting the A-(. vopilot becanme disorienied
ard rassed the now of the A'C o exeessne angie. The pilot having by this e becone onented on imstruments ansik took AC and
flew 1t cut of the IFR conditrond™

As with the check list. the nent most ~ommonty reporied type of disonientation was judged to be oredominantly sisual, 15~ of
both groups reported visual disonentation, for oaample:

P-3 (General) “Flying below brohen overcast . no moon . .. Was unable to distinguish between hights on the ground and the
hghts of other possible awrcraft .~ Each of us at one time or another dunng the fhight attempted to take evauve action from bghic on
th: ground or mismterpieted direction or attitude of othier traffic,”
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P-13 (Vietnam). In a VJH-1, “We wese diifting far back and to the right of the forn:ation. I could not detect the horizon nor tel!

the difference between ground lights and stars. ... 1 couldn't tell how far away the next aircraft was. But judging how long it took to
gt repositioned, it must have been 100-400 meters.”

P-277 (General). In clouds, “Commenced right tum to avoid high hills. Started climbing turn. Broke out and attempted VFR
{light. Bright stars above caused fecling of being inverted . . . there were . . . bright lights in the arca of the home base.”

Geographical disoricntalion wes reported both in Vietnam and efsewhere, but it was reported much more frequenily for those
incidents in Vietnane Only 7% of the general incidents were judged to be geographical disorientation whercas 20% of the incidents
occurring in Vietaar: v ere placed in this category. This is not surprising, in the light of operating conditions in Victnam, and the results
support the emphuasis daced on certain aspects of this problem.2! For example:

P-12 (Genemal), 1 called the tower on final approach and tumed on my landing lights. The tower told me he did ot have mean
Jght. I realized thot 1 was approaching to lan:i at anoiher airport . ...

P-31 (Vietnam). During a GCA. **Twice | felit Iike | was flying north when { was flying south.”

R 2

P-108 (Victnam). ... [ could not se¢ my compass. After making the assault and coming out of tae LZ, 1 tumned the wrong
direction (180° out) and felt 1 was right. It took my (copilot) quite a while to convinee ine we were going the wrong direction.™

gy

Incidents involving the direction of the pilots® attention were much less commonly reporied (General 7%: Vietnam, 57%) than the
three categories just described. For example:

LR

2
P-15 (General). In a helicopter. 1 observed the rorating beacon of another aircraft and codald not determine what direction he was 3
flying. I unconsciously devoted ail my attention to that one beacon and ended up in a 30K (306 knot) climbing turmn . ... 1 was 3
momentarily disonented when I reatized what was happening.” ‘}é
&

P-42 {Vietnam). “*We were sent out to check a stream for possible sampans. Weather: ground fog and haze, light ran . . .. We were K

flying at 100-150 searching a streamline with our szarch fight . . . . Suddenly the aircraft was in a left descending tum.”

Critical incidents involving flicker vertigo, pressure vestigo, and the bresk-off phenomenon were recalled less frequently than the

reports indicated on the cheek list. Thiese were described only in six reports by the general group and not st all by the Vietnam group.
An illustration of each is given below:

T

P-327 (Gener:l). “*Anticollision lights flashing around on clouds made me want to believe aircraft in tum but instruments

mdicated not so. I cress checked copilot’s instruments and they weie the same as pilot's. 1 then disregarded sensations and stayed on
instruments

A G e

P-182 (General). “Ledt car difficult 10 clear. .. as copilot during takeoff . ... Pilot went into a climbing tum in clouds. The
sensation of rolling inverted was uicontrollable.™

P-£4 (Generad), UH-1, "1t was my first solo flight. After I pulled the A/C te 3 hover. I suddealy realized the A/C was driftiag tc ;fi
3 the rpht. lomective action was taken ... . | had the feeling that | was completely separated from the surrounding area, as in *limbo®.” 2
B DISCUSSION £
The incidents reposted by the pilots in this study as well as those from othar studies over several decades make 1t sicar that Z

disorivntation involving confusion with regard to the sstitude and motion of the zircraft is the most commonly seporied type of
disorientation. Furthermore, the vestibular system is the primary sensory mechamsny imvolved in thi. type of disorientation,t <2133
Three characteristics of the semicircular canals predispose the pilot to this type of disorientation, and these characteristics contribate to
a ¢endhict of sensory infosmation with information from other sensory systems.®*'S First, the Sxmicircutar canals respond tu angular
acceleration rather ihan to th2 velocity of rotation, which is the chamcterictic, subjective response o rotzry stimulation. The canals
may signal no fotatson during a constant high velocity of rotation during 2 prolonged tuni. 61 they may siznal rotation in onc direction
during a deccleration while the actual rotation is {n the opposite direction. Second. the 2fteralfects of rotation may continue for a
-prolouged period after the rotary acecleration has Yeen reduced to zero (e.g.. whea the pilot tums to straight and level flight after a
23 prolonged. constant rate turr). Third, if the pilot moves his head dunng 2 tunving mancuver Conolis couples stimulate the semicircular
’ canals and produce strong, bizarre, nomveridical information that mav result 1n impreper sction.?-*+!?

{

A teeent stedy of ke sensitivity of aiiine pilots to angular acocleration hat fumished additional evidence of the tmportanse of the
semicircular canals :n disorieatation. Clark std Stewart® ? using the oculogyral illusion as the indicator found that the thresholds for
angular acceleration for 36 aisline pilots range from 0.04 1o 0.32%/sce? with & median of 0.11%/sec’ . These data show that pilots”
sensitivity tu angalar aceeleration is far below the angular aceckeations present in many mancuvers 1o military aircrafi, When such
information is nonvendical. disoricntation may sesult even for voy Jow levels of angular acceleration. It has been weli established that
although pilets are taught to ignore motion infonmation, they do in fact use such information ia the operation of flight simulatess and
complain when such information iv missing because the simulation 3¢ then not restisiic.* Undoubtedly, such metion informanien is also
used in tight to alert the pilot to motion of the aireraft and improve his efficicency in control tasks. The fact that such motion
mtonnation inay help in the control of an airctaft ander certain circumstances while it may lead to disorientztion under other flight
conditions makes the confusion resulting from nonveridical informasion all the morz2 difficult 1o control.
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Syitiai orientation and disorientation in flight arc major histoneal and current prodlems in acrospase medicine,’¥-194132
Altbaugh there is “ome variation in the types of disoricntation seported for different ty7.e< of aircraft (Tavle 1), there is 2 striking
3 sinutlarity antong them across some 14 vears of flight experience. Furthesmore, strikingly amiler experiences haoe been reposted by a
3 number of mvestigators around the world.3 =321 1.32 This iy well illustrated by 3 comparison of the data reported here with those of
% Kat and her asechtes at the Acromedicyl Labortory of the Japenese Air Self-Defense Forees®'? They bwe aamed out
compr-hensite studics of actors o acrted with disericntation in flight that fo {ar beyend the purposes of this report. For example.
they teport no agaificant relation between vestibular function tents, anniety scale scores, and disonentation atthough somz poutne
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trends were found. Kato lists the following factors that contribute in important ways to disorientation: instrument flight, flying aione
in formazion behind a leader, fiying in clouds (cither day or night), head movements, and banking maneuvers. But more important for
this study was the great similarity of her pilots’ experiences 1o these reported above. Reports of confusion of motion and attitude of
the aircraft were the most common in both studies. Furthemiore, the description of the events showsd much similarity. Some examples

from Kato's studies follcw. These have been translated into English. Her reports cre in quotation marks, the numbers in parentheses E
refer to specific incidents cited in Table | or by particular pilots above

|

b

s

. *“Anillusion of leve! flight while making a tum.” (Cf. number 37, P-36) ki
2. “An illusion of tilting while flying as a wi, ~man in a formation aithough the icader’s plane was in level fligh:.” (Cf. numbers |

and 16, P-296)
3.

*. .. after recovenng a tum, fecling of over-bank in the opposite direction.” (Cf. number 10, P-222)

Similarizics between the studics in which visual factors were primariiy involved are illustrated by the following incidents:

1. “Lo.s of the sense of the vertical (5 cases): while aciually maintaining a normal position (4 cases) and while actusliy on his

back (1 case). This is due to the subject’s failure te distinguish between the stars and the lights of fishing boats in the sea or
lights on the groun?.” (Cf. nuntber 3, P-277)

2, *Autokinesis” (Cf. number 2, P-3)

B R A A e

Similacly, Kato found that 29% of her pilots reposted geographical disoricntation, but she did not give a specific description of

such incidents, In this study, 23 to 54% of tire pilots checked such *tems on the check list. (Cf. numbers 6 and 14, P-12, P-31, and
P-108)

Aty v b

It is worth noting that the purposes of this study and Kato’s were different in important respects; different methods were used
and the nature of the interregation was different in many ways. For example, Kato specificaliy inquired sbout Coriolis effects, -
subthreshold effecte, and illusory pitching motions while this study did not. Similarly, this study was concerned with flicher “vertigo,”
pressure “vertigo,” and the direction «f the pilot’s attention while Kato was not. In spite of this, there was sudstantial similarity among
; the studies and even with the 1957 report. Certainly no gross differences were found in the aature of the disorientation rey ted. and
E the results suggest that the rclative importance of disorientaticn like “pilat errer™ accidents in general® kas probabiy incteased is the
= pasy decade. It is not <urprising that this is so. No attempt will be made to describe the complex, perceptual processes involved 1n
orientation in flight since that has been done by many others.* ™ Nevertheless. it is evident from the repornis that the pilot is 5 part of a
hizhly complex maen-machine systam in which varions types of information are available with respect to onentation to the carth and to
nther objects in space. Information from the pilot’s visual and force environments (linear and angular acceleration) lead o normal
perceptual processss that may be at vzriance with information from the instruments. Consequently, the information from his cwn
percepteal systems, which is correct and used effectively during his life on the ground, may be cither correct and usetul oy illusory and
degrade flight performance., depeading on thie nature of the flight. Training devices of various types have been foursd 1o be uscful in
familizrizing the pilot with these cffects.! ' +*# Thus. *visior beyond sight™ through the aizeraft instruments must be used, and the pilot

: must learn to discipline himsclf to diredt his atiention to the pproprizte instraments and consider his own perceptual information as
= uatrustworthy. That this is no simple ta<k is evideat from these pilot reports as well as maanv others Y42

.
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Disoricntation in flight is not only 2 current problem in flight: it promiscs to be 2 continuing problem. Routine flight operations
create orientation cues that result in “normal™ perceptual processes titat may e cither correct or lusory. If the pilot directs his
sliention to incorrect or misieading information, he will probebly hecome disoriented. The information displays related to orientation
have changed little in the past decade. Although such informatiun has made flight possible under a wide range of conditions, 1t has not
eliminated disorientation. Certair types of disoricatation will be reduced only if instrament displays are developed that for aff pilots

have the force, if not the substanae, of information svailable during VFR flight. The sllusory perception will still be there. dut :ts weight
ia determining spatial orientation will be much iess important.
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DISCUSSION
GUEDRY. The basic r-oblem of disorientation in flight does not appear to have changed Jver the years.

Yet wouldn't you agree that things are being done to reduce disorientation, in the field of
training and izmproved instrument displays?

CLARK. I cannot really agrec; instruments nave changed little over the past decade, the basic flight
instruzents are still there and do little to provide what might be called ‘'vision beyond
sight'. Improved displays are required to provide orientation cues whizh have the force
of 'visual experience'. This is where training becowes important.

EENSON. Oae of the difflculties lies in the symbolic nature of the orientational cues provided by
aircraft instruments; this is one reason why the aviator cannot accept such cues without
qualification,

GUEDRY. I recently saw a pilot who felv that when be had two gyro attitv.e displays,disorientation

was halved. If both instruments gave the same information ne believed them, rather than his
own sensations.

Ny

AR

CLARK, Yes. I have come across this type of situation. A comparable incident is described in my
paper where the pilot reported cross checking his own instrumencs with those of his ro-pilot
to mske sure that it was his own sensations which were in error.

ALLEN. Have you identified the problem of disorientation associzted with catapult take-off at night?
CLARK, I have nc data of these incidents, but I believe we will lwar from Dr Cohen, later in the

wveeting, about work which is relevant.

{hiditestdbe ki Lt

ALLER. 1 suspect thaz there may not be suirvivors of that type of incident.
BENSON. The last comment raises a point that has always worried me. The disorientation accident caa

occur, perhaps frequently does occur: wheén the pilot does not realise that he is disorien-
tated. The disorientaticn incidents we hear about are commoniy those in which there was
sensory conflict; the pilot was aware of his disorientation. We kunow that aircrew all suffer
fron disorientation at som time or other during their flying carecr, but in what proportioa
of flights do they have this disability? Have you any ideas of how we can get reliable data
about the frequency of disorientation?

CLARK. I don't know how one could do this. Attespts have been made of course, as in the US Navy
where flyers were asked to make a report every time they had an incident. But aviators can
be reluctant to talk about unusua. sensations, they think that th:y may be a little bit odd
and do not wish to broadcast the fact.

MALCOLM. 1 wonld like to raise again the role of the unnaturalness of flight instruzents in the
astiology of disorientation. Do you have any recomzendations to make aboutr the developoent
of instruments whick provide either a more natural presentation of information or a display
vhich can be used in a more natural way?

CLARK. 1 am convinced that improved displays would reduce the incidence of disorientation and we have
already ventioned how redundant information can strengthen the avistor®s acceptance of
instrument cues. Yet I do not think that instruzents, no matter how good, will ever
completely prevent disorientation. 1 have no suggestion to wmake concerning the way instruwment
displays could be izproved.

DOBIE. You have shown that disorientation happens in many types of aircraft and operational roles and
is hence an ubiquitous phenomenon. Most airerew have had experience of disorientation - it
has been demonstrated to them in the flight cavironment. Do you not think that our task is to
reach them how to live with disorientation rather to deconstrate discrientation to them on thz
ground?

CLARK. Your point is a valid one and I agrec vith you that the place to learn abort how to cope with
digeorientation is in the air. Nevertheless 1 feel that student eviators and perhaps mary
experienced piloss benefit from the Jdeponstration, o= ithe ground, of illusory vestibular
seasations. It rexinds thenm of the ztreagth of these illusious gnd provides a justification
for the cft repeated instruction - believe the inztruments.

GILSON. Do you think that the prollem of disoriuntatien has been changed cither in sagnituds or
frequency of occurence by the developzents of higher perforzance aircraft with *heir greater
accelerative forces and consequently grester stinmulation cf the vestidular system?

CLARK. The incidents reported in the recent survey were zuch the same as those reported by jet pilots
in 19536. It would scen that pifots of high perforzance aircraft suffer the same type of
disarientating experiences as pilots of other aircraft. One might expect the incidence and
intensity of incidents was higher but the questicanaire provided no direct cvidence of this.
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A REVIEW OF UNITEID RINGDCE (RaPF D ARNY) STATISTIICS Ch SPAPIAL DISORIENTATICHN IN FLIGET 1960-1S70
by

Wing Cozmander R G .ofiing AFC
Directorate of Flight Safety (RiF)
Linistry of Defence (UX)

INTRODUCTICH AXD ALM

1. This paper is based on the Royal Air Force Directorate of Flipht Safety records of investizgution into
Iflying sccidents where disorientation was a confirmed or probable czuse. The pericd of review is the
decade 1960-1970. Prior to this peried, and in fact extending back into VWorld Vsx 2, disorientaticn re-
ceived little if any mentiecn in the accident records despite there having heen many accidents in the 194Cs
and the 1950s which foday's investigation boards would certainly ascrite to this cause. The peucity of
early records cf the phenomenon stemxed from a lack of understanding on the part cf the pilots who exper-
ienced it ané survived and, rrobebly to an even grester degree, from the pilois' feaxs that an attack of
"the leans™ ~ or whatever naxe they chose to give to their disccmforting exyerience - indicated a lack of
fitness for their duties if formally rerorted. However, the advance of aercmedical training rrowvided
pilots with a greater understanding end awareness of the rroblem and during the 19€0y an ezteck of dis-
orientetion gredually ceased to be g rather shazeful secret to be whispered, if a% all, no further than a
squadron cof “ee-bar.

2. The aim of th: paper it to present en anslysis of the RaF/irmy dfsorientation occurrences and, from
the findings, %o seek any arens wherc research on aercmodicel lines might te profitable. Tho uuthor is
conscious of treading the fringes of the neromedicel fiell in which he is not competent and, =mhilst attemp-
ting to restrict any comments and conclusions to the operational and flisht sefety fields, eycleogises for
any occasion on whish he nay have transgresused the boundary.

DISORIENTATION STATISTICS

3. Figure A shows the oversll RAF/Amy record of disorientation accidenis axd incidenis for the pericd
of review. Incidents are occurrences where minor or no aircsaft denage wus susteined, most of which are
straightforsard pilot reports of a disorientation experience; accidents are occurrences shere serious or
write-off damege was sustained end include a high proportion of fatalitiez. A fatal accident is only
included as a disorientation cose if the Investigation board clearly found this to be the protable cause.
Annual flying hours decrecesed by a srall asount over the whole period and, with one exception, there is no
special pignificence in the way the disorientation figures vaxy throughout t.e pericd; ihe exception is the
peaking ¢f the incidents in the second quinquennium ¥hich is almest certainly due to e publicity cezpaign
in the niddle period which eclnomiedged the existence cf the problem and enccuraged pilets to report their
disorientation experiences. The campaign may also have led investigation boards to establish, with & high
degree of probability, disorientaticn as & cause of certain fatal accidents in the second half of the
period, producing the incresse epparent in the figures. In other wexds the higher figures for the second
half are considered to be nearer to the txue level than those for the ecxlier yeexs.

AIRCRAFT TYPES INVOLVED IN DISCRIENTATION OCCURSENCES

4. The first step ir the analysis of the statistics was to classify the record broedly by airerzfi types
involved; the table et Figure B gives the result. To establish any significant predecinunce of cne sireraft,
or group of aircraft, it is necessexy of course te detexmine the preporiicn of fiying effort by ihe type ox
types in the organisation providing the total semple. The figures gaven chow that § sireruft incurred sisn-
ificently zore dirorientation occurrences than the rest of the aireruflt in the records, nomely, preducing
825 of the totsl disorientatien occurvences whilst providing enly 31,0 of the tolel flying. This group
cozprised the Canberre, employeé meinly on recornedssance and lew-level strike; the Hunter, recennsissaunce
and close air support; the Lightning, air defence; the Jet Frovost, basic pilot training; ond the Sieux
helicopter, Arzy observation.

Se The presence of the Sioux in the group in explained by the foct that until very recentiy the aireraft
was not fitted with a ceoplete instrizent flying ranel and flying in Inctruzent Xeteorclogical Conditicns
(D) was not ypermitted; however, Sioux pileis in the nature of their role inndvertently entered IC on
several occasions end sere then inadeguately esuipred to withstand end overcote disorientation effects. Cf
the resaining 4 airesaft, the Jet Provost is flowm o cemsideratle amewmnt by very inexpesienced golo giudernt
pilots and it could be expected that the risks of disorienteticn are perticularly high with this class of
7ilot; the Candberza, Hinter and lightning ave 21l aircroft whcse 20le demands =Ore extrene manceuvres ihan
any other aircraft, togather with high rates ¢f ciind and descent wshich bring rapdd changen in flight
conditions. It seems therefore that there are satisfoctory explanatiens for ihe appearance of ithese air-
craft in the "highexr rick" discrientation group. A corollary of this aircraft grouping, iaplicit in the
table, is that niloss of the heavier and siower aircraft, in roler whexe ¢nly mcderate conoeuvres and iecs
rapid chongee of {light comditicns ere invelved, are less oxyused to diserientoticn - a ccnciusion which
couid de regasded a2s a tiatezent of the obvious, but which statisticed confirmation is nevertheless
welcone.

IFICATICR GPF DISORIINTATICN ACCIZRSS
6. The next step was Lo snalyse an clascify the diserienteiicn accidents in oxder to determine any sipgn-

ificant pettem and to identify any particular circumstonce ahich zmight te gredeminani. Ine resulis, covex-
inp the total cf 2¢ accidents in the pericd, are tabtulated at Figure C. In 1& of the accidents the pilot
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RAF/ARMY - DISORIENTATION OCCURRENCES
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YEAR | 1960 | 1561 | 1962 | 1963 | 1964 | 1965 | 19¢6 | 1967 | 1968 | 1969 | 1970

AIRCRAFT INVOLVED IN
DISORIENTATION OCCURRENCES
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Fig.B 1960-70
PERCENTAGE OF | PERCENTAGE OF
TYPE DISORIENTATION { TOTAL
OCCURRENCES FLYING TIME
CANBERRA
J.PROVOST
HUNTER 81z 31%
LIGHTNING
SIouX
OTHER . .
AIRCRAFT 19% - 69%
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FigC CLASSIFICATION CF DISORIENTATION ACCINENTS RAT 1960-1970

Seriel; Disorientation Cause Accidentxj hircraft and Relevant Detail

5 Canberra - day; 3 lor level, 2 high level
1 |Toss of controld after 9
autering LIC during - . . . .y .
CanoeuvTe 4 Bunter ~ day; 3 1w level, 1 high; 3 inexperienced
3 Jet Provost -~ 2 night; 3 inexperienced
Losa of control in INC, 6 ~ _ . R
2 {level or Geccending 2 Scout ~ 1 nid}.t, 1 inexrerienced
1 Hunter - dey; low level navex
2 EBunter - day; 2 low level, bright haze; 1 inexperienced
1 Hunter - night; aesce=rding in woonless haze
1 Canberrs - dey; sun glare on landing
Rying ‘contact! by
3 |mislesding externagl 6 1 Jet Frovost ~ nighi; shortly after teke off; }nexpcricnceé
references., Disorient-
ation unrecognized by 1 Scout - night;
pilot

moordess conditicns after searchlight
exercises inexperienced

4 Loss of control aftex
losing forzation leader 3

3 Bunter - day; 2 inexperienced
in C

i Less of control in DIC 5 Sicux ~ 3 night; 2 inexperienced; sircraft new fitied
5 {due to lank of aircraft 5 with I/F panel
) IF facilities

was killed and the cause coull not be conclusively established, but these 18 ascidents were included in

view of the investipation toard's formel findings, in each cese, of disorientation es & probable or possible
cause; in fact, in almost g1l of laese cases the finding was very nesr io certainty.

T The following pcints either emerge from Figure C or should be borne in oind when considering what
conclusicns can te dvawn frcm the analysis it provides:

8. With the exception of the Lightning all the aircraft which p-edczinate in the totel record of
digorientation (Flgure B) also predominate in the accidents. However, the 5 Sioux helicopters in
Sexinl 5 may be regaxded os of iittle significance for this study. For the whole of the review

period this aircraft wus unequipped, and not clesred, for instruzent flying; it was to be expected

therefore thet on the occasions where instruzent conditions where inadvertently entered disorienta-
tion would be likely to follcw rapidly.

b. The most frequent cause of disorientatiocn sccidents, Serisl 1, is revealed as the sudden enter-
ing of IXC in conditions of high "g" and large angles of bank ané pitch.

These accidents ¢leaxly
highlight the flying skill, together with rapid rhysical end mental readjustzent, xeguired of a
pilot an such conditions.

c. The couse under Serial 4 is a medified form of Sexial 1 but merits sepaxate ireatzent not lesst

for the reastn that any resedial measures would be of a very srecialised nature,
situation on losing formatlen in Asud

wavul

The disoriwmtaticn
is cozpounded, os the author knows from experience ani frez
wany conversations with pilots, by the pilot suffering rolling or banked seasations - ofien guite

gevere - up to the moment of losing sight of the forwmaticn leadex: his problen then of rapid transfer
tc accurate instriment flight is significantly increcsed.
d. The sccidents under Serial 2 cunfirn mhat is probtably a generally suecerted fact, that even in

cenditions of 1ittle siress ond no sudéen cosfrentaticn mith D0, pilots, especially if inexperienced,
zay not posgess or exercige sufficient skill to withstend disorientaticr and f1y correctly on
instruzents,
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e. The 2¢¢l”ents uncer Serial 3, all but one of which were fatal, have been classed under disorient-
ation el lLou i they differ mexkedly from 1l the other accidents in that the pilots did not eprear to
lose cont-ol of the aircruft on instrumerss, but cuntinued tc fly by mis.cading external references,
invarietly ircluding an indistinet horizon, until tne aireraft hit the surfsce. If tnis behaviour

is accepte’ ns o foxm of alccrientetion L. daffers from all other forms in rexzeining undetected by
the pilots. who continued tc fly In what they appecr to hove been cenvinced was e safe and correct
attitude up tc the mement of the crash.

f. The %abln also rec.yds the night flyia, accidents and those involving experienced pilots. The
rrcportion of night eceider ts and accidents bty inexperienced pilots are both approximately double
the figre to be expected frou the cuvure. of right flying carried out and the experience-spectrum
of the squadrors. This serves to cuulim, two genera..y-held opiniors, that night flying and inex-
verience are factors predisposing to !iccrientation.

g. Of gll the pilots invelved in the zce denis only one is recoxded as heving hed any significant
nedicel nistory such as ,revicus disoriertaticn or receut eax/throat infection. This pilot had been
receiving treatment, not under RAF medicel sercices, which included the use of the drug belladenna.

h. It is rerlicys notew.rthy thet there hzve been no acciéents caused by disorientation duzing land-
ing arproach, a type of eccident which hizs occurred a numeer of times to other operators. The
Cenberxe landing eccldent in Serial 3 barely .uelifies for this categury when the detoils are exen-
ined, teing occasioned by a loss of contiul et the roint of touch-down caused by a combination of
tricht sun on a sclt-obscured windsereen ind an engine malfunction.

CLASSIFICATICH OF SISCRIENTATICH CCCUKERE.CES

g. The firel teltle, Figuxe D, slows tle -less.fication of discrientetion ceuses for gll occurrsnces,
that ic gec.lenis wnd incldents, for wu.ich details are svaileble. The § Sicux accidents, dus to ine’a-
quate cireraft insirument flying fecilliiies. have been omitted, es have 3 similar Sicux incidents. The
following peints should be noted:

2. Seriel 1-4 re.eat thLose of the Accident table Figure C, and it can be seen that these accident
ceuses aiso fifure lergely es causes i ircidents.

b. Lerials 5~ reprcsent 5 further couses of disorientation definable frem a study of the incadent
reperts. <he high figures fur ear infectioa and heed movement ceses are particularly notesorthy;
furtl.ermore, these 2 ceuses, tcgether with recction to aireraft lights (Serial 8), nay well have
opertted in some of the accldents categerisad in Seriel 1-4 although the fact co.id not ve dever-
ained froa the evidence availabtle,

NSRRI et i

Fig.D CLASSIFICATIC] OF DISCRIENUATION CCCURRENCES RAF 1960-1970
4
Serial DISCRIEETATICK CAUSE ACCDRNTE] DI TS ’g
N Reaction to ranoceuvre in I.C o 5 g
‘ keaction to eniering LiC level or descending é 1 3
3
3 Lisleading extemnol references {undetected) 6 e E:
3
t
4 Forzation in IXC 3 3 3
5 rer infection or other physicel predisroaition - ® 14 3
3
3 Lancing approach in IC ¢ 3 -y
g
Vi Filot'c nead movezent - ® o ;§_
8 Reecticn $o extermal aireraft lights in BC - 3 z
2
2 {Reaction to zanoeuvre in WG { 0 & %
* Sce lext para &b B ig;
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¢. Although not shown in the teble the propoxtion of night accidents confirmed what was deduced
froo the accident records, that nicht flying can predispose to disorientetion. However, a similar
confimation was not obtained for inexperienced-pilct cases. The proportion of inexperienced pilots
in the incidents tabulated was considerably lower than in the accidents and did not support the
inference dxawn fromn the accidents that fnexperience can predispose to disoxrientetion. It may be
that in spite c¢f the increased understending of disorientetion in flying units some inexperienced
pilots overcome the occasional disorientation prodlem but prefer not to rerort it.

RELEVANT AIRCRAFT DESIQ! FEATURES

9. The possibility that some characteristic of cockpit structure or configuration might have a beering
or. disorientetion was considered, the 2 most likely foctors being pilot's seat position in relation to ihe
aircraft centre line, and canopy structure. Anslysis of the aireraft types in all the occurrences failed
to reveal any statistical link beZween off-s2t pilot seating end disorientation. Analysis of canopy
structures revealed that the 5 aircraft in the group incurring the highest disorientaticn rate have
cockpit canopies which are either completely clear and frameless or heve ninimol franmework, thus pro-
ducing a bubble effect within the cockpit in certain conditions. It is not suggested that this reveals a
design defect in these aircraft; because of their roles, referred to in pars 5, they require the provision
o' paximun clecy field of view for the pilot. Hewever, this feature, possessed by virtually ell militery

eireraft designed for these roles, undoubtedly denics the pilot visual reference lines present in wmore
enclosed cockpits.

CONCLUSION

10. Vhilgt emphasising that any cosmenis under this heaoing are offered as & laymen's view in the aero~
medicel contexi, the author would draw ettention to the main points arising from this survey:

a. Of the classificd causes of disorientation the verious fectors listed in Seriels 5-9 of Figure D

are cnes which shcu:d pe reducible by effective supervision and indoctrination, and by high standaxds
of flying training.

b, To remedy those digorientaticn causes resyonsible for serious accidents as well as incxdents,
Serial 1-3, additions or modificaticas to instrument flying training coulé be worth seeking., It
night Lo possible to devise methods of simulating the sudden entry of INC either in ground simuletors
or cirtorme training which would arm pilots ageinst this hazardous situstion, although this would not
recessarily escist in the problem of wndetected disorientation, Serial 3.

c. The need for the modified training tecnnigues suggested nbove avpears to te greater in these eir-

sraft eaployed in rapid-manceuvre roles end fitted with cleax or relatively unobstructed cmnories.
1. Triz paper has attempted to identify, from the RAF/Army records, the significent factors ead hezard-
ous situctions in the disorientation provlem from a militayy point of view; the suthor hopes that it mey
provide some points frem which could be developed an zercmedicel contributicn te {lying training, paxtic-

ulaxly Ir. the censitive roles and sircumstences described, thet will save lives and sireraft which coatinue
+o te lost fromz known disorientetion causes.

NISCUSSION
WOLBARSHT. 1Is there a possibility that the pilot, after losing the lead aircraft when flyirg in formation,
is not izmediately able te gather information from the instrument panel? If he currently
flies several type- of aircraft, a romentury confusion as to which panel arrangement is
presently appropri .c could be the basis of a short term, and perhaps fatal disorientation.
SETING. in our 'loss of leader' accidents, none of the pilots were currently flying wore aircraft
than the subject aircraft and ite training variant. 1 cun therefore do no more than agree
with the questioner's suggestion; we have no facts to support or contradiect it.
DOBIE. In your review of RAF disoricntation accidents you found a high inciden~e when visibility
conditions were of he 'fish-bowl' type, but none during desceat and landing. Could it be
that in the former situation there wazs a tendency to look-out even though reliable visual
cues were minimal, whereas in the latter the pilot tended to use instruwents and hence have
reliable visual cues? The situation described would zppear to be explicable on this basis,

LOFTING. If the pilot looks outside in conditions of poer VMC, as he will be forced to do in tactieal/
cozbat situsations, he will be vulnerable to disorientation. On an IMC approach to land the
pilot, flying on instruments, will be well provided with visual (instrument) inputs, but if
he looks outside, as he must eventuaily do at his minicun approack heighit, he may then face
an external visuai situation similar to the pilot in the tactical situation. RAF experience
suggests that our pilots have somchow (as a result of training techniques) largely avoiced

being misled by illusions on YMC approsches, though accidents cf this nature have been
reported by other operators.

During this discussion the possible benefit of the use of Head Up Displays (HUD) was raised.
It was suggested that this type of instrument makes it ecasier for the pilot to transfer from
external references to instrument reference. The time taken to re-establish aircraft
orientation should be reduced, so the opportunity for the pilot to become disorientated should
also be less than with conventional imstruzents. However, at lecast one spezker pointed out
that the cues provided by the HUD were still sycbolic and cthough & lot of informstion was

presented within a s=all visual angle, coning of attontion had been reported with this type of
dis

It vas agreed that inforzation about the relative incidence of disoricatation in aircraft with
a Head Up Display and in these with conven ional instruments would be valuable.
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ORIENTATION-ERROR ACCIUENTS IN ARMY AVIATION AIRCRAFT
by

W. Carroll Hixson ond jorma |. Niven
Naval Aerospcce Medical Research loborctory
Pensocolo, Florida 32512

and

Emil Spezio
U. S. Amy Boord for Aviation Acciden! Research
Fort Rucker, Alebama 36360

To initiate the oction necessary to establish the magnitude of the orientation-error problem in Am:/
cviotion, on interservice reseorch program wes organized under the joint sponsorship of the U. S. Army
Aeromedical Research Loboratory, the U. $. Army Boord for Aviation Accident Research, ond the Navol
Aerospace Medical Research Laboratory. The first step was the construction of on operational definition
of on orientation-errer occiden!. The assimilation of dota pertoining to the incidenca and zcuse of such
accidents end their actual and relztive costs in terms of fatclities, injuries, ond aircraft domege waos then
set as the working object * of the progrem. Accordingly, the decision wos made to implement o five~
year longitudinal stedy of 6il me” «r ond minor orientation-error accidents involving Army Aviation flight
operations beginning with July  26.

Incidence and cost data are presented for allArmy Aviotionmejor and minor orientation-error acci~
dents detected in the search of the accident files for the period July 1966 to July 1967. Separcte and
totalized stotistical dota are provided for fixed wing and rotery wing aircraft es well as for accidents
occurring in Vietnom ond those occurring elsewhere.

Orientation-error accidents arising from o pilot's erroneous perception of the true spotiol motion or true spaticl atti-
tude of his aircroft have been long recognized as o significant aviotion sofety problem. In the flight environment man finds
little difficulty in coirectly perceiving his spatial orientation when ¢l arly defined geographical londmorks ere availoble
without illusory artifoct. When these visuol references are not present, as is often the cose duting bod weother or night
flight missions, man's vestibular mechanisms and other reiated nonvisual sensory processes become the predominent source of
internally derived spotial orientation information. Though these systems function well in the normal terrestrial environment,
this is not the case in the flight situotion. Here man can be expssed to simple ond complex combinctions ot forces ond
torques thot elicit sensations of movement ond perceptions of orientation which moy be in complete conflict with the actual
motion or attitude of the aircreft. Even with cleoar visibility, the some form of erroneous sensations ond perceptions can
result if the pattern of the extemnal environment is conducive to *he elicitation of visual iflusions. For exomple, pilet errors
can arise in the perception of aircraft motion during hovering flight over fest moving water or within wind Jriven srioke or
dust clouds; in the perception of circroft cttitude when sloped terrain is interpreted as being level, or a tilted cloud border
or slonted tree line is peiceived os representing the horizon; or in the perception of altitude during flight over water or
similor planar terrain without cleorly defined longmarks.

When such errors in spatial perception occur, the result moy merely be @ mild confusion of the pilot as to som» motion,
ottitude, or oltitude parometer. If the erroy is quickly recagnized, the pilot con take action io establish his true perspective
in space by using some other orientetion reference whether it be o specific instrument or o different se? of exterior londmarks.
At the other extreme, the pilol may suffer intense vertigo that seriously degrades his control ebility. Equoelly dangaraus is the
situction where the pilot unknowingly experiences disorientation and controls his aircraft in accordonce with his erroneous
concept of its true motion. In all cases, there exists the potentiol for an orientation-error type accident, with the level of
probability of occusrence keyed to such foctors cs the type of aircroft being fiown, the type of mission being undertoken,
ond the phase of flight where the disorientation event is monifested.

Though such disorientarion expariences have received considerobie rescarch attention from both the aviation sofety
ond cviction medicine personnel in the past, the advent of mor: demarding cosi-efiectiveness programs will greetly intlyence
the extent of the support to be given to such research projects in the future.  In brood terms, the rescorch man-hours ond
dollars to be expended on a given operationel problem will be scaled in accordence with the actua!l mognitude cr cost of the
problem. For the case of pilot disorientation rescorch in military aviction, the extent of support to be made ovaiickle will
be keyed to the exact mognitude of the orientation-error occident problem. In effect, rescorch support will, directly or
indirectly, be based on the over-cll cost of orientation=error occidents in terms of personnel, aircroft damage, end degroded
mission performance. Unfortunately, though spaticl orientotion difficulties are known to contribute to Army aircroft agei-~
dents (1-4), few quantitative dato are ovailoble to edequately describe the actual magnitude ¢ the orientation-error ceci-
dent o sbiem either in terms of the incidenza and cost of such occidents in relationship to themselves or in their proportion=
afe setctionship to the over-all cecident problem.
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With the objective of gaining such data for orientation-error accidents eccurring in Army aviation , the authors orgon=-
izedt on interservice 1.search program under the joint sponsorship of the U. S. Army Aeremedical Research Loboratory
(USAARLY, U, S. Army Board for Aviation Accident Rervarch (USABAAR), ond the Naval Aerospace Medicol Reseorch
Loboratory (NAMRY). The basic plon of the progrom is to conduct o five-ycar longitudinal study of the USABAAR cccident
records so os tc identify all mojor and minor orientation-error accidents that occurred in Army Aviotion flight operutions
beginning with July 1966. In this report, o summary is mede of the incidence ond cost of ol orientation-2rror occidents
detected in the search of the cccident files for the period July 1966 to July 1967. The dato cover all Ammy Aviarion flight
operoticns involving ail fixed wing oircraft ond all rotary wing aircraft. Separote ond totalized stotisticol dota cre pro-
vided for both forms of aircreft oy well us for accidents occurring in Vietnom ond those occurring elsewhere.

“ﬁf' .

To initiate the progrom it wo: necessary to establish a workable definition of the class of accidents to be identified
s orientation-error accidents. It wili be recognized by investigotors actively engoged in oviation sofety reseorch thot the
cliché “easier said than done* is most opprepriote for this task. There would be little difficulty in identifying accidents
involving pilot disorientction if the lotter olwoys monifested itself in the extreme where o pilot calls out thot he s experi-
enuing severe vertigo ond is hoving difficulty controlling his aircroft. Similarly, when visibility is poor or the visual en-
vironment conducive to illusions, the task of identifying an accident as being reloted to difficulty in mointaining spoticl
orientation is not tco difficult. !dowever, when the foctors surrounding o given accident become borderline s to whether
or not a pilot made an orieniation ersor, it is of the essence that the accident clossifier be given some cppropriote criteric
to help him mcke the classificotion decision. Althaugh ony definition of orientation error will be compromised at times by

one or more unique features of a given accident, it was felt that o workeble clossifying system could be developed for the
mojority of the accident fypes to be encountered in our review.

SalNL S BT

R

DEFINITION OF ORIENTATION-ERROR ACCIDENTS
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First, the term orientotion is considered to involve the correct determination of the dynemic position end attitude of
an aircroft in three-dimensionol space. The key word here is dynamic, which implies thot full knowledge of the motion cs
well os static attitude or position of an ajrereft is required to define its instantaneuus spatial orientation. For a pilot to
have o full comprekension of his orientation, it is essential, for example, that he be cble to describe the static pitch ond
roll attitude of his aircroft relotive to some external reference such o< the Eorth-verticol defined by the gravitationol vec-
tor; his yaw oftitude relotive to some geographical heoding; the lineor velocity of the aireraft, with or without attendont
lineor eccelerotion, in terms of forward, left-right, ond up-down motions; ond the enguiar velocity of the aircraft, with or
without ottendont angular accelesation, in terms of roll, pitch, ond yow rotary motions of the aircioft. Thus, for o fully £
oriented fixed-wing aircroft pilot, typical informoation inputs would include knowledge of the forward spced of the sircroft,
the verticol speed it terms of either climb or descent rates, sideward drift velocity, pitch and roll ottitude, os well os bank
ongles, angle of attock, et cetera. In Jonding or sendezvous operations, recognition of the effects of these circraft motions

on absolute distance must be made to ensure that the aircreft does not undershoot or overshoo! o preselected touchdown or
rendezvous point,

&J

The rotory-wing aircroft pilot requires similar information. However, during low~level hovering conditions, cddi-
tional information is required in the form of lineor velocity in the backward es well as forward direction. Unfortunotely,
the majority of the curmrently operationol helicoplers do not “=ve instrumeats that provide this backwerd velozity or, for
thot matter, sideword drift velocity, information. The usual lock of short-range rodar olrimeters in helicopters is another
problem confronting the rotory-wing circraft pilct during low-level operations performed with poor ground visibility.

AL EA BT O A

By this definition of the word crientation, it follows that ¢ pilot wiil be considered to hove mede an orientation error
whenever his perception of the motion und cttitude cf his aircroft differs from the tiue motion and attitude; i.e., the true
orientation of the aircroft. The cxact magnitude of en urientation errer will obvioutly vary oser o wide ronge. In the zase
where o pilot suffcrs severe vertigo and completely loses cli perception of either ofzzroft Liotion or aircraft attitude, the
probobility of a large-scale orientation error is high, os is the probobility of an accident if the disorientotion is prolonged
or «s experienced ot o critical control phase within the flight. In cnother case, the pilot moy sense or feel thot the aircroft
is climbing or tuming when in actuality it moy be flying stroight ond level, If during tnis disorientotion experience the
pilot aceepts thot his sensotions define the orientation of the oircroft, then an orientotion «rror is present. However, if

h= realizes that his sensation: aie in conflict with another input, say the circroft instruments, ord intellectuolly arrives ot

the correct judgment of the true motion ond oftitude, then though the pilot is experiencing disorientotion, on orientation
error does not result.

PRI R AR K

Initially, then, on orientotion-emor accident can be defined os one that occurs os o result of an incorrect control or
powar action token by o pilot due to his incorrect perception of the true motion and ettitude of his aircraft. Using this
definition, on occident clossifier con place primary empnasis on determining whether or not the accident involved on erro-
neous judgment of orientation on the port of the pilot. It follo-vs that questions pertaining to the couses of the orientotien
esror, or its monifestation lo the pilot, nced not be immediotei, onswered during the initiol clossification.
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There must, however, ba severol quulificaticns to this defirition. For instenze, the accident situation must be one -
in which the demands <n pilot skill cre recsonoble. To illustrote, consider a helicopter pilot who hos @ main rotor strike as
o resuit of londing frem o hover in o nonlevel attitude, say with on excessive roll engle. This is an orientation~ecrror ccci-
dent involving incorrect perception of aircraft ottitude. The couses of the erientation error could be much varied, ranging
from inottenticn to instruments, o tilted horizon line, visual illusions produced by a neasby moving circraft, or distroction.
A simple, but essenticl, ossumption is that the pilo! did not deliberately fly hic aircraft into the ground. However, if in o
similor londing from a hover situction, o nearby helicopier flies over the given air--oft ond produces severe rotor downwash
or turbulence, and the end result is o similor -otor strike, the accidest would not be classified os on orientation-error acci~
deni. It is not reasonoble to expect the pilot to maintain both perception and condrol of aircraft orientotion under these
conditions. In like manner, o tail totoer strike resulting from excessive flore applica by the pilot in o lending formation to
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ovoid striking another aiscroft moking on unauthorized takeoff would not be classified os an orientation .rror accident.
But ogain, if this iail rotor strike occurred during a routine uninterrupted londiag, it would fall into our clossification since
the pilot's perception of closing rate or pitch engle was incorrect.

A iurther qualificetion involves accidents asseciated with novigation errors, Though knowledgn of heading is perti-

nent o orientation, ociidents involving novigaiion mistakes, ona only navigation mistokes, are not classified as orientation~
error accidents. That is, if o piiot strikes o hiliside as o result of flying o course of 100 degrees instead of 200 degrees, the
error is one of navigation, not oifentation. In this iespect, the word misovientation hes received some usage to account for
navigetion errors, However, if in oddition to being on the wrong course or heading, o pilot is hoving difficulty controlling

his aircraft and cn accident results because or this diificulty, on orientation-errer occident classification woula generally
L]
resuit,

Accidents resuiting frem collision with unseen objects, e.g., o wire strike, are also not included if the collisicn
occurs during normal controlled flight. However, if u hovering pilot allows his aircraft to drift backward, withot detec-

tion, ond finolly to impact agoinst en unseen object, on orientation-error clossification would result. That is, collisions
of this sort are inciuded only when they derive from on orientation error,

As qualified by all of the above, en orientation-error accident is thus said to occur whenever an accident results
from o pilot's incorrect perception of his true motion and attitude in space, The orientation error may ronge from @ com=
plete loss of all knowledge of orientation ‘o simple confusion os to only one of the many motion and ottitude parameters
required to be recognized by the pilot. Or, as mentioned previously, the pilot moy never realize that the motion or atti~
tude of his aircraft is gradually changing so as to be soon unfovorable 1o sofe flight.

ACCIDENT-FILE SEARCH PROCEDURES

With this definition of orientation=-error accidents serving os o ciossificotion raference, o comprehensive search wos
mode of the USA3AAR accident fil=s to determine all mojor ond minor accidents (us defined in refs. 5,6) that occurred in
Army Aviationflight operations from Juyly 1966 to July 1967. This seorch involved hoving o classifier, with previous cxperi-
ence in detecting disorientation/vertige occidents, read each and every accident brief in the moster files. These briefs

covered all types of occidents in oll types of circraft, fixed wing end rotary wing, and included accidents occurring in
Vietnem os well as those occurring in all other locations.

For redundeonce, the entire accident file wos alt> seorched by meons of the coded summories thot USABAAR prepares

for euch accident. These summaries, in punched cord form, list the essentiol background dato of a given accident os well
os the primary cousal foctors. The objective wos to obtain the accident identificotion number of all accidents involving

vertigo, disorientation, poor visibility, bod weather, obstrucied vision, night flight diffizulties, visual illusions, ond the
like,

Upon completion of these two scarches, the authoss reviewed the accident briefs independently for the purpose of
establishing whether or not un crientation-error accident clossification would result, In oddition, the comprehensive moster
file on each suspect aecident wos obtoined ond reviewed. Whenever there wos se:ious question os to the contribution of
orientation error to the accident, or where equally weighted altemative causal factors existed, then the accident was not

included in the clossificotion. The net effect of this policy is to give a conservative estimate of the mognitude of the
orientation-error uccident pioblem.

An anclysis wos then made of the cost of eoch of these arcidents in terms of personnel end dollars. In eddition, the
statisticol section of USABAAR wos asked to compile equivalent incidence ond cest data pertaining to 1) occidents of oll

forms, end 2) occidents considered to involve piot-er »ir foctors, These doto ore used to establish o boseline refetence for
evaluation of the relotive magnitude of the orientatic  error accident problem.

RESULTS AND DISCUSSION

Before the operationol significance of orientotion-error accidents con be placed in proper perspective, it it necessary
to have ot lecst o cursory understanding of the incidence and costs of aircreft accidents in general. To provide this bock-
ground, the first section to follow is devoted to describing the over-all cost of all Amy Aviation aircroft aceidents, regord-
less of type or location, thet occursed during the year beginning July 1984, In o second section, equivelent dato in o neor
identical format are prezent=d to seporately identify those accidents in the first section that were classified by USABAAR os
involving one or more pilot-error foctors. Cost statistics pertaining to only orientotion-error accidents ore then presented
in o third section. By using these three sets of data es independent references, it then becomes possible to establish some

quantitative insight into the relative, os well az oztuol, cost of crientation-error accidents in Army Aviction flight operations.
Selected comparative relotionships of this type are presented in the last section of the report.

ALL TYPES OF AIRCRAFT ACCIDENTS

The data presented in this section describe the incidence ond cost of oll major ond minor airc:aft accidents invelving
ofl Army Aviotion flight operations. Separate dato groupings ere provided for accidents invoiving only fixed wving (FW) eir-
craft, only totory wing (RW) oireraft, ond their combined total, In addition, for cach of these three stotist' co! groupings,
the doto ore divided into those occidents thot occurred in Vietnam, those accidents thot occurred elsewhere, ond their com=
binad total. Since the vost majority of the accidents thot do not wceur in Vietnam (VIN) take pluce within the continentol
limits of the United States, the cbbreviation US is arbitrarily used to denote oll accidents thar do not occur in Victnom.

It sheuld be reclized then that the US dota grouping will include a small numaer of accidents that moy hove occurred, for
example, in Europe, Africa, or elsewhere. A second point te be stressed is the! the VN doto pertain strictly to accidents,
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ot losses due to enemy action.

In the interpretation of the accident statistics to follow , it becomes possible to com, " ond RW accident inci-
dence or VN ond US accident incidence only when some common measures of aircrai. utilizeticu are selected ns weighting -
factors. To estoblish such comparative references, percent aircraft inventory, toto! flying hours, and tote! aircraft lendings b
are used os bosic weighting deta in this repart. These data, os well as the incidence and cost statistics prezented in this
section, are summarizen :n Table 1.

TABLE 1

ACCIDENT SUMMARY - ALl ACCIDENT TYPES
JULY 1966 TO JULY 1957

FIXED WING ROTARY WING
A
LL AIRCRAFT AIRCRAFT ONLY AIRCRAFT ONLY
ACCIDENT INDEX Accidenis Accidents Accidents
' U.S. |Vietnar] All | U.S. |Vietnam| Al | U.S. |[Viemem| Al

Major Accidents - Number 205 531i 736 48 84 134 157] 445 602

Minor Accidents - Number 23 43 &6 5 4 9 18] 39 57

Total Accidents = Number 228 574 802 53 90 143 175 484 659

Aircroft Inventory = Percent Total 66.69| 33.31] 100.00] 25.75] 6.38] 32.13] 40.94] 26.93 67.87

Total Flying Hours (in 000's) 1,944] 1,681 13,625 459 358 814 1,483 1,323 2,808

Total Londings (in 000's) 7,078) 4,318] 11,39 839 348} 1,178) 5,248 3,971 10,218

Major Aczidents per 100,000 Hours 10.55] 31.59] 20.31] 10.471 24.05f 16.42] 10.57F 33.63 21.43

3 | Minor Accidents per 100,000 Hours 1.18) 2.5% 1.82 1.09]  1.12 1,000 1.21) 21.95 2.02

g Total Accidents per 100,000 Hours 11.73] 34.15] 22.13] 11.56] 25.17} 17.52] 11.78 36.58 23.45
- Major Accidents per 100 000 landings| 2.90] 12.30] 6.46] 5.78] 24.73] 11.38] 2.51] 11.21 5.89 2

Minor Accidents per 100,000 londings|  0.32, 1.00] 9.58| c.o0l 1.i5| 0.76] o0.209] 0.98] 0.3
Total Accidenis per 100,000 Londings | 3.22] 13.29] 7.04f 6.38] 25.88| 12.14] 2.80] 12.19 6.45 E
3
3 | Total Doller Cost (in 000's) 14,349 81,388! 95,738] 2,788] 11,860| 14,1481 12,062] 69,528 81,590 g
H I
i Averoge Dollor Cost per Accident 62,936 1141,7921119,374] 43,165(131,777| 98,935] 68,9231143,654| 127,807 3;?3
bt £
‘ Total Fatalities 68! 20af 362] i3] 34| 47| 55| 260 315 =
7 =
E | Averoge Fatalities per Accident 0.301 0.5} 0.45{ 0.25] 0.38 0.33] 0.31] ¢©.54 .48 g
. Fatal Accidents - Number 27 97} 124 6 14 20, 2 83 104 2
Fotal Accidents - Percent 11.84] 16.90] 15.46] 11.320 15,56 13.99} 12.00f 17.15 15.78_ §
3
Average Fotolities per Fotol Accidents | 2.52| 3.03] 2.92| 2.17] 2.43] 2.35¢ 2.62] 3.13 3.03 Z
Tota! Injurics {Nonfatal) 124 629 753 26 72 92 104 557 661 §
=
Avercge Injuries per Aczident 0.54 L0 0.941  0.381  0.80 0.54] 0.59 1.15 1.0C *

When the oirzrait inventory dota listed in Teble [ are examined, two points become obvious. First, the overege num-
24 ber of aiezroft spuerating out of YN during the survey period wes much less thon the number of aireraft operating elewhere. .
z In relati- ¢ terms, only 33.31 percent of the total inventory were stationed in VN as compared to 66.69 percent stationed

g elsewrkere tesulting in o VN "US inventory ratio of 0.50 to 1 for al! aircroft types. The second point to be goined is tnat 2
: KW circraft were *he predominant circroft in the Army Aviotion “nvento:y. Of the total number of oircraft, 67,87 percent %
3 were of the RW type and 32.13 peicent of the FW type. For esch type of aircraft, the VN, JS inventory rotio wos less %
? than unity, i.c., 0.25tc ! for FW ond 0.6¢ to 1 for RW. Accordingly, in terms of overcge airciast inventory, the mojerity g

of the airciaft operated in US and the mojority of the oircraft was of the RW type.

N g e
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A simtlar, though smaller,US predomincnce results whe \ total aircroft flight hours are used as a weighting factor.
The dota of Teble | shows that Ammy aircraft were flown o total of 3,625,000 hours during the yeor beginning July 1966 of
which 1,681,000 hours were flown in VN ond 1,944,000 hours elsevthera. Th's total is compoied of 816,000 hours in FW
oircraft (see column 7) ond 2,808,000 houss in RW aircraft (see column 10). I all cases, the US hours viere more thon
the VN hours. [t should be observed alzo that the total hours flown in RW aircraft much exceeded those in FW aircraft,
even allowing for the foct that the RW inventory was greate: thon the FW inventory. Thot is, the over-all RW/FW flying
hour ratio wos approximately 3.44 to 1 while the RW/FW aircroft inventory ratio was enly 2.11 to 1. Similarly, in terms
of londings, the utilization of both FW and RW oircraft wes greater in the US. As would oe expected due to the short-
range, multiple-hop missions of helicopters, the total landings of RW aiscroft exceeded those of FW ojrctaft, with the row
RW/FW londing ratio being about 8.67 to 1.

With thess background data as reference, it becomes possible to moke a weighted interpretation of the raw accident
da‘a presented in Toble |. Selected excerpts from these dota are plotted in Figures 1 and 2. The numericol incidence of
oll major and minor circraft accidents, regardless of type or causol foctor, is plotted in Figure 1. The cost of these acci-
dents os measured by the number of fatal accidents, number of fotolities, nuimber of nonfoiol injuries, and aircraft dollor
damage, is outlined in Figures 2A through 2D, respectively.

Figure 1

e PRI R All Accident Types: Total number of msjsr and minor oir-
- INCISENCE OF MAJOR AND MINOR craft accidents of oll types thet accurred in Ammy Aviation

ACCIDENTS flight operotions from July 1966 .o July 1967, Total number of

FW accidents is shown by the center bar at the left, with

s the adjocent VIN =~d US bers indicoting location of the

occidents. Dato for RW accidents ar: ot extreme right,

W with total accidents of both oircroft types summerized in

] the center. The VN doto oresented throughout this report

e pertoin to aircioft accidents, not losses due to enemy

" action, that occurred in Vietnom. ™Note thot though the

Toble | weighting foctor dota indicate o greater aircraft

" utilization in the US, the gtecter number of accidents
a occurred in Vietnam.
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In terms of the over-all aircraft accident problem, there were o totol of 802 accidents, 124 of which were fatal;
there resulted 362 fotalities, 753 nonfatal injuries, and o total aircroft demage cost of 95.7 :illion dollars. The FW air-
creft contsibution to thesc totals was 143 accidents (20 of which were fatol), resulting in 47 fotalities, 92 nonfotol injuries,
ond o totnl aircroft damage cost of 14.1 million Jollars, The RW dota show 459 cccidents (104 «f which were total), resclt-
ing in 315 fotalities, 661 nonfatel injuries, and o total aircroft domage cost of 81.6 millicn doliars.

To focilitate the comparison of these dote with accident incidence dota to be nresented for subsequent years, the
dota sets in Figure 1 have been normalized relative tc the total number of flying hours flown by each type of aircroft in
both locaies and plotted in Figure JA as the averoge number of occidents occusring every 100,000 hours. The somz aor-
malizotion with tstal londings os reference wos accomplished for Figure 3B whick shows the occident rote for every 109,000
lendings. The extert to which the VN accidanr rote exceeded that occurring eisewhere is shown in Figures 4A ond 48
which plot the VN/US accident mtio fer the diffarent types of aircroft with equal flyir.g hours ond equal londings, respec-
tively, as weighting factors. When an equal number of flying hours wos used rs reference, the incidence of accidents in
VN wes 2.18 times greater than the incidence in US for FW circroft, 3.11 times greatar for R / aircroft, ond 2.91 times
greater for their combined total. For the equol landings dato of Figure 48, the VIN/US accident rotio climbed to 4.06 to
1 for FW aircraft, 4.35 to 1 for RW aircroft, ond 4.13 to 1 for their total. Thus, without exception, these dota show that
the magnitude of the accident problem in VN for exceeded that existing elsewhere. This despite the fact thot the oircraft
inventory, total flight hours, cnd total leadings doto indicote thot circraft utilizution wos greater in the US. The greater
uccident potentiol oswocioted with the stresses of o combot-oriented environment is ;uite obvious.

To show tha2 relevionship between accident incidence in RW aircroft and that in FW circroft, the RW/FW accioent
ratio for the two locations is plotted in Figures 5A and 5B, with again total houis and total londings, respectively, os nor-
malizoticn foctors, In Figure SA, the RW/FW eccident ratio of 1.02 to ! for accidents occurring in US indicates thot the
hozard here wos about equal for both aircraft types. In VN, howevar, the incidence of accidents in AW oircroft wos ckout
1.45 times os great cs that in FW oircraft with equal {lying hours a3 reference. However, when equo? londings wete used
os reference, os is done in Figure 5B, these dota showed o RW/FW accident rotio less than unity, indicating e higher inci-
d~nce for FW accidents, it may aiso be observed from the doto of Figure 58 thot the RW/FW cccident rotio wos obout the
some for accidents eccurring in VN o for those occurring cliewhere.

PILOT-ERROR ACCIDENTS

In this secticn, incidence ond cos data ore presented for oll accidents that were clossified by USABAAR o3 involv.ag
one or more pilot-error cousal fectors. It should be observed that this classificotion does not imply thot pifot error wos he
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Ail Accident Types: Normolized incidence dots showing average number of cecidents per 100,000 £l-ing bours {A) ond aver
oge number of accidents per 100,000 lendings (8). In oll cases the VN accident rate exceeded the US rote. With toral houss

a3 reference (A), the RW accident rate wos greater Shon that of FW aitcroft. When total londin
dent rate fell os would be expected from the short-ronge, multi-hop missions typically performe

were used {R), the AW acci~
by helicopters.
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Figure 4
All Accident Types: Normalized ratio of accideats o~curring in VN te accidents occuriing in US boted on =quol flying
heurs (A) ond equal londings (B) for both types of aircroft. When hours served cs the normalization reference (A} the prob-
ability of o FW accident occurring in VN wos over twice as great a3 accidents oceurring elsewhere. A similor but lorger
probability was preseat for RW accidents that occurred in VN. The noimelized londing dat= {B) indicote that the probability
of either 3 PV or RW accident occutring in VN wos of least four times a3 greot os the probability of cn cccident elsewhere.

mi a1y sstiisr Teels

ety Ll

"o (TR T T ]

1 RATIO 0F BW-10-FW ACCIDENTS " RATIE OF 2W-T8-FW ALCIDENTS
-EQUAL FLYING KRURS- ~TAEAL LAROINGS -

" — 1

=

thstar
-
ROUH nng

0 r"‘
' . 1 1 l .
us AL w us 313 w
A AccioeNts Attitens ACCIDENIS B ACCIBENTS kTcioeats ACTIOLAS

Figure 5
Al Accident Types: Normalized rotio of acsidents cccurring in RW aircraft to accidents occurring in FW oircraft based on
equal fiying hours (A) and equol lordings (B) for both locoticns. When equal hours served os o reference (A), the probabil-
ity of an accident occurring in the US was about the some for both aircroft types. In VM, the RW occident rote was almost
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2
1.5 times os greot as the FW occident rate. When equal lendings were used os a reference (B) tha probobility of en occi- i g
dent occurring in o RW aircraft was less thon thot for FW aircrait. This ratio is chout the same whether the accident =
occurced in VN or clsewhere. %
-
only, or cven the primary, accident causal foctor. Thet is, this grouping includes all accidents i olving cne or more pilot g
errors even though, for example, materiol failure, maintenonce shortcomings, or poor focilities moy ulss hove contributed g;
to the couse of the cecident. A further point, by definition, is that these pilot-ctror secidents are a subgroup of the ali- 2
accident statistics discussed in the previvus section. f‘g
2
Incidence ond cost doto for pilot-eior occidents in this seriod ore presenied in Toble il and Figures 6 and 7, The %
incidence dota of Figure 6 show that there was a total of 552 major end minar cccidents involving pilot error; of this total, -
75 were fatol accidents. The ovar-oll cost was 189 fotelities, 525 nonfotel injuries, and 360, 385,000 aircroft domage. §
The FW contribution to this totol was 106 accidents (13 of which were fatal), resulting in 35 fotolities, 69 nonfatal injuries, z
ono $9,393,000 airc.f domoge. For RW aircroft, there were 445 cccidents (61 of which were foral), resulting in 154 E
fatalitias, 455 nonfatsl injuries, und $50, 993,000 aircroft Jomage. §
As with the all-accident data, normalized pilot-error accident rote for PV circraft os well os for RW circreft wos =z
greater in VN, whether one used total flying hours or total londings os reference. Indced, for RW oircroft, the VN-based E
rate of 23.58 aceidents per 160,090 hours wos 2.61 times greater thoa the US-based rate of $.02 accidents per 100, 000 hours. z
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times greoter,

Likewise for landings, the VN rote of 7.86 accidents per 100,000 occidents was, compered to the 2,12 US rate, 3.67

TABLE 1!
ACCIDENT SUMMARY - PILOT ERRCR ACCIDENTS ONLY
JULY 1945 TO JULY 1967
FIXED WING ROTARY WING
ALL AIRCRAFT AIRCRAFT AIRCRAFT
Accidents Azcidents Accidents
ACCIDENT INDEX
1.,  NVietnom| Al U,S. |Vietnam|] All U.S. {Vietnem | All
Ma'or Accidents 166 344 510 45 56 101 121 288 409
Minor Accidenis 17 25 42 4 i 5 13 24 37
Total Accicents 183 38y 552 49 57 196 134 3i2 346
Toto} Dollar Cost (in 000z} 10,846} 49,540) 60,386] 2,199} 7,194| 9,3931 8,847} 42,348| 50,993
3
Avercge Dollar Cost ‘Accident 59,2681124,2551109,396] 44,879 {126,217} 88,613 ] 64,533 135,724§ 114,335
Total Fatalities 35 154 189 13 22 35 22 132 154
Averoge Fotolities/Accident G.1¢] 0.42] o0.%] 027} 0.39{ 0.33] 0.16] 6G.42] 0.35
Folal Accidents = Number 18 57 75 [ 7 13 11 50 61
Fotul Accidents - Percent 9.841 15.45] 13.591 12.24 12.281 12.26 8.21 16.03] 13.48
Avercge Fotalities /Fotel Accident 1.941 2.70 2.52 2.17 LIG] 2,89 2.00 2.64] 2.52
Total Injuries (Nonfatal) 102 423 525 19 50 69 83 373 R58
Averoge Injuries-Accident 0.55] 1.5] 0.95| o0.39| o0.88) 90.65] 0.62] 1.20f 1.02!
e ———:-m 18020 o2z3ten Seir Figure &

boan INCIGENCE OF MAIGR AND MINCR |
P ACCIZENTS .
] i

+

B

114,
ol
——

o
-
-

[ ——— e g -r@a g

LI TR H G

L[]
EE 1

. .
§
R S SN O S

te :
(LA TL

ORIENTATION-ERROR “CCIDENTS ONLY

Thiz section summneizes the inrcidence and cost of oll orientation= vror type accicents detected in ous review of the

USABAAR accident filis. As detoiled with selected qu

ciudes all accidents arising from en incorrect control or power action tcken by e pilat due 20 his incorrect pescension of
the tree motion or oftitude of his aircraft. The recder should vecognize thot the otientotion~crror ccciderts discutsed here-
in are o subgroup cf the pilot-error cecident statistics presented in the previous section.

The moin cloments of the orientotion=enor statist
dotz are outlined in Figures S and 9.

Pilrt=Ern,r Accident Types: Tatol number of major end
minor accidents that were clossified by USABAAR os
involving one or more pilot-error foctors. As with the
Sigure 1 "All Accident Type” incidence dote, the num-
ber of pilot-error occidents oczurring in RW circref:
operating out of VN considerably exceeded those oceur-
ring clrewhere. However, for FW aizeroft, the number
of pilot-error occidents that occurred in VN only
slightly exceeded those thot cecuzred in US.

clificotions in the procedure sectivn of this report, this disting in—

ics are summorized in Toble (. The pertinent inzidence ond vost
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Pilot-Error Accident Typas: Total number of faral cccidents (A), total number of fotalities (BY, total nimber of noafalal
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4 AR
7 ACCIDENT SUMMARY - oslsri;aﬂio‘:g ERROR ACCIDENTS ONLY
JULY 1986 TO JULY 1967
ACCIDENT INDFX Us. Niewam | All_| US. (Vietnom] Al | US. [Vietmom | Al

Major Accidents 9 41 50 0 1 1 ) 30 49
Minor Accidents 0 7 7 0 1 1 Q & 4
Total Accidents 9 48 57 0 2 2 9 44 58
Tetal Dollar Cost (in £90's) 1,350 5,784 10,1448 0 7 22 1,380] s8.7571 10,117
Averoge Dellor Cost/Azcident i51,0941 183,004 1177.946 =" 13,594] 13.5341151,094 1 190,370 | 183,943
Total Fotalities 3 42 45 ) 1 1 3 41 44
Averoge Folaiities /Accident 0.33 0.88{ 0.79 -—— 0.501 0.5 0,33 0.89 .50
Fotol Accidents = Number 1 181 19 ") 1 1 1 17 18
rotal Accidents = Percent i.n 37.50] 3.3 -~ 50.00] 50.007 W1 36.96% 32.73
Averoge Fatolitics /Fatal Accident 3.00 2.33 237 =-- 1.00f .00 3.00 2.4} 2.44
Totol Injuries (Naafotal) 13 92 105 1) 1 1 13 91 104
Averoge Injuties/Accident 1.44 5.92] 1.8¢ — 0.501 0.50 1,441 1.98 1
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These doti show that there were o totol of 57 major and minor orientation-error occidents (19 of which were fotol),
resulting in 45 fatalities, 105 nonfotel injuries, ond on airzraft domoge cost of $10, 144,000, The FW contribution was
extremely small with only onie minor ac<ident ond one major fatal occident occurring; the ove:-all cost here was one fotol-
ity, one noafotal injury, and o totol dotlar domage of $27,000. It is obvious that with such a low incidence (n) for FW
crientation-error accidents, conclusions to be drawn as to RW,/FW or US/VN accident incidence and cost must await the
acquisition of further FW data in this longitudinal study. We have ottempted to olert the reader to ihis low incidence in
the various reloted grophs by listing the sriall n volue next to the FW data, For RW aircroft, there were a total of 55
major ond minor crientatior-error accigents (18 of which were fatal), resulting in 44 fatalities, 104 nonfetel injuries, ond
a totel aircraft doller domage of $10,117,000. Thus the majority of the orientation-erior accidents iavolving Army Avia-
tion aoircroft ozcurred in RW aircroft during this perivd. As indicated by the RW dato, ke incidence ond cost of accidents
occurring in VN were both considerobly greoter than for accidents occurring elsewhere. This is porticulosly noticeoble in
the 17.50 to 1 VN/US fotal cccident ratio, the 13.87 to 1 VIN/US total fatality ratio, the 7.00 to 1 VIN,/US total injury
rotic, ond the 6.44 to 1 VIN/US totai dolior cost rotio.

T T

i
"2

The nomalized rates for hours of enprsure were 3.48 end (.61 accidents per 100,000 hours for VIN- and US-bosed
aircraft, respectively. In teims of londings, the rotes were 1.16 ond 0. 14 occidents per 100,000 landings for VN- ond US-
besed circreft, respectively. Thus for orientotion~error accidents the VIN-to-US ratios become 5.70 and 8.26 for hours ond
londings, respectively, o substontially more odverse rating for the combot environment.
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For general reference, o breckdown of the 50 major and 7 minor orientativn-erzor accidents by aircroft types is os
follows. The FW accidents included one minor accident in on O1-D and one maojor accident in an O1-E. Bad weather
during a night londing was involved in the O1-D vccident. The O1-E accident involved ¢ daytime flight ‘n good visibility
when a loss of depth perception resulted during o diving, low-level gunrary run over water. The UH-1 circreft accounted
for 44 of the 49 mojor RV occidents end 6 of the minor accideats. The remoinder of the mojor RW occidents were sccounted
for by two type CH-47A aircroft, one type CH-21 aisciaft, one type OK<13S circroft, and one type TH-55 aircraft. Of
these five accidents, ull resulted in aircroft strikes except for the Tii-55 accident. One CH-47A accident occurred of
night when the oiscraft fisw into a low-leve! cloud bonk during ¢ 180-degree left turn while mcking o londing go-cround.
The second CH-47A accident involved o medical evacuation mission requiring © night takeoff into IFR weother, with spotial
orientation difficulties crising when aircroft seorchlights reflected on fow cloud cover. The CH-21 accident occurred
durirg an IFR tokeoff through thick ground smoke. In the cose of the OH-135 accident, grouni haze ond mist during ©
night flight through o mountein poss resulted in aircroft control problems. The TH-55A accident resulted when the pilot
cssumed the sloped surface of a mountain was herizontal and controlled his oircraft accordingly.

It is quite cpparent that the mujority of the RV occidents involved the Aimy viorkhorse, the UH-1 "Huey.” The high
incidence here is due only to the UH-1 being the predominont RW aircraft in the Amy inventory. Bucouse of the mony
advontages to bz gained from o study involving only one basic aircruft type, orientation-error occidents *hot occusred in
the UH-1 z:ic undergoing detailed ieview telotive to the various pilot, circraft, and environmentel foctor involved in such
accidents ond will be reported separotely.

C OMPARATIVE INCIDENCE AND CCST OF ORIENTATIOM-ERROR ACCIDENTS

oA

The arrengement of the date presenter' in the prewious sections was selected to dicferentiote the octual incidence and
cost of oll occidants, pilot-error accidents, ond orientation-esror accidents. In this sectioa, selected incidence ond cost

3 dJoto are exprassed in percentoge figures with the wbjective of goining some insight into the relative contribution of
7 orientation-error accidents to the over-oll accident oroblem.

T ey

T

Ia Figure 10 the: percent incidence of fotol aecidents is described for ail accident types, pilot-error accident types,
cnd orientativn-error accident types. The Figure 10A dota show that for FW airzreft 13.99 percent of all AW cccideats,
regardless of occident couse or type, werse fotal, with the incidence in VN being cbout 1.37 times greater thon in US.
The RW data indiccte that 15.78 percent of oll RW cccidents were fotel, with the VN fncidence 1.42 times greater thon
the US incidence. In effect, considering oll occidents, little difference exists in F\WY ond RW fatol eccident incidence

within @ given focation. Considering both aircroft types together, the totalizea dato of Figure 10A indicote 15.46 percent
of all accidents wese fotai.

I

T

.‘1

{ #

Vihen ane »valuates only those accidents of the above group thet involved pilot crror, the relative incidence of fotal
accidents is less, os indicoted in Figure 10B. Here, the futal cecident incidence wos 12,25 percent for FW circraft, 13.68
percert for RV aircraft, ond 13.59 percent for the combined sum of F\Y ond RW pilci-crror accidents. The VN US fatal
accident incidence rotio for RW aizcroft wos 1.95 10 1. For FW circraft, however, the VN ond US incidence ratio was
cbout the same. A comparison of Figure 10A and 108 would indicate that during the July 1968 to July 1967 period, the

probebility of o fotol vecident cecurting when pilot error wos involved wos slightly less thas the picbability of o fatal acci-
dent occurting when pilot error wos not involved.

Frprsint

ity Fi

’ For oricntation-emor cecidents, however, the probobility of a fotal eccident was muck higher, as shows in Figure 10C.
;’ Again, the reeder is coctioned to remember the low incidence of FW sccidents for this periou.  The total number of FW acci-
= dents, n=2, of which one wos fatal, acceunts for the 50 percent fotal aczident incidence dota of this figure. (The FW data
E of Figure 10C cre drown in dothed outline to cnsure recognition of this low incidence.) Thus in these dota, the relative
incidence ond o 3t of orientation-error accidents detived olmost exalusively from RW accidevts.  In the remaining orientation-
=3

crror figures then, the "AR Ajrcroft™ dato will, in esseuce, be identical to the "RY Ajrcraft” dota. The percent incidence

of fotcl accidents when osicntation error wos iavolved rose to 23,33 percent with the Incidence in VN being considercbly
greater then thot in US; in foct, 3.38 times os grect.
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9 " ' Cempandtive incidence of fatel aceidents expressed os the S
9 T reecen? percent of the tstal number of occidents within the “All 3
E : E FATAL ACCIDERTS Accident Type" (A), *Pilot-Error Accident Type" (B), and 3
2 ' ; : “Crientation-Error Accident Type" (C) classificutions that
= " P sesulted in one or more fotalities. Comporison of the tolal- z
E [ o o ized RW and FW dato of (A) with their () counterpart, 7
= P A L indizates that the probability of o fotol occident occurring
Ee u L when pilot-error was involved was slightly less thon when X
= P pilot-error was not nresent, Note that orientotior.~error g
s £ t occidents, o spacific subgroup of pilot-eror aceidents, hed g
5 n . e significantly higher percentege of fotal accidents. In §
A (C) the FW dota ore drawn in dashed outline to coution the E
3 P reader of the very few coses involved; i.e., two FW acci- &
3 " Pl m = dents with one being folal. 2
z_ .y g
X5 ;
2 A LY B | 5
2 9 [ " 2
E [ st agznn anceare Q
2
= Similar comporisons for the threz closses of occidents ore made in Figure 11 for the averoge number of fatclities per E
fatal accident. Agoin the cost of piloi-ermror cccident types wos less thon the cost of oll accident types, with the VN cost ]
= 2xceeding the US cost. However, for orientation-error accidents the averoge number of fotalities per fatol accident wos %
s slightly less than that of the pilct-error accident types while the US cost, in this case, exceeded the VN cost. The same %
< format is used in Figure 12 which depicts the averoge aumber of noafatal injuries that occurred per accident, The oli- |
= accident type and the pilot-ersor accident type doto were about the same. For the orientotion-error accident dota, how- g
ever, the average number of injuries pur accident wos considerobly higher. The higher average oircraft doliar cost of 2
5 orientation-2rror accidents also exceeded the averoge cost of the other accident types, as illustrated in Figure 13. 3
b4}
3
B Figures 14 through 17 ifiustrate the relotive contribution of orientation~crror accidents in all aircra®t types to selected E‘;
o incidence ond cost doto os ¢ given percentuge of corresponding stotistics for both "e!l accident types™ end “piist-grror g
accident types.” (n Figure 14, orientation-errcr accidents con be szen to ropresent 7.11 percent of oll eccidents that §
E occurred during this yecr and 10.33 percent of all pilot-<2rror cecidents. When one considers the auinber of falol occidents 2
5 that occurred in the two accident groups, os is done in Figure 15, orientation-error folal accidents represzent 15.32 percent %
of ail fotal occidents ond 25.33 percent of all fotcl piiot-error accidents. In ferms of fotalities, orientation-error accidents 3
resulted in 12.43 percent of the total number ond 23.81 percent of thase sccurring in pilot-error occidents, os indicated in E
Figure 1§, Lostly, orientction-2rror accidents accounted for aver 10,59 percent of the total cust of elf uecidents and 16.80 z
percent of the cost of all pilot-error accidents, cs shown in Figure 17, The percentage contribution of orientotion-crror é
£ accidents to the "oll accident™ cost wos cbout the some for VN os elsewhere. However, for Jll o. «or dota presented in E;
= Figures 14 through 17, the mognitude of the orientoticn-esror problem in VN wes zonsiderably greater than the mognitude E;
of the problem elsewhere. E
3
- At this time, ro ottempt will be made to discuss further these findings or t> drew ony conclusions os to their over-all i
3 significance. Since corresponding dete are under preparction for subsequent yeass, the full significence of the presant dato g
will depend upon whether this longitudinal crolysis dees or does not estoblisk the provence of ceasistencias or trends in the 3
occident erperiences. Moreuver, it it the function of this element of the longitudinal study only t> provide quentitative %
= data; the ectual evaluotion of the accident dato i terms of affect on the military mission mutt remain with those responsible %
- for the direction of military avictian operations, 5
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Figure 11
Averoge number of futaiities per fatel cecident occurring
within the "A*l Accident Type™ (A}, "Pilot-Error Accident
Type™ (B), end "Orieniation-Error Sccident Type™ (C)
clossificotions. Note that tnere were no {otol crientotion-
eror accidents in FW cirernft.

Figure 12
Averoge number of nonfetcl injuries per occident nccurring
within the "All Accident Type™ (A}, "Pilet-Error Accidert
Type™ (B}, ond "Orientotion-Error Accident Type” (C)
clossifizations. The orientation-ernor accidents hed the
greatest injury rote.
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Figure 16
Pe:cent contribution of all orientation-errar accident fatal-
itiss to the totol number of fotalities occurring witkin the

"All Accidert Type* ond the "Pilot~Error Accident Type"
clossifications.
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Percent centribution of the dollar cost of all orientation=-
error aeeidents to the totol cost of ell accidents occurring
within the "All Accident Tyge" ond the "Pilot-Error
Accident Type" ciossificotions.
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DISCUSSION

CLARK. Your principal concern has been with accidents caused by disorientation, but would you care
to comment on the reduction of operational efficiency which might be produced by
disorientation?

NIVEN. We have indications from data, yet to be reported, that disorientation interferes with nission
effectiveness because a disorientation error accident occurs before the mission objeczive is
achieved. -3

BENSON. Both you and Wing Comwmander Lotting have been concerned with analysing accident reports. To
what extent do you regard the informstion, gathered by others, reliable? Do you consider that
the real cause or causes of the accident are adequately described in the d-ocuments upon which
your analysis is based?

NIVEN. To use Dr Clark's phrase ~ the data are noisy. Our initial approach was one of confidence but
as the investigation progressed it was apparent that the information we required had not
aluays been obtained because orientation error had not been in the mind of the investigators.
As a resu't of our enquiry modification to the accident investigation questionnaire will be
made.

BAILEY, Aroy helicopters are cocpletely fitted with flight instruzents and qualified for instrument
flight rule control. Some of the trainers eg H-15 and TH-55 are not ccmpletely instrumented,
but the UH-1 aircraft in this study are fully instruzented with flight instruments for both
pilot and co-pilot. It is important to know that all helicopter instrumentation igc merely
antiquated fixed-wing instruments transferred to rotary winged aircraft. This zakes the task
of instrurent flight in a more unstable aircraft considerably more difficult and hazardous
than in fixed-wing aircraft.

NIVEN. Thank you for qualifying this point.
GILSON. Would you attribute the greater acvident rate in helicopters to the basic instability of

rotary-wing versus fixed-winged aircraft where dangerous attitudes are attained with briefer
periods of inattention?

NIVEN. This is undoubtedly one of the factors, amongst many, contributing to orientation error
accidents in helicopters.

CLARK. Were accidenss in which the aircraft caze zo a hover in dust, with resultant loss of control,
included in the presented statistics?

NIVEN. Yes.
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SUMMARY 4
The results of a survey of 2,000 naval aviators concerning their experience witn disorientation during
varicus fiight conditions is presented. An analysis o all naval flight accidents for valendar year 1959,
in which a disorientation incident contributea to the accident is presented. 3
It is shown that the majority of acnidents coded "Disorientation" as a caussl fuctor, were, in fact, ‘,
srroneously coded. Of the LE accidents so coded, 1ly seven grovided adequate evidence that Jisorientation :
was a factor in the accident.

Major counclusions drawn in this report include: {1) 96% of all aviators experience d.sorientation at
come time during their flying caveer (2) the majority of accidents listing discrientation .s a factor either
are erroneously coded or the reports fail to provide sufficient evidence vo vaiidate a diagnosis of
disorientation (3) the probability of the true incidence of aisorientaticn caused accidents is very small

(0.9%) for calendar year 1967 (L) rost incidents of pilet disorientation cccur during periods of reduced
visibility.

¥hile vestibular inputs may play a part ir producing disorientation, many disorientatisn incidents
take placa when ths vestibular system is rdatively unperturbad. It is rare to find disorientation with-

out reduced visual conditions. Thus, the hypothesis is put forth that the .cirary sensory systen
respensible for disorientation is tha visual system.

&

9

The need for further research in the visual system is strussed, along witn the nead f{or new emphasis g

ir pilot indoctrination concerning the effects of reduced visibility. g
=

INTRNDUCTION ]
kS

Disorientation and vertigo are terms that hava been used to recognice a syndrore which affectc mor Es
pilots at some time during thair flying career. Further, disorientation and vertigo ares probably two o. 3
the least understood and the most misused teras used :xia;' to degeribe causes of aviation ac~ide1ts. s
The three ternms disorientation, vertigo and dizziness are frej.>ntly used interchangeably to deszribe i

a wide variety of symptoms such as false sensations of angular acceleration, of lincar asceleration or of §
a tilt seasatien.

Medically the
patient (objective
Medical Dictionary

word vertigo is used to describe the sensation of the world x*evo"ving around ths
vertigo) or of the patient himself revelving in space (subjective vortigo). The Dorland
goes on to state that the tern is sometimes eironcously used as a symonym for dizziness.

H

wWm}ré»ﬁm%&kmw‘wamimuleﬁWM‘emmwmmw. 5

R IR B a3

Since true vertigo rarely if ever ogours in aviation without anotiier diseasc process present, it is
recomended that this term not be used as a descriptive tern Lo describe accidents, unless true oblective
or subjective dizziness is present.

Disorientation on the other hund nas several meanings. The first one relates to time, place or

identity. ¥hile this derinltion may apply to rmany peorle. both on the ground and in the air, 1 is

generally reserved for those with either a psychiatric disorder or orga.'u\, brain danmage which interferes
with their thought processes. The second generally ancepted usage > the tem di*:s:'ie'ma‘,;or. denotes the
loss of proper geographical bsarings. Again this does not apply wXiutly to the aviation situation, since
the connotation could mean something more than teing "lost." In avis.ion one may not anly lose his sense
of direction but also his sence of spatial relaticnship with respect to the ears h. Presently there have
beon reports published which use the term "orientatlon-error,” te descr .be perioxs in which the pi‘o; was
considerad to perceive & motion and attitude of nis aireraft which differed Ironm the true notion and
attitude. This can simply be referred to as ".patizl disorientat en.ml

i

Having defined spatial diserientation as per*ept: an of novion and attitude which differs Tt
true; Jjust how often does it exist in naval aviation today,

fronm ¢

what degree has 1% been a hazard {i.e

causs of accidents) and if 24 is significant hazard, hew can i‘ be prevented.
asked many times and contimue to be asked sven today.

PROCEDURE

[+

These guestionz have bean

N

In 1970 the Bureau of Medisine and Jurge- ; h ¢2l research needed ¢ zuppart

ry had a project to identify medi D
naval aviation. Two of the methods used to identify this requirement were: & review of ac~idemt data {rom
the Naval Safety Center for the calendar year 16469 and & gquasticanai=¢ sent to 3,300 active duty naval
aviators. Of these 3,000 questionnaires over 2,000 hav: beel returnwl ¢

¢ £3 vhe Bureau of Medizine and
Surgery. The gquestionnaire was divided inte two sestions, zne oncerning zpatia’ disorientation ani -ne
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concerning genaral medical problems,

Only the former section will be discussed in this paper.

The spatial disorientation questionnaire was divided into five parts. The first part contained

general information questions as to rank, designator, number of flight hours, types of aircraft flown and
the questionss

(1) Have you ever experienced dicorientation while piloting U. S. Navy aircraft?

T A
¥

o

never once occasionally {requently

Y

(2) If the answar to the above question ig “yes" did the disorientation incident hazard you or your
aircraft?

L3

LR

yes no

The second part considered the various flight conditions which contributed to the disorientation incidents
reportud in the first part, such as IFR conditions, VFR (day and night), turbulence and broken clouds. The
third part related to the pilott!s subjective physical condition at the tima of disorientation such as
illness, fatigue, hangover, headache, hypoxia, drug reactions, etc. The fourth part concerned visible
phenomena such as starlight, surface lights, passing aircraft lights, flicker phenomenon, etc. The fifth
and last part inquired about alrcraft maneuvers and spatial orientation of tha aircraft at the time of

the disorientation incident. These included: catapuit take off, level flight, ¢limb, glide, dive, rolls,

high G (two or more) turns less than 200 of bank or more than 20° of bank and formation flying (luad or
wingman).
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To simplify answering by each pilot, all questions (except for informaticn concerning rank, fiight
hours and type of aircraft flown) could be completed by checking an appropriate box.

RESULTS
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The results of the questionnaire are tabulated below. The first two questions (Table 1) concerned
the total experience with disorientution and whether or not thc pilot considered it to be a hazard.

o
db;

- TABLE 1 fﬂ
i 3
< 1. Have you ever experienced disorientation while piloting a Navy aireraft? Ed
- Hever 68 3.L% 2
E Once 120 6.0% ¥
2 Occasicnally 158k 79.2% %
E Frequazily 21k 10.7% S
No response 1] _0.7% 4
3 TOTAL 2000 100% E:
o 2. If the answer to the above guesticn is "yes" did the disorientation condition hazard you or rour §
3 ajrcraft? 3
%
e Yes 152 37.6% 3
No 1125 56.L% 2
4 Ho response 52 2.6% 3
e Mot applicable 68 3.h% ‘%
F TOTAL 2000 100% %
“i Table 2 lists the various flight conditions which contributed to disorientation incidents as well as 5
z the pilot's subj2ct condition at the time. %
< ™ma = %
FLIGIT CONDITIONS Wi.ICHE CONTRIBUTED 70 THE DISORIENTATION IRCIDENTS 3‘;
- (1) (2) (3 (s) (5) Total of E
i No an.uer Hever Cnce Occasiconalix Frequently (k) & (5) E
= ¥ z ¥ 3 d % # £ : 3
2 7R WL 67 16 7.4 202 101 1208 2. 22 12.3 725 3
£ %
E VFR Day 226 11.3 1530 785 68 3. O T S | 5.4 4
VR ight 258 13.k 1208 80.4 188 sl 2h2 12.1 25 1.3 13k §
' Turbulence :t—j
i 1imat 2% 1b L2 671 Sk k7 17k 87 22 13 10 3
&Y *’:E
b3 Turmierze . - . ) , x
evare 266 1b.8 966 k8.3 3W8 174 202 W 120 8.0 18 3
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TABLE 2 (CON'T)

1) (2) (3) (k) (s) Tota), of

. No answer Nover ~ Once Occasionally  Frequently (L) & (S5)

# £ # % ¥ % # % # £ %

ot 212 107 103 517 2 0.7 Mo 21§ ko 2.8 23.5
Lack of a

sleep 188 9. 818 L0.9 236 12.¢ 6Lk 32.2 26 1.2 33.5

Heat stress 21l 10.7 1328 66.4 108 S.u 26l 13.k )Y 0.7 1.1

sl T 228 Mk i %23 L 67 W0 25 %k L 26.2

A per. equip.
g Hoadache ain 17 a3b2 671 Ak 8.7 202 101 0 0 —— 104
3 #
L ilypoxia 228 i1k 476 73.8 188 9.4 ko 2.0 0  — 2.0 .
Drugs 22 121 162h B2 WO 2.0 26 1.2 6 — 1.3 §
4 Hangover 228 1.k 107h W3 268 13k 322 161 W 2.6 18.1 §
Single light
on surface 226 11.3 832 k1.6 282 1.1 L8k 24.2 108 s.h 29.% g
“ingle star 2k2 121 1020 51.0 2h2  12.3  Lo2 0.1 26 1.3 21l %
e :
4 Genoral stars 186 9.3 9%k W77 256 12.8  hs6  2b.1 kO 2.0 26.1 g
Carrier d . :
E e 228 ALk 1262 631 13 6.7 308 15k 0 0 o~ 15
£ LS 1ights 228 11k WS 73.9 308 S4 120 6.0 O ~— 6.0 %
>3 [ 'S
onatt Signee 60 8.0 106 503 266 13 LB 2h2 W 0.7 249 :
E Raflections . Z
: from windshield 1k 8.7 806 k0.3 22k 107 630 315 108 5.4 36.9 ;
# £
E Strobing :
3 red Doghts 2l 10.7 W90 W5 ok L7 ik 6.7 [ J— 8.7
. Tracers passing 252 12.6 1370 68.5 U 7.4 162 8.1 '+ Jp—— 8.1
3 -
Phocoonon 270 13.5 1.8 66k %0 Lo 228 1L 26 13 12.7 :
3 Take off ’ .
.; (catapult) 268 13.4 966 8.3 21k 10.7 k16  20.8 68 3.k 24.2
' 'f?;i‘;‘)f 218 10.8 1234 ol.7  13h 6.7 322 161 26 1.3 17.h
Lovel flight 106 5.3 832 Li.6 228 11k 698 3L 68 3.4 38.3
A C2imb 200 10,0 712 35.6 2h2 121 72k 3. Sk 2.7 39.1
3 Glide 22 123 912 456 108 5.4 €0 29,5 80 L. 33.8
A Dive L 6.7 9L 477 228 1.k 536 26.5 80 k.0  30.8
3 Roll w2 121 86  h2.3 17k 8.7 55 27.8 120 6.0  33.5
4 High ¢'s €2) 202 191 182 591 16 7. 308 15k B0 kO 19
- Tarn 5200 20 6.0 618 309 228 11k 858 L. 108 S L83
5 Turn202 190 9.5 us6 22.8 228 1. 978 L8980 w2 52.9
» 3 Formation lead 256 12.8 1074 53.7 188 .4 376 18.8 L0 2.0  20.8
g Fornation wing 13% 6.7 & 17.8 0 228 il 886 k.3 336 16.8 61,1
Y

3MLS - Mirror Landing Systen
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Table 3 prosents data aiguired frorm the Naval Safety Center for the calendar year 1959. A computer
print out was analyzed for all accidents listed as having vertigo/disorientation as a causal or contributing
factor. Of the L8 accidents only seven were identified in which a definite, positive statement was made
as to the occurrence of disorientation. In the remainder, either there was absolutely no evidence to
indicate disorientation as a possible factor or it was theorized that disorientation was involved.
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TABLE 3

ATRCRAFT ACCIDENTS - CALENCAR YEAR 69 =B

Total Accidents N2

irl

Disorientation/Vertigo Bt .

coded accidents 48 6.75% e

Accldents with adequate data 9

to indicate disorientation 7 0.98% E:

In evaiuating the 2,000 questionnaires returned to the Bureau, it was noted that many pilots did not e
answer guestions as to flight conditions under which disorientation occurred. This is due possibly to ithe =
fact that their answer te cuesivion nuucer 1 in Table 1 was "never." These onissions were not tabuiated L

as "never' replies to tne question of flight conditions which contributed to disorientation. They were

tabulated as "no response™ aven though it can be assumed to be a "never' answer in accordance with the 4
instruction given with each questionnaire. S
In 1954 Clark and Graybiel? interviewed 137 jet pilotsand found that 96% of the pilots had experienced .%l
vertigo in Jets and that the nature of vertigo was essentially the same as found in propeller aircraft. p

In our survey of 2,000 aviators $5.9% stated that they had experienced spatial disorientation at least
once-~a remarkabls agreement between these two studiss which indicates that flying today apparently has not

changed rrach in the last 15 years, In this case, ths term vertigo and spatial disorientation are being o
used synonymously.

8 FA

Bl

While $6% of the popwdation had experienced spatial disorientation in sur sample of 2,000 only 37.6%
considered it %o have bsen a hazard. To simplify the discussion of the flight conditions associated with
spatial disurientation the percentages for occasisial and frequent experiences are combined in the last
colww; of Table 2. The most frequent Zactor noted was poor visibility. 72.5% of the pilots experienced
bouts uf spatial disorientation under Instrument Flight Rules {IFR) while only 5.L% experiencad this
conditicn u.des Visual Flight Rules (VFR) during the day. Other frequent flight conditions included:
flying wing formation-51.1%; banking greater than 20 degrees-52.9%; banking less than 20 degrees-h8.2%;
21imbing-39.1%; straight and level flight-38.3%; airplane in a glide-33.5%; doing a r61l-33.5% and lacx of
sleep-33.5%: reflections fron one's windshield-36.9%.
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Table 2 shows that every one of the factors listed wus asgsociated with ihe cnset of spatial
disorientation on more than one occasion and in a number of individuals. These results suggest that nany
factors rust be involved in producing any perticular case of disorientation. Another conclusion is that
spatial disorientation is a relatively cormon experience with 95% of ail pilots experiwncing 1% ab least
once in his {iying carreer.

AL n e i T L0 4
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With a largs number of pitots experiencing the syndrome and 37% feeling that it had endangered their
flights on on2 or nore occasions one would expect that spatial disorientation would be a significant
factor in alrecraft accidents. With this in mind, accident data from the Naval Safety Center for the
calendar year 1969 was evaluated for acsidents in which disorientatfon and/or vertigo was listed as a
causal or contributing factor.

TN 3 AR R T} ¢

During 1G5 there were 712 accidents (Table 3). Forty-eight (6.75%) of these accidents were coded for
vertigo/disorientation as having contriouted or caused the accident. Upon analysis of these 48 aceidents
i% was found that oniy seven {0.98%) had positive evidence that spatial disorientation plgyed a part in
causing the accident. Thirteen accidents were presunably erroneously coded as there was no evidence to
indicate disorientation/vertigo. In the renaining 28 cases vertigo/disorientation was listed as a possible
czuse. 3Sui, the presented evidence was either not sufficient to validate disorientatiorn or suffizient to
exclude it az a sause of .he accident. The following extracts from the case histories are slassic exampies
of accidents zoded for disorientation/veriige shich are zonsidered to be completely erroneous in that
disorientarion or vertigo are not even mentioned:

i oo

.

(¥

ase 1

Cy i b

¥hile a‘temptinc an in-fiight refueling, the receiving alrerift was sprayed with fuel which leaked from
a faulty drogue. A fire daveloped and the pilot elected...

2ase 2

hile attempting a night landing witheut runway lights, with a fogged windshield and attompting to
avold an airsraft which had 15t luded, the pilet allowed the RFM to drop causing a hand landing. The
airzraft rolled on itx side. .

o L OB TG 1)

b

Case 3

——————

During a spin recovery training f1ight the ctudent induced a stall spin attitude. After each recovery
the aircraf returmed 42 a spin. The Instrustor took control but was unable to effect a complete recovery.

g

g

Investigasion revealed that fullure of the instrustor to appls preper spin recovery technique was the causs

for g 7
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: The Medical Officer's Report indicates most probable cause of the accident was the instructor pilot
A performing an unauthorized low level maneuver, which investigation revealed he had performed on previous
A flights with othor students...
2 Case 5
5 Aircraft was taken by crew chief on unauthorized flight and flown for LS minutes. The aircraft
E crashed when he attampted to land...Clinical examination revealed the iian was intoxicated and had been
3 drinking heavily for three days prior to the incident.
3- Case 6
Aircralt experienced a tail rotor malfunction which reculted in a crash landing. On impact the
_ aircraft Hurst into flames. The crow sscaped the burning aircrafi...
5
3 The following case is a classic example of geographic disorientat.on which should not be confused with
L cor coded as spatizl disorientation.
I
' Case 7
’ Aircraft was on night cross country. An alternate Air Force Base was selected {or landing due to
b vwoather at planned landing field. Pilot indicated he had field in sight and disclosed an smergency due t» 3
E- low fuel and reguested an arressted landing. The pilot made his aprroach and landed but he had the wrong 2
2 fieid...
3 Case 8
- This case is a good example of pilot disorientation but the disorientation had no relationship to tne
> cause of the accidernt.
H
g Adrcraft experienced compressor stalls and after relight procedure failed, the pilot cjected. He was %
3 recovered without injury. The Medical Officer's Report notes the pilot oxperienced some degree of 3
‘S disorientation prior to gjection while passing through thunderstorms. é
,3 g
k- This case is an axzanmple where the cause may have been spatial disorientation but there is not enough 2
A evidence presented to conclude that disorientation was, in fact, present and a contriburing factor to the §
Z accident. 5
d &
i Pilot retuming fron his firs$ night bombing nission, with very rarginal weather apparently bezars E
disoriented or distracted and flew the aireraft into the water approxinmately seven nmiles f{rom end of %
e runway. The Medical Officer's Report indicates fatigue (induced by stressful flight in marginal weather and %
b self induced diet), plus fallure of supervisory persomnel to san.el flight for inexperienczed pils:, due %o E
) wea*her conditions, centributed to the accident. %
Case 10 <]
b g
L This case i~ sne .. the few exanples where there was adequate evidence to classify the a-.lcent as to 2
5 the pilot's disorientation. %
3 -
Z While attempting a night Tonirolled Carrier Appioach the pilot experienced vertigo enc disorientaticn. g
. His disoriencation and confusian increased with each pass. On the third pass the alrcraft struck the rasp... é
. %
S the Uf accidants attritmted to discrientation, 47 occurred either at night or under IFR conditions. g
The one cage ch occurred during the day was in a plane performing aerial combat maneuvers with ancther i
@ sireraft. Ao of the seven arzidents judped to have hoen caused by the pilot's disorientatior occurred under 3
5 conditions «f reduced visibility. %
& 5
*3 o34
‘ COUSLISTON 3 %
In raviewing these ascldint. and fronm tle resnits of the 2,300 aviator survey, several censlusions can g
he drawn. g4
B (1) Spatial Ziserientatiss is a zommon experierze, with 6% of all pilots experiensing it at least once. =
e =
4 (7) The nignest inzidun.s of discrientation occur gither an right or under IF¥ conditions. %
' (3) The incident of disorientation oscars just as frequently with straight and level flight as it does ";
H with -saneuvers. 2
' {4) The next highost incident of disorientation oscury when flying wing formation. 5
3 {5} The majariiy of accidsents listing disordentation as a factor either are erroneousiy coded or the
= reports fail to provide sufficlient evidence to validate a diaguosis of disorientatien.
~
» 7 Taking the above senclusions into account it is spparent that in &laost ail sases where disorientation
is present the vigual sompanent is the nmajor sensory sysion alfested,
3
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while it has been accepted by many that the vestibular system is the mujor system inwolved in
producing disorientation in the aviator, with millicns of dollars speat on vestibular research, the
incidence of disorientation has not been reduced in the wasi 15 ycars., It is also evident that the

diagnosis of disoOrientation is misused and applied to many a>cidents without any real evilence that the
pilot was, in fact, disoriented.

From the avidence presented it appears that the primary sause of disorientation is reducid vizion and
not abnormal stimu:atisn of the vestitular systex.

While, at ~-ast for calendar year 1969, it does not appear that disorientaiion is a major cause of
accidents, it*s aigh provalence among aviators and the feeling by a third of these pilots that it ha: been
a hazard to their flying, supports the necessity for a strong research program in spatial diserieatation.

S|
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It is recormended that a renswed research sffort be started to delineate the visual aspocts of

disorientation and establish methods to offset the reduction of visual stirmlation during psriods of IFR
and night flying.

Hew efforts should be made to reevaluate the use of the word “discrientation® in determining tha cause
of aircraft accidents. This effort should include better training of Flight Surgeons in investigating and

evaluatin: accidents. Finally, a better program for training plilots as to the -roblims of disorieatation
resulting from reduced visuai inputs is needsd.

1. Hixson, W., Niven, &., Spezia, u., "Orientation Error Accidents in Regular Army Ul Aircraft During

Fiscal Year 1957: Ralative Incidence and Cost"™ Army-Havy Joint Remorce ISAATYL and NAMAL Repert
#NAMRL 1108, Aug 1970, p. 2-5.

2. Clark, B. and Jraybiel, A. "Vertigo, as a Cause of Pilot Error in Jet Aircraft" Researcn Report #Li
NAVSCHAVMED Dec 1954, p 2.

Opinions o1 conciusions contained in this report are those of -

suthors and do not necessarily
reflect the views of or endorsement by the United Statoes Navy.

DISCUSSION

AL

You have made a critical avaluaticn of the 48 accidents in which disorieatation was coded,

but you have not applied the same analytic procedure to the other €50 accidents in which
disorientation was not itemized.

il

Ao

Disorientation was coded if it occurred at any tizme during the accident, but in 20 cases the

disorientation could not be considered as cither a prizary c. contributory cause of the
accident. For :xasple the pilot might have reported that he was disorientated following
ejection due ta a fire caused by spillage of fuel during in-flight refuclling. Disorientation/
vertigo was coded because it was mention.d during the zccicent enquiry, but it was not ia any
way a cause of the accident. In only 7 out of 48 incidents was ihere a clear indieation,
usually given by the aviator, that disurientation was a prire cause. I tiie 650 z-cide.ls
in wiich disorientation was not coded I defer to the Safery Center's ancly;is.

COLLINS. 1 believe that I might express one¢ of your conciusions oore cautiously in

your data with those of Claik & Graybiel does not indicate that ti~re has
the amount of diserientsation experienzed, but only that the percentige of Navy pilots who
have experiencs of disovientation has not changed. It would of course be difficult to
deternine whether the frequeacy and intensity of disorieatation has rezained the sase.

that cocparison of
been no change in

A e, A S e XN il e

With regard to the actiology of disorientation. it is probab¢y the imteraction of visual and
vestibular input that is important. For cxazple, 4 pilot almost alvays has so=e visual
reference in the fora of the instrument panci, if nothing else. Bul if that visual refereace
is not fixed relative to the carth, the visual inforzation will be made to agree with
vestibular infoimation. Thus, if as s result of aircraft motion a pilot senses by vestibular
inputs that he is spiralling down and to the right, his cabin will also appear to spiral down
and to the right. The vestibular sensation is thereby visually reinforcad. However, if the
visual information is aboi: objects fixed relative to the ecarth, the cisual information <ill
predominate.

FURR. In r=ference to your first cozment ~ Yes, I agree; only the percentage of Faval aviaters whe
experienced (or have experienced) disorientation seems to re=ain the same. [ do not know,
and it would be of value to know, if there has been a quantitative chaange. Our psper zives
soze qualitative data.

e F A AN T AT BT B N D

Likewise, 1 can only agree with your secend cncment. But, how cften have Naval aviatcrs been
troutled with the Coriolis effect? Not often. though they kzow vhat it is. The voint of the
paper is that the disoricntation incidents we sce in naval aviation arise frem reduced visual
stizulus, not westibulat stimulation asx a result ofaltcved g forces, angular sccelersztions,
ete. My point is thax we need a better artificial viseal stizuleus ia the cockpit. Rescaich
is needed to give sound criteria for the design of cockpit instrumentation so that the pilots
visual eavironzent within the aircraft, is as gocd as that provided in day VFR flight.

Yet no ma*ter how good a visual display i> provided, vhen tha pilot has 2 powerful vestibular
stizulus, the display (say a head-up display) can appear to move in the same mznier as the
crroncous vestibular sensation and hence reinforces the disorientatisn. 1 az not suggeating

that the head-up display is not a good idea, duc it will not answer all prodless of in-flight
disorientation.

COLLINS.

z
kx]
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Now therein lies the challenge to thosc who design insitumentation systems for as.
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PSYCHOVDHYSIOLOGICAL AND ENVIRONMENTAL FACTORS
AFFECTING DISORIENTATION IN NAVAL AJTRCRAT ACCIDENS

Earl fi. Ninow, Willlam V', Cumningham, Frederich A, Radelifte

N

val Safety Center
Naval Air Station
Norfolk, Virginta 23511

This paper preseats those pavchophvsiological and eavironmental fictors, 121 numbey

which piost affect disovientation relzted miskeps,  These factors are listed m oxder of

nuiber of occurrence and it is indicated that often moltiple factors are coded in comune-
tion s.ith disorfentaticn,  Examples of disorientation related mishaps are presented to
domonstrte pss chophs siologieal and environmental fsctor involvement.

In acddition, a graph comparing sttack and fighter plot fQight ~aposure to disoricutation
mushaps is charted to demonstrate the effect of expericnce upon controb of disorientation,

The chart fndicates that (Hght esperience does plav a role in deterring of disovientation
mishaps.

Disorientation, a cordition esperienced by most sormal fndividuals a2 one time or another, continues to e a deg-
radation to flight pevfornance in naval aviation,

Disorieniation is nofed as a factor in nearly 107 of the Nave's air-
cralt mishaps.

fecause it 1s a common occurrence, alaast all naval aviators bave expevienced it some time during
their Might Gireer, with v having repeated eapostees,  Avitors ase andinariiv capable of centrolling disortents
tion ad recoveriag noemad flight,  There sre, honever, instances where disorentation progresses 2o o point at which
control is lost. Such was the case of & naval pilot on his first bombing mission who becaine disorienied in masgiond
weathess and flew the prepab, into the water, approvimately seven miles from the end of the runway Limited expén-
ence was lsted as a factor. 1t was, however, not the only one. The Medical Officer's Report of the aceldent reported
Iatipmee (induced by strvss of flighe aad a self-indeced dict) as an additional [etor. As this aceident aptly luserates,
digoricniatton episodoes an vers oftet accompanied by one or more psvehoph siological or environmentsl factore
which woigh heavilv on cause or control,

To document these factors which oceur most frequentdy with disoricntaition and which was have an apparent effec:

upaons i, & o vesr review of naval arreraft mishaps involving disorfentation was undertahen,  The perod covered
Calendar Years 1969 and 197¢.

The U, 8. Naval safety Ceater’s ledical Offices’s Report, a portion of the complete Mreraft Accident Report
codes HE psvetophysedogiead and envigosmesal actors which affeet aareraflt mishaps, It is possible, therefore, to
report as mam as 113 fietoss (o conjuiction with or in addition te disoricntation.  This paper deals with these factors
which g, have affecsad either cause or control of @ disorientation episode,  Of the 1S vogsible codes T2 weore -
corded in conmunetion with the 102 chsoprentation cases reported fer 1969 and 1970,

For the sake o brevite and io
provide pealistic reportingg thase 2etors which had a nuntser of occurrences less than 10 were chininated

Tawlve
factors remain wineh can be eonsidered o have aftected disoricntation mishaps,  They are disted 1 descendiag onder
of numoers of occtrrences (Freure 1)
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Number of Occurrences

Vigibility res:riction, weather, haze, darkness...
Limited total experience ....c.cevmevvecanccaass
Delay in taking necessary actfon ......cveeeevaas

Failure to use accepted procedures .............
Selected wrong course of actfon ....c.veeenieans
Misjudged speed or distance ... eivoenicanconnae
Channelized attention ........vvvrivniinecccenns

DIStraction ...e.veiiveacncnanersnvncnrsscssonn

Violation of flight discipline...........ce0nvee.. . B

R

Poor crew coordination .. ...ceciiieiiennians. i

24 FatigUe . oo oveeevvennennncensacsacennans

ke

s PaniC cuveneiieececsciscncsceccscncncssvsnanas 10

2 Figure 1

These 12 factors accounted for 53% of the tote] citations of psychcphysioiogical and environmental fictors associ-

ated with disorientation. The first, visibilitv restriction--weather, haze, darkness itsclf accounted for 105. Fight
operations and flights into marginal weather are a continual problem. particnlarly for inexperiencad aviitors. In one
accident, a pilot attempting a night carrier controlled apprcach became disoriented. His disorientation and confusion
increased with each pass until on the third pass tie aireraft struck the ramp. In an approach to a landing at night with
extremely woor visibility in rain and with a cross-wind, another pilot apparently mistook the white runway cdge's
stripe for :he center liue. He touched down slightly to the left of the edge stripe, overran the morest bunker and con-
tinued down the runway. The pilot remained with the aireraft and fortunately received only minor injurles. The Medi-~
cal Officer's Report indicated that an additionu] factor once again, fatigue, was also present.

LA

*

e

As mentionad previously, it is rot uncommen {or more than one psy chophysiolagical or environmentz! factor to oe
present in an aircraft mishap. Ina number of cases an accumulation of factors may collectively bring about a miskap.
A training aircraft with an inexperienced instructor and student aboard crashed during a formation traifng flight.

The Medical Officer's Report states that the mishap may have been a result of an inexperienced instructyr (factor 1V :
attempting a low altitude unavthorized maacuver (lactor 2). Incl: ie disorientation and we have three factors affecting g
5 this mishap. This case, of course, is only one of several. 1n fact. there were verv ‘ew of the 102 disurientation mis- E
haps in which no additional factor was coded. Qnly four of the 102 cascs or a mere 47 were recorded alone (Figure 23. E=
The remaining 98 cases had as few as once or as many as sever additional factors listed. §
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Scven is the maximum number of additional factors which can be zomputer recorded. In 31 of the 102 disorientation
cases, (33%. the maximum of seven additional factors were coded.

An A-1 on 2 bombing and tactics mission, during a tactics run evershet, pezfoermed two acrobat mancuvers and
broke off. Tne afrcraft began a gent'e rol) right while in a nosc-up attitude with about 90 degrees angle of bank. The
pilot neutralized the controls but the aircraft continued to roll in a stalled conditfon. When ha found the aircraflt would
nat recpond to lateral stick movements ke checked the turn and bark indfcator. Bath the needle and ball were pegged
to the right. Assuming he was in ar inverted spin he apnlicd full left rudder and reduced the power. He noticed no
ajreraft response 2ad because he was below 190, 000 fcet he ejected. The pilot apparently lost advantage during a tac-
tics flight and in an attempt t¢ keep the pursuing 2ircraft in sight became somewhat disoriented, failed to recognize a

developing situation and lost control of the afreraft. Seven psychophysiological and environmental factors (Figure 3)
were coded in this mishap in addition :0 disorientatior.

A-4 Psvche nyvsfologiecal and Environmental Factors

1. Limited total experience.

2. Failure to use accepted procedures.
3. Channelized attention.

4. Misjudged gpeed or distalce.

5. Selected wrong course of action.

6. Excessive metivation to succeed.

7. Misinterpreted instrument reading.

Figure 5

Note that the first five of the seven additional factors are included among those 12 factors (Figure 1) which were con-
sidered to have the majocity of effect upon disorientation occurrences.

O:ue final dizorientation mishap is discussed because it involved a naval flight surgeon/aviator in control of a jet
afrevaft. He was attempting a night ground cortrol approach with weather 200 feer and one mile visibility, which was
velow standard minimums. The nflot was high on the glide slope and was given a wave off. The aircraft continued
down the runway with gear and flaps down before attempting to turn. Approximately 40 seconds latsr the aireraft im-
pacted the ground, with no attempted cjection. It is suspected that disorientation may have occurred when the pilot
returned to instraments after attempting a VFR fix. The pilot was also limited in actual night instrument time. Again,
there are seven psychophysiological and environmental facters (Figure +4) in addition to disorientation.

Flight Surgeon/Aviator-Psvchophvsiclogical
and Environmental Factors

1, Failure to use accepted procedures.

2. Visibility restriction - weather, haze, darkness.
3. #Poor crew coordination.

4. Disorientation.

5. Violation of flight discipline.

6. Faulty preparation of personal equipment.
7. Inadequate weather analysis.

Figure 4

W.Mm:mmw‘.mmmm‘mmmﬂmmwm‘#mw:m.mmMw,wwm

And, here agudn, five of the seven additional factors recorded were among those which ranked highest as factors af-
fecting disorientation, These cases illustrate that disorientation is seldom the result of a siagle factor, but r:ther
vccurs from the interaction of multiple factors operating together. One of the most important of these factors is the

e<pericnce of the pilot. 1t is fairly well accepted that the more flight experlence a pilot Jogs, and the more traicing
he receives, the greater his chances of overcoming disorientation.

In order tn document the theory that the chronological experience is an asset to deterring or controlling disovien-
tation, the disiribution of yecars of experience of fighter and attack pilots involved in disorientation mishaps wos com-

pared to the population exposure distribution for this group. Details of the exposare curve are given in aa earlier
Safety Center report.

z
x
%
g
5
%
?3
fé
3
1
e
%
2

{

e - B T U e i Ya O Ak T B P Th ~= = ._‘anmkuu;ﬁlfm
I T T s T ST o il S = 1 o 5 =




o -
ST R g oW ST by YIE R SR RS ) A e P RS e A R T
B ekt o o

A5-4

~=-- Population
~—— Disorientation

Frequency

0 1 2 3 4 5 6 7 8 9 10-14 15-20 20+
Years Designated Naval Aviator

Figure 5

The broker line represents population exposure for attack and fighter pilots as a function of the number of years as
designated naval aviators (DNA's), while the solid line indicates the distribution of disorientation mishaps for the
fighter/attack group. The attack and {ighter pilots were chosen for charting because of the larger numbers of dis-
orientation episodes occurring within that community. The authors believe this to be the first attempt within the U.
S. Navy to examine the effect of flight experience on disorientation occurrences with flight exgosure controlled. The
comparison indicates a high potential risk for disorientation mishaps within the first two years of designation with a
decline as experience increases up to the fourth yeur. After the seventh ear of desjgnatfon the curves appear to
stabilize, and additional experience produces no further reduction. Within Limits, the greater the number of years

of flight experience the pilot has, the lower his chances of a disorientation mishap. Experience does play a role in
control of disorientation.
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In summary it appears that the 12 factors discussed are most significant in affecting disorfentation occurrences
and their outcomes. One of these factors, experience, was shown to t » of great importance in deterring disorienta-
tion with the first two yeass of flying much mere hazardous than the later years. It is a most complex problem and
in order to solve it we must attempt to eliminate or reduce tie impact of the factors which are eritical in the genesis
of disorientaiion episcedes and the control of these episodes once they occur. Such improvemernt will come only from

responsible flight scheduling which considers environmental and psycheopnysiological exposure as weil as training and
flight crew expericence.

REFERENCES
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DISCUSSION
O'CONNOR. I would like to point out the similarity betveen your last figure (Fig. 5) and the incidence
cf psychiatric illness in aircrew. There is a high incidence in the first few years with
a second peak in later life perhaps due to the effects of many hours flying and the stresses
of life. Do you think this similarity is significant and if you Jo, what is the reason for
it?
NINOW. 1 sgree. The second peak would appear to represent aviators of an age cnl experience in whom
the 'fear of flying' syndrome is wmost frequently seen, probably due o incieased family
responsibilities as well as the protracted demand: of the military career.
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DISORIENTING EFFECTS CF AIRCRAFT CATAPULT LAUNCHINGS
by

HMalcolm M. Cohen, Richard J. Crosbie, and Laurence H. Blackburn
Crew Systems Department
Hlaval Air Development Center
Harminster, Pennsylvania 18974

SUMMARY

The Naval Air Development Center Human Centrifuge Facility was used to
simulate the acceleratian profiles encountered in sircraft catapult launch-
ings. Twelve subjects attempted to keep a continuously moving target at
subjective eye ievel before, during, and after expcsure to simulated
catapult launch accelerations. Our results demornstrated that subjective
eye lavel was changed by exposure te the accelerative forces. The change
in subjective eye lesvel persisted, in some cases, for as long as three
minutes after the simulated iaunch sequence was completed. The results are
discussed in terms of the effects of rotated zcceleration vectors on human
spatial orientation, and the data are related ¢ certain types of aircraft
losses that have been reported following catapult launchings at night.

INTRODUCTION

When an aircraft is launched from the deck of a carrier, the pilot is exposed to a sudden
and dramatic change in the accelerative forces actino on nis body. He is pushed sharply back into his
seat as the aircraft hurtles forward, accelerating rapidly to attain adequate airspeed. Although the
acceleration is of but brief duration, lasting fcr only twe to four seconds, it is of sufficient inten-
sity that the nilot may be disoriented during its application and for come time thereafter.

The Gy (chest-to-spine) acceleration 2xperienced by the pilot is vectored with gravity, and
the combined gravitational-inertial acceleration vector is increased in length and rotatzd as the catapuit
forces are applied. At the end of the catapult stroke, the accelerative forces are removed, and the
vector resumes its natural G; (head-to-foot) orientation. Thus, the combined gravitational-inertial
acceleration vector changes rapidly both in length and direction. For an acceleration cf 4.0 Gy, the
resultant vector is rotated approximately 76° and increased in length by more than 4.12 times.

The illusions and perceptual-motor effects that acsompany changed acceleration vectors have
been dcscribed in the literature by severai investigators (1-6), and certain of the mechanisms that under-
lie them have been well documented (7, 8). Furtiter, the proliable significance of the illusions in
so-called "dark night takeoff accidents” has been elucidated in detail {9).

For the most part, hovwever, experimental research has beg¢n corncerned with the effects of
small amplitude and long duration, rather than large amplitude and transient, accelerations. Bscause
quantitative information concerning the effects of suddenlv applied, short duration, accelerative forces
on illusions of spatial orientation is extremely limited, the current experiment was undertaken.

METHOD
Subjects

Twelve volunteer male subjects served in this experiment. Of the twelve men, six were U.S.
Navy pilots who had experienced aircraft catapult launchings in the preceeding six menths period, snd six
were enlisted men without catapuit experience. The subjects ranged in age from 21 to 39 years, with 3
mean of 34 years; they ranged in height from 165 to 191 centireters, with a niean of 179 centimeters; they
varied in weight from 62 to 77 kilograms, with a mean weight o¢ 79 kilograms.

The subjects underwent a thorough medical examinaticn before they were selected for the
experiment; all were judged to i~ in excellent physical health and to be free of any visuval, motor, or
vestibular abnormalities.

Apparatus

The drta to be reported hece werz all collected at the Naval £ir Development Center Human
Cenirifuge Facility. A detailed description of the facility may be found elsewnere {10, 11). The normal
orientation of the subject in the gondola of the centrifuge was modified in this study so that the pitch
gimpal was used as a yaw gimbal. By cuntroliing the yaw angle, the tangential {Gy) and radial (Ggp}
accelerative forces were vectored to provide a lin2ar acceleration in the Gy, or chest-to-spine direction.

. Figure 1 illustrates the manner in which the centrifugz was used to simulate the accelera-
tive forces encountered in aircraft catapult lsunchings.
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Figura 1 - Schematic representation of a catapult simulation on the human
centrifuge.

The subject is seated tacing the direction of the open arrows. At T =0
seconds, the centrifuge arm begins to turn, leading to a rapid onsetr of
tangential acceieration {Gy). As the velocity of the centrifuge arm
increases, radial accelerations {Gg) are generated. The subject is rotated
counterclockwise by the yaw gimbal so that the chest-to-spine (Gx) accel-
erative forces always lie along the resotution of GT and g, At T = 1.6
seconds, Gy approaches zero, and Gx i< identified by 6g. At T = 3.2
seconds, the centrifuge arm comes to rest. The subject is now facing in
the same direction as he was at the beginning of the simulation, having

been rotated through approximately 180° by the centrifuge arm, and 180° by
the yaw gimbai.

In a tynical catapult launch, the pilot is exposed to an impulse acceleration ¢f 2 to 4

seconds that peaks at 3 to 5 Gx. Tne centrifuge simulation approximates these values very closely, and

Figure 2 presents a simula2taneous compariscn of the centrifuge simulation with an actual catapult iaunch
acceleration profile.
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Figure 2 - Comparisun of the Gy 2ccelerations recorded in catapult launch
and centrifuge sirmulation.
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The apparatus used to present the test stimulus and to measure changes in its apparant 3

elevation is illustrated in Figure 3. &
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% Figure 3 - Anparatus used to measure changes in apoarent target elevat.u %
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E The apparatus consisted of a servo-driven image projector and a white s at a i
E: radius of about 92 centimeters. The prejector cast a 25-millimeter outer diameter anu, . i
E (target) on the screen at 2 distance of approximately 92 centimeters from the subject's e, unly the £
£ target was visible in the otherwise totally derkened gondola. P
3 i
E At the beginning of each data cullection session, the position of the subject's seat was &
= adjusted so that his eyes were in line with the axis of the projector. After this adjustment was com- g
£ pleted, the subject sat in the darkened gondola for about 2 to 5 minutes while calibrations were S
5 performe4 on the apparatus. g
; Following the calibration period, the c.perimenter activated the servo motor and image %
4] proic _ter. The servo movor continuously drove the target «.i™~v up or down at a rate of 5 degrees per z
= second. The subject, who was providad with a control switch thet reversed the direction in which the q
i target moved. continuously bracketed tke position that he conside.ced to be at his eye level, g
< 4
Ex A1l twelve subjects underwent four sessions ir which data were collected. The sessions z
K 1asted for five minutes each, and exactly 120 seconds into the session, the subject was exposed to the %
= simulated catapult launch accelerations depicted in Figure 2. In order to assure that the subjects were 2

nct unduly startled or surprised by the rapia acceleration, a five-second count-down to the catapult
simulation was begun exactly 115 scconds into each <ession.

LR

Data were cvllected continuously throughout ezch session, and the output of the servo
fo)lower was monitored on strip chart and magnetic tape recorders. The output signal, which was analyzed
on line with the 2id of an EAI anaiog computer (Mode! 231-R), was averaged over each ten-second period of
the session. The mean of each ten-second average was then computed across all four sessions for each
subject. The first ten of these ten-secord means was averaged to provide a baseline for each subject,
and all data were then evaluated as deviations from this mean baseline velue.

AR
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RESULTS

Hean measures of the subjects' performance in se“ting the target to apparent eye level are
presented in Figure 4. The data are plotted te show the magnf.ude of the illusion in degrees as a func-
tion of time into the experiment. Positive illusion values indicate that an immobile target would
appear to ve elevated, and negative values indicate that an imobile target would appear to be depressed.
Since the subject continuously adjusted the position of the target to kecp it at zpparent eye level,

positive values were obtained when the target was Jcwered beiow the subject's baselin2, and negative
vaiues were obtained when the taryet was raised above the baseline.
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Figure 4 - 11lusions of apparent tarqget elevation due to simulated catapult
taunches,
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Initially, the subjects performed quite well, and there was very little variation in the
settings of the tarqet to apparent eye level. The simulated catapult launch (shown by the up and down
arrows on the abscissa) led to a dramatic change in settings to apparent eye level. The illusion
appeared within the first few seconds following onset of the catapult simulation, and it persisted for
some time thereafter,

for purposes of statistical analysis, the data from cach sesc<ion were sampled in three
10-sccond segments:  the nitial 30 seconds, the 30-second perind immediately following the catapult
simulation, and the final 30 seconds. The magnitude of the 11lusion was examined as a function of the
previous cxperience of the subjects (pilots vs. natve), and the particular data segment sampled,
Previous experience with catapult launches was not found to be statisticall, significant (F<1.00), nor
was its intcraction with the data seqment sampled (F:<1.00). The data segment sampled, however, was
highly siqnificant (F = 8.40; d.f. = 2/102; p<0.00%).

Eleven of the twelve subjects tested demonstrated 11lusions during the 30-second period
fmmwediately following the catapult simulation, The range of illusfons obtained from individua) subjects
across each 3N-second data seqment were: -1,83° to +2.28° for the initia) 30 seconds; -1.14° to +10.78°
for ;hc 30-sccond segment immediately following the catapult simulation; and -3,30° to +5,23° for the
final 30 scconds.,

The results indicate, quite urambiguously, that transient G, accelerations lead to 11lusory
changes in apparent eye levei chat can persist long after the G, acceleratfons are terminated,

NISCUSSION

The 11lusions demonstrated in this experiment may very well have great functional signifi-
cance under conditions in which the pilot does not pruperly monitor his flight instruments. Consider a
pilot who has just completed a night catapult launch from the deck of a carrier. In the absence of
external visual cues, the pilot normally is unable to differentiate the catapult launch forces into their
inertial and gravitational components, Thus, the rilot may experience ar 1}lusory pitch-up attitude.
Cven if his aircraft were in straight and level flight, his entive array of cockpit instruments would
appear to rise before him, In fact, the aircraft wouid probably be climbing in a nose-up attitude, and
the i1lusion would be compounded with this, making the pilot believe that his angle of attack was exces-
sive, The natural "correction” would be to ease forward on the stick, reducing the "excessive" angle of
attack., At this point, the afrcraft could be placed in a dive, but the pilot would stil) perceive himself
to be climbing,

Further complications would occur upon flap retraction. The resulting downward pitch and
subsequent increase in airspeed could lead to effects similar to those brought about by the catapult
launch accelerations, These effects probably could combine with the catapult launch effects, and result
in sti11 greator 11lusions, The momentary distraction from flight instruments due to flap retraction,
coupled with increased {11usions could make the sttuation sti)l more hazardous, The resulis could be
disastrous,
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A promising line of research, with a goal towards eliminating these dangercus illvsions
was recently suggested by Cramer and Wolfe (12).

They argue that ", . . the magnitude of the resultant
vector. . .depends upon conditions of acceleration. It should be possible to learn to make psyciicphysi-
ologic daterminatinns of the length of this vector and to use this in conjunction with prior information

on the lengtn or direction of the gravity vector in achieving appropriate pitch control under a number of
conditions. !

Whether or not 2 training program could climinate hazards due to illusions of pitch under
transient high-amplitude accelerations as well as under long term low-amplitude accelerations is > matter
for emperical investigation. At present, however, it seems clear that there is no adequate substitute
for careful, conscientious, and dccurate monitoring of flight instruments.
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bISCUSSION

ROLBARSHT. ‘hat was the scatter of the subjective estimates of target light position, and could any of
the differeaces you found be attributed to the experience of the subjects?

COHEN. The scatter was large; unfortunately I do not have the data with me so 1 cannot give precise
values. In the experiment we used both naive cubjects and experienced pilots; the data
points from the two graphs overlapped, so we caun~t say experience has a significant effsct
on the illusory perception.

BENSON.

‘The =#imulation was not identical to the 'real life'! situatiog in that, in the centrifuge,
the subject was exposed to an angular movement in yaw of 180°.

Do you think that this
motion influenced the percepiion of target light position?

COHEN. Probably not. Although the simulation did not identically reproduce the real life situation,
and although the subjects were rotaced by 180 about the Z-sxis, there is ne a priori reason
that I know of why this should significaatly influence their perception of the target's
elevation. Also, when asked sbout the sensations of the catapult simulation, none of the
subjects reported that they even felt the rotation about their yaw (Z) axis.

IENSOR.

R T L Dy ok Lo

1 think it ix wost gratifying to sce cxperimental evidence which accounts for sn illusory
perceprion of pitch artitude after a brief exposure to a Gx acceleration, as the illusory
perception associated with lengitudinsl accelerations (eg ox overshoot) has not beer

axpiained adequately in the past on the basis of the 'oculogravic illusion'. W®hat do you
think iz the reason for the long persistence of tite illusion after the rel tively shor:

duration acceleration czployed in your experiments?

i

2

o S S e o D, i




o 7 g T oy Tl 3 S Tn i P Sar
R L R e e s LI RS TR TR

A6-6
COHEN, I don't reaily know, but transient overloading of a sensory system often leads to effents
that have slow decay rates. Intense suditory, visuai, or tactile stimulztion can often
result in positive after-sensations long after the stimulation itself nas been removed. With
sewi-circular canal stimulation, long term after effects have been well documented. With the
otoliths, though, the picture is not so clear-cut. 1 think :hat, rather than the length 3
of stimulus application, the rise time and peak intensity are the move important in deter- %
nining the persistence of the illusions. But I just don't have the data to determine the %
specific basis fcr the persis-ence, except to say that it probably is at least partially X
vestibuler in origin. %‘
BENSON. In addition to the illusion in pitch attitude which you have demonstratec, in actual flight B
correction for the illusory pitch attiftude produces a curved flight path and an additional "%
change 1n the direction and magnituce of the scceleration vector, which may further accentuate &
the illusion. %
COHEN. Yes, I quite agree. ]
GUEDRY. 1 2lso found your paper most interesting. Is it possible to produce a real change in pitch, ¥
involving angular acceleration about the Y-axis, during or jvst after Gx ccceleration? 1 3
ask this because ther. are changes in pitch involving angula: acceleratious during catapult 5
launches, whicn act in the same direction as the rotation of the resultant linear acceleration 2
vector. z
=
COKEN. Your point is well taken. The extra upward rotation about che y-axis at the end of the *é
catapult stroke could coniribute still further to the illusion. Al:o, under those conditions. g
there would be no question about semi-circular canal stinmulstion. Unfortunately, we are not %
able to provide th: extra upward pitcii on our centrifuge beczuse our normal pitsh gimbal is =
used to yaw the subject during the acceleration. However, with some modifications, ic may be g
possible to include the upward pitch, as you suggest. It certainly is worih considering.
DOBIE. I have a small observation concerning the oculo-gyral illusion (051) and flying experience.
In studies ccrried out on RAF aircrew, no relationship could be shown betwegn the cupuiogram -
characteristics of some 600 subjects and their flying experience - from 'naive' to current 5
aerobatic pilots ~ when the OGI end point was used in sensation cupulometry. 3
Ed
COHEN. Your comzent is very interesting. At tha p&ysiological level, there is probahly no difference %
between the responses of experienced and naive subjects. Also, from my data, the illusions g
do not differ significantly with the subjects® previous flight experience. Without specific %
training to discriminate between Gx accelerations and changes in pitch attitude, the value of E
experience will probably show up only in actual flight performance. The illusion is most z
likely to he as strong in experienced pilots as in naive subjects, but the experien:ed piloes N §
gene, ally attend to, and believe in, their instruments. As long as the instruments are E
correct, and as long as the pilots respond as their instruments indicate, everything will oe g
OK. It is when the pilot gives in to hi~ illusory sensations, and disregards his instruments 2
thzt he gets into trouble. ?
COLLINS. Yr findings of 'long-term' effects of vestibular stinulation is of particular interest to z
«. :h 1 might add a supportive, if non-quantitative, obgervation. In many CAMI demonstrations E
of Coriolis effects, in which the subject on the turntable was enclosed by an illuminated %
= cabin, a given head movement might give a sensation of 'cliwb' and the cabin would appear to :
: tilt upward. ;
= 3
= After several seconds, the cabin wonld (visualiy) appear to reach an almost "straight~and- %
; level' attitude, though some subjects would report & slight but persistent "nose-up' §
2,
= 2
1= attitude for a minute or more. Since these were only demonstrations, we went ahead with 2
2 another head movement, so we have ne quantitative data regarding the persisteuce of the 3
effect. However, it does suppsrt your results regarding long-term effects of relatively §
b 'impulsive' vestibular stimulation. These phenomenon 21so appear to be associcted with a 3
= visual environment that is not fixed relative to the earth. %
E= “
H CCHEX. Thank you for your observations. 1 think that a good deal of rescarch nceds to be done ot che 3
5 illusions brought about by 'impulsive' vestibular stimulation. Alen, the persistence of P
b these illusions after the stimulus is terminated merits further study. ,%
E-2
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EFFECTS OF ACOUSTIC STIMULI ON THE VESTIBULAR SYSTEM

by

C. Stenley Harris, Ph.D.
Aerospace Medical Research Laboratory
Recospace Medical Division
Afr Force Systems Command
Wright-Patterson Air Force, Base, Ohio, USA

SUMMARY

Several investigators have suggested that high intensity noise stimulates the vestibular system,
since numerous subjective ra2ports of disorientation, nausea, and giddiness have been reported. In the
present study, nystagmography, vertical perception, and a rail test of human equilibrium were used to
measure the response of human s bjects to acoustic stimuiation. No nystagmus was obtained and the percep-
tions of the vertical task yielue~? no consistent effects, nowever, the rail 2ask was quite sensitive to
acoustic stimulation. Decrements on the tasia of 20% to 35% were cbtained in high intensity ncise of 140
d3 even when subjects wore ear protectors. In other experiments, levels as low as 100 4B were found tc

produce an adverse effect ou the task. T7ne results are discussed as a possible effe.t of the action of
high intensity noise on the vestibular system.

INTRODUCTION

Ades (1) reviawed a number of studies concerning man's aitility to maintain his orientation during
exposure to high intensity acoustical enerqy. Many instances of equilibratory and postural disturbances
were cited such as vertigo, nausea, nystagmus, visual field shifting, feeling of forced movement, and
staggering and falling. An asymmetrical noise condition, where there were unequal stimelus intensities at
the two ears, produced the most disturbing effects. Ades further emphasized that future studies should
concentrate more on broadband noise environments that simulate the Spectra of jat engines, since this is
the practical operational problem. In the revicw a number of conclusions were drawn: “The first sensory
system after the auditory to be assaulted by intense noise is the vestibular.-- In the frequency range 350 -
3000 cps, threshoids for vestibular stimulation were approximately 135 - 150 JB for the unprotected ear.
The most sensitive range was 1000 tc 1500 cycles.” These levels seem very high, and the person exposed
to such intense levels for other than a short period ov time §s in serious danger of suf‘2ring permanent
threshold shifts in hearing. There is the possibility that vestibular effects have been demonstrated at
much lower ievels than those cited above. For examole, in a study by von <ekesy, head deviations, of tne
order of a millimeter, were obtained in response to noise levels as lcw as 100 dB. Further, von Bekesy
found that vertiao was produced in his subjects by a two minute exposure %0 a tone of 109 Hz at 120 d8
pulsed three times a second. Ades accepts the validity of these findings, however, ne points out: *“Qur
own endpoints are relatively crude, but orr threshold values are probably closer to the sound levels at
which acoustic stimulation ot the vestibu.ar apparatus may become practically significant.” Of course,
practical significance is difficult to define, and depends mainly on the task a man is required to perform,
not only during exposure to the noise but for an undetermined amount of time after the exposure. Further,
even though 3 resylt may not be of immediate practicai importance, it may have consideravle theoretical

significance if it gives some understanding of the mannar in which acoustical energy stimulates the vestib-
ular system,

SRRV b R LN

Dickson and Chadwick (2) have pointed out that it is difficult to determine if the vestibular system
js baing stimulated from subjective commenis. They conducted interviews with individuals working in the
vicinity of oparating jet engines to obtain their subjective experiences when standing in certain critical
ncise locatfons. They found that "descriptions varied and were vague,” but werr best described by “one of
the engineers who said he experienced a mementary sensation of imbalance accompinied by ¢ lack of power to
think.” Most studies up to the present time have used subjective measures with a very small sampie of
experimental subjects. 1t seems particularly important to use objective measures in future studies since
a considerable decrement might occur in the ability of an individual to maintasn his balance and orientation
before he becomes conscinusly ¢ware of dizziness, nausea, incoordination, etc. Particularly valuable w~ulg
be a2 measure of nystaomus whicl would give a direct indication of the involvement of the vestibular syscum.
The major obstacle to this approach, when subjects with normal hearing are used, is the elicitation of
nystagmus at noise level: that do not produce a hazard to the hearing of the subjects. Ades et al (3)
avoided this problem by using deaf subjects, and presented acoustic stimuli .: to 170 d6. The difficultly
with deaf subjects, of course, is that they may differ considerably from normais in their vestibular sensi-
tivity, since damage tv the auditory system almost invariably affects the vestibular system., However. the
authors ,3) report that of the six subjects in their study, two showed normal nystagmus to caloric stimula-
tion, and "The other four showed varying degrees of retention short of corplete. All of these subjects aiso
reacted as normals with respect to the oculogyral and oculogravic illusion--" For the two normal subjects,
they found nystagrus thresholds of 120 dB - 135 dB in the 250 Hz to FO0 H2 frequency range eand thresholds
approxisately 20 dB highar in the 1000 Hz to 2000 Hz rangs. Nystagmus was also elicited by a band of jet
engine noise at a threshold level of approximately 135 dB. Subjective reporis of dizziness in the study
were not censistent, possibly due to a2 comunication problem, ard dizziness was not reported at all fre-
quencies where nystagmus was obtained. The results are puzzling, someiimes d.:22iness was reported before
nystagmus and sometimes not at all. Ades and coworkers were aware that the throsholds for nystagmus elici-

tation fn deaf individuals might be atypic2l und they racommend that studies with normal! subjeces be con-
ducted.
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The present paper summarizes a large number of studies conducted at the Aercspace Medical Research
Laboratory. Several of these have been presented at scientific meetings or -ave been released as AMRL
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Technical Reports, and for these experiments detailed descriptions of experimental and statistical procs-
dures will not be given here.

NYSTAGMUS AND SUBJECTIVE JUDSEMENT EXPERIMENTS

An attempt was made to duplicate the findings of Ades et al (3), using four laboratory workers who
volunteered to participate in the experiment. A pure tone of 530 Hz at 135 d3 with a 5 second exposure
period was presented to the subjects. This frequency seemed to be the most sensitive one for subjects in
Adas' study, A broadband jet engine type >f nofce of 140 dB (upper curve in Figure 1) was also presented.
Only a five second exposure was presented to each ear of a subject in a 24 hour period. Electronystagmeg-
vaphy was used to record both horizontal and vertical eyemovements. All subje:ts were tasted in total
darkness and instructed to keen their eyes open., Darkness was used to elimirate visual fixation that might
obscure the nystagmus response. No nystagws was produced by the pure tone or the broadband nofse stimulus.
The nofse was reported as subject{vely unpleasant and highly arousing, however, there were no inaications
of vertigo or dizziness. After this experiment was completed, one of the subjects was exposed to 590 Hz at
135 dB for a ten second cduration with the tone pulsed three times a Second. A vigorous defensive eyeblink
reflex in time with the stimulus was obtained but no nystagmus or vertigo. Our results, indeed, suggest
that tha vestibular system of normal hearing subjects responds differently to accustic stimylation than
does the vestibular system of deaf subjects. However, the elicitations of nystagmus may be related to the
duration of exposure. Althouch Ades also used a 5 second exposure duratior he made repeated exposures
in his atiempts to find thresholds, that is, he proceeded in progressive steps by gradually increasing the
noise intensity with a 5 second exposure period used at each intensity.

The stimulus for our next investigation was a 120 dB, 100 Hz tone, pulsed three times a second for a
duration of twc minutes. This is the condition which was reported to produce dizziness and nausea in
von Bekesy's subjects (1). The four subjects used in the previous experiment and 15 volunteer male collage
students served as subjects. No nystamius was cbtained and no symptoms of vertigo or nausea. At this
point, five college students with a history of motion sickness were compared with a group of five students
who had never been motion sickness. Again the results were negative; no nystagmus and no sudjective reports
ingicating vestibular stimulation. Next, we tested two laboratory workers, both in their late thirties,
who were susceptible to motion sickness to the point that thay were sometimes troubled by car sickness.
Sti1] there was no evidence of vestibular respcnse. Finally, negative results were obtained with the four
laboratory personnel, used previously, hut this time a 1000 Hz tone was used instead of the 100 Hz tone,
(von Bekesy (4), reports small reflexive head movements were obtained at 1000 Hz). Thus our attempts to

obtain aystagmus and subjective vestibular symptomotology by exposing subjects to intense acoustic stimula-
tion have proven unsuccessful.
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Figare 1. Ambient wideband noise spectra and calculated
nojse levels in ear canal aftur reduction of
noise by ear protection.
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EXPERIMENTS USING THE RAIL TASK

At this point in our investig.tions we dacided to use a rafl batancing task developed by Graybiel and
Freztey {5) {or measurl.; humar egud).br..a, These investigators have presented some evidence that this
battery shwws sv- ifivity 12 *ovebdles that are primarily vestibular in nature. They have shown that indi-
vidJus)s «ifn Yituie or no + oo t.bular sensitivity performed on the rails at a level comparable with the
loieet (% of che lar~inthine normal population. Rail performance of labyrinthine defectives was unaffected
by ke .onsumption of alcohol while that of normal subjecis was adversely affected. They have also related
pe rogance on the task to canal sickness susceptibility, to threshold caloric response, and to response
ta . .°re sea conditions. The rail task consists of 6 rails, 8 feet in length, on which the subject is
3>.2¢ to perform three tasks. Rails were 2.75, 2.25, 1.75, 1.25, .75, and .5 inches wide before being
covered with a 1/16 inch fiberglas materia! to prevent breaking and splitting of the rail edges. The three
tasks consisted of (a) standing in a heal-to-tse manner on each of the six rails with eyes open, {b) stand-
ing with eyes closed, and (c¢) walking heel-to-tne~to-heel on each of the six rails. In our research, we
have presented only part of the oriaginal task and made slight changes in. the procedure. In early experi-
ments (6) we found parts of the rail task to be insensitive to the effects of noise and for some parts of
the task to always yield perfect scores. Most subjects performed perfectly on the three larger rails when
standing with eyes open or when walking. Conversely, the two smallest rails were quite difficult for most
subjects, for both rail walking and standing with eyes closed. Parts of a task tez difficult or too easy
for most subjects usually produces a measure that is relatively insensitive to experimental variables.

For our version, we have dropped the rail walking part of the task because of suspected unreliability, and
measured standing eyes open and eyes closed performdnce on only two rails. On twa rails, 2 1/4 in. wide

and 1 3/4 in. wide, the subjects were required to stand with their eyes ciosed, and on the other two rails,

1 1/4 in. wide and 3/4 in. wide, the subjects stocd vit: their eyes cpen. The score for both measures was
the time, to the nearest second, from when the subject .ssumed -he correct position on the rail unti) he
violated his position (1ifted a foot) or fel)l off the rail. The maximum score for each trial was 60 seconds.
If the subject was still balanced on the rail at the end of this time, the trial was discontinued. Subjects
in most of our exgeriments were given five trials on each rail. The maximum score for each measure was 600 b
seconds, that is, five trials x two rails x the maximum possible score per trial »f 50 seconds. :
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Five different groups of subjects were tested in a study on the effects of broadband, high intensity

noise on human equilibrium (7). Subjects were all tested in the same type of counterbalanced dusign and
four different ambient noi&e conditions were presented to each group: control (70 dB), 120 dB, 130 dB, and
140 dB (re. 0.0002 dyne/cm

). The first group of subjects tested wore earmuffs and earpluys; the second
group wore earplugs, and the third group wore earplugs with one earmuff covering the right ear to prgduce

an asymmetrical exposure {see Figure 1). Only on» experimental condition was presented to each subject in
a 24 hour period.

Wt

Analysis of variance revealed no significant effects for the eyes closed portion of the rail task.
This ic surprising, since with vision excludad the vestibular system should play a larger role in maintain-
ing equilibrium. The means for the 140 dB nofse condition were smalier than the means for the control
condition in every case, but because of the large variability of the sceres no significant effects were
obtained. By using more subjects or by increasing the number of trials a more clearcut reactinn to neice
should be obtained. The eyes open measure was quite sensitive tc the effects of noise. A significant
effect for nois» intensity was obtained in the analysis of varfance for four of the five groups in the
present experiment. The extent of the differences seems to support previous observations that asywmstrical
noise has a more detrimental effect on human equilibrium than symmetrical noise. At the (ower intensity
Tevels (120 dB and 130 ¢B), there was a small improvement in performance over the coutrol for the symmetri-
cal noise exposures and a significant cecrement in performance for the asyrmetrical exposure. At 140 dC
decrements were cbtained with all three groups, and as expected, the results showed more decrement for
group 2 (earplugs) than for group 1 (ezrplugs and muffs), and more decrement for group 3 (earplugs & 1 muff)
than group 2. In two additional groups, tested on the rail task immediately after termination of the noise,
detrimental effects were obtained only for an asymmetrical exposure group and nol for a symmetrical exposure
group. These data are plotted in tarms of percent change from the control in Figures 2 and 3.

In the experiment just described (7) large decrements were obtained ia the length of time subjects =
could remain balanced on the rails in the high noise expcsure of 140 db regardless of the type of ear
protection given the subjects. Ambient nois2 &t this intensity stimulates the receptors of the skin,
muscles, joints and perhaps the vesti :lar as well as the auditery system. Therefore, the decrements in
equilibrium could have resulted from auditory stimuiation, frem ertra-auditory stimulation, or from both
in combination. in order to evaluate these efferts separately, an attempt was made to reproduce the levels
end spectra of the noise in the ear canals that occurred during whole bedy exposure (8). Specifically, we
attempted to simulate through earphones the Tevels and spectra that occurred in the subjects' 2ar canals
during 140 dB ambient stimulation when they were wearing both earpiugs and earmuffs ioverall level of 100
dB), earplugs alone (JOverall level of 115 dB8), and earplngs with one earnuff covering the right ear {overali
level of 100 d8 to the right ear and 115 dB to the left ear). This was not a straightforward procedure
since th2 levels and spectra in the ear canals in the previous stvdics were not piysically measured.
Instead, the values were calculated by subtracting from the acbiant noise levels the attenuation values nf
the ear protectors worn. Therefore, the actual noise in the ear canals was only approximated. Further,
there was undoubtedly some conduction of the acoustic energy to the inner ear by tissue ang bone., No
attempt was made to sdd a bone conduction corponent to the simulation.

Sixteen subjects were tested in a counterbalanced design with zach sibject receiving all four condi-
tions of control (approximately 60 dB), svemetrical {100 dB in both ears), symetrical {115 d8 in both
ears), and asymmetricat {115 dB in the left ear and 100 4B in the richt ear). Only the standing eyes open
part of the rail task was presented to the subjects, and the mean tria} performance for conditions was as
follows: control - 32.83 sec, syrmetrical {100 d8) - 29.55 ser, symvetrical (315 d8) - 28.32 sec, and
asymmetrical - 30,07 sec. An analysis of variance conducted on the dita revesled a significant effact for
nofse conditions {0 <.05). The means for the threc noise conditions did not differ significantly, however,
all differad significantly from the contrel conditiGn. The decrements in performance, expressed as percent
change from the control are plotted in Figure 2 aiong with the changes obtained 1n the previous experivent.
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Subjects performed better in the control condition in the ;-esant experiment (see Tabla 2) than they <id
in the previous experiment. This difference could have becn due either to the difference in the ability
of the respective groups or due tc differences in experimental design. Navertheless, the comvarisons made
in terms of the percentage change from the control seem valid. Noise effects on the eyes cpen part of the
rail task were much less with only ear stimulation than with ambient noise. If acoustic energy in the ear
canal was the determining factor for producing degradation of performance, the results should have baen
approximately the same. The two symmetrical exposures in the prior investigation produced approximately
twice as much decrement as the symmetrical exposurs in the present experiment, and for the asyrmetrical
exposures four times as muych decrement was obtained. Thercfore, theérs was a tafifure to replicate the
asymmetrical - symmetrical effect of the prior invastigation as well as the absolute size of the perform-
ance decrement. These results suggest that extra-auditory stimulestion is not & simple additive factor to
the level of noise in the ear canal in producing performance decrements, othervise decrements with ear
canal stimulation alone should have been reduced proportionally for asymmetrical and symsetrical exposures.

The coenclusion seems justified that combined auditory, extra-auditory stisulation produces greater detri-
mental effects cn himan equilibrium than 3uditory stimulation alone.
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A demonstration that the rail task is maximally sensitive to 590 Hz would seem to be evidence that

=1 the task is reflecting the direct effect of acoustic s imulation on the vestibular system. Such results 3
= weuld be in agreement with the study of Ades et al {3) where 590 Hz produced nystagmus in deaf subjects 3
] a3t a lowar sound pressure level than the other frequencies used in the study. However, the vestibular z
system of deaf individuals may be maximally sensitive to different frequencies than the vestfibuiar systenm =
E of subjects with normal hearing. In fact in an early study {9), normal hearing sthjects wire uysed in an E
= atterpt to determine the threshold of vestibular stimuylation at several pure tone frequencies. Subjects é
- showed the lowest thresholds at 1009 to 1509 Hz when a slight shift in the visual field was used as 2 z
- reasure of vestibuiar stimylation. However, both of these studies were exploratory in nature and, eved E
ks for the small number of cubjects used, the resporses were not consistent acress subjects. Therefore, these =
E results can only be considered a: suggestive. Nevertheless, if the rail test does reflect the effects of i
3 vettibular stimulation then oariiaps scme evidence can be obtained tO indicate differential frequency sensi- E
3 tivity. To investijate this possibility, both standing eyes open and standing eyes clased performance on z
- the rails were =e2sured in normal hearing subjects during exposure to pure tone acoustic stimulation {1C). b
= Subjects were _sted during exposure tc test frequencies o¥ 100, 260, 590, 1500, and 2500 Hz, and a contiol 2
- zonditien. One group of 24 subjects (male college students) werz presented the test stimuli at intensity £
o levels of 95 d¥ in the left ear and 75 d3 in the right ear (ssymmetrical exposure). Th> other group of 24 £
subjects were presented the tones at a3 level of 35 d8 in both ears (symmetrical exposure). The subjects £
e rame to the laberatory on seven different occasions, the first time was a practice period, ang the lase |
3 six times to perform the rzil task while exposed to each of the stimulus frequency conditions used in the =
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experiment. Each subject experienced 211 conditions according to a counterbalanced experimental design.
Ssparzte analyses of variance were performed on the eyes open and eyes closed scores on the rail task for
hoth groups. Again, as found in previous experiments, the eyes closed measured showed no statistically
sfgnificant sensitivity to the accustic stimulation efther for symmetrical or asymmetrical exposure. Simi-
larly, no significant effects were obtafned in the analyses of variance for the eyes open measure. However,
the effect for frequency >f stimulation approached significance (p < .10) at the 5% levei of confidence for
the asymmetrica) exposure group. Although the value cbtained did not reach a customary level of statisti-
cal acceptability, it wes decided to iest di fferences between frequencies of pure tone stimulation because
the greatost decrement occurred at tha2 expected freauency of 1500 Hz (see Table 1). The effects of differ-
ent frequencies of pure tone stimulation were analyzed by use of a Sign Test (11). For asymmetrical expo-
sure, a significant decrement at 1500 Hz was obtained rclative to the control group {9 < .01), and 1500 Hz
also differed significantly from 100 and 590 Hz {p < .05). There was no significant difference between the
results obtained at 1500 iz and the results cbtatned at 260 and 2500 Hz. The difference, howaver, was in
the expected dfrecticn with p < .10 and p < .20 obtained, respectively. [t will be rzcognized that signifi-
cant differences between these reans does not correspond to the size of the difference, that {s, there was
a larger difference between the means at 1500 Hz and the mean at 260 Kz than between 1500 Hz ang 100 Hz,
however, in the former case the difference was riot significant while in the latter the difference was
significant. The Sign Test is a measure of the consistenCy of the difference; it takes into account only
the direction of the difference and not the size of the difference. The results seem to support the hypoth-
esis that the eyes open part of the rafl task is sensitive to stimulus frequencies fousd in the von Gierke
et al (9) study to produce the most direct effects on the vestibular system. This result occurred within
the frequency range {1600 to 1506 Hz) where individuals percefved a clight shift in the visual field at

the lowest intensity level. However, these results should be viewed with caution since there was & reia-

tively large number of subjects tested in the experiment and still only a deorderline significance was
obtained.

TABLE 1
MEANS FOR STANDING EYES OPEN MEASURE
Broaddand Noise (N = 52)

Control 120 13 1%
Earplugs & Muffs 26.46 29.62 28.20 21.81
Earpi-gs 24.01 26.5¢ 25.86 18.42
Earplugs 8 1 Muff 25.41 21.74 23.2) 17.04
Afteraffects
Earplugs 16.80 17.68 21.56 18.42
Earplugs & 1 Muff 19.36 20.8 16.90 16.75
Auditory Along Study (N = 16)
Plugs & Plugs &
Control Muffs 2lugs 1 Muff
32.83 29.65 28.92 30.07
Pure Tone Study (N = 48)
Control i00 260 590 1500 2500
Asymmetrical 24.46 23.60 24.91 23.27 21.55 23.88
Symmetrical 23.35 23.62 23.50 21.96 24.46 24.60

PERCEPTIOY OF THE VERTICAL EXPERIMENTS

One hypothesis to explain the decrements we have obtained on the rails is that the noise effects the
subject's perception of the vertica® and rakes it more difficult for them to maintain their equilidbrium.
This hypothesis scencd promis.ng singe reports of shifts in observars’ visual fields during presentation
of ertremely intease noise imply an effect on the perception of the vertical {39). Also, Dickson znd
Chadwick (2) suggest that high intensity jet noise may have {ts effects on the Yinear motion receptors
because of their failure to observe nystagmus in subjects eaposed to high intensity jet noise.

In our research on the perception of the vertical, a total of 75 male college students were used ac
subjects in five separate experiments. The sase sure tones and broaddand noise as previousiy used with
the rail task were presented. There were four days of testing {n all experiments, except for the pure tone
study cenducted at 195 d8. Cn the first day the subjects were given prelimipary training, and subsequently,
thay ¢° ¢ to the laboratory for threx more days of testing. Ouring the last three days, they were given
a syametrical exposure (equal infensity of acoustic stimulation in each ear), an asymmetrical left expesure
{ wreater acoustic stimulation In left car), and asymetrical right exposure {greater intensity in right
¢:r). Both order of presentation of pure tone frequency or noise intensity, and sysmetrical-asymmetrical
~ditions were counterbalanced across swjects. On the pretiminary training day subjects were given 60
v ctice trials on the perception of the vertica! task. (n the three test days & contral conditfon of six
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trizls was presented before each noise intensity condition or each pure tone freyuency, and one block of
six trials was presented during each acoustic exposure., During the broadband noise experiment, ignoring
counterbalancing, a subject received control - control, control - 120 dB, control - 139 d8, and control -
140 d8. During pure tone exposure, the subject received control - control, control - 100 Hz, control -
260 Hz, control - 590 Hz, control - 1500 Hz, and control - 2500 Hz. In the broadband noise axperiment the
subjects wore: earplugs (115 dB in each ear at ambient level of 140 ¢B) for the symmetrical exposure; ear-
plugs with one muff covering the left ear (100 dB in left ear and 115 dB in right ear at ambient level of
140 dB) for the asymmetrical right exposure, and earplugs and one muff covering the right ear for the
asysmetrical left cyposure. The purs tone stimuli were presented through headphones with the tone directed
either to both ears or the left or right ear depending on condition. Four experiments were conducted with
the pure .ones, a 95 dB level was presented in the first two experiments with the unly difference between
experiments being the manner of presentation of the perception of the vertical task. In the next experi-
mzat 100 48 was used, and finally in the last experiment 105 dB was used. In the latter experiment only
one day of testing was conducted and only one condition was given. The subjects were tested in the asymmet-
rical left condition at frequencies of 260 Hz, 1500 Hz, and the control (see Table 2).

In these expariments subjects were required to gdjust a line until 1t appeared to te vertical. In two
experiments (95 dB pure tone and the broadband noise experiment), the line consisteo of an aluminum rod
which was 1/2 in. in diameter and 3 feet long, and painted with phosphorescent paint. The rod was mounted
on a circular piece of plywood, 4 feet in diameter, painted flat black. The only source of illumination
in.the experimental room (a reverberation chamber for broadband noise exposuse) was 2 "black 1ight* which
was located approximately four feet from and directed to shine on the aluminum bar. The reflector of the
black light was covered with black construction paper, and the light shone through a 1/2 in. x 1 in. aper-
ture cut §n the paper. The subject sat in a2 straight back chair at a distance of twelve feet from the
apparatus, and the rod was presented with the center at approximately the eye level of the subject. The
vertical perception task was changed for the remaining experiments and a vertical line was presented inside
an 18 in. « 18 in. x 36 In. box painted a flat black. The experiments using this apparatus are indicated
in Table 2 by "Box". The vertical line inside the box was 16 in. long and consisted of a hollow tube
5732 in. in dicmetsr. The tube was filled with phosphorescent material and the save black light, as used
in the previous experiments, was directed on it. The box was placed on a wooden platform, and the sub-
Ject (S) sat on an adjustable stool. An adjustable bita bar mounted directly fnside the box opening was
used to control for possible differences in head position. Regardless of which task was used for the per-

ception of the vertical, the same procedure was used. The rod was displayed by the experimenter (E) ¢ither
30 degrees clockwise or 30 degress counterclockw.2Z. Once the rod was displaced by E, he then signaled the
S to make his judgement. The subject made his setting by pressing a toggle switch which via an electric
motor moved ine rod at 3 constant speed, with the direction of press of the toggle switch d:termining the
direction of movement of the bar. 3ubjects were allowed to retrace until satisfied with weir setting.
Once the subject completed his setting he pressed a button, located on a small box with the toggle switch,
which activated a light at E's station, and £ made the reading, displaced the har, signaled the subject,
and the cyclz began over again. With the exception of the preliminary training period in which the subject
recelved 60 trials, testing was conducted in six trial intervals with the bar displaced an agual number of
times in the counterclockwise and clockwice directions. The score used in the subsequent statistical
analysis for each subject was the algebraic difference beuwseen the mear of the six setting for the control
and the mean of the six settings during 2coustic stimulation. Deviations from the vertical were measured
in degrees with those displacements to the subjects’ right (clockwise) given a positive value, and those

to the subjects' left (counterclockwise) given a negative value. Recording accuracy was within 1/4°.

Analyses of variance were performed on all the data obtained in the experiments on the perception of
the vertical. The only significant effect obtained was for the asymmetrical right condition using discrete
frequencies at 95 dB with the large perception of the vertical task. The effect was obtained for frecuency
of stinulation. The noise exposure at 260 Hz was significantly different {based on difference scores) from
control, 100 Hz, 1500 Hz, and 2500 Hz. The mean difference scores between 260 Hz and 590 H#z diZ not differ
significantly. In Table 2, it can be seen that the differences were due largely to differences in the pre-
stimslus control periods rather than du2 to differing settings in the noise. Therefore, it seems quite
untikely that this is a geruine finding and that there Is actually a differentiai effect on the perception
of the vertical due to frequency of accustical stimblation. The fact that none of the other analyses of
variance vielded a significant effect for acoustical conditions argues against any interpretation of acous-
tical stimulation having an effect on the perception of the vertical.

In all studice using pure tone stimulation there was a constant error in the alignment of the bar to
the vertical. Subjects tended to displace the rod to the counterclcckwise side of the vertical. There
are a nunber of possible explanations for this, the most likely seems to be that the richt hand was used
for all subjects in setting the bar to the vertical. ievertheless, the error was quite smali under all
conditions, and the scores easily fall into ihe range of error reported by previous investigators {12).
There was also a constant error for the broadband noise experiment but in the opposite directicn to that
ootained for pure tone exposure. Again, as was the case fc— pure tone exposure, the reason for this error
is not obvious. When the same testing apparatus was usec with the 95 d3 pure tone group the constant error
was in the opposite direction. The fact that these experiments were conducted in different rooms may
account for the difference in the direction of constant error. The broachand noise group, who had the
constant clockwise error, was tested in a reverberation charber. This charber contained three large scous-
tic horns which could be seen faintly in the subject's levt fiald of vision. Therefore, previrus litera-
ture on the perception of the verticel task (for a review see Howard and Terpleton, 1966) would suggest
that the asyrmetry of the charber or the knowledge the subjects had of the location of the sqund source
nay have produced the constant arror. HNevertheless, the perception of the vertical task used in the pres-
ent experiment did not show any consistent sersitivity to noise which was of prinary interest.
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TABLF 2
MEAN ALGEBRAIC ERROR IN DEGREES FOR PERCEPTION OF VERTICAL EXPERIMENTS
Control 100 260 $90 1500 2500
95 d8 - Exp. (N = 15j
Sysmetrical
cuntrol -.35 -.25 -1 -.17 -.05 0
noise ~.17 -.08 -.07 -.30 «.07 +.06
difference +.18 +.37 +.04 -.13 -.02 +.06
Asymmetrical
Right
control -.47 -.54 -.79 -.67 -.43 -.13
noise -.58 -.59 -.39 -.58 -.49 ~.45
difference -1 -.05 +.4) +.09 -.06 -.32
Asymeeirical
Left
control -.32 ~.29 -.% -.25 -8 -.24
noise -.27 «.26 -.3 -2 -.15 =-.21
difference +.05 +.03 0 +.03 +.03 +.03
95 d8 - Bex (N = 18)
Symwerical
centrol -.36 -.38 =17 =44 -.48 -.45
nofse -.22 -.28 -.54 -.53 -.53 .72
difference +.14 +.10 -.37 -.09 ~-.05 -.27
Lsymmetrical
Right
control -.33 -.38 ~.53 ~.55 -.41 -.58
noise -.23 -.38 -.50 - .67 =77 -.72
di fference +.10 0 +.03 -.12 -.36 -,14
Asymmetrical
Left
control -3 -.52 -.53 -.38 ~.53 -.48
noise -3 -.40 -.78 -. -.52 -.51
di fference -.03 +.12 -.25 -.16 +.00 -.13
100 d8 - Box (N = 18)
Symmetrical
controi -.28 ~.27 -.34 -.37 -.16 -.38
noise -.33 -.12 -.18 -.15 -.30 -.47
difference -.05 +.15 +.16 +.22 -.14 -.08
Asymmetrical
Right
control -.38 -.20 -.35 -.36 -.35 -.42
nofse -.37 -.42 -.59 -.53 -.35 <.50
df fference +.01 -.22 -.24 -7 0 -.08
Asymmetrical
Left
control -.33 -.38 -.12 -.08 -.33 -.20
noise -.42 -.31 -.10 0 -2 -.23
difference -.09 +.07 +.02 +.08 +.13 -.03
105 98 - Box (N = 9)
Asyreetrical
left
control -.24 -.65 -.60
noise -.53 -.74 -.73
difference -.29 «,G9 -.13
(Contirued)
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TABLE 2 (Continued)

Broadband Noise (N = 12)

Control 120 130 140
Symmetrical
control ~1.01 +1.32 +1.44 +1.04
noise +1.18 +1.40 +1.08 + .77
difference + .13 + .03 - .36 - .27
Asymmetrical
Right
control +1.10 +1.10 +1.20 + .74
noise +1. N + .82 + .79 + .59
difference + .0 - .28 - .4 - .15
Asymmetrical
Left
control + .58 + .92 + .81 + .72
noise + .74 + .58 + .56 + .38
difference + .16 - .4 - .25 - .36
DISCUSSION

The direct effect of intense sound on the vestibular system as indexed by nystagmus or subjective
report has not been confirmed in our experiments. However, there seems little doudt that under scme cir-
cumstances noise does affect the vestibular system. There have been tco many subjective reports in the
operational situstion uf dizziness, blurred vision, and vartige to doubt that such effects do occur. Pos-
sibly, the greater complexity of the operational environment accounts for the difference. It is particu-
larly true that the auditory exposure for our subjects and for individuals working around operating jet
enoines is greatly different. In many operational situations, a fex steps in any directicn or even changes
in the position of the head relative to the noise source may make a considerable difference in the noise
intensity and asymmetry of exposure that the man experisnces. Also, working in close proximity to operating
jet engines is a hazardous task in itself. There ic the constant pressure of getting the aircraft back
into comission quickly, while avoiding ingestion by intakes, and beiny burnt by centact with hot parts of
the engine. Davis (13) states: *“In the military situation the very loud noise, which not only stimulates
the ezr very powerfully but also calis other sensory organs such as touch into action, certainly adds to
the to%al stress of what is already a difficult and perhaps dangerous overail sftuaticn. This is something
that ruct be heard and feit to be appreciated." And indeed, even in the laboratory, at levels of 140 dB
and h gher, it rust be experienced to know what it is like.

LIREAR AN VT bR R e TR 2 D TR VA B T

Some of our subjects have reported a few of the syrptoms that have been observed in the operational
situation, such as excessive fatigue after noise exposure, reduyction of tactual sensitivity, and heat about
the earplugs. However, the most common subjective report was one of extreme arousal or 3lertness. Possibly
this intense arousal partly masks sensations arising from the sense organs. In a study on iactual sensi-
tivity in nofse, subjects, wearing earplugs, were tested in the same ambient levels of nofse used previously
with the rail task. We were not ahle to demonstrate a difference between performance or the task, identify-
ing sheets of sandpaper of different degrees of ccarseness, in control and ndise periods. Unfartunately,
for our results, as well as for two of our subjects, we neglected to control for the degree of pressure
exerted on the sandpaper. These two subjects, of the 8 tested, exerted such intanse p.wssure during expo-
sure to the 140 dB ncise that they scraped the skin off the tips of their fingers. Neither subject noticed
that this was happening at the time. One subject noticed that nis finger tips were bleeding after the
noise was turned off and his sessicn was terminated for tha day. The other individual did not rotice it
until he was driving back to his residence, some 19 to 15 minutes after termination of the noise. Both
subjects left traces of blood on the sheets of sandpaper. This resuit is similar to numerous anecdotal

reports of the Slunting of pain durine csnditions of extreme excitability, as well as agreeing with results
on audioanalgesia.
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An alternate possibility is that hich intensity noise may affect the vestibular system and produce
nystagnus only when the system has been somehow biased so that it exhibits increased sensitivity. For
example, a predisposition to respond may come about through tne use of drugs, cxposure to carbon monoxida,
ingestion of alcohol (i4), or wher a bias has developed such that a subject exhibits directional preponder-
ance (DP) in hi, nystagmus. Som. interesting relationships be®ween hearing and DP of nystagmus have
recenily been reported. Bruner and Norris (15) have correlated hearing tareshold asyrmetry, and DP of
caloric nystagnus. They state: “The greater the threshold difrerence between eari, the greater the UP,
with the DP biased toward the worse hearing ear. The correlaticn was most prominent at 8000 H2 where the
Pearson rwas .30 (N = 49). This lateralization of heering and preponderance became Jpparent only when a
difference of about 5 dB or more existed between the thresholds of the two ears, and since many of the
pilots did not exhibit interaural differences of this magnitude, the correlation coefficients are smaller
then if bilaterally hearing sudbjects had been exciuded.” It would have been interesting if we had used
subjects with pronounced asymmetries of thresholds in our experiments on exposure to high intensity sound.
However, we carefully controlled for this variable, individuals with a threshold of hearing difference
between the right and left ears of greater than 5 dB were not used as subjects in the experiments. Such
experiments are planned for the future as well as studies incorporating other predispositional factors.
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A secend importanZ question concerns why we obtained results on tae rail task at levels much lower
than those that produced no subjective vestibular effects or nystagmus. There are several reasons to expect
decrements in eqnlibrium in noise intensity fields of 140 dB even when ear protection is worn. In the
intense broadband roise exposure that we used there is no doubt that othér sensory receptors are affected
besides the vestibular, if indeed, the vestibular receptors are affected at all. In fact, there §s the
possibility that the results we obtained at the 140 d8 level ware due mainly to stimulation of the receptors
of the jeints. Howard and Tempieton (12) contend that, although vestibular stimelation can greatly affect
postural steadiness, the basic physiclogical mechanism of static upright posture is propricceptive control
from the hip joint dand spine. A related finding is reported by Fredrickson & Schwarz (16). These authors,
in a study of single units in the vestibular nucleus of cats, found that: “Ninety-nine percent of the units
responded to vestibular stinulation and 80 parcent tn joint movement. There were no responses to muscle
pressure, or to optic or acoustic stimuli.* They point out further that: “Position information from the
joints and vestibular labyrinth appear to ascent together in the central neryous system. We have found
that the primary cortical vestibular receiving arez in the Rhesus correspends to that portion of the somato-
sensory ccrtex where Mountcastle noted such prominent joint input.* It is a long —onceptual jump from human
performance on the rail task to the electrophysiological and anatomical characteristics of the joint and
vestibular receptors in cats and monkeys. Nevartheiess, the receptors of the joints and labyrinth may be
more intimately related than previously thought, and can serve as on2 ractor in explaining how roise
(vibration?) adversely affects equilibrium. in agreement with this, one of the earliest studies (17) con-
ducted on the effects of highly intense sound {)ot engine ncise and pure tones from 130 to 157 d8), the
authors do not mention any effects on the vestioular system. They do mention, aiong with other symptoms,
the vibration of various parts of the body. They staie: “Another phenomenon of interest {is the subjective
sensation of vibration. At frequencies from about 1500 c¢ps dows to 700 cps there is a sensation of marked
vibration of the cranial benes. At certain frequencies in this range the sensatfon of vibration is so
strong from the lower jaw that one reflexly grits his teeth in an effort to stop the vibration." They also
mention that weakness in the knees was noticed vhile standing close to operating jet engines. They state:
"This sensation is not accompanicd by faintness or vertigo and iS probably not the result of a true musculer
weaknass. It would appear to result from an effect on the proprioceptive reflex mechanism since with con-
scious effort one can maintain the normal erect position usually maintained by reflex mechanisms.®
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0f course. one must still explain why decrements were obtained on the rail task at lower luvels of
stimulation v .2 there was little or no stimulation of the joints (the noise was presented through car-
phones). At ..ese lower levels, as well as the higher levels of course, it i5 possible that the vestibular
system is being stimulated but not indicatiny the fact in the consciousness of the subjects or manifested
by nystagmus. There may be a rather wide intensity range to which the vestibular system responds before
there are any subji.ctive or nystagmic indications of vestibular stimylation. Consider the possibility that
accustical stimulation, except 2t very high levels, just causes 8 diffuse reaction of the vestibular system
and does not yield a sensation of turning or one of directionality; the same type of response that occurs
to weak motion stimuli. (This, of course, would explain our failure to find a clearcut effect on the per-
ception of the vertical task.} For example, Jongkees {18) in discussing his extensive experimentation on
the oscillating parallel twing states: "--the first thing you feel is a certain rhythm, but you do not
know what it is, whether it is a displacement or a rotation.™ Perhaps the same thing is true for the acous-
tic stimuli we have used in our experiments. The effect is difficult to describe by the subjects because
of the oscillatory nature of the stimulus and of course, tne rate of this oscillation is out of the fre-
quency range normal for vestibular sensitivity. In an unpublished study we have 3pplied negative pressure
in the earcanal of 10 subjects and have been unable to demonstrate a clearcut effect on equilibrium. The
failure to demonstirate an effect was dur in large part to two subjects who adopted an unusual posture on
the rail. They tilted their han, appisximately 30 deyrees toward the side of stimulation and surprisingly,
they parformed about as well on the rail task with their head tilted as they did in the control condition.
It seems gquite unlikely that such results would have been obtained with a low frequency oscillating pressure.

35

Regardless of the hypothesis that is adopted about the particular sensory system moct affected by high
intensity noise, the results of the present study are important from both an applied and methodological
point of view. Important from an applied point of view, since noise levels have been found to adversely
affect human equilibriun at levels considerably helow those that would Le expected to damage hearing. And
fmporsant from a methodological point of view, because a measure, eyes open measure on the rails, has been
obtatned which shows considereble sensitivity to ncise., This is an important accompifshment, since it now
allows us to c-piore the parameters of the noise stimuius to determine their relative effectiveness in pro-
ducing decrements in equilibrium. The relative effects of different noise spectra, different frequencies,
different lengths of exposure, and intormittent exposures can be explored.

Future studies should be extended to other ty~es of acoustic stimuli than those uysed in the present
study. In particular, the effects of static pressure, and ultra-low frequency sound should be examined.
Parker et al (19, 20) have examined both types of stimuli using guinea pigs. They presented stimli in tie
fregquency range of 0.1 to 10 Hz, as well as static pressure and cbserved the eye movement response of guinea
pigs. They found that with the acoustic stimuli: "--approximately 2.0 - 2.5 in. Hg produced a movement anal-
ogous to that seen in nonmal counterroiling, and is some cases, nystagmus."™ And "--With siatic pressures
of 1.5 - 2.0 in. Hg, nystagmus was generally elictted following the counterroiling--." Control studies
using deaf guinea pigs and those with sectioned 8th nerves Teave little doubt that the resporses are of a
vestibular nature, In interpreting these results with potential application to human subjects, these authore
state: "--disturbances of orientation and equilibrium would be expected following rapid pressure charges
1f the pressure equalization {n the middle ear were retarded Thi< situation would occur #f a Eustachian
tube were Llocked.--* Mohr et al (2) have studied effects of low frequency acoustic stimuli en human sub-
jects for the purpese of determining tolerance limits. From their experiments, they gonclude: "The pres-
entiy available data support the conclusiors that noise-experienced human subjects, wearing ear protectors,
can safely tolerate broad band an¢ discrete frequency nuise in the ! - 100 cps range for short durations at
sound pressure levels as high as 1.J dB. At least for the frequency range above 40 cps, however, such
exposures are undoudbtedly 2ppruaching the limiting range of subjective vopluntary tolerance and of reliable
performance.” The perivd of testing in this cxperiment was wsually only from .25 to two minutes at these
levels. In reviewing this investigation, Surns (22) states: “The results provide the necessary informa-
tion for proper judgements of the effects of such sound to Le made. Thus the creat merit of this
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investigation is the ability it confers to separate real and potential dangerous effects from the vague
suppositions and sinister implications which sometimes appear {n ron-specfalist accounts.* There is cer-
tainly an element of truth in this statement, however, it goes too far. Just because people are willing

to tolerate such high level of noisc for a couple of minutes, with no apparent damage does not mean that
:hell'e is no longer any need to be concerned with such levels of noice in terms of performance and physiolog-
cal changes.

Our studies certainly do not indicate that men cannot work in such high intensity noise since most
seem to be fairly efficient. The fact of the matter fs that we have only scratched the surface, we do
not know what imporiance if any that our studies have. One study (23), conducted at the same intensities
used in the rail study, showed that a discrimination task, combining short term memory and visual discrims-
nation, as well as a hand-tool dexterity test were adversely affected. On i%e discrimination tasks the
subjects made more errors than they did in the quiet, and on the tand-tool dexterity tash the subjects took
10 te 15% longer to complete the task than during the control cordition. Also, the exposure to the noise
was only 10 to 15 minutes, and of course, this does nut tell us anything about situatjons where men ga in
and out of suck noise several (or many) times ir one day or are exposed for longer periods of time. In fact
the conclusiors of the exploratory studies contained in the Benox Report (1, 9) conducted many years age
would apply to the results we have obtained with the discrimination tack and the hand-tooi dexterity task.
The authors of the report conclude: “(a) There was a tendency toxard increased time necessary te accomplish
a relatively complex psychomotor task. (b; Subjects more frequently fcrgot or neglected to follow instruc-
tions. And (c) There was an urge to work hurriedly and get out of the rofse situation.* Up to this point
in time, we are not able to say very much about ‘he effects of extremely intense noise beyend what was said
a number of years ago by the authors of the Senox Repert. And over the years the urgency has somewhat gone
out of the problem Secause cf a tendency of men in such noise levels to both wear ear grotection and to wear
more adequate ear protectici. However, there is the necessity of taking a more analytical look at the
effects of such noise as well as losking at higher levels. Tie very intense noise characteristic of many
military situations has been studied but little. Although there is much literature on the effects of lower
levcls of noise (up to 115 dB), there is little on the highly intense noise and it is particularly important
that the jat.'r bz studied more intensively because we are only partly studying the same stimulus that is
discussed in the literature on the effects of noise on man.

REFERENCES

(AL B S A S L AN o D LIPS

ot G LR 1 BN by S

i

1. Ades, H. W., “Orientition in space,” Benox Report: An Exploratory Study of the Bfolonical Effects of
Noise, ONR Project NR 144079, The University of Chicago, Decesber 1953.

2. Dickson, E. E. D., and Chadwick, D. L. "Cbservations on disturbances of Cquilibrium and other symptoms
induced by jet-engine noise,” J. Laryngol. and Otol., 65: 154-16%, 1951,

3. Ades, H. K., Graybiel, A., Norrill, S. N., Tolhurst, G. C. and Niven, J. 1. Nystagmus Elfcited by High
Intensity Sound, Research Project NM 13 01 99, Subtasx 2, Report No. 6, Haval Schoe% of Aviation
Medicine, Pensacola, Florida, 1957.

4. von Bekesy, Georg, and Resenblith, Waiter A,, “The Mechanical Properties of the Ear,” in S. S. Stevens,
ed., Handbook of Experimental Psychology, John Wiley and Sons, Inc., Nex York, 1951,

S. &raybiel, A., and Fregley, A. R., A New Quantitative Ataxia Test Battery, BuMed Project MR 005.13-6901,
Suwbtask 1, Report No. 107 and NASA Order No. * ?7, Naval School of Aviation Medicine, Fensacola,
Florida, 15963.

6. WNixon, Charles W., Harris, Charles S., and von Gierke, H. E., Rail Test to Evaluate Equilibrium in
Low-Leve) Wideband Noise, AMRL-TR-66-85, Aerospace Medical Research Laboratory, Wright-Patterson AF8,
Ohio, 1906.

7. Harris, C. Stanley, and ven Gierke, H. E., The Effects of High Intensity Noise on Husan Equilibrium,
AMRL-TR-67-41, Aerospace Medical Research Laboratory, Wrigni-Patterson *Fﬁ. Ohio, 1967.
8. Sommer, Henry C., and Harris, C. Stanley, Comparative Effects of Auditory and Extra-Auditory Acoustic

Stimulation on Human Equilibrium and Motor Performance, AMRL-TR-70-26, Aerospace Medical Research
Laboratory, Wright-Patterson AFB, Ohic, 1970.

9. von Gierke, H. E., Davis, H., Eldredge, D. H.. and Hardy, J. D. “Aural pain produced by sound,” Benox

Report: An Exploratory Study of the Biological Effects of Noise, ONR Project NR 130079, The University
of Chicago, December 1953.

N YA WO LY RTPr T LTI 2 Y w e ORI L A o £ A S e AL T

potis

10. Harris, C. Stanley, and Somwer, leary C., Huwaan Equilibrium During Acoustic Stimulation by Discrete
Frequencies, AMRL-TR-68-7, Aerospace Medical Research Laboratosy, Wright-Patterson AFB, G!ﬂo. 1368.

11. Siegel, S., Nonparametric Statistics for the Behavioral Sciences, McEraw-H{11, New York, 1956.

12. Howard, I. P., and Teepleton, W. B., Kuman Spatial Orientation, John W{ley & Sons, Ltd., London, 1966.

13. Davis, H., "Survey of the problem,” Benox Report: An Exploratorv Study of the Biclogical Effects of
Noise, ONR Project NR 144073, The University of Chicago, December 1953.

4. Aschan, G., Bargstedt, M., and Stahle, J. Nystagmograpny: Recordings of nystagmus in clinfcal neuro-
otalogical examinations, Acta. Otolaryng., Suppl. 129, 1-103, 1956.

15. Bruner, A., and Norris, 7. N., Lateralization of hearing loss and vestibular nystagmnus in test pilots.
Aerospace Medicine, 41: 654-687, 1970.

Er;
=
-
*
K
£
E
<
&
S
i
3
=
E
z
E
2
B
I
)
:
e
=
S
3
E:
g:
A
B
=




s = i e STy T vy
RS i e ICRIE E AT S SRR A S Rt s LR AT AR WS

16.

17.

18.

15.

21.

22.,
23.

COHEY.

PERDRIEL.

HARRIS.
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D1SCUSSION

1 think that we should not be surprised to note ap influence of noi-e on vestibular functizsn
25 this falles in the category of sensory interactions. Noise of the i1evel of 110dB indeed
causes a decreasz in visusal performance with the same characteristias as that which was
described. Concerning this interactior betwean noise and vision, it is believed that its

etfect is situated at the thalamic level. (an one formulate the sawe explanation for the
effect of noise on vestibular function?

1u our studies with the high intensity broadband noise nany sensory systems are stimulated
through the action of airborne vibrations. Therefore, sensory interaction uadoubtedly
occurred. However, since ~ were able to produce an evea larger decrement with a 1,000 Hz

intermittent tone, present. * asymmetrically through earphones, I aw inclimed to think that
the vestibular recepters were dirsctly stimulated.

May it not be possible, as a control for auditory muscular reflexes, to use subjects with
auditory damage but with their vestibular systems intact?

Most individuals with auditory damage have damage to
their vestibular systems as well.

Is there any possibility that the effects you see are due to reflex responsc of skeletal
muscles to the very high sound levels you use?

There may be refleres produced both by actioun of
the noise on the auditory system and by a direct action on the skin, muscles and joints.
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ALCOHOL INDUCEL POSTROTATORY FIXATIONAL NYSTAGMYS,
& TRAINING FIL¥ ON A SIMPLE KETHCD OF DETECTING
“LIGHT ALCOHOLIC INTOXICATIONS IN PILOTS,

Lt.Col. G.Frohlich, GAF, KC

Flugmedizinisches Institut der Luftwaffe
8080 Fiirstenfeldbruck, Fliegerhorst

D

n
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Suzmary:

This film shows the practical procedure and its nystagmogrephical corrrlates., 4Aith this test,
the flight surgeon has at his Gisposeal a reliuble and simple method to detect ard thus eliminate

from flying pilots in an acute state of alcohol intoxication or with a murked hangover froa the
night before-

In normal and Lealthy subjects, postrotatory nystagmus is suppressed by :cular fixatioz., This
is due to the inhibitory effects of a cantyal regulatory system located in the Forzatio reticu-
laris. An even slight alcchol intoxication decreases these inhibitory functicns, and tha subject
is not able toc suppress pestrotatory nystagmus, which then is cl»arly vigible to tne examiner.
This fact has first been described by MANZ in 1939. On this basis TASCHEN then developed a siwple
test to detect alcohol intoxicatione especially for the use in forensic mwdicine:

#hile standing, tne subjcct is turned round his vertical axis » times within 10 seconds with
his eyes open in a room with norzal illumination. Then he is strpped abruptly and has to fixate
the exanminer’s finger held 25 cm away from his eyes. A marked rnystagzus of more than 4-5 geconds
duration indicates an alcohol intoxication with blosd alcohol concentraticns of ¢,5 - 0,8 fo.

£LBEL, HEIFER and PIOCH then investigated the significance of this test on a large sevple of
280C alcohol intoxicated persyns. Fig. 1 shows the increase of mean durations of postrotatory
fixutionel nystagmus in resaticn to blood zlcohel concentrations.

B DA e MR R A DN
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Wystagmographic control tests in the regsorption phase (Fig, 2) revealed, that the differentia-
tion between worst vesults in non-intoxicated and most favorable results in intoxicated subjects

LAt AN SR R S

;
5 begins at 0,3 %o. Above 0,5 %0 every postrotatory alcohol nystagzus is clearly distinguighable §
E. from every ENG tracing of normal subjecte. After a mean blood alcohol concentraticn of 1,16 %o A
3 and 2-3 hours after the end of the alcohol ingestion tha teets were siill positive in the elimi- 5
= nation phase with concentrations of 0,7 -~ 0,9 %o 51
i Refercnces: §
i‘ 13, Manz, R.: Der FEinflufl geringer Alkoholgaben auf Teilfunkiionen von Auge und Okr. Dtsch. 2. E
3 ges.ger.Med.32,301(1939). %
£ " s e 2
5 2). Taschen, B.: l. Nystegmusprifung zur Feststellung der Alkoholbeeinflussung. Kriminalistik 8, 2
A 180 {1954); 2. Einc einfache Nystagmusprobe zur Feststellung der Alkoholbeeinflussung. =
E: Dtsch., Z. ges. gar. Med. 44,436 (1955). %
,: 4, lieifer, U.: Der grobschliigige Drehnachnystagrus als Zeichen der Alkoholwirkung. Blutalkohoi 3
1,244 (1962). :
= &
S 5. Heifer, Ue: K, Sellier, M., Kutzner: Experimentelle und statistische Untersuchungen iliber den g
3 alkcholbedingten postrotatorischen Fixationsnystagmus. Blutulkohol 3,537 (1946). g
é 6. Heifer, U.: Elektronystagmographische Untersuchungen iiber dis alkohoibedingte Storung der %
2 Regelfunktion des GroBhira. Blutalkohol 4,3 (1967). g
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DISCUSSION

Just a suggestion: could not the sensitivity of the test be improved by using 10 rotations in
20 geconds instead of 5 rotations in 10 seconds? This would give the cupula tine to returu
to its zero position and respond to the full 180% sec stoppiug impulse.

Thig is undoubtedly true, but this test has not been devcloped for wuse by ENT specialista.

will make this suggestion to Dr Heifer at the University of Bonn, who lias made the most
extensive study on this problen.

1
a4

Isn't the state of light (or dark) adaptation important in determining the amplitude

of EIG.
Subjects could falsely diminish EOG by controlling his stute of adaptation.
This test is only performed in a normally lighted room and the test person is always in a

stute of adaptacion to the ambient illumination. Furthermore, in a clinical setting the
nyscagmus response is assessed visually and not by electro-oculographic techniques.

Have you used your t~chnique to detect other drug abuse items such as marijuac+. heroia,
tranquilizers or ant -histamines?

No, we have used this technique only to evaluate the effects of Caffeine or Pervitin on

alcohol intoxicated persons. These two drugs did not improve postrotatory fixation;
pestrotatory nystagmus was not decreased.

During experimental alteration of the state of wakefulness, obtained either by pharmacological
agents or simply by sleep deprivation, one observes an important degradation in the form of
saccadic eye movements. When the subjéct was asked to fixate alternativelv, and &t his own
rhythm on fwo points with an angular separation of 70°, initially, the single saccadic eye
movement was replaccd by a number of smaller saccades, which Jater gave way to a smooth slow

eye movemant, between the £ixation points. This phenomenon would appear to be similar to
the described Ly Col Frohlich.

I am very grateful for this remark. We found the same effec. inothc electronystagwographic
records of subjects who fixated sequentially on points with & 20 separation.
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ANALYSLS OF THE VESTIBULO-UCULAR COUNTERROLL REFLEX IN PRIMATESH

A. M. Junker, Captain, USAF
C. R. Replogle, Ph.D.
K. A, Smiles, 1lst Lt, USAF
R, D. Brown, Captain, USAF
Aerospace Medical Rescarch Laboratory, Wright-Patterson Alr Force Base, Ohfio 45433
and
R, H. Wheeler, Captain, USAF
Mr Force Institute of Techrology, Wright=Patterson &ir Force Hawe, Ohlo 45433

SUMMARY

The vestibulo=ocular reflex manlfest by counterroll was used to determine the rvesponse dynamics
of the vestibuiar system and alteratlons {n these dynamics subeequent to +Gx acceleration exposure. Six
rhenun monkeyns were tested before and after acceleration exposnre to determine Lf wignificant changes had
oceurred In the vestibulo-oculur counterroll reflex. The tests consinted of conntant speed rotatfon,
pendular osclllations and multiple slne wave oncillations about the subject's cyclopean axis. Ocular
counterroll was recorded using a linear resvlver mechanically fixed to the monkey's vyeball, The data
collected wos analyzed by une of the Fast Fourler Transform. This work demonstrates that there is no
slgnificant decrcase In the system galn with Inputs up to | Nz the observed phase lag can be accounted
for by a time Jdelay ol approximately 0.2 seconds, and there I8 no significant response alteration caused
by acceleration loading up to 75 4Gx.

INTRODUCTION

Recont emphasis on the {nteraction of vestibular function and nuinan operator performance has dem-
onstriated a critical need for o mathematical analysis of the vestilular system. The primary purpose of
our work is to define the tranafer function characteristics of the vestibular system in order to predict
vestibular Influence on man/machine control performance.

Previous studles have Indlcated that the ocular counterrvoll reflex is a measure of vestibular
functlion and that both tho aemici{rculur canals and otolith organs are involved. In order to assess the
tnfluence of the semicircular canals and otolith organs on human operator performance, a quantitative
deseription of these systoms I8 necessary, It has been podtulated that otolith organs act as linear
acceleration sensors and that the semicircular canals ac’ ac angular acceleration sensors. Their functions
may therefore be separated by correlating the smooth pursuit component of ocular counterroll with the
Linear aceeleratfon portion of the forcing function and by correlating the rotary nystagmus portion with
the angular acceleration component of the forcing function,

Parker, et al, (1) have reported otolith organ damage In guinea pigs exposed to acceleration
leveln an Jow an 12 #ixe  Thin sugpests that commonly waed experimental accoleration leveln might cauwe
functional otolith organ damage., Monkeys were exponed to +0x acceleratfon (12.5 to 75 4Cx) in an attempt
to alter vestibular function. Uslng ocular counterroll as an Indicator of vestibular function (specifi-
cally otolith organ function), counterroll measurements were made before and after +Gx acceleration.

METHODS

Experiments designed to yleld baseline data were conducted with twelve rhesus monkeys. Direct
mesurements of eyeball counterroll relative to the median sagittal plane were made by using a custom
fltted contact lets coupled to a Pinear tranaformer. To eliminate slippage, the lens was sutured to the
eyeball ualng two sutures placed at the medial and lateral ifimbus (Figure 1). During suture placement,
the monkey was under metered halothane anesthesia.  The sutures are passed through holes drilled in the
lens, the lens {8 next lnserted and the sutures tied. Subjectr were Immobilized {n a restraint chair
mountcd o a controlled motion platform. The contact lens was then coupled via a flexible shaft (Figure 2)
te a lincar transformer mounted on the motion platform. During the experiment, a topical anesthetic wus
adminiatered to minimize discomfort. The other eve was covered and the experiment conducted {n near
darkness.,

The wubjects were exposed Lo three types of ‘motlon fnput about the cyclopean axlst conatant apeed,
pendular osclltations and multiple sine wave oscillations, The position of the subject's medlan magittal
plane relative to the local gravity vector waa measured by means of a potent{ometer connected to the drive
shaft of the rotating platform, We define the potentiometer output as 9., To facilitate viewing of the
time traces for positive potentiometer valuea, counterroll output from the linear tranaformer was defined
as ponltive, Constant speed rotatf{ons (0.05=1,0 Hz) were uned because they afford linear acceleration
Inputs with no angular accelerat fon component,  For this {oputy the acceleratfon, Asy s given_by
A = guinge, where g {n 9800 For constant speed input, the potentfometer reads from +180° to +180° and
resets at the ault pofnt on the winding (Figure ), FPeadular aotions (8:490°, 0,05-0,5 Hz) were also uned,

*The experimanens reported heretn were comducted acceording to the "Gulde for Laboratory Animals Fucilitien
and Care,” 1965, prepared by the Committee on the Gulde for Laboratory Antmal Resources, Natienal Academy

of Sclencer = National Remearch Council,

Further reproductlon {8 authorized to satisfy needa of the S, Goverament,

The research reported in this paper was conducted by personnel of the Aerospace Medical Reacarch Laboratory,
Avrospace Medical Divialon, Alr Force Systems Command, and the Alr Force Institute of Technology, Wrighte
Patterson Alr Force Base, Ohlo 45413,

This paper haw been fdentified by Acrospace Medical Rescarch Laboratory an AMRL=TR=71=5%,
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The linzar acceleration component of this input 1s much like that for constant speed rotations with the
addition of a sinusoidal angular acceleration compcrient (8c). Since this input is a combination of linear
and angular ucceierations, the response to both can be separated, assuming linearity. The third input

was random appearing pendular motions designed to produce a nonpredictive inpuat. The suzmation of five
sine waves (0.05-0.6 }iz) was used as the nonpredictive forcing function to the sotion platform. Input (&)
and output (eye position) signals were recorded on analog tape and subsequently digitized and receorded oa
aigital tape for analysis on an IBM 360 Model 40 graphics computer. The Fourier Transforms of vhe input
and output time records were approximated using the discrete Fourier Trausform implemented by the Cooley-

Tuckey Algorithm or Fsst Fourier Transferm. From the transtorm values, the power spectral densities (PSD)-
for the input and output signals were computed.

Six of the twelve rhesus morkeys for which baselire data was collected were exposed to high 4Gx
acceleration levels, Each monkey was anesthetized, placed in a vestraint device and exposed to various
acceleration profiles (Table 1). Ocular counc:rroll response of all six subjects was measured at different
times ranging f{rom cne day tc several months after acceleration exposure.

RESULTS AND DISCUSSION

Normal counterroll re ponse to constent speed rotation consists of an initial nystagius (input
onset) followed by a smooth sinuscidal eye movement and concludes with a post-rotary nystagzug (irput
cessation, Figure 3). Relating the smooth portion of the response to the linear acceleration input for
various speeds yields a dynamic model of the linear accelerozeters. The dynamic response of the angular
accelerometers can be derived by application of the Laplace transform to a ceomparison of the slow phase
component of the post-rotary aystaguus with the change in angular veleccity of the chair.

Response to pendular motions is sizilar te that caused by constant speed rotation with the
inclusion of a fast phase component throughout the trace (Figure 4). Portions of the response which
generally are in the direction of the stimulus sre called slow phkase components {SPC). Those cozponents

which are either opposite in direction to the SPC cr which have significantly greater slope than the SPC
are defined as fast phase cuzponents (FPC).

The ¥PC of the counterroll response is belseved to be a resetting action caused by velocity and/or
contraction limits inherent in the ocular muscles. Removal of this resetting motion and cuzulation of the
SPC yields the commanded eye motion. This motior represents ocular response to vestibular output caused

by both angular and linear acceleration inputs. It is this cumulative eye motfon which we wish to use to =
study the dynamics of the vestibular system. Removal of the FPC and cuzulatiorn of SPC for a response to
a pendular mction is shown in Figure 5. The mr.thod used to remove FPC {s structured around an algoritha
suggested by Tole and Young (2). Frou Figure 5 it can be sesn that cunulation of the slow phase position
results in .pprutimately 80° of coomanded eye motion. From this cumulative slow phase position and the

information derived from constant speed rotaiion, the response to linear acceleration can be removed to
vield the counterroll response to angular acceleration.

T SRR

A time trace of the counterroll response to the third input, multiple sine waves, is shown in
Figcre 6. Though it is difficult to assess the aegree of <orrelation between input and output signals
from this iilustration, prelimjinary frequency analysis indicates that the fundamental frequency components
of the counterroll response (output) occir at the same freque z{es as thar of the invput. This is also
true for constant speed rotatfon and penlulzar motion (Figures 7, 8, and 9).

From the constant speed input snd output transforms, phase and amplitude ratios can be conputed
and a Bode diagram constructed for bas:line data. This work is presently being carri2d out and should
yield a model for the linear acceleroreters. Some of the data analyzed thus far {s plotted in Figure 10.
This data indicates that taere is no significant decrease in azmplitude ratio with increasing frequency

up to 1 Hz. The observed phase lag shown in the lower portion of Figure 10 can be ancounted for by a
tine delay of approximately 0.2 secndc.

The cumulated slow phase ¢ounterroll due to pendular motion Input r.' -s.cits a respoase to both
linear and angular acceleration. Using the model for the 1liuear accelerometers, the response due to
inear acceleration can be removed. From the rezainiag counterroll response and the angular acceleration

input, another Bide diagram car he constructed to give the dynamic characteristics of the aagulas
accelerometers about the cycleguan axis.

The pre and post acreleration counterroll resor.ases appear qualitatively the same and the 6x
exposture levels used sces %o have no dexonstrable effect on tke functional characteristics of the
vestibular organs. Phase and acplitude ratios of the counterrcll response to constant spesd rotations
after acceleration exporure do not vary significantly froo values vefnre exposure. In addition, none of
the monkeys exposed to +Gx acceleration exhibited behavioral sbnorsalities symptomatic of vestibular end

organ dasage. Prelirinary teaporal bone exanination suggests that these levels of acceleration do not
regult in gross dis,lacezment of otoconia.
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Figure 3. Counterroll response to a .25 Hz constant speed input.

Sote aystagmus of eyc counterroll during
the inftial portion of rotation followed by a swooth sinusoidal motion. Then as the chair motion goes to
zero, note the pest-ratery nystagmas in the eve counterrcll tespense.
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DISCUSSION

Your Bode plots, which presumably reflect the dy.amics of the otolith/eye contrcl system, show
only phase lag at the hizher frequencies (0.1-1.0 Hz). Yet in experiments carried out on
huran subjects exposed to a rotating specific force (as in your experiments) we have found
that over a wide range ol frequencies judgement of position was phase advanced. Can you
reconcile these subjective data with ycur objective findings.

Not really. But I would like to say that other data collected by Kellogg, who used a photo-
graphic technique with human subjects, showed phase lag st frequencies above 0.1 rad/sec. 1In
addition I seem to remember subjective data collected by Meiry & Young, during linear
sinusoidai oscillation, also showed lag with increasing frequeacy.

Is it possible that the ag tarm in your data couid be due to the extra mass of the lens-stalk
transducer systen? It would appear that these components are quite massive.

70 the vemarks of Dr Benson, 1 can add that it

iz quite simple to fit the data obtained by
Lowenstein % Roberts for the gravity receptors

in the Ray by postulating a phase advance model.

We have calculated that the torgue requived to operates the linear transformer is insignificant
Ac you probably know, measucerents of torsional eye movements are usually either very time
consuming (phorographic technique} or very cxpensive (TV and computer analysis). Our techaique
is neither expensive nor time consuming. Torsicnal eye movements were measured by Kellogg

and also Replogle & Kabrisse many years ago utilizing a photegrephic technique. They used
land-marks on tht iris 30 there was no inertial loading of the glube. Their results (though
fewer and limired) also indicated increasing phase shift as a function of time as does ours.
Let me add that at low frequercy (below 0.2 Hz) the stimulus is such that the subject moves
around zore and variability if inereased. At low frequencies we found both lead and lag,

thus our model really holds only for the higher frearencies.
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Two Specific Kinds of Disorientation Incidents:
Jet Upset and Gian® Hand

by
R. Malcolm and K.E. Money

In certain circumstances (instrument flying conditions and severe turbulence), an irappropriate
pilot input to aircraft controls leads to a dangerous nosc down attitude of the aiicraft. There have
been something in excess of 26 of these "Jet Upsets". In similar circumstances, there have been a few
reports of what can be called the "Giant Hand" phenomenon, in which the pilot reports that the aircraft
controls are forces into an extreme position and held there as if by a giant hand. Procipitating
sircumstances and underlying mechanisws of these two kinds of incidents aie discussed, and some
unpublished experimental observations are presented.

INTRODUCTION

Several iinds of pilot disorientation in flight, such as the Coriolis disorientation, the *leans",
and the seasation of climbing which acccmpanies forward acceleration, are well known by scientists and
by pilots. Pilots are advised that when they become aware of aay of these hinds of disorientation
they should fly (as always) Yy visual reference, usually by visual reference to the aircraft instruments.
The instruments should be cross checked and believed and made to indicate the desired atiitude of
flight reeardlese of continuing or resulting sensations that the aircraft attitude is not what the pilot
wants. This advice has passed the test of time and i1t is a correct and vital part of a pilot's
instruction in aviation medicine. Nevertheless, this ~dvice as usuxlly given is incomplete tor dealing
with two less comzmon and iess well known kinds of disorient»tion which are described below,

THE JET UPSET PHENOMENCN

*On February 12, 1963, a Northwest Airlines Boeing 720B aircraft, after taking off from
Miami Jnternational Airport in Florida, flew intc thunderstorm turbulence at about 19,000 ft altitude
and crashed, killing all of the passengers and crew members on board" (Hitchcock and Chambers 1965).
This accident is considered the first caused by turbulesce in a swept wing jet transport aircraft, and
probably it is also the first case of "iet upset" in a transport aircraft. A jet upset involves a jet
aircraft which, without the pilot intending it and without structural failure, gets into a severe
nose down attitude and loses a lot of altitude. After upset, recovery to level flight is diff.cult
and in many instances the aircraft crashes into the ground.

ML

From flight re~order data, and from crew reports in those cases in which the aircraft was saved,
- - 3 p 0
I~ has been lecarned that the upser syndrome often inciudes:

(1) instrument flight conditions (no visual horiczon)
(2) severe turbulence
(3) pilot inability to read his flight instruments for a period of time
(4) a scnsation in tnc pilot that the aircraft has pitched up dangerously, even to the
point of pitching up into 3 half loop (this sensation is erroncous)
{(5) a pilot control input which causes the nose of the aircraft to be lowered dangerously
(6) difficulties in raising the nose of the aircraft back to level flight (these difficuliires

can involve mistrim, “tucking', stalling of the hr'izontal stabilizer drive, and control
column forces of over 200 pounds).

IR AR BT

In sore cases jet upset has been initiated by failure of the automatic pilot.

There are records (Bisgood and Burpham 1965, Buley 1967, Soderlind 1064) of 26 jet upsets in
commerciai airliners in less than 10 years, and records of 12 similar wpsets in propellor driven arrcraft.
There cre probably additional (unpublicized} incidents involving commercial aircraft and further
additional incidents involving military aircraft. It scems clear that some of the upsets have occurred
without gross human malfunction (for cxample, 2 upsects which were initiated by failure of the autopilot)
but in many otner instances human malfunction is well documented. Pilots have reported that they were
disoriented and that they were unable to sec the instruments.

4
4
?

In February of 1970 a commercial RCS aircraft was descending in cloud when severe turbulence
was cncountered, including negative G forces. The captain of the aircraft reported later that after a
brisf period of this turbulence the instrument panel became blank and he had the sensation that the
aircraft had donc a half loop and was on its back. He reported pushing forward on the centrol celumn.
The feeling of being upside down was, he said, overpowering for what sccmed like several minutes. He
was about to give control to the first officer when the first officer said "Christ, we're upside down”.
The captain then decided that there was nothing to be gained by hending over contral to somcone
eoqually disoriented. The scocond officer meanwhile was aware of negative G, he saw that the captain
was holding the control column forward and he saw the artificial horizon which was indicating a nose
down attitude. When the first officer said "Christ, we'rc upside down" the concerned second officeor
said "No we're nuot. Pull it up, pull it up”. It is not clear whether the captain was able to act
on the advice immediately or wuethsr he waited until he could sce the attitude instruments. The
first officer was apparently the first to start pulling on the control column, and then the captair
jointd him and together they pulled the nose up, with encouragement from the second officer who was
saying "A little more, 3 little more”. Wwhen the captain was able to sce the instruments again, the
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aircraft was in relatively smooth air, but still in cloud. This is perhaps a typical jet upset
incidert, except that it can be considered unusual (Soderlind 1964) that recovery was effected
without the establishment of visual outside reference.

Aside from the engineeriag and procedural aspects of turbulence penetration and aside from
the mechanics of aircraft controls which are effective in pulling up from a .igh speed dive (iwo
important parts of the problem) there are also several human factors parts of the problem which
require action. First, a study should be undertaken to design und build the best seat for permitting
vision during turbulence and vibration. This is clearly an important prublem since pilots have reported
Incidents even during clear air turbulence when the instruments were not readable. It is possible
that in the DC8 incident described above the second officer was able to read the artificial horizon
because his seat cushicn or springs oscillated him differently during the vibration, either because
his seat ov his body weight was different. Second, the face of the artificial horizon should be
increased, perhaps doubled, in size to make it casier to see. There seems to bhe no compelling reason
for 1t to be only three inches in diameter. The colouring and lighting of this instrument could also
te optimized for turbulencey penetration. Third, pilocs sheuid be given special instruction concerning
disorientation in the jot upset situation.

Pilots should be teld that in turbulence, particularly when visibility is restricted by
clouds or by darkness, it occasionally happens that the pilot experiences an overpowering sensation
(init. 1ted by his body's irnertial receptors) that the aircraft is pitching up, even up into a half loop.
1f suck a sensation is expericenced the pilot must remember that it might be a falsc sensation and he
must not make any heroic control movements before checking the artificial norizon. The advice to the
pilot thus far is essentially the classic "belicve your instruments' but for this situztion it goes
further. The pilot shouid ba told that if he tries to check the artificial horizon but cannot read it,
the aircraft controls should be Jeft neutral until the artificial horizon can be read andg it should be
remembered that many pilots in this situation have pushed the nose down dangerously far. It is
exceedingly dangeronz to use nose down trim in this situation. When the pilot can read the instruments
he should believe them and use the aireraft contrcls to make them read correctly regardiess of
sensations concerning orientation. It should be remembered that in severe turbulence the only
instrument which always pives corrcct attitude information (disregarding malfunctions) is the artificial
horizon (Soderlind 1964, Burley 1967, Hitchcock and Chambers 1965).

HE GIANT HAND PHENOMENON

Three aircrsft incidents have been brought to the attention of the authors whercin the pilot
has lost coutrol because the control ¢ -luan has been apparently pulled forward or sideways despite all
cfforts on the part of the pilot to re train it. The initial reaction has been to assumc that some
control malfunction has precipitated t is event; however, further evidence reveals that this is not
the case. In one instance (King 1962, ‘he pilot (a medical doctor) fclt the control column being
pulled from him as though by a "giant hani". He tried to center the control cuiumn by pulling on it
with both hands and both knees, but with nu success. Reali<ing that he was disoriented, he realeased
his grip on the stick, and watched while it fic~ted back t¢ (he central position by itself. For
several minutes thereafter he was able to contro: the aircraft only by grasping the control column
with taumb and forefinger. He was suffering from a subjective impression that the aircraft was in a
steep bank to the right, and whenever he closed his whole hand over the stick it appearcd tc be thrown
forceably over towards the left".

In another instance, the assuwed control malfunction caused the aircraft to drop its nose
while at very low altitude, shortly after the pilot switched off the afterburner. After the pilot
ejected, the aircraft continued on for a considerable distance before impacting the ground at a
shaliow angle.

The third case occurred during a uive bombing attack, when the pirlot tound that he could not
pull out of the dive even by using hoth hands and his leg. The stick was being firmly held well
forward and to the left, and so he pushed 1t further forward and eventually recovered control by doing an
outside roll.

Conditions Leading to Onset

There are four conditions comnmon to all of the above three ir idents wh.ch might be ne.essary
for the 'Giant Hand' cffect to take place. A state of anxiety or ment2l arousal seems to have been
prevalent for some ninutes prior lo the incident. The controi of the arrcraft has involved a motor tash
of onc or both hands. Immediately prior to the event, the pilot has been distracted from the
immediate ta-h of controlling the attitude of the a:reraft. The resultant gravity vector has been
rotated forward (as during deceleration), or the pilot felt that ne was pitched forward, as when
diving or during some types of cross-coupled head movements.

Experinental Evidence

A preliminary cexperiment to test these conditions was perforned 1n a crude flight simulator
mounted on the back ef a 24 ton _truck. The simulator could be manually moved to any position from 435
nosc down to 45 nose up and IS of roil in cither dircction, The subrects sat in ap arwrcraft seat,
fully haraessed, and enclosed by black shrouds mounted on frames affiaed to tne scat. The seat
itself was mounted on gimhals to permit the lattitudes of wotion described above. The sebject held
4 ps .ve 'Control’ stick an his right hand, and the rosition (fore/aft, left/right) of the stick was
indicated to the cxperitentors on two scales outside the shrouds. The attitude of the <imuisator was
altered by an assictan® aaing handles affixed to the gimbals, 1n response to the indicated position
of the control stich.

o
The subjects were 1nstructed to £1y the siralator at what they perceived »as a 157 nese un
attitade, wings straicht and level, while the truck accelerated from 0 o 50 miles per hour, Upon
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reaching this speed, the subjects were told to fly straight and level, when they were surprised with
a sudden deceleration caused by a one second application of the truck's brakes.

Of the 20 subjects tested in this ma.ner, twe cexhibited whot could be classifind as a giant
hand effect. They both felt as though the stick were being wrested from their hands, ' .h became very

agitated and thought that they had tipped cver. One man insisted that he had hit his head on the
floor of the truck, although this was obviously an imvpossibility.

A Possible Mechanism

The condition of anxiety is known to increase the level of activity of the Reticular
Activatirg System in the mid-brain. The rotating gravity vector incceases the activity in Deiter's
nucleus. The motor tash of gripping the stick increases the level of activity in Sherrington's final
common pathway in the spinal column. A sudden distraction from the control task possibly releases
pyramidal trict control. All of these conditions arc known to lead to or increase an existing state
of spasticity Brain (1927) found in hemiplegic patients whu are tipped forward from the upright

position, that the paralyzed arm which is usually flexed becomes rigidly extended and supports the body
in anthropoid (quadruped) tashion.

1t is proposed then, that the Giant Hant phenomenon described above is the result of a
postural reflex, an uncontrollable reflex response to the psychologicai and physiological conditions
affecting the pilot prior to and during the incident. The pilot beli- *~s he is pulling back on the
control column, when in fact he is actually pushing it. The problem 1> cmpounded hy the fact that
a forward motion of the control column causes the nese of the aircraft to drop and tine aircraft to
enter a dive, causing the gravity vector to rotate further forward creating a condition of positive
feedback. It is not cicar whether an erroncouc z-nsation of aircraft attitude 1s necessary for the
occurrence of the Giant iHand phenomenon, and therefore disorientation as strictly defined may not be
involved.

Further cxperiments are being conducted by the authors in an attempt to better understand
this phenomenon. Until the problem is better understcod, pilots should be told that probably the
best way to cope with an occurrence of the Giant Hand ° enomenon is o open the control loops by cither
letting go of the stick and switching to a thumb and forefinger grasp, or by pushing the control
column in the direction of the pull. Obviously the manner sclected will depend on the particular
circumstances in which the pilot finds himself.
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DISCUSSION

VIOLETTE. I am in agreement with the explanation of the 'Giant Hand' phenomenon which you have suggestad.
However, another mechanism is also possible. Moveaent of the head with respect to the neck
can bring abeut changes in the distribution of muscle tonus and produce extensor moements.
Thus sharp i.vciuntary movemeat of the head of the pilot may be an explanation of the

phenomanor »  dusisibed; for example, turning the head to the left would engender contraction
of extei -uscles or, th cight side of the body.

MALCOLM. The reflexes you describe can certainly be elicited from a 'spinal animal' ie an ani.al with
high tiansection of the spinal cord. However, everyaay experience tells us that this dces not
seem to occur in a normzl, healthy, conscious humans. The mechanism 1 have postulated effect-
ively produces this 'spinal condition' for a short period of tima, enabling these low level
spinal reflexes to take over, and remain effectively beyond conscious contrel. In the threc
cases discussed, it is unlikely that the pilot's head was turned away from stvaight ahead
position for any length of time because they all could see their hands. The other possibility
is that their heads were being thrown about by the violent manoeuvering of the aircraft, but
this would, by your explanation, produce a complex pattern of movement of the limbs and not
the steady, repeatable, cousistent push encountered by these subjects.

DORBIE. There would appear to be little doubt that the 'giant hand' phenomenon was associated with a
panic state, but is it not pcssible that the limb movements were a manifestation of ‘carpo-
pedal spasm' brough about by hyperventilation in this panic state?

MALCOLY. This explanation is quite possible, and cannot be discounted. Howevar, in the incident

— desaribed by Wing Commander King he was able to let go of the stick, where upon it 'floated
back to centre' from its rather extrcme position. Upon grabbing the stick again, the reflex
recction occurred again. This sequence may not be possible with such a spasm.

BENSON. The 'giant hand' phenomcnon which you have so graphically and clearly described is a mctor

rathes than perceptual phenomenon. Thus although associated with profound motior stimuli it

is not by definition 'spatial disorientation', although it may be a concomitant of this
perceptual disturbance.

"

MALCOLM. Yes I agrce. The 'giant hand' is primarily a motor rather than a sensory phenomenon, though

there is, in part, illusory perception of movemenc of the limbs and the forces responsible for
this motion.
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AL ‘DISOFIENTATION AND THE. ' BREAK=0FFY PIENQENON

Ay J, -Benson. C )
~ _ Royal Air Porce Institute-of Avidtion .chicine . - -
Fambor:ough, Iiant;a., ..nglanrl. . ) .
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Out- of 72 aircrew referred fo'- clinical a::se.»sment because of 'disomentation in rlight' 23 E
vilots -described incidents in which +hey. experienced “eoling:} of- u.u:eality and- de{.uchnent. These < 2
,x.znonly occurred Juring 0o otonous -phaszs of 1’11;9... in conditio*s wheoe - extemal vi"ua.l. ovientation caes N ‘;%
weré rastridteds In 49- pilots of Lixe? wirg ”ﬁrcra.ft the- percep*u..l -digturbances chamcteristic of thé 2 >
‘brca.k—off' phenomonon occurred when 1 ing ad ::ltitudes in excess: of. ‘0.000 ft, bt 4: heliconter pilots: ; %4
‘had- comparable senisory - disturbaneas. at 900=10,000<ft. In-all but.2 pilots-the- dissociutlve seasation® 3 - %
were-couplzd vj,th*illusozy pe“ceptions of . a.ircmft attituae a.ndfnotion, tbough only in- 7 pj.lots rag the.™ * L3
a- qualitatively false. parce tion of aizcralt. orientation. Zvidence ismmsentcd shich:suggests: the 3 o
1égatial -disorientation! occum:ing as: a~conco'nitanu “of Vbresk<off" 'wa:i gaused”™ by ninof- degrees-of 5 &
veatibular‘asymmetry.‘hll tha véfarred aircrew f£ound-thé derea.lization and-other: sen-'a.tions of “'bpeak-off? H K|
diaburbing, The:high- -inefdence. of- -arxiety rea.ctions supporta the view %habin susccptible md:v-dual:x >0 A
'break—otf' can’ > 3-both - precipitant wid-a- mmfe.:'ation of arrx*ety neurosis. . %
- = T - . N - ) z i 7 :\gé
- Z T - - - - i N
t
¢
; :8ppY = i 3
th mspect *o some ext‘.rn‘.l reference ‘Such -as sthe th's suri'ace. - R L %a
L3 T
The resti:.xétive del‘initmn of“' spa.iial d;..o—,xe—xtation gzvon above, :.&.fer“ of course to onl,,' ‘2
:h, a.lso hkelv to bc .rcor ct am‘. thc nf :‘y of .- %
i3
‘body’ with re..pcct tc e - 3%
orlexr"ationato the airéraft dre. aoth munemu., and. ha.mnnio }g co-ordma.tea, ho ‘.:ercen‘t.al lLLr - é
X iraft; 3 ‘.mr\z. s ecordmglv it is relat.ve‘_r -39y fox hin to oxientate h‘mself a2
raft = indeed se s:a..y ‘that thé- inportanze-of the' mmephml linksge, though - A
by, a.rkz!; c..uyniel ( is frcq_nentlj neglectml in. dgggussio't of sthe- nechams:s *%
um{rrlth the illusoz'y sercebtivn-of aircraft n'Hon. For exsiple in Dy di ov-ienﬁat)on ihcidents the =
avia.tor ‘B~ 3-falso- or- inadequate- ir‘l‘ormtich ‘from restidular and other: nec?zanornceptors Which give-tise o -
a _alse Jeumtion of the vi] gt's po.a.tion or- attitude in Spaci. Bt hecause of the r:.w: g.‘\.cphxal bon& ~ - %
1\e4 ,éT:n 'vnot and aircra.tt £he nolion s3nsed by the-pilet is- nercei\red as tnat’ of }'e aiferafy %
. Spati:ﬂ &iconentation, chamc&em"oa by a i’alse ,,erception ot aimml‘t attitude ox- ...otion, ia :
m:u.v dkely, 16 ledd 1o an airm!,‘t :xcciﬁent’ thran those pereeptudl disﬂ‘rb'vcc.s shi~h dicturt the aviater'n =
orie tation: of self ALth ~25pect. to ‘the - afrezait, or of- se]f with- mopcf't tu the darth da’-w.  Yet it has
'beer ouy exuex:iepce in=tha-Royal Jir-Forge that L fha airards- %ho wore Yof erma fof spac  liat assesszoy, ?
'qoggx;ge of ‘disordentation’ in flight, dist .zbmr-ea of £he- aviator's perce')tion of wig criantuti- with _ ; : ‘ﬁi
respsct to aireraft-and geound ‘vore:nearly as commdn in thosa 1n wnich théxe were: illnsoq perce  lonsaf ¢ - e TR
a.ircm"t orinnt&hon. B N i - - s T
Over ths: lust ten yeara. 72 aircmw were ‘mformxz by. the COnsultm‘t in Hcuropsyshiatry of the . ;_E
M ‘Comuv., ~ ‘Wadical .Establishment for special mveutigatio*x of 'disorientition' al the Institute of o= =
éﬂaﬁwn Ledicine. ‘of thase, 27 nircrirchad false -vercenti.n of af¥érart o*iﬂrtat* on, 23:had lizordersd g

p*rcnption of 4feir mla‘icnsh p tc aireraft or ground; .:m'i n e::perierced "“ﬁn typoz of dis orlcntation. :
Ittust ve peinted cut Ehaf t!xesc f;gu.“es do -t refl-v't tite inc i?z*nce <f giigoe- differont c¥pes of -

i

amozientatf.un in the nomal aircrer populacion or- Jﬂec@ “the d.stﬂlmthn of in~s.3ents whick-are weported

A

to-Stition Nedical orf icm. Rathér '”ej ter: §c-dmphasise théde inciddnts whish belie a smnlc - 1%
expicnation in-tiams &7 p’n'swio;;ical r.ehanifns o where tho“e a.m :ln..aci'\tcd psychiatkic problens. . j' B |

* ‘Axthough: th:. hbﬁighf incig vnts Tepcy*il by ”‘.S,s gzoup-of :.tr'-m.w covered a wida varieh or : é
41is arde'ﬁad p(.—vcptmn.,, an a’tgred 2. wenus3-of th. vi'\*z:*'tz veiziionshis 4= e marevalt or to vhe B o7 v:‘}ﬁ
carih's izfase was.deseiibed by L4 -7 the individuals exa™insl. 1yricaliy the sensations were a fealing ¥ &
of detac?mmt and S»olnuon, £ qucntl:, associated wath f.viz,ht at aj ik altitude dx.rivu; *outivaly L 7;3‘

..mdmar,aing p‘u.,es of- 8‘::: flighi.  Both the subdsctive s¥hoiomy an o £} igh envifoppont in which &
$ninidents - oc».x.rred. co-'reuponle-d Yo shose dngenihad, W 4%uxX 3 Gray akel (53‘ ahd n:sned by Suti0 'mw.n"" -

ihe 'break-off!-phesdnaonon. “dle accepbingte - «esct.in"iva utildy-of Hhisfun 13 must by *ecusn.ae:i N
That ca,..;\arabm aizsociati\« ~gapto=g 2%eur An aﬁ‘am!ows o%he,, thin thos (;1‘ Siight whery thenw fos ~ - - T
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isolation and an unchangh‘g Bénsory- inputs '-‘urtl\cmore. alteration of nva:eness .dth durealiza.tion ard

depersonalszation ave: foat}ges 5f sevo%pnychiatric didordars. as-rell a3 toxic' states and~ oxg:mic - N
disoasowof the centra.l nervous- nystem. - - o =

et "’:‘{

Inan attemnt to _imit the bma:lth o" clinical material to b6- s{mdiea, the presont enqui:y
“wag- conﬁr‘od to- those’aircrew who-eXpericnced: aymptou cha.mcterlsed by-an altered.awareness:af theéir
oriéntation a.r.d rolationnhip tu- the- alreraft or the: earth.. rrher Liying- at high. alt:.tudes or in visual
conditions of’ rlight compa.mbla to those exncriencad at high 31titudes. “This- selection protedune.:
yieldcd 23, ai¥orew whose véports ¢ tha- sénsations. c‘merienced in flight had the cardin l features. of
-tho *break~of £* -phonofibnons The.mean age-Of the group, “vho wére all pilots. #as 336 yr \.Jge 21~48 .{‘)
and the nean:flying- oxperienoe was 2,892 he (ra.m;;e .400-13,000- hr).
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Altl:ougb,by tha- nature-2£*the- selcction procedive onployed a1l thz-2ircrew-studied had - -
exporienced difsociative sensations, umxany expresaed an o feeling of’ det:wlment and. remotes .£8° ‘Tron
the. atieraft- they were ‘piloting,. in.mony thera was. ah. assoe_ téd” disturbancc of 'aenception of "tha
attitude* or motion of the ai¥craft. An example of thrdak-alft uh conpl:lcated by ilis particalur type of

.spatial’ di..orien*aﬂon 43 providcd by the case history of a.39 yz-old Canbgrra:pilot: writh. 2,800. he
flying oxXperiences h

e h Wi
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This. pilot pzﬁseﬁted Fitha t'-:o yeaxr. history of e;.sojic fen‘lings o£ unrea’ Aty and- - T
- detachmént-when flying at high: alt:.tude. Yo -had? no :simhior .until he had to carry out s
calibmtion flighta 41 the-Canberrd (B2). w‘zich -entailed {17ing at- height of anp*oximtely -
40,600 £t on-a-constant- hnauing f~2a. .30-60 nin: perioa. ‘men-the ‘hordzon #as indistingt ~ -

A.21 -yr-old "lying Ofﬁcer Tirst experienced Nmtcns during~convcr'~ion training 5 .
the Canberra. Durm:' a :!ayti:ae flight -at- 40,000 ft "'hen mq,xired to fly- straight m'd lmrel
£61-5. .d.n inshazy - cord:.hons with an indxatinct horizon. he-was3. "uldonly overeons- ¥ i =
feolmg of™: i..ohtion and of 'ming 'out or touc‘h‘ vlth_*he wraft. He found that: he wag
grinvinc the-eshtrols. tightly:.na beginning to-sweat,  is was. :rra..’« that -he =®as: ‘vreathing : . R
heavily Eukro of paraesthesiaz or‘any -6louding: of. ccn.,cim."ncss. T addition- there ‘was - -

feclxng th.,t he #a3-on a ‘raZor's: cam' .and:iHat’ the \aixcraft sas xmt ‘o €211 ot of
‘he slq' Symptasd persisted for the-duration of the eXpreise at altit‘une {2 h:') -2nd O

"
!

ae

am‘lythc grc.md o'bscumd by chud or fcaturele.,ﬂ, az vhen 11y£ng ovcr ‘the- sea. he xas: on ‘ ; 3
- o EAR
- ; anpreher. ion 20d 3 fc'u: tnat he nig‘-t los : 5 L
"10*rever. he-wagd. always able‘to mxintamJull control and them g i
n*cniation of aircmft oriz tation. A.nxiety 35 a.leo man} fest as. - 3

)

5
011y ss;.e:.y by - %
! b t mcion .ol f"z@t -path-could” - ! C g
,..9, tnough only -whet ‘Such: an event - rccuz**ed s,;ontmz..oﬁsxy. Volitional - T PRI
’a..to"ptsmy h.’u:rto rﬁdimct\nis tention rarely nn:‘.ii‘ied h.h symptoms. ] = E
Over the two yc:a: poriod, he: had. exgaricnce& "v.ch pﬂrccptual dishxrbancen on about - % ;é
3¢ occa..ions. ~{e s0ugnt madical. advice becalsa of increa.»lng,..eventy of SY"Ap oJoic) .nd'li@t - Y
2:id the devels it of: antmmatory tension a~d3f or %o before -z tlight ,tn xhich-he- "hought - - i ‘g
symptons "'ould ceour,.- ] ) ] A == 423
In- h'e mw-.ining 20 aircrew them -¥as- "ozﬂ error- j.n she- mxreption of the attituie or: mtion ;f
-of tha. aj.rcmf Host - (‘o;;r.o'lly ‘thig” took .the. fora of a fneling of inst'xbility defc:ibed as "‘ik@ ‘beine H . é
’oa.lanced on.2 kaifeé. edgo'. or 'the- aizcmt‘t is- su"pcnied An- spacctcn thc*’xza&nt of .a:necdlets In. all E s ) 4;
but’ one of “the -pilota tnis "ensa."ion wag- accompanied’ lzy apn—ehen..ion, mqunntl:,' exdragsed as:a fear that o ‘2
'*hc aircmft xzight fau out->f the sky'e. "'he p*lnciml fevurcs of ‘tris: su’b-g:oup of" patxents 48 - - 1 ... 3
vccntaincd ~ia the-follewing hi..tory. . : I 3
iST HISTON F0-2 ‘BRSO UTTy DSTTLNY. A ‘ P 53

1S bR

_‘dxsappea.red only: hen.he-began to. de..ccml. . . e ) o ?}2
In- t‘:e four non..r" fcllo*ing the Init 131 ingident:hé- exne*icnced sinilaxr- _,m-:x:.s -on: 7 - §

atout i0- ccca...ions. "hz L3 oc':urrcd -when f"ymg .;tmight and; 19%1 at. a.lti‘uaes in:excoss - ;.2

of 30.000 “fis Coupled with- h, rcehn" of ingtability was- thc -foa¥ t‘mt ‘he nimt bucens- N %

disoriont ated if he were 'cqnx..cd to- Ly on. instraments: m\d~ba =as u.:s:ious abe £ his . - L X

ubnity t6 deal’ 'sith an ew¢érgency should-one occurs Ye" on.no uccaaim was his control of -~ - -
- ‘the- a.rcm"t degmdca -..,r -did his- na.vigato noti\.e a‘y‘hms t'ﬂtomni - - -

“This: -apprehension about the Jecurrenc: of inci.dents 4n .'li@ht progressiv'-ly .
increaseds -He vordted before tak c-off onitwd occasiong-and e began to clgep pooriy. 3e . -
bedand very -anxicus-z2nd-tense-en a cdnb tarersh 3ioud’ $c 39,000 £t ‘hﬂ CANOFy. %23 dced- B . ~
p and the- hc,z-i..on ha.zy. Sove:e syapto:zs la..ted fer 30 nin ustil a éigar horizen m -

visible. On landir\., he mpo"ted to hiz Squudron r‘1::::.:;.:1 ox wd. a..keci to-be *u"pe-xdoa . from B
fL':ing. . ;

Gtheyr aimrcw doadribed ingidents in which the- -derealization: s_vmt:as of 'h"eal.-cttf' wore
co.xpled #ith nore gpeeific false porneptions of the oxientatson of the aiferaft. Thess would-apdedr to - T
fall into two categories; onc -in '.mic‘x the -poreepticn of aiceraft orientation was quan.xt&ively fals ’ '
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'g ‘bu‘ion of a-rweamuze of rsymantry obininad- froc the ..crsatior:
- cumo,:mns of 7 pilots in whoa: MMfesk-0fL! was- ﬂccozn:m.e:i by quan=
itatively false peseoption of aiveraft orientation {upper hzlf of
!:3 fisume) and fzom 16 pilote who- did not h.we -agsociated 'spatial
-disozientavion’ (lower ix..lf). Ity and Stj roprosent the fotal
’du:a.“io-x of . all afier-sensations. cvnrod an stopplng tuentable
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and thq othor winere i%. ia cunlitativaly false.” The forder of" these two-gategories would nevimps o 4;‘, :
betinr descrided as-an oxasgerated: perception of the: attitude-or change-in fttlitudé of -the ‘aircr:it_";. The- % 5
- latter*mpmsents an illusory perception in: which the- pcrceivou. orientation. of the-aireralt containg NN
~  ‘eleoents wni6h.are qualitatively different fron-tha: :gor0Rt . .orientation,. ~1jost-of ‘the corzonly- 5
rcoomiaed examplos-of spatial. digorientation: in i‘liaht Tanl '.'lithin ‘this- categorv @effe--the 'leans'y or _ -
falge. sen..ations of " angular notion: following recovery from pro]:mgcd xolling and’ spin.niug nanoevIes,. T 5
- An: exzm‘lo of “4break-of{* -aszociated #ith a quant*tativo error in the pemention of a.ircmit*- o
notion is iilustrai 24 by the incidentt Teported: by anotho: Canbepra-pilot, - - .

- - I

CASB‘”ISTO‘!Y 20 3: BAUK=OFFY WITH QUAN I’I'A'I'I‘I" JISORE‘"‘TIOII.

-. Ovo: d-five-nontir period a 28 yr-old- pilot with 1,500 hr i‘l,,'ing exnerienc: had: feit
soxmewhat. ‘uneasy' when flying ‘at -altitude ats night. However, he was. noc “undaly -disturded . o
© uitil ohe-night, when flying at an rititude in excess of 40,0C0-ft in a P PRY £ Canberra; he. {

‘had 2 feeling of bolng fout of fouch' with-the aircraft. This .-en'mtion of detachizent g
wds accompanied by one: descrikid. ap 'dizzimss' uk - enouiring this was. not a true . 3
vertigo (1i¢, angulaxr motion) tuf rather an-gxaghofated perception of the notion of the - - 3
_ aircra.rt. e had difficuly in. cquatl:zg kis. sensations with-the- aircmrt in:s*mments o
and- oec;:m 1o doubt his. '-'bil ity to control thmaimmft. - N ) . )
S,n"pto:m disavpcarea during. descent butfhe was, a.cutcly dis turbed: by the incident
-wnicn was: nccordinglj repowted f;o nis: S“\*ion -{e.lica.l officer. .
. ;h:onust the. scnsorj distux’ban*cs a:‘sociax.ed»with 'break—off' as first described by Clark &
’ Grcybi 1 ;'. 06 mention was nade-of i‘al.;e pexcaption of -airerafs- oricntation. and in'a later*paper by
? it %a3:5pe¢ i’icall,,r ‘skated- that -none-of - the :wi 1tors. 'rith ’brea.k-oft' .:ul 'smtial diao*ianta—
bion' Howevcr. the present.series it '1::::*1‘0*::1:1 that .;even pilots expﬁm.cnced an illu ory pen.ention -
0f: aircmft sorien ion ‘in: which- thodd &as a qualitative error i ~porcaived at titude-or: ‘motion. of the:
‘airc"aft, i.e. t‘:c :raa»'snatial diso“ientation' 4F *hia»uem -ig:u3éd in*t‘zn comonl.paccepted‘..euse.
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Typically: the falae- sensat).on of aircmft orierta.tion ogéurred- when-the nilot.had leve’ Jed
rf.xt at: cmisn altitude anl had cntcrc& rhlatively nmotonmm pha.ae of~ t flignt.
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< «t'xe lef't. '«lﬂ-ougn ‘the_ingtruzents
.ndicatcd lovcl flii;ht, ne }.ai ‘! ffict‘l*y in resolvins “hn conflict. o fiade- 5:&11
cosreetions {5-10°) in voll astifude which m..erfe*ed vit‘x the ‘maintshdnce of an-accurate
héading, while accuracy was -furt ther degrad ¥ .by eofvie movenents-of the &oAtrol” éoliin-

whichche gripned with ir..maeel fortes ‘fhe nerceotual .and-pdtor disturbances pade hin-

:anarc'"en ivc and he- ceg:m»vto doubd ‘his avility: to ::aintaln co'x.,rol. These symptons
i.,tea alliic time he-Was on.instruments ani: ni appeared- Only :then -the lights ~of a
city or run*a,' sode~&leardy visidle, : H
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Ovcr an 18 month period se-had ..L.ilar inels ‘ente -yhenever he' ‘fler at night. ]
Althwgh *’ne *cmeptua.l a.....turoancc ..in not rhange ao.‘.iv"ably, he becaue _Zore anpv-chemive
- are. lc 13 conf.iacni‘. of his a‘bility to fly sufely, He-was ousneniod Aroz "lying and seat

i‘or nodiéal assé sguent” becauac o5 a.n aboxt e.i night take-off in 'vhicb he becdm'conm..ed
..na‘ diot'-:zcte-l o7 the *un:::'.,' lig‘x..s. -

it-was found. that all ki pilot v:ij}j‘ qualita twol:,r fa.l ‘¢ peiception of aireraft orientation
felt that the :zirct—l‘ 7as banked or B i 5 ~ight and level {1ignt. Such illusions are of 2
'typo Hoat comonly exoo*zsrced by -aviators (& ™ 0r.ic"ed ne*ception associated v ith 'Breax-off'
did" not: appear ‘to -engendes -illhsoxy scnsations of ax. .

4 orinndation. which aiffered in am' di..tinc.ivu \
‘hannoer- i'm those. cxpericnch by a.viatotsv‘a'*t‘wdt dissociative sensa"ions. . -
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& zore detailc’zl conaz.iso'x u«we mte* -of- “the 7 'oilots with ‘brca.'::—off' and- mzalitatrmly
"also *ercention.- of aireraft: oriestation ri‘h the 16 pilota in -ﬂwa 'b*nal.—..fi" iy nof: assoeiated with
'smtial qiso"icntation' In other *c..oects tnege: two- -gToups wprd very sinilar, The nean. aga and-£1ying
axporience of the 7 pilois with 'spatiel 4t onen..ation' 725 33,5 (S.De 7.19) ¥ an¥’ 3455 ("a::ge 510«

'13;000)- hr respectively; cozpavable 15445 ToF - the 16 pilots without disorientation-were 33.6 (S.D. 7.11) =
)"‘ :md 2736 (r:mge 30 =6 009) hye - - -

._2:/233,‘0:4-' 41 helicooter o] - S i S ;

'?e cage-his tomcs 8§89 far p*eocnted were a1l :provided by pilots of fixed wm,_, n.irctatt.

chr. we have.neen four. h«_hcopter priots who xeported. aercalizatic'x syaptoss comparable to- those-
Xpavienced Wy pilots of convcntiona.l aireralt; the p*ineipal ‘Aifference botweon -fiXed and ro.:u'y wing
i"'“" is that the htter had 'broak-off* du:i € flight at altitulesof less th 10,600k,

‘Howe

- K0 ‘mlicopter pilcis exporioncpd s yoptosa during lang. stralght 7
s}*a'-e drilling rigs.

- 'ne"pect:z typxc:d.

& s over iR> 363 to off~
“The exgerience of 3 48 yr eivilian hed*-~pler pilot deosua thed overieaf; s in zawy
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CASE WISTORY N0 § HELICOP..s PILOT WITH BREAK-OFF

A helicopter pilot with over 3,000 hr flying experience frequently nade 3exvice
flights to off-shore drilling rigs in the Porsian Gulf. On one such flight similar to
those which he had made many times before during the preceding 3 years, he had clinbed
to 500 £t and set course for the off-shore rig; the horizon was. poorly deflned
becausa -of hazo and the sea baiow was calm and nearly featureless, After flying for
about 10 min a% constant heading and altitude, he suddenly cxperienced a 'light-headed
feeling', and that he was tout of touch' with his irmediate environnent. lie became
more aware thaa usual of small movements of the helicopter, but there was no qualita-
tively false yerception of its orivntation, Ho other symptoms characteristic of
hyperventilation were éxperienced, though he becanc tense and Zended to overcontrol.
The derealization and other synptons persisted until he saw the off-chore rig and hegan

to descend. Docause of this unusual sensory experience he returned o the mainland
with a co-pilov and had no synptoms.

He had no furthec trouble for 5 months when, in circumstances essentially iden-
tical to the first incident, he again had feelings of unreality. On this occasion ke
becane rore apprehensive and felt that ke would be unable to cope with an energency
should one avice. Syrptons disappeared on landing, thoughn he still felt sozewhat i1l
at ease, During the subsequent 2 days he made 5 flights, each morg disturbing than
the preceding one. By this time he was agitated and seriously doubted his ability to
fly with safety, so he reported the incidents to his l'edical Officer.

The olher very experiencad pilot also develope® a feeling of insecurity during flight over a
featureleas sea at a height of 800 ft with a clear Cky and hazy horizon. e 7a5 So alarmed by the sen-
gation that the helicopter was 'balanced-on a knife edge and felt as if i% night topole out of the sky!
that he reported the isolated incident to his nedical officer. An explanation of the underlying cause

of the altered perception probably nprevented the developnant of a viciong cixecle with incraazsing
anxiety,- 50 ¢learly denonstrated by case history lo 5.

The role of visual cues of orientation in the genesis of dereziization syrwtons is i1Ins
trated by the history of a Squadron Leader.

CASE EISTORY KO 6 BRK-OFF i :SLICOPTIR PILOT TITH PA3SBYOPIA

A 45 yr old officer with over 5,000 hr experience had flesn light helicopters
{Sycamores) for 10 years without incident. Howaver, during conversion trainingz in the
vlessex helicopter he expericnced perceptual distucbance whan flying at night.
Typically, the take-off and ascent to 500 ft on Instrunenis was without incident, bui
- on looking at the ground and thén at the £iight insizunents these aypeaved blurred and
ne began to feel wuneertain about the onfentation of the helicopter and of himselif with
respect to the machine. Ee feolt as if he was 'sitting on soncthing that coes not
belong to met' and that tie helicopter was 'balanced over a knife edge from witich it
night topple off'. He tecame more aware of the notion and noise of the airxerart,. btut
there was no gqualitatively faise perception of its oxienistions ¥e gudnped the con-
trols and novements were made nore precipitously so tiat he tended o overcorrects In
order to allay these disturbing sensa*ionz he would descend as close to the cround as

nossibtle in order to deriva adequate visual cues of rotion and attitude, but uncertainty
and apprchension persisied until he landed.

finilar symptons occurred on five sorties at night and also on seviral deyiing
flights 2 which he had to mix contact and instrunent flying Decause of poor visibility.
Cn all these occasions he experiencad axfficulty in seeing the instruments clozrly on
transferring his gaze {zom outside tv inside the helicopter.

Cn exanination he was found to be suffering from prestyopia and hall snoctacles

were prescribed. He resumed conversion training and was free of mymtons when yoviewed
2_year latex.

. _In contrast, the 4th helicopter pilot was velatively inexparienced {475 kr, 315 hr on helicor-
ters) and first experienced feel_nzs of unreality and fetachnent Auring a fli~ht & nisht at 700 €3 in
hazy conditions. 5 months later he s more seriously disturbed by similar syario.s on Seginning to
deccend fronm lewel flight at 3,530 ft, agzin a2t nighit with inlusirial heze at tre flisht Isvel, lesadite
reassurance, thiee further incidonis occurmed each with increasing znxieiy and loss of sonflience

before h2 was grounded.

Helationshin batwaen illusory warcentien of aiveraflt ouinntation and wostibular “urstion. 5 2 contribu-
tion to the clinizal evaluation of airerew presenting with symoioas of 'disorxienkation' in flight, soecial
tasts of sami-circular canal function were carrisd oul on 201 putients refrrzad to the Rorzl Alr Toree
Institute of Aviation iledizine. Jlone of *he patients in ihe series here roworsed wewe consilerad $o hove
organic disoase. This opinion was Pao 2 on the finlings cf 2 roucine neurs-ciolo—icsl sxamination, ~aick
included the Fitzgerald % Zallpike .950 "

u % G Culoric Tezt,when the normali‘y o vestibular funciion was in
question.

decause disorientatiop is a4 vexcegtual disturbance,ine tests of vesiiiular Junction ezvrie
out were primarily concermod with the sensallons evoked bty adegaate stirmluiion of thae vestilulsr recapiars,
The test procelure emplayed w t‘ﬂxz,t of rensation cupulonetry the Trchnimde emnlaral following
ciosely that of Aschan et 5l. \11), Tie :xub:]sct sat or lay with eves closel o ‘2 Surntadle ahich das
accelerated at 17/sec 2 to a veloaity of 60°/scce  After & sec at corsiant -peed o tumiabls ms
stopred by a nechanical brake and the subjecl asied to avess & key when the sunmatlon of *uening
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Qisappearcd, Following the first angular stirmulus the test was ropoated, but with the *nblo *otnting in the
opgositc divection. Subsoquent stopring stimuli were edministered with -rotacional speeds of 40 /..ec,

20 /seo, and 5°/sec. The divection of rotation was alternated between ecach tost stirmlus, Finally lhe
60°/sec stimli were ropeated, Post-rotational lateral nystugmus was also recorded by means of a conven-
tional electro-oculograpkic technique.

The initial test procedure was Tirst carried out with the subject seated on the turntable
with the head supported in a vertical position, In this position the angular stimulus acts in the 2z axis
of the skull and is equivalent to yawing motion in flight, Tho duration of after-sensations were also
determined when the subjects lay in the supine position on the turntable. This configuration allowed the
sengitivity of the sensory systenm to roll axis stimuli {o be assesseds

The duration of the after-sensations were plotted against the logariihm of the intensity of
the step velocity stimulvs, in the conventfonal fom of a sensation cupulogran {Pig 2). From a straight
1line drawn through the points, measures of the time constant of the exponential decay of the afier-
sansations and of sensory threshold were obtained, both for the yaw and roll ax! stimuli. Comparison of
these valuem, for the T aircrew with qualitatively fadse perception of aircraft .cientation with the 16
who did not experience <uch illusory sensations, foiled to show a significant difference in any of the
neasures, Likewise there was no significant differenne in thesc measures of vestibuiar sensitivily

between the 5 aircrew who experienced a heightened awareness of alreraft motion ..n:l those who did not
report this sympton,

Analysis of measures of the post-rotational nystagmus also failed to demonstrate any sig-
nificant difference between the group of pilots with 'syatial disoricentztion' and tne group in whom
'break-off' was not accompanied Ly such false perceptions, %The measures stuaied were all obtained fron
plots of nystagmus slow phase velocity for the first 30 sec after stopping 2nd included: the peak slow

phase velocity, the time constant of decay and measures of directional preronderance derivea from these
two variadbles,

Although the measures of 'slope! and 'thresheld' of the sensation cuy—logran did not appear
to diffexentiate the group of pilots with 'spatial disorientation! from the g:oup wichout this pexrceptiual
disturbance, neasures of the diffevence between the duratjon of the after-sensations, for angular siimuli
to the right and to the left, were found td be of greater value. An individual cupulogran was considered
to show directioral preponiezwnce if the durations of the after-sensations produced by stimuli in one
direction were consistently longer, or shorter, than for the stimmli of equal magnitude in the opposite
direction, Thus in Fig.2 the roll axia cupulogram of the pilot with Yspatial disorientation' (case
history 4) was regarded as asymetrical, as all the after-sensations following rotation to the loft were
longer than the after-sensations produced by the same intensity stimuli tc the right. The other 3 cupulo-
grams illustraied were not considered to demonstrate directional preponderance, because the difference

tween the after-sensations $o the right and to the left was not consisient over the 5 turntable speeds
employed. “hen this criterion was applied to the individual yaw and roll avis cupulograms it was found
that an apprsciably larger provortion of the aircrew with qualitatively false perception ot aircraft
orientation oxhibited directional preponderance than the otheyr 16 withoat this tjpe of disorientation.

Furthermore, in at least 4 of the 7 pilots the agyumetry wae in agreenent with tne false percepiion of
aireraft orientation experienced in flight.

As a specific ecxample, consider ine 1oll axis cupulogman of Fige.2B obtained from a pilot who,
wnen {lying ..tmight and level at high altitude felt that the aireralt was banked and turning slowly to
the left (case history No.4). The sensation cupulogram for roll avis stimuli shows sonsis tently longer
aftexr-gensations follewing rotalion to the left than to the right. How for a sudject lying in the supine
vosition on a turntable, rotation to the right (i.e. in a clockwise direction when viewed from abova) is
equivalent (as far as angular rotion is concernea) to yolling left wing low in an afrcraft, and on stopping
the evoked sensation is equivaient tn roliing right wing low, Thus a cupulogran of the fora showm in
Fige2 implies a greater sensitivity to roll-left wing low than rolleright wing low.

Few it is sugrested that in flight, if the pilot's awareness of vestitular sensaiion ig
heightcnce then relatively riinor degrees of vestibular asyrmetry can be the caase of disorientating sen~
sations. \'2/ Thus an asyuzetry in roll, say to the left, nay be perceived as angular potion of the pilet
to the 1left; a peronption which is extended to enbrace zireraft =motion of zoil vo the left because +f the
close percepinal liakage beiween pilot ani aircraft. Although the signals Sroa the senlwcirevlar canzls
primarily carry information atout the velocit; of angular meticn these signals carn be irdegrated within the
centzal nerveus system to give an accurate perception of the change m a.né.xlan pos‘tiom\‘ 5 The iliusion
engendercd bty an asymnmetrical canal rcsaowse may thus be manifest as 2 false sensation of eithar angular
velocity or angular position,

The illusory perception of aireraft orientation experdarced by the pilot. whose cupulozcans are

shown in Vig.Z:: wag that the afircraft was banked and turning to the left. This 1iiusion acszoris with
the ;abcmtory demonstration af a roll axis asyametry in the sensation cupulogran where there was greater
sensitivity Yo angular motion in the left wing low than in the right wing low direction. Tue dcmo.x iration
in one pilot of a vestibular ns:,..:c.ry which could account for the {1Jusion experienced in flighi Jdoes not
estadblish a causal relationship. However, in the 6 other pilots «iih false perception of aircruft orienta-
tion, vestibular ag,tmetry was denonstrateld in all bus one. Table 1 sumiarises the "mdinc,o in the 7
pilwis, It may be seon that an asymuobry eorpatidle with the in-flisht illusion was present in at loast
4 pilots. Of the other 3, 1 pilot could not remember thes divection of the illusory po*ccation of bank and
turn, and another had no directional specificity, Only in 1 pilot was there a directional prenonderxance of
the sensation cupulogran which did not accoxd with the falce porcention of airerafi orientation (Pilot 7).

In contrast to the findirg of ninor degrees of vesiidular ';syz:rntw- in 6 out of the 7
pilots with qu~.dtatively false perceptions of aireraft crientation, o0.ly 2 sircrew out of the 16 without
tial digerientation' weme found o have assrmetric responses.
pati '\ts is better 1llustwated by Fig.3

Tne difference botween the 2 groups of
~Fhich show the distribution of a neasure of asymmetiry obtained
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froz the aftor-sensation duraticns. The measure employed, which makes no asmwsrtior aboud end organ
dynanfes, ropresenta the modulus difference of the swed durations of the aiter-sensations to the right
at a1l § stimulus intensiti~e from the sumsed durations of the after-sensations to the left. In osder ¥
nininize intoresubject varlation, the difference in-the after-sensations attritutable to the dirsction of
rotation i3 expressed for cadsh subject as a proporijon of the total after-sensation tine, obtained by
avoraging all right ani loft afteresensations. Statistical analysis of the asyimetry neasures denon-
strated $hat the group of pilots with qualitatively false perception of atrcraft orientaticn had signifi-
cantly (B = 0,01 - 0,05) greater asymmetry in both the yaw and roll axes than did the ~.oup of airerew
who eéxperienced coaoarable symptons of derealizatior tut without 'spatial disorientation'. Uikewlise, the
distridution of the asymietyy neasure was also found to differ significantly (P = 0,02 - 0,05} between
the tZo groups, in both the yaw and the rell axis. Although the nunder of observations is smull and does
not pernit the shape of the distribution curve to be determined with accuracy the findings suggest that
in the croup without *spatial disorientation' the asymmetry neasure was normally distributed, whereas in
the group with 'spatial disorientation' iuere was a binodal Aistribution of the neasure. These inferences
aynly to thue peasure of asymetry with attention siven to the sign of the response and not to the -odal
values depicted ir Fig.3.

DICCUS3IGH

In this paper an sttenpt has been made to examine the dissocfative symptoms characteristic of

‘the *3reak-off' nrenonenon, 23 a2 feature of the broader problen of disordered perception of orientation in

he Tlight environment. Tie sicture which emerges is that the derealization of 'breax-of{' may be coupled
with a varioty of illusory porceptions of zirerafi orivntation. In its least structured and nost comzon
form this illusory perccpiion is dreasented az a feeling of instability, though less frequently there is a
heigatened avareness of adveralt notion with an exaggerated perception of *v~ _.iitude or change of
abtitude of t 2 aiveraft. In about a thirl of the airsrew exanined, illusory wcouvotion of attitude and
aotion occur=ed when the adreraft was flying straight and level, a2hd mprenent the type of fllusion xhich
ia conventionally described as tspatial disorientationt,

Tt is of intefost tiat in the studies of 'break-off' made by Slark % Graydiel (5) and Sours(7)
in the USA anhd by lononaco {14) in Italy, illucory porcention of aireraft orientatinon was not associaied
with leraal ?.é\*.‘.on syantons in any of the airerew intevviewed., Yeb in two out of the five cales presented
ty Bonnett 1 5 pilota 1 :1% 23 if the zirerilt was ban%el or furning, This difference in incidence can
orobably o2 stivibutel tc¢ the selection procedures cnployed in she various studies, The authors who
founl no associzted Yspatial disorientation' interviewpd g relatively unselected airerew porulation,
~horeas in tho present siuldy, as with that of Benneit “19), the symptons cxperienced in flignt had led the
adivzraw 3o goek riedical advice.

Twar the surveys carried vut it is apsarent that dissociative sensations are not infrequently
expariencea by aircrew during nonotoncus phases gf flight at high ?J,situde, the insidence ranging f{rom
13.5% (ref. 14) to 35 in Clark % Graybiel's \13) seviess Sours ‘1) also found thzt 35, (6 out of 17)
of airerew who were referred for nouro-psychiatric assessuent anl had flo'm at high aliitudes, had personal
nx wicnce of the'break-off® prencmenon. The majority of 'normal' airerew report that 'break-off! is
chametericed Uy o fecling of clntion, exhilaration and excitenent, but in about a third (383, ref.5)
insteal of =leasurcble sensations, dcrcaléc:)xt‘on was acconpanied by apprehension and anxiety. In contrast,
only one of the pilots exanined by Sours (7) found *break-off' to bc entirely pleasurable, waile in the
present aeries tho sensoyy disturbance wzs, without oxception, asscciated with feelings of uncace and
amzeiensions This finding illustrates t),ze pvoint nade earlier, nomely that the pilots described in this
report were, like those stuiied by Sours {7) ot reoresentative of the normal airerew population, but were
dravm fron thot thisd in whon 'break-off! wa, % disturbing rather than a pieasurable experience. Indeed,
in 211 of the 23 pilots studied, the porcenpiual disturbance was asgociated with manifest amxiety. Such
anxiaty ronctions were, the majority of aircrew, confincd o the flight erwvironuent and in 10 individuals
were sufficiently specific and repotitious to be labelled phobic anxiety. Significont generalisation of
tno anxioty reaction had occurred in only 3 piiots.” Thus it would appear that the '3reak-off phenozcnan'
s, in nost cases, the precipitant of a neurotic reaction, for other factors vhich could be regarded as
being of prine aetiological sie;nii‘%s:mcc were only apparent in 3 pilotse Xn this respect our findings ave
in agreement wish those of Sours V47 =ho considered that 'break-off* could be the precipitant of an anxiety
reaction 2n susceptible individuals,

The association of derealization and depersonalization with phobic anxiety vaises a nove diffi-
cult nosological w»rodleom. In the najerity of ¢ases seen, the peiceptual disturbance was clearly the
procinitant of the nhobic anxicty which, once esteblisned, potentiated the dissociative symptonms in the
Janner of a conlitionel response. On the otner hand, ihere were 2 patients in shoa axg h a2 cavzality was
not 5o conarent and the diagnosis of a phodic anxiety - uepcrsonalizatien nourosis ( could be eatertained
AL not firmly ecstablished.

spart fron anxioty renctions, dissociative sensations also feature in Jany other clinical
entities Znowm to nsychiatry, and can be vroduced by organic lesions and ¢oxic siales. In the group of
airerew studied, only hyverveniilation appears as an aetinlogical {actor of importance. This condition
was rovealnd without amoiguity s the asamnesis of one pilot, wheze the hyperventilation wus apaavently
ceconaaxy to the anprohension engendered by the perceptual disturbance.

e coniitifg;‘: 2f the {%lsht anvironaent shich engendar 'break-off' nave been likered to thoze
of sensoxy dearivation \®v Tv v 1) 5nere initially the lack of change In the sensory enwvironzent - She
restricted sensory input ~ brings about an alisration of the behavioural siales Thus, pilots shen flying
ci=~izvt ani level atl u constant neading, with 1ittle simicture anl no apparent change in the external

visual enviromont ave, (to nse %ebb's (8}, concept of an *arousal contimuun') likely t» pass from a mormal
loval ol arousal into a behavioural state in which the level of arousal is lowe .lthough zach low arousal -
noniitiors may bo “he niiieu fn which’break-off' occurs, it is appzrent that the sensory experiense of
Threa- 7' is associated more with 2 kigr than a low level of avousal, fertainly high awcusal is a normal
conconitant of anxicty, but even in the ma-ority of aircrew where there was no appavent arxiety thore was
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a feeling of elation and exhilaration (5) which was more in accord with n behavioural state where the
level of arousal wag high than one in vhich it was low, It would appear likely that dissosiative synptons
which ocour in 'break-off' can be both a manifestation of a high level arousai and also, as a result of
the individual's awarenoss of an alteration in subjective state, the cause of heightened arousals 3ut

the mechanism by which the altered sensory environment brings abou: the perceptual disturbance renzinc
ohsoura,

There would appear to be two principal factors necessary for the induction of 'break-of{‘.
One is the paucity of orientationzl cues in the pilots external visual environment and the other is a
mlativoly consta.tn{' 5light pathe Altitude per se cannot be regarded a3 a prime aeticlogical fector, for
Baatwood & Berry have reported thai 'feelings of detanhment fron one's surroundings' were experienced
by 'many?! helicopter pilots when flying at altitudes of 5,000 - 8,000 ft. Furthermore the case histories
of helicopter pilots presented in this paper cleariy Inaicate that comparable dizsociative sensations can
occur at altitudes of only 500 £f, providing external visual cues are sufficiently attenuated, There
would seen to be an inter-relationship boiween altitude and aireraft type, for in fixed wing aireraft
¢ ~off! rareiy occurs belcw 20,000 £t and commonly an altitude in excess of 30,000 £t is required for
aduction of symptonms, The differonces may be due o the lower air speed of helicopters, or the nore
- nsive view from tho cockpit without substantial afr frame meference., Or ic it that control of the

nelicopter, because it is an inherently unstable vehicle, is a iore-demanling task than diloting a fixed
ving aireraft at constant height and heading?

Perhaps the fundamental cavse of 'break-off' lies not so much with contxol of the flight
vehicle, tut in the pilot's appreciation and awareness of nis situction in a device whic': supports hin,
as it were wnnaturally,. many thousands of fcet above the surface of the earth. A3 part «f this cognitive
process, released by the rolative constancy of the sensory environment, consideration of She stabiiity of
the flipght vehicle and the perfomance cnvelope in which the pilot hos to operute coulé .ell play a signifi-
cant -role. The uncertainty genmerated by such free ronging thought processes-would appear te be resolved
.by visual cues of 'spatial orientation.! But ir these are inadequate, the uncertainty is not xesolved, the
level of arousal increases and the dissociative sersations of 'break-off' may be engendered.

-CONCLUSION

Although the precise mechanisn underlying the
perceptual disturbances of the ‘break-off' phenozenon
Flight Envi is inadequately unierstood, certain features and
Flight Environment fugetional relationships are established and ave
(Restricted Sencory Input} swmarized in disgranratic fom by Figed. This ccne-
ceptual scheme ig, without doubt, an oversinmpli f:.ca.—
. - tion, but it serves to emphasise the intor-relationship
between *break-off’, arouzal and ~nxiety. The n*e..ence
1 Phobic or of a closed loop, a vicious circlc mechanism, in which

Low Arousal

. . the individuni's awareness of tha dissociative sensations
Conditinned Reaction heightens arcusal, iliustrates the role of 'breuk-off!
- 2s the focal noint of phobic am:mty or the precipitant
Cognitive of anxiety reactions. inoxledge of such aetiological
Mcchanisms\ riechanisas may be of wvalue to tnc rediczl officer in
High Arousal the diagnosis and treainent of airersw with fear of
flying or other neurotic reactions. Yet it is of
groater inportance 40 recognise that ncuvosis and
wastage of highly trained persomnel may be prevented
by instrusting aircrew about the percepiunl distur-
bances which can occur in the flight environment.
Todry, nearly all ajrerew axe faniliax with the common
illusicns of aireraft orientation, but Imowledge about
the censory disturbances characteristic of tha 'hreak-
off'phenonenon is less widesoread. The dissociative
sensations of 'break-off’ even when zssociated with
Salse norceptions of aireraft crienisiion, do not

Disordered Manifest
Perception Anxiety

e

Awareness of alteration
in subjective state

Pig.4 Conceptunl scheme showing the inter- apgear to present a sorious threat tu the safety of
8. relationship of the f1i gﬁt en-lrorment flying persennel, Nevertheless thexe is a penalty,
to fDreak-off' and anxioty. for the perceptaul disturbance can de distracting

and the pilot's attention may be diverted from nore

anportant aspects of the flying taskt. Serformanze may
- ) also be deoy 3ﬂcd by anxiety, varticularly when this is
manife3t as muscular tension or hyperventilation. iowawver, fro:: the aeoromedicusl viewnoint, the srincipal

feature of the '"break-off’ phenomenon, i that it nay be citker the proeipitant or the ranifestation of an
arxiety neurosis.
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DISCU3SION

Would you comment on the apparent discrepancy between (i) d.sotxentatxon such.as 'break-off'
resulting from reduced-information, and (ii) disorientation or ‘vertizo' resuiting from over-
load of information. Are they equivaient?

The distinction which I attempted to make at the beginuing of my paper was between
dirorientation in which there was an erroneous percepticCn of the orientation of self (ie the
pilot) in relation to the aircraft and earth reference, and disorientatiorn in which the
erroneous perception was of aircraft orientation. In discussing pilot disorientation, or
aviators' vertigo-as ' is commonly callcd inthe US, ve commonly refer to those incidents in
which the perception of aircraft ~rientation was wrong - this a‘ter all is the most important
thing wien talking about lo3s of control and aircraft accidents Jdue to disorientation.

The disorderad perception of orientation of pilot relative to the aircraft, which is a common
feature of the dissociative sensations characterised by the 'break-off phenomenon', may br no
less disturbing to the aviator, though it rarely interferes with aireraft control other than
by the anxiety engendered in sowe individuals.

Equivalence between these two types of disorientation would appear to rely only on the fact
that they are both perceptual disturbances of spatial relationships. 1t is all a matter of
how onc defines spatial disorientation in flight.

I would just like to remzrk on the fact that dissociative sensations have been in the past a
fairly frequent occurrence in trainee helicopter pilots, especially in the types of
helicopter where thece is a large open visual area in front of him. We accepted the
phenonena as something which was likely to occur during flying training and hence shculd be
explained to the student as well.as giving him some way of curing it, whep it happened.

The commonest description was one of sitting on top of the caanopy (outside the aircraft).

This was very frightening, even when only for a.fleeting.moment. We endeavoured to cure the
fear, by suggestxng that when finding cneself in this stotc.,remembet you are not really
there, there is no 100 kt air flow, your head has nrot been- struck by the main roror, Lut above

all, you still have the controls in your hards, so you can Ely the machine no matter where you
feel you are.

This basic kncwledge, given to the students in their first few days, has reduced the number of
reported incidents, probably by removing their arxiety about the situation.

Thuank you for that interesting observation. It is nhowever surprising that 'break-off' like
symptoms in helicopter pilots is menticned only in one published paper (as far as I know).

Yet from your own experience, the paper of Dr Clark (Al), and from the six cases I have seen it
is as common, if not more so, in helicopter pilo:s as in pilots of fixed wing aircraft. The
occurrence of 'brcak-off' at lower altitudes in helicopters than conventional aircraft implies
to me that the ‘'constancy of the sensory envirenment' which is regarded as a prime aetxologtcal
factor in this condition, is of less imporrance than the aviator's concept of the 'stability'
of the vehicle he is flying. .I have discussad aetiological -nechanisms in my paper, chough 1
admit that these are hypothetical., Perhaps some member of the audience can provide a better
explanation of the mechanism the 'break-off' phenomenon.

The 'break-off phenomenon’ can 5. a pleasurabla experience, but 'outside the body' sensations
can also be unpleasant and accompaniad by a state of anxiety and instability. This pherpmenon
is generally observaed in subjects with a tendency to aaxiety with problems of a2ither a
sentimentsl, social or career nature. I belicve that they feel 'uncomfortabis in the skin'
which they are 'trying to leave'.

I have also seen a type of 'break-off' in students who are making a great mental effort for
examinations. These students were not under the influence of any drug, but engaged in a
rhythz of inteilectual work for 14-1€ hr per day. They have reported = feeling that they were
leaving their body and floating in space outside themselves. This sort of halluzination is
dispclled very effectively by mild tranquilizers such as Mandrax.

Thark you for these observatiocns which serve to underlise the fact, thzt the dissociative
serisations, which are a cardinal feature of the 'break-off phenomenon', also occur in a number
of psy;h:atrxc conditions and intoxications. %Fat it must be recognised that the unusual
sensations of 'break-off' do occur in aviators whose mental health is aot in questionr, although
in others these-symptoms may be the manifestation of & neurotic reaction. It wust also be
recogniscd that in susceptible individuals dissociative seasations can precipitate an anxiety
neurusis.
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VERTIGO IN DIVERS*

C.F.Gell, M.D., D.Sc (Med)
Scientific Director
US Naval Submarire Medical Research Laboratory R
US Naval Submarine Medical Center, Groten, Ct. 06340

SUMMARY

‘Documentin, tne surprising frequency of the ¢ "currence of vertigo in hyperbaric
atmospheres and in divers, the author presents ¢ -« mary of his review of the literature and
the theories that have been advanced to explain tie ¢tiology of vertigo under these
circumstances. These include barotranma, damage from the formation of bubbles, hyperemia N
and hemorrhage, unusual displacemens of the stapes, caloric stimulation, stow movement of
ear drim snd ossicles causing eddy cufrents, performancé of_the valsalva maneuver, or the
sudden clearing ofa blockage in one ear, and disturbed labrynthlan function. The author
feels that vertigo is a grave menace occurring with a high degree of frequency among divess,
and that this condition has ot been given adequate conside-ation and study. It:-warrants
wider recognition and continued research by workers in the field of diving medicisie.

INTRODUCTION : ’

Vertigo is surprisingly frequent in diving. Reviewing the existing literature relative to this sympiom complex,
we must arrive at the conclusion that vertigo, which can be life-endangering to a diver, h: . een viewed with a degree
of complacency in diving medicine. With the increasing interast in underwater work in the Navy, industfial under-

water exploration, as well as the prolific SCUBA diving activities as a business and as sport, we are led to believe that
vertigo as a risk in diving shculd be more closely investigated.

i

- REVIEW OF THE LITERATURE

Vertigo in caisson workers has been a recognized complication for many vears. In 1896, Alt! reviewed three )
cases of iabyrinthitis and nine cascs with Meniere-like symptoms in caisson workers, In his discussion, the associated

vertigo was attributed to barotrauma. This is a generalization that establishes the scope of th: pruvblem, but is hardly
definitive-in pinpointing the specific etiologicat factor.

In 1896, Friedrich and Tuuzk? reported a case of a caisson worker with vertigo lasting for 14 days. From 1900
‘to 1907, Tomka®, Heermann®, and Philip*€ all reported cases of caisson workers that involved vertigo or Meniere-like

symptoms. In these cascs, the symptoms, ircluding the vertigo, were believed to be due to ischiemic lesions in the
labrynthe. This etiologicai factor was especially espoused by Heermann,

In 1909, Keays’ reported on 3690 cascs of caisson disease in which he reported 113 with symptoms of vertigo
and 14 with the classic Meniere’s syndrome. His interpretation as to the etiology again was a non-specific barotraums.
Thost? in 1921 described dizziness and disturbances of equilibrium in some caisson worker patients alse quoting
evidence of gas bubbles in the mastoid process. In 1929, Thost® also discussed effects cn the middle 2wl inner ear in

caisson workers. He lists three etiological factors for pathology in *hese arcas; one being the effect of pressure on the
vestibular apparstus wiich may terminate in vertigo, among other sy: :ptoms.

S

In 1229, Vail'® reporting on caisson diseasc with vertigo, concl:ded that the vertigo was caused by damage to
the cochlea and vestibule by the formation of intravascular bubbles. Fields!! in treating four cases of labyrinthitis
with vertige in civers, postulated in 1958 but the vertigo was due to an unusual displacement of the stapes in the
oval window giving temperary symptoms of vertigo. Rowe!? in the Australian Medical Journal in 1961, postulates
that caloric stimulation is i most imporiant aecharism in the prod- eticn of verlign in divers.

*Paper presented by Commander J.D.Bloom, MC, USN.
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Melvill Jones!? postulated a vertigo-producing mechanism in fliers in 1957. He stated that raoid changes in
altitude with inability to readily equalize middle ear pressure caused slow movements of the ear drum and the
ossicles. He belisves that tiiese slow movements produce eddy currents in the endolymph over the utricular and
saccular maculae and the ampullar cupolae which probably cause the vertigo syndrome. Lundgren'® ir the British
Medical Journal in 1965, reported on data accumulated on 354 members of the Swedish Association of Sport
Divers. 92 members, or 26%, reported that they had experienced true vertigo during SCUBA and free diving.

The largest number, 73, experienced their vertigo while SCUBA diving.

Of the total number of divers who experienced vertigo, 95% experienced it occasionally, while 5% experienced
it 1n every dive. The vertigo episodes dec:ribed by Lundgren in the subjects who answered his questionnaire, ranged
from not troublesome to very troublesome, Since the very troublesome group comprized 18%, and included such
statements as the vertigu causing an inability to orient themselves in the water, difficulty in swimming, nausea and
vomiting, it appears that vertigo can be considered a dangerous affliction in diving.

Lundgren, in his discussion, points out that vertigo can be produced by applying the valsalva maneuver under-
water in an attempt to clear the ears. He also states that vertigo may be produced by a pressure imbalance when cne
eur is blocked and is suddenly cleared. Lindgren postulates that the disturbed labyrinthine functiop during diving
is caused by differences in pressure in the middie ear cavity and the surrounding structures. As most of his subjects

had veriigo in the ascent or on reaching the surface, he thinks that relative overpressure in the middle ear is a
primary factor.

He observes that asymmetry in pressure fluctuaticns in the two ¢ars inust also be a contributing factc. 30% of
his divers-who reported vertigo stated that they usually-had difficulties in-pressure. equnhbratxon The theory of eddy
current production in the endolympn, as espoused by-Melvill Jones in his.study in vertigo in aviators, uridoubtedly is
applicable to the diver's situation. Lu*ldgren states that if the mtensxty and magnitude of the stimulus is a factor in

the frequency of -vertigo, it would be much more frequént in divers thai in aviators. He suggests the term of
alternobaric vemgo as a useful name for the syndrome.

Terry and Dennison?® -at_the US Naval Submaiine Medical Sclioof, New i.qnddn; Connecticut published a study

~ iz 1966 on vertigo in divers who were attachéd to the Submarine Base Training Tank. Tesry and Dennison’s
finditige differ somewhat from those of Lundgran.

Navy < Lundgren

Number of Subjects 37 354

Divers experiencing vertigo 40.5% 26%:
Association with clearing one ear 20% 30%
Association witli_pressare changes 40% 27%
Water temperature involveraent 40% 0%

Terry and Dénnison conclude that vestigo is n occr nal symptom among divers and that it has not been
given due conzideration as a complicating factor.  ‘hey fe.t that the incidence of this symptom among divers
is consonant wiik the axperience of the diver; although ira man dives loag enough, he will experience vertigo.
Vertigo, when it manifests itself by loss of balance, nausea and unconsciousness, rust be-differentiated from the
severe forms of dysbarism. Pressure changes within the middle ear and caloric stimulation may play an important
role it its cause. Inequality of the caloric stimulation between right and left cars apper  to play only a minor
role. The important factor sezms to be the movement of endolymph. whether by movements of the stapes causing

eddy curr-nts, or convection caused by caloric stimulation. The high incidence of vertigo among divers is werthy of
further study.

In 1970, Vorosmarti*® and Bradley reported on the results of a questionnaire evaluation of 143 US.Navy divers
relative to the occurrence of vertigo whiie diving. Eliminating all the ancillary factors that may cause vertigo, the
authois reported that 11,9% of these men indicated that they had experienced vertige in diving. The authors state
that most of the reported incidents were of short duration and not troublesome.

As an exarcise for this discussion, the writer revicwed 43 case histories of Navy divers requiring decompressicn

treatment. These histories were loaaed to him by Dr H.W.Gillen of the Indiana State Medical Center. The following
data were extracted:

No. of cases 43 All Navy
No. Experiencing Vertigo 23
Dizziness (true horizontal
rotational vertigo) 23
Blurring of vision and

ocular disturbances 20
Nystagmus 2
Nausea 20
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Tinnitus 10
Incoordination 10 h
Convulsions !

Most of these symptoms occurred in the ascent from a dive and were most pronounced on surfacing, thus requiring
recompression. Three cases occurred on descent and at the bottom of the dive. In general, these findings relate to
the data acquired by Lundgren, Terry and Dennison, Vorusmarti and Bradley.

DISCUSSION

In recapitulation, then, the several mechanisms of vertigo production in caisson werkers and divers as postulated
by various authors since 1896 are:

(a) General references to barotrauma.

(b) Ischemic lesions in the labrynthe.

(c) Hyperemia and hemorrhage of the labyrinth,

(d) Formation of intravascular bubbles in the internal ear.
(e) Displacement of the stapes in the oval window.

(f) Caloric stimulation of the middle ear.

(®

Eddy currents produced in the endolymph by slow movements of the ear drum and ossicles due to
pressure changes in the middle ear.

(h) (Alternobaric vertigo) caused by pressure differences in the middie ear.

The theories of Melvill Jones and Lundgren are adinittedly similar in their basic dynasics; that is, the changes.
of pressure in the middle ear aifect the pressure loading of the endolymph. There is a subtle difference, however,
which in hydraulics niay be of importance. Melvill Jones spec 'fies, as does Lundgren, thiat the initiating factor is
mmiddle ear pressure changes, but he further defines the potentiai  rtiginous effects as resuiting from eddy currents

in the endolymph, while Lundgren merely speaks of pressure cha.» *s of a full bore nature upon the labyrinthine

structures. He infers, as does Melvill Jones, upper respiratory infection involvement affecting the ability to ventilate

the middle car, in s0:e cases with unequal pressurization. On the basis of.the more specific definition as to cause as

stated by Melvill Jones, these two theories are presenied separately, although fundamr lally they appeai-to be the
same,

1t wouid appear that the eddy currerts of Meuwill Jones and the alternobaric verts « of Lundgren should be
given the greatest considezation as poten.aal etiological factors, aithough a combination .f any or ali postuiates may
be ceontributing factors. Extr vestibular components of the body reiated to spatial orient ‘inn may also piay a
critical role in disoricntation and vertigo in divers, The abnormal stimuli to the vis. i apparatus, proprioceptive
receptors, and unusual body pressures in a deep dive may cause disorientation when in the absence of light coupled
with the semi-weightless state of the diver, he loses contact with the surface, and does not know which way is up or
down. Several divers have been drowned in dark and dirty v-aters appasently for these reasons, W.J.White!? .at
Comell University, New York, placed subjacis in a subr  wed gimballed chair. With their vision occluded, they could
never teli which way was up when exposed to the gini  .d movement,

Obviously, serious vertigo is a grave mtenac: to the diver. Vomiting into the breathing apparatus has fatal
connotations: while prolonged disosientation >ould lead to an exhaustion of oxyger and subsequent drowning.
Lundgren obscrves that vertigo is sufficiently common among divers and of such potential severity to Jeserve a wider
recognition among workess in the ficld of diving medicine. We subscribe to this observation.
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R DOBIE> 1 have not been impressed with 'préssure vertigs' as a common .cause of disorientation inm
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aviators, as distinct frox divers who «f course experience muck sreater presaure changes.
Could the speaker comment on his experience of the incidence of 'pressure voytigo' associated

with the Valsalva-manocuvre since therc would he a more direct readover to the avxa:xon
environment? ) =

Although 1 agree that it is thcoretxcally passxvlc to postuiate an_gesociation between the

Valsalva manoeuvre and vertigo, in my - xperience with divers and d. v1n° operations I hawe
not seen examples of this association. In many instances, divers who feel that they must
frequently and vig: rously esploy the Valsalva manoeuvre arc anxicus to a higher degree than
normal, Commonly tiese individuale are predisposed to hyperventilatidn, a condition wuich
must clso be consi:ered in attecpting to expizin the associated vertigo.

Ca you give me some details on ocular Jisturbances you noticed in divers requiring
Jdecospression treatment?

The classical and ccrmonly described ccular disturbances associated with decorpressizn
sickness include visual field cuts,-scotomata and nystagzus. These are considered serious
signs of decorpressicu sickness and are rRuch e co—ﬁonl) seen in civilian divers who
cozpletely disregavd-propey deco-pres«‘on procedure tF*n in Navy divers-oa standard opcratxons.

In discussing vertigo produced ty changes in azbient pressure in flight I think it is

icportant to differemtiatn clearly between 'pressure' or alternobaric' vertigo and vertigo
which is a sy=m.tom of deccupression sickness. Pressure vertizo is cutmonly caused by the
sudden eguilibration of middle car prejsure and a transient disturbance of the dietribution

vf endolyzph within the oecbranoes labyrinth. che vertigo is Corzally of short duration and
reflect the return of a cupulae from a deilected to nmeutral pesition. The vert‘so of
decompression sickness is but a sy=ptom, and the sssociated nysragrus but a sign, of bubble
formatien and xupair:en. of bloocd supply to the vestibular apparatus, vestibular nerve or brain

stem nuclei. It is esnentially a move sinister conditicn requiring carly diagnosis and
treatoenk.
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THEORY OF DEVELOPMENT OF REACTIONS TO WHOLE-BORY MOTION CONSIDERED.IN RELATION TO -
SELECTION, ASSIGNMENT, AND TRAINING OF FLIGHT PERSONNEL

by

i

Fred E. Guedry, Jr., Ph.D.
Noval Aerospace Medical Research Loboratory
Pensacola, Flaride 32512

A-speculative theory, dealing with the development of reactivas to whole-body motion, is outlined. Func-
tional aruccts f cecction: ot several stnges of maturatio =re considered in relotion to conditioning mechanisms
which o2, in turn, related to individual differences in development of motion reactivity, personality, and rog=
nitive functizn. Unr Moura) feedback resulting from possive moiion is discussed in relation to different control
tasks performed in di‘tsrent job assignments and in relotion to individual differences in reactions to motion. A~
daptation tu ine unuctural whole-body movement of flight is considered in this context and in relation to experi=
ments iBustrating that substantial changes in reactions to motion con be occomplished through habituation. Avi-
ator selection texts, zush as the BVDT, perscnality tests; and flight optitude tests, ond several categories of
training are considared in relation to the theuretical constructs.
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1. INTRODUCTION

4

While obsersing a forge aumber of individuuls under uanatural conditions of motion, one connot avoid being im-
pressed by the range of individual differences in immediate reactions. Some men enjoy. stimulus conditions that literally
incapacitate other individucls. The unnatura! condifions of motion referred to here <o not necessorilv invalve high mogni-
tude accelerotivs furces o this inquiry is nct concerned with the disruption of beh. vior or mental processes os a result
of overwhelminj inertial forces. Rt er, it is concerncd with force ond visual environments that introduze unnatural pat-

terns and sequerzas of sensory infermation recarding spatiol oriertation. Such situations erise in air, sea, ond land trans~ l
portation.
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in oddition te indiidur! differences in immedicte reactions, there are also striking differences in long-term adjust~
ments to motion. For exemp’ . € 67F men interviewed in o dutmyer ascort squadron, 13 per cent were habituolly seasick,
10 per sent were often sick, n .. 38 pei cant were czeesionally sick (i), In the Pensocola naval aviation training progrom
cbout 2C per cent of the condicotes becane airsick vithin the fimm ten fitgnts in.dual-control training. Of these, obout 3
per cen! continue to cxperience ticknt = arciiaus offer they indve on 1o e #=+inla; phase in which they have sole control
of the circraft. Aside from sickness, reactisr, ic unneturai :wﬁon can influence ther impa-tont functions such as fine
sensory-motor coordination in flight (2, p.111¢~1i20, 3, 4} The foct thot & 5-~.uuie obsen otion of reactions to head

tilts during rotation at 10 or 15 rpm can be used to considerin y itmprove pre'Jl"S w1 6f futyre fl:ghf attritions strongly sug-
gests that these immedicte reactions to motion have far-;eaching sigrificoneer '3 o,
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In considering potential reasons for these znmounced individual differences in initiol reactiont and in adaptebility to
motion, it is necessary to contider not only the dynomic response of the sensory detecicrs of motion but also the nu ~vral
functional significence of controlled notural mation to the evolution and development of men. We are therefore foced with
the clessic problem ¢ dealing with inbom choracteristics os well cs developmentol conditioning. Man ond other animals
kave S$uce bovic-responses to imminent danger: 1) freezing, Z) running eway, 6 <} wunaing toward (to attack). Lach of
these requires control o motion coupled with physiological preporation for action, uad it is likely thot our imwediate reac-
tions to unnatural motions are to some extent built in. On the other hand, there ii 5 good cese for deveicpmentol condi=~

tioning of our reactions to motion, and it also seems lfikely that some af aur reactions to motion as oduits ot attributable to
early experiences ot various stoges of development.
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It is the purpose of this paper to introduce g highly speculative theory in on ottems:t 1> coordinate and interrelote o
number of different lines of scientific inquiry which are relevent to ar understanding of the individuo! Jilferences in immedi-
ate reactions tc motion ond of differing obilities fo odjust to unnatural motion. It is believed that on uider.tonding is nex~
essary in oviotion medicine for such purpeses os selectir- eiciént troining progroms, predicting with o aegree of certainty
that o ground or even a flight-based conditioning prog: 7 will be ffective in on cperational rerting, prescribing mental
E . sets and conditioning which will afford protection agair »- indesiroble motion effects without inducing undesirobiz behavioral
e - side effects, maximizing selection of those who have prerequisite odoptive potenticl, end improving the effectiveness of
flight simulotors ond trainers. Perhops of greater importance is the fact thot an improvement of our understonding of indi«

=3 vidual differences in emotiona! reactivity ond in humaon edoptive mechonisms is relevant to most of man's important activ=~
. ities.

'
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K . 11. DEVELOPMENT OF REACTIONS TO MOTION

H A. Notural Pessive Motion

- Accurcte voluntory motion is highly importont to the survivol of man end cnimals. Howevar; early in life, whole-
" body motion is, for the most part, pessive. Prenatal Influences on the development of reactions to matfon cre difficult to
ossess because the pariphercl and cential nervous systems are under development. Althcugh the passibility for eorly im=

printing exitts because of the nctural activity cycles of the mother, the potential influence of corly postnatal events is
= more obvious.
&3 ) )
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’ Groen (7,8) has shown thot there ore osrderly vestibular sensory messoges concerning the rate «f motion of birth. The :
dynomic characteristics of thase sensory ~motor reactions clange during the first few postactal weeks in an orderly way,

S
x
> 3
K
g




S ey T n T F et e GcTe egmae TN - e s endiet SRR S mtea A S I T T R AT I Ry N e

X - - - . o e e P

A13-2

presumably os o result of the developing central nervous system and visual system which exert more control over vestibulur
afference and eye movements. Thus, infants moved early in life have sensory information which con be associated with
other experiences related to the movement. According to Smith and Smith (9) postural movements comprise the most prim=
itive motion system in both phylogenetic and ontogenetic development. Controlled movement is one of several criteria for
differentiating plant ond animal life. “"The older centers of the brain are organized principolly for reguiating postural
mechanisms and integrating it with resplration and other vital functions" (9, p. 8). Change in orientation relative to
gravity makes demands upon both cardiac output and the skeletal muscles. Changes in position and in the state of motion
influence respiration, pooling of blood, ond temperature control. Different activity levels ploce varying demonds on the
energy content of the blood (cf. Steele, in 10).

Coupled with these considerations is the fact that certain fears seem to be present ot birth; thot is, they are built in.
For example, sudden lack of support (fear of falling) anc foud noises produce a cluiching or grasping reaction in very young
children. It it perhaps very significant that these startle reactions are reparted by Grastyan to be very easily conditioned
{11, p. 246-247). Considering these bits of information in combinction, it oppears quite reasoncble that respiratory, car-
diovascular, ond neuromuscular responses to changes in position and to motion develop not only by inherent maturational
processes, but that they are clso shaped by early conditioning. 1t is proposed that the magnitude of these physiologicol
counterparts of emotion deperd, of least partially, upon conditioning during the early passive stage of motion, during
early ombulatory aciivity, ond during later expioratory behavior. It is also, of course, quite likely that there are inher-
ited differences in reactivity.

Parental hendling involving sudden and unexpected changes in position might condition in an infont exceptional
. respiratory and cardiovasculer responses to sensed motion. Thus, sensed passive motion might be conditioned to produce
unusual respiratory, neuromuscuior, ond cardiovaseulor chonges if a parent charocteristically moved the child suddenly
without sufficient waming. In oddition, emotional reacticns may be conditioned to sensed motion in other ways. Infonts
are moved early in l:%e for feeding and in order to change diopers. A tense, harried mother may well predispose an indi-
vidual toward later problems with unnatural motions. The fecr of movement could even genaralize to a fecr of investiga-
tive activities and thus predispose a person toword inactivity, lethargy, ond low-drive states.

in contrast fo the situction in which a parent inodvertently exrases on infant fo numerous sudden, unexpected chonges
in position, let us consider the converse situation. Gentle handling 10 which pleasurcble cutonesus stimuli signal the onset
of gentle motivn, such cs in feeding occompanied by gentle rocking, might well predispose an individual to a quite dif-
ferent set of reactions to passive motion. Under such circumstances, the gentle woming permits onticipation of respiratory
ond cordiovascular demonds which are therefore not excessive. Under these circumstances, efficient respiratery ond cardio~
vosculor reoctions to passive motion could develop in early life. Sucl: an individual exposed to unnafural possive motion
at u later date might well prove to he more adoptoble to motion than is the person who wos frequently exposed early in life
to sudden fear-producing movemenis. Is it possible that some of the differences among the colm, highly efficient person,
the highly energetic, foirly efficient person, the hyperkinetic, inefficiant person are partially determined by these kinds
of differences in developmental conditioning?

Also relevont to considerations of the passive-motion stoge of development is the foct that Navajo infants reared on
crodle boords, with little opportunity %o e=ercise their legs, wolk as early as do Navajo infants reared with full spportuni-
ty to use their limbs. In contrast to this, orphonage infants who were eared for in regord to feeding, sanitotian, odequate
iighting, ond ventilotion but who were not moved about were retarded in regord to locomotor developrent and several tests
of ea:ly intellectua! function. Despite signs of later moturational recovery, the potentiol influence of early conditioning
on o variety of functions is suggested (cf, 12, p. 60-44).

B. Eorly Voluntary Whole-Body Movement

it e

With further moturation, voluntory movement hecomes more cnd more a notural activity. [t is perhops significant
thot 2-year-old children recognize o triongle thot hos been rotated through 120 deg from the training pasition only ofter a
heod rotation, whreos older human subjects do not need to moke the hecd rotatien to recognize the figure in the two posi-
tions (13, p. 346). Although there is some evidence thot spaticl obilities are a sex-linked recessive inherited trait (14),
there is clso corsiderchie evidence thot developmenta! conditioning iiwolving motor control of the heod and body wili have
0 considerable x.fluence on the development of spatiol and numerical abilities in children. Qrienting or pointing toward
something desired is an early form of communication invoiving spatial locslization.

A AR AR SR

Things heard become things to look of; things soen become things to grasp; things grasped become
things to suck, ete. In the course of such coordination, inouts from the distence receptors, and
especiolly the eycs, acquire control over motor activities. Intentions emerge, meons ore dis-
tinguished from ends, interest in activities ond in objects develops, ond behavior becomes mcre

ond more varioble cnd adaptive. All this happens presumobly as centrol processes become coor=
dinated ond redifferenticted. The sensorimotor period ends when the child is obout 18 months

oid and the sensorimotor schemata and imitaticns begin to become internclized os images. During
this some sensorimotor period of 18 months, objects ocquire permonence while causality, space,

ond time become objective. (From Hunt, 12, p. 354, in his discussion of some of Pioget's concepts)

It is reasonoble o suspect that ony or all of thess developmental octivities moy be offected if exceptional emotional respontes
are connected with movement; in other words, if the child is afraid of movemant. Smith ond Smith (9, p. 284-291) hove
shown that cssociation between voluntary acts and control of passive motion con be learned in quite young-children. Inter-
cstingly, these children sho-w "4 u voriely of emotivnal reacticns, including some extreme ones, to passive motion.

- s b et Mgt s 2 kL,

Eorly 2ttempts ot \.  +'ing ond wolking cre inefficient, with mistokes resulting in occosionel punishmert from folling.
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Rewards occur as goals are achieved, and secondory reinforcements to rewards come from the recctions of porents when the
motion is successful or desiroble. During this period, associations begin to develop between intention, voluntary initic-
tion of motor acts, and feedback from the senses pertaining tc perceived space and movement relative to distant objects.

As these transport movements continue to develop, the potentiol of conditioning or imprinting, and there is a norrow
distinction here (11, p. 91-92), remains. Transport movement sometimes elicits violent reactions from porents when, for
example, a valued object is broken by the infant. In such cases, loud vocalizations from the pareat whick xve feor inducing,
violent repositioning which is fear inducing, ond physical punishment which is fear inducing, sometimes resuit from the
tronsport movement. The vagaries of early life may well condition emotion ond anxiety to voluntary motion. The initia-
tion ¢f motion in response to external stimuli or in the exploration of the external world is an early form of planning ond
communication with the external world. The images of the consequences of behavior ore under development (15, 16). The
natural feedback resulting from motion, ond the external feedback imposed by parents or by accidents tocether influence
image development, volition, and other cognitive functions. Relations between speech ond control of motion undergo &

developmental sequence in which the child responds to simple commands, then initiates movement by his own speech, ond
os skill is developed, performs in silence (cf. 15-18).

Abnomally high cardiovascular reactions ossociated with motivn may even reduce ability to leam os expioratory
behavior develops. Dicara, Weiss, and Miller (19) have reported thot conditioned heort rate offects leaming in onimals,
high rates adversely and low rates favorobly. It has been shown (19-21) that man can leam to control heort rates, and the
training to reduce heort rate oppears to reduce emotionality as well (19). In other words, it appears thet it is possible to
conditicn in some {ndividucls voluntary control of a number of physiological activities ordinarily believed to be not subject
to veluntary control (21). Kimble and Perlmuter (15) have suggested, and have givan evidence in support of the suggestion,
that the acquisition of control over involuntary processes is always accomplished with the aid of supporting resporses cl-
seady under voluntary cuntrol. Such training might well prove effective in odapting individuals to stress situotions in gen=-

. eral, ond to motion stress in porticular. Equolly rolevant is the foct that these reactions are subject to conditioning late
in life, ond therefore it is quite reosoncble to assume that they are also shaped by conditioning early in lifa. In this con-

nection Rogov (22, p. B4) hos shown that vaso-reactions are more easily conditioned in 3~ to 5-year- sld children than in
8- fo 10-year-old children.

As maturation progresses, the motching of sensory feedbock with expected feedbock iz part of a learning p-ocess
which reduces unnecessary musculor effort ond produces more efficient movement. Pioget has described tendencies for
children to practice particulor sensory-motor skills with much evidence of pleasure and then to stop when ihe skill is mas-
tered (12, p, 176~179). An early experiment of Davis is relevant to the increased efficiency of skiliful performance. In
o simple weightlifting task in which children ond odults were compared, Davis found thot the most important difference
between the adult and the child was the type of distribution of muscular activity in the two groups. In odults, muscular
activity wos more restricted to the responding arm thon in children who showed mare generolized musculor activity. Dovis

suggested thot the acquisition of voluntary control is a part of the moss action-differentiation sequence (15, p. 373-374).

With further maturation, route-finding and returning home become o necessary part of life. Although there is o con-
siderable evidence thot homing and migrafory activities of some species seem to be built in, i.e., ore instinctual (23),
there is also the distinct possibility that training along the way con exert control over this behavior in oll species, especial-
ly those in which homing behavior is not so clearly inherent. Eorly experiences ceuld offect route-finding and homing

activity, the extent 2o which it is attempted ond if ottsmpted, the rote at which it is leoned. Excessive emotional over-
lay possibly reduces both the expioration ond the learning.

The development of the route-finding cbility seems to involve the nondominant parietal lobe in mon (24). Individuals
without vastibular function are undble to retraverse different poths while blindfolded, whereos individuols with vestibular
fnction show good accuracy in this activity (24,25). Thus, in normol states the visual ond vestibulor systems work together
in the development cf comprehension of spotial coordinotes (24). Individuols with lesions of the nondominant pariete! lobe
but with intact vestibulor organs are uniable to retraverse paths normolly even with the aid of vision (24). According to
Luria, "Disturbonzes of the lower porietal lobe (corticol basis of spatiul aoalysis and synthesis) lead to o loss of spatial
orientation and the obility to count ond comprehend complex grammatical constructions. This means that these three dif-
ferent behaviors are cll based on a single factor - simultoneous spatial analysis " (26, p. 90). Thus it is pessible thot o
severe curtailment of this stoge of development by parental restrictions or other axternol ogencies ~ould influence develop-

ment of o variety of impurtont meatal functions. It is perhops quite significant that paper and pencil tests of spatiol rela=
tions have been for years one of the better predictors of the success of naval flight training (27).

C. Mature Voluntary Whole-Body Movement

At maturity, orderly sequences of sensory messages cccur as o consequence of each voluntary movement, but they aore
rot necessorily consciously perceived. Movement involves messoges from the eyes, the euditory ard nonouditory lobyrinths,
the muscles and joints, which ccecur in set contemporaneous and scquentiol potterns. These messages contribute to the coor-
dination of complex movements end cctivities. The use of this feedbock without our conscious awareness seems to be omply
‘demonstrated by the ‘surprise’ of subjects when they first norticipote in experiments which involve delayed feedback.

The eftect of deloyed auditory feedbock on speech is o well~known phenomenon, but deloyed visua! feedback with
concurrent performance also preduces severe disturbonce in regulation of mo.ements {9). One of the effects of deloyed
visual feedback is to produce o repetiticus movement comparable to the artificial stutter in speech produccd by deloyed
auditory feedbock. Emotional disturbonce ond frustrotion produced by short=interval delay are reported by Smith ond Seiidh
(9) to be even worse than the effects of most geometric displacement. "These effects ronge from minor emotional disturhonce
and frustrotion tnrough dizziness, giddiness, faintness to ncusea ond iliness ™ (9, p. 108). They report that gross onaiety
ond depression are not uncommon among subjects who try to wear inverting lenses which reverse objects for even o short
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period of time.

Thus, with moturity ond practice movements which were previously accomplished with generalized muscular exer-
tior. and direct ottention have become differentiated and only those components necessary to efficient automatic function
remain. As much os possible, responses vhich can proceed without coxciousness recede from consciousness (15, p. 373-
377). The process of correcting a faulty golf swing in a skilled golfer involves reviewing all those various aspects of the
response which have receded from consciousness fo detect a foulty component. A comparable degree of skill is possessed
by most of us in walking ond running, et cetera, and we expect our voluntary commands to movement fo accomplish some
end result without our having to consciously check feedback on each component of movement. n long continued motion
such o8 runring, periodic repetitive patterns are set up by the inner ear organs, the joints and muscles, with the eye; fore-
telling necessory alterations to maintain efficient rhythmic motion in which rauscles work synergistically. In some animals
while running over rough terrain, the heod is amozingly well stabilized. The periodicity of foot impact with the Earth is
probobly stored on o short-term bosis to aid in the rhythmic motion ond in the thythmic demands on the muscular, cardio-
vasculor, and respiratory systems. Thus o temporory neural copy of thythm may be a form of quick odoptution necessory to
efficient coordinated movement in which rhythmic demands are met with efficiency to steody the head ond to reduce fo-
figue. 1f so, the sacculor organ may provide an importont input to brain centers apparently involved in thythm cop; (7).

von Holst {in 13, p. 497) ha: introduced terms that are now becoming commonly used in discussing voluntary move-
ment ond the effects of unnatural sensory feedback occasioned by the movement. He distinguishes among exafference,
reafference, and efference. Exafference refers to all sensory messages initiated by the external envircnment, whereos
reafference refers to offerent information produced by muscular activity initioted by the individusl. Thus exafference is
independent of motor impulses, whereas reafference is o term reserved for sensory activity thot orises os o result of motor
actions. von Holst assumes that the voluntory commond {cf. Greenwald, 16} to commit an act, in oddition to sending
motor impulses thot initiote the muscular movement, also sets up somewhere in the nervous system what he colls on effer -
ence copy. Thus, the voluntary initiation of an oction sets up on efference copy (image), and the reafference resulting
from ﬂ;fz movement is compared with this efference copy. Wiith ihese concepts, it is possible to explain o number of ex-
perimental facts thot shew we have impressive obility to distinguisk motion of the environment from our own motion (cf. 13,
p. 497-504). For excmple, in voluntery movement of the eye, we do not see the environment move, cithough images trock
over the retina as though the environment hos moved. 1he voluntory éye movement is presumed to set up an efference copy,
and the reofference from the retina matches this efference copy, nuilifying it, ond signifying that the surroundings have
not moved. {f the eye muscles are narcotized ard th voluntory attempt is mode to move the eyes, a different situation
resyits; in this case, there is an efference copy but no moviig retinal iraoges, since no eye movement has occurrad. Under
these circumstances, according to the von Holst theory, the environment should appear to move in the direction of the vol-
untary effort to move the eyes. This is in fact what happens. The phenomenon called micropsic when the accommodative
mechanism is narcotized con be similorly predicted. von Holst, of course, was unticipated by James (28), Mach (29), and

others in consideration of vulition and "images” set up by voluntary acts; but his work has served well to extend and reacti-
vate some old ideae.

The point is that in the mature individual, motion is typically initiated voluntavily. The sensory feedback or reoffer-
ence is compared in some way with expected return pattems, but this is largely on the subconscious level in naturol move-

ments. Thus, mcay sequences of actions toke place without any attention to components until some breckdown occurs. In
this case, attention is directed to the action and a correction is made.

In the pursued or pursuing animol or mon, a mistake or breadown in coordination cen couse injury, loss of food, or
other severe embarrossment, and the process of recovery from o misstep may require quick emergency reactions. In modern
man highly skiliful motion is frequently required in competitive sports activities. Here failure may produce physical injury,
o sense of follure, or "success may produce sonfidence.” Individuols moy seek aviation troining to extend their 2xploj®:-
tions of "good ~oordination™ or to make up Yor failures. Thus, o breckidown in complex potter s of well~tearned voluntary
movement may be responded to with emotional and neurovegetative overtones dependent upon inrate mechenisms ot well o8
upon associations between control of movement and emotion developed over the years. In the context of these considera-

tions obout how our reactions to motion may develop, let us consider some «f the situations to which man is exposed vhen
he is required to perform on an unstoble motion base.

1. INTERRELATIONS BETWEEN REQUIRED PERFORMANCE AND REACTIONS TO UNNATURAL WHCLE-BODY MOTION

A. Unnatural Passive Mntion: Passenger Inactive

Examples of the condition under consideration in this section are passengers in any moving vehicle who are motion-
less relotive to the vehicle ond who are also not in control of the vehicle. What are some of the reactiors, and whot are
some of the factors that control these reactions? Reactions may inciude perception of movement; eye, head, body, ond limb
compensctory movements; changes in raspirction; sweating; patlor; feor; drowssiness; depression; nousea; and vomiting. Con-
tributing to such reactions ore the individual sensory detectors of motion ond their dynamic responsc to the motion condition,
the sequential ond concomitant pattem of sensory inputs fro.n various sersory channels, the previous exposure to similor mo=-

tion stimuli, the ossessment of the cursent situation, the individual's reactions to motion stress in porticular, and pérhaps the
individual’s reaction to stress in general.

The dynamic response of individual sensory detectors is clearly important here. The motion must hove chamscteristics
thot simulate the sensory detectors or typically a0 reoction will occur. For example, high-magnitude linear velocity will
not elicit a reaction if the man is encapsuloted and connot see relative motion between himself ond some other reference
system. When stimuli are odequate, then pctterning of sensory inputs ond intensity of inputs from individual channels become
criticol. If the patterns of individuol intensities have been frequently experienced without previous emotion=evoking associ~
ations, then on orienting reaction (attention or inspection) may occur initially, and after o few repetitions, most of the
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unnecessary aspects of the response may drop out, and the nececsary responses may soon become subconscious if they were
not so muﬁally. Whot is necessary are those response patterns that tend to keep the body sufficiently stoble relative to the

meving platform to avoid injury or threat of injury, i.e., to provide a feeling of security, end these compensatory reactions
are not tysically consciously perceived.

Patterns of input thot evoke emotional reactions can be quite subtle. A gentle rocking motion may be quite soothing
ond may even be soporific if o person is on a swing or ship. However, exactly the same rocking motion may elicit intense
adverse emoticnal respunses if the person is in a hotel and hos recently encountered an ecrthquoke. Thus even in possive
involurtary motion, the total reaction to the sensory input it produces depends upon the expectation of that input pattern
in the context of the perticular environment as well as upon the frequency anc’ quality of previous experience with the por-
ticular motion pattern. Input patterns and sequences are compared with expected inputs, which depend uvpon the individu-
al’s assessment of his current situation as well os upon his previous experience with similar motions.

Assessment of the current situation can also influence the perception of motion in addition to infliencing the immedi-
ote emotional consequences. For exomple, people encapsulated in a lighted room which is known to be capable of ratation
cbout an Earth-verticol axis frequently report commencement of rotation before rotation commences. These reports involve
no sign of emotion. On the other hand, such subjective experiences rarely occur in an enclosed room which is known to te
firmly fixed to the Earth, ond when they do occur under these circumstances, they they are usually accompanied by emo=

tional reactions. One important part of the treatment for Méniere's disease is to alleviote the emotional concern brought
on by the experience of motion (30).

2 A passive motion may initicte sensory inputs that call for mutuolly antagonistic motor reactions. For example,

; sinusoidal angular oscillation of sufficiently low frequency produces a semicireular canol response that can be phase od-
vonced relative to the stimulus by as much as 2 seconds, depending upon frequency of oscillation. In o recent experiment
= (31), severe problems with motion sickness were encountered during sinusoidal oscillation abaut an Earth-verticol axis when
the vertical canals were stimulated, but not when the horizontal canals were stimuloted. The phase edvance of the vertical
= canal response is cbout twice thot of the horizontal canal response in man ct the stimulus frequency used (0.04 Hz). The
point of reversal of rotation (endpoint) is confusing with this oscillatory stimulus because the subjective velocity ond sub-
jective displacement sensations seem to be out of phase. This probobly is caused by phase differences among various sen~

4 sory detectors of motion. Mach (29) proposed that such phuse differences might acecunt for some motion sickness and he
- was probobly right. When the endpoint of yawing, rolling, or pifching, as detected by this sensory system, precedes the £
actuo! endpoint by as much as 2 seconds, while other sensory input sources with d*fferent dynamic characteristics indicote £

o

turning points ot other points in time, then there are demends for preparotory bodily odjustments at different points in time

g
£ which require on odaptive change in the central nervous system. 1f external visual reference is excluded, then the cbsence ks
= of this natural source for initiating anticipotory adjustments to upcoming demands for whole-bedy responses places an addi- %
5 tional handicop on the central odoptive mechonism. Thus with whole-body motion in which man is an jnoctive passenger in 2
& a maving structure, the emotional consequences depend upon the immediate assessment of the current situation, the dis- E
s cordance of sensory inputs, previou: uxperience with the motion, ond developmental corditioning. The assessment con 8
- make the difference between olmost rio reaction ond an extreme emotional reaction to motions thot ore, in essence. benign. 'é
Other motions, however, may introduce a discordance of sensory inputs. The discordance is determined by the dynamic H
3 response of sensory systems to the motion stimulus. In the example given, different sensory phase relations to a simp'e sinus- %
< oidol stimulus ed to the discordance. Such discordance would be frequency degendent, and probobly not very great except %
at certain frequencies where phase mismatches are especially prominent. Thiz should vary somewhat between subjects be- 2
3 cause there are pronounced individual differences in parometers of vestibulor response systems (32, 33) and it olso weuld é
- vary, depending upon the canal system stimulated. It is importan to note that these mismatches in timing are clesely onal=~ S
g: ogous to deiayed visual or auditory feedback cxperiments (9, p. 291), except that in this pcrticular example the acticn x
5 was not voluntarily initicted. i
3
E For more complex passive motions, discordonce can be more than a phase mismotch in which essenticlly the same reac~ E
3 tion is required with only a mix-up in its timing; it con be a discordance in which reactions in different spotial plones are 5
s called for ot the some time. It is then cnalogous to the geometric displacement experiments {see reviews in 13, 34). The !
3 magnitude of a planar mismotch presumably would depend upon both the magnitude of the plenar angles ond the mognitude ?ﬁ
> cf the individual sensory signals indicating the planes (cf. Guedry in 10). These forms of mutuctly incompatible sensory El
- messoges are presumed to evoke immedicte limbiz system reacticns due to their novel noture. When the mismatching signals E
4 are sufficiently strong, they will evoke immediate emotioncl reactions independent of the assessment of the current situo=~ }j
3 tion because the reaction incompatibility per se represents an emergency condition without the requirement for additionnl ‘é
) conparison with stored information. §
¥ The magnitude of the immediote emational reactions, however, would depend upon the general anxiety state of the £l
individual ond also upon past associations, thtoughout his development, with motion stimuli in 3eneral end with similar un= §
e natural motion stimuli in particulor. Ability fo adjust to such stimuli may be inversely related to the deyree of the emotion= E
& al recction. It is important to note that meny of the conflictua! sensory inputs referred to here are not consciously sensed «'!:
£ os conflicts, for the vestibular sensory system is normally o silent partner in coordinated movement. Thus, perception of 3
3 the vestibular inputs in these conflictyal situations may Y2 described as "confusion® or o5 @ * funmy feefing” and not 26 © 3
¥ clear, conscious perception of maving ir two different directions ot the some time. ?
R M
] Passive motion with the man continually inac.ive is not a typical state for most possengers or crewmen in various modes 3
< of tronsportotion. If the person were completely passive, the situation would not involve those inferred processes of volun- l
tory beliovior which von Holst refers tc as the matehing of reafference and efference copy. For thiis reoson, pruionged ex~ 3
k: posure and cdaptetion to motion in this woy may transier only minimally to situations in which comparoble sensory inputs are 3
s coupled with voluntory movement. However, it is to be noted that if passive motions are sufficiently periodic or predict- H
i ably repetitive, then o certain amount of anticipation may develop ond permit anticipated sensory patterns to be compared 3

4 with sensory inflow, If the subject hos externcl visual reference, ¢ does the transported Naovajo child (12, p. 60}, then ¥
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opportunity to compare inertiol sensory data with veridical visuel reference would be a 'gmented. This could improve the
immediate reaction (by improving accurote onticipotion and reducing inefficient preparatory responses), improve the obil-
ity to adjust, and perhaps afford some frvomble transfer effects 1o other conditions of motion.

B. Unnotural Passive Motion: Possenger Active g
This section deals with rencticis of passengers actively moving obout in a vehicle that they are not ccatrolling. Ex~ %
amples *ncivde active possengers or crew members on board ships at sea, aircraft in flight, rotating space stotion simulators, ]
et ceteru.. - . 2
- a

As fodic’ ed eorlier, during voluntary movement in a natural environment, highly ordered contewporenecus and §
sequential patiacns of sensory messages occur as a consequence of voluntary movement. The orderly patterning is deter- g
mined by ;g <insitivity ond dynamics of the sensory movement detectors themselves. Sensory irformatior: about relative 51
position oo velocity of the limbs and about the position and movement of the whole body relative to the Earth is available =
consciously, ond thus normolly monitored for relicbility checks os motion-progresses. However, these checks are typically :
so automatic thot we are not consciously aware of their use until or. error in movement is actunlly perceived. Small errors E
are typically corrected without conscious awarer.ess of the correction in the process of approaching a goal. §
Thus voluntary movement on a moving platform introduc~s @ new consideration. Initiation of a voluntory motion sets %:

up an image (efference copy) of expected upcoming afferent patterns (reafference). Becouse of the moving platform, the E
reafference received from vastibuiar and proprioceptor systems as the movement progresses moy not match the efference copy E
at oll. The highly conditioned axpected sequence of events does not toke place, ot leost os indicated by some of the of- ;g
ferent data produced by the motion. These 1ovel (strange) patterns ore especially of varionce with expected feedback in 4
the cbsence of external visual reference (information on relotive movement between plotform ond Earth) which, when avoil-~ Z

A

able, can revise initic! expectations ot the outset or cs motion progresses. This, then, is on cdditional chailenige to.that
produced by passive norvoluntary motion beccuse the cbility to curry out @ voluntary action is threatened. In contrdst, o
man tilted passively on a rotating piatform would have some conflict between otolith ond conals in the obsence of vision:
with visibility of the internal capsule, he hos conflict beiween vision end the semicircuizr conals. Witk voluntory head
muvement, he has conflict between efference copy and semicirculor canal data whether vision is present or not.

“Behavior is such os to bring the expected future concition of the organism into congruence with the desired condi-
tion® (Gerard, in 11}, and this has beer challenged. Competence to sustain efficient voluntary movement within the spa-
tial environment i< an ability thot con be aritical to survivel of all higher forms of life, even including mademn men with
his many means of tiunsportation. The magnitude of the adaptation problem foced by the mon in this situation depends upon
the motion chaiocteristics of the platform, their consistency, the tosks ke is attempting o carry out, ond his developmental
conditioning.

vy

His emotional reaction to the situction would be influenced by the some foctors that control emotional reaction in
the possive situation, but it would b additienally influenced by his developmental conditioning in relation to ochievement
cf gouls, since in this cose the motion is voluntorily initiated and an end result is expecied. Thot motivation and drive
stutes are adversely influenced in mony individuals under these circumstonces has been frequently indicated cf. 35). As
veported by 3runer in his interview with personnel cf a destrayer escort squadron (1), the primary operatior.al hezard of
this condition does not come os much from vomiting os from the foct that early in the syndrome, altitude toward work be-
comes negative, drowsiness sets in, ond vigilance and individual initiative are degraded.

C. Unnclural Motion: Actively Controlled

Pilots of modem means of transportaiion such os aircraft voluntarily expose themselves to highly unnatural motions.
The sensory feedbock generated by moneuvers in aircraft and other vehicles may !.ave any of the severoi forms of discardanice
indicated in the precading sections.

There are a nuinber of differences between this situation and that in the preceding section. Finst, the pilot is exposed
fo certoin umounts of passive motion by virtue of turbulence, but he does have the option of responding to this passive motion
ead initiating voluntory compensatory actions which change the stimulus itself. In initicting o moneuver voluntarily, he
onticipates feedback and he eventuoily establish=s an ccceptance zone; i.e., o ronge of acceptable deviations from the
exact expected cesilt. He is provided o set of additionol sensors, flight instruments, with which 1o check his orientation
and state of motion. The highly experienced pilet mey not have on immediate awareness of his anticipotion of the results
of his control octicas untif unexpected sensory feedbock occurs, but then he is k2enly oware of any discrepancy between
his expectotions, his immediate percepticn, ond his flight instruments. With sufficient experierce he adopts to the discord
“mong vorious sensory-motion detectors, and he icorns *hat certoin mismatches between his immediate perceptions and his
instruments ore desireble, but when this new stote of normality hos developed, lie cannot afford an odditional leve! of
cdoptation. Perhops the most important differences between the pilot and the erew is that the comgetence of the former's
decisions and control octions are crucial *o his survivol, and he knows this. Thus, the difference between the pilot ond
the crew is in some respects comparoble to the difference between Brody's executive ond nonexecutive performers (35).

The odaption problem for the pilot's job shouid not be regorded os necesscrily more demanding than that of the crew, but

it is different and may require personality ditferences. The crew hos the odvantege that the decisions cn immediote control
of the aircraft are not required, but they can aniy indirectly onticipote motions or initiote protective reactions. The pilot
has the udvantage thot he can onticipate motion and take actions thet slter the state of motion. He hos the disedvantoge of
o sense of responsibility for his cetions and coi build up on oaxicty connected with his competence to meet the demond.

It is reasonobie to believe that the limbic sysiem, which integrates dispoiate funciions iato an orderly whole (37,
p- 135), which is involved in ioying down neurcl traces of the contingency of relotionship between one stimulus and anothes,

¥

. g
}E
i

5
%
&
2
3

5

CE
4
kS
]
&

S
=
-
5
,,E
ey
Z
2
E
z
5
£
=
%
3
H
i
bl
3
£
H
i
It
i
s
3
X
¢
:
b
3
3
£
7




T . g TR T e T e VIR NT IS = =2, v srseinde  dSaEiTRArrt
g SEASRALPRS T 2T T SRR ST R s PR S e e e A R R S P B AT PR e R R T T Ty R ET 7t « Tose i, RENE R

et e,

Al3-7

which is involved in ascertaining novel stimuli ond which is involved in the producrion of fear, nausea, sweating, respiro-
tory changes, ond fainting when the stimuli are threatening, is braught into action by these unnatural patterns of sensory
input coupled with the fask of controlling the aircraft. If we presume that, in some individuals, this situation can through
the developmental conditioning elicit obnomal arcusal states thot disrupt the noimal function of the hippocampus and amyg=
dalo, then Soth immediate and long-range ability to adapt to the flight task may be severely limited, much as hippocampal
stimulotion can induce severe fixation of attention (37, p. 121-122), and lesinns in these creas limit recent and immediote
memory and the learning of sequentio! tasks (37).

s
3

5

R

IV. SOME EXPERIMENTS ON HABITUATION OR ADAPTATION TO UNNATURAL STATES OF MOTION

Hobituation to various states of mation is o complex process. First, the total reoction to unnatural motion involves
many subsystems, and second, there are many states of unnatural motion; e.g., unnotural immobility produces measurcble
chaonge, as does unnotural mobility.

If an individual is fixed relotive to ihe Ecrth and the entire visuol surrounds move, o variety of reactions can be elic-
ited, including perceived vhole-body movement, ncusea, and even vomiting (38). This oppears to be o cose involving dis-
cordanze between the inertic! sunises indicoting nc motion relative to th= Earth ond the visual input indicating motion. it
is relevant to flight-simulation devices in which the pilot's control moves the visual surrounds while te pilot remains sta-
tionary. With such devices, it hos been found on severai occusions thot experieaced pilots encounter much more disturbance
than dJo beginnars (10, p. 49-50). Introduction of some inertial feedback in fhe situation reduces the disturbonce. This
suggests that pilots develop strong ossociative bonds between control actions and antizipated visuol, vestibular, ond pro-
prioceptive feedback. In other words, they develop new matches between a patiern of reafference ond efference copy.

The visuul flight simulator provides the visual reafference without the vestibulor and propriaceptive counterparts.

On moving plotforms there are o variety of effects, some of which have been reviewed in the previous section. Usu-
ally the visual surrounds move more or less with a person who is in the interior of the vehicle. However, if he moves voi-
untarily, then there con be relative mction between the man ond the visuol surrounds, both of which are moving reiative to
the Earth. This iotter movement is detected only by the inerticl senses when the person it encapsulated, but when external
visual reference is availoble, for example on the deck of a ship, then the visual, vestibulor, and proprioceptive senses van
detect the movement of the whole body relative o the Eorth, but only the visual systen detects movement cf the body rel-
ative to both the ship ond the Eorth.

Gttt T 0 8 B AT P 1 AL TR YA R £t

Each of these several situations induces both physiological and subjective chonges. It appears that something like
teafference ond efference copy ond interplay between the visual, vestibular, and proprioceptive systems under voricus
eonditions of internal ond external reference ore important foctors in controlling the kinds of adjustments which occur in
vorious modes of modern tronsportation. In considering hobituction or odaptation, it is not o simple mattar to define what
is meont by satisfoctory hobituotion or adjusiment. Understanding the relevance of all of the changes thot cccur during ex~
posure to various stctes of motion fo the functional integrity of the whole system is o prerequisite to defining this phrase, and
of course, it is this understanding which is one of our major goals. However, let us define satisfactory hebituation or od-
justment us a change in the state of the orgonism thot contibutes to improved efficiency in dealing with the state or states
«f motion under consideration. This would include the reduction of misleoding sensations and perceptions; the reduction
of inefficient eardiovascular, thammul regulatory, and respiratory responses; the reduction of inefficient sensory-motor re-
sponses; the reduction of nausea and vomiting; the reduction of depression and discomfort; and, in general, on improvement
in efficiency of motor control and psychomotor cdordination and in o sense of well-being. We must recogni-e ot the out-
set that a change which may be bereficial for one tusk performed in one state of moticn moy be inefficient ond maladaptive
for ancther task or for the same t:k in onother stcte of motior. For example, reduction of o perticuior sensation or sensory=
motor reflex as a result of repetitive stimulation it usually referred to as hcbituation or odoptation. This reduction may be
beneficial if the sensation or reflex is misleading or irrelevant, but malodaptive if the peron's task and well-being depend
ypon response to the senscry signol. There is evidence, however, thot hobituation may consist of several stcges or levels,
some of which actually may c2ive to reduce the frequency of majodoptive forms of habituation.

With this rather lengthy but porticl list of considerations relevant to habit sation, it moy seem incongrvous to restrict
our consideration to the few experiments thot ore reviewzd below. However, this is not an cttempt to even partiolly review
relevon? experiments; it is, rother, o selection of o few experimenta! results that illustrate the fect that chonges in the
sensory, perceptual, ond emotioral reactions to unnaturai states of motion do occur and that some of the factors controlling
these changes cre subtle, but nevestheless potentially within the realm of understanding.
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The sersory informaticn naturolly provided by the vestibular system is aigular velocity about any body (heod) axis,
engular-position (attitude) informotion relative to gravity, and piobobly linear-velocity information. The semicircular
canals provide angulor-velocity input during angulor aeceleration, and the otoliths provide attitude information during
ckange in position (and olso during maintained pasition). Vestibulor linear-velocity information comes from o changing
utricular input combined with o "o ongulor velocits" signal from the cauals. it is this combination thot is probobiy the
sine quo non of the vestibular linear-velocity percept {39, p. 91). Although the first two functions are frequently sepa-
rated for iicademic instruction, they almost never funclion separotely in notural movement. Thus the angular velocity from
the conals is normally coordinated with change in positicn information from the otoliths. Together they signal angular
velocity cbeut ¢ head-axis which is tocated appreximately relative to gravity by the otoliths. In notural situations, this
information is typiccily supplementory to and interacting with visuol informoticn, tactual informotion, and muscie-joint
information to maintain sequentiol sets of oppropriate reflex actions during coordinated movement. In considering vestibu
lar odoptive reactions, it is necessory to consider the notural functionol interoction of these systems.

Bt st AN L M e 0

A. Adoptation to Tilt
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In connection with adaptation to tilr, it is necessory to teke into account that we have been constontly exposed
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phyiogenetically and ontogenetically fo a 1 g-unit field and have spent much time in various orientations relative to this

force field. Many of our activities do not demand perfect alignment with gravity ond are carried out with the heod or body

deviatad from grovitctional alignment by some acceptable range of deviations. In running, sve leamn to line up opproxi=

mately with the resultant of cravity ond centripetai acceleration when we make fast turns or we full down. It is true thot -
some positions of static tilt lead to greater mean errors than others in adjusting o lighted line fo vertical in darkness (40),

but in r < ;¢ natural situations the error remaining from one sensory channel is corrected to within acceptable limits for

equilibrium by supgplementory information from several other senses. Thus, we are already cdopted to many conditions of

tilt, and in considering experiments on this fopic, it is necessary to evoluate how some of the experimenta! situations which
have been studied differ from our nornal adopted state.

In many sxperiments the primary difference from fi.s natural condition is thet the tilt hos been accomplished passively
and slowly and the static position has been corefully maintained. In one such experiment, subjects in seated positions
remained as motionless as possible in 12-deg luteral or backward tit positions but were told thot they were Leing smoothly
returned to upright an * “» report when upright position was achieved. Previous to this, they had been shawn that the de-
vice could m.ve »ery smoothly. Within 1 to 5 minutes, subjects reported upright position (Guedry, 1949, unpublished).
Upor. actuz  abia to upright, they felt as if they were tilted in opposite direction and required about the same length of
time to reps “ .pright ogein. This lotter effect hos been demonstruted in severa! experimenis in which misleading instruc=
ticor hod not L 2en intioduced f4}). The results demonstrote thot undee static well-supported seated positioning without
extemal visuol reference, our position senses are foirly plastic. Thewue odoptotion 2ffects, which are quite likely proprio~
ceptive o: well as vestibular, are short term, and there is no recson to suspect o retentior of such effects from one doy to

£ the next.

- In several water-immersion experiment: (42-44), requiring repositioning of the body relative to gravity or pointing
i in the direction of vertical, judrments of verticality were found to be quite variobie, and this vaoriobility, irrespective of
' the cecuracy of meon judgments, suggests that the otolith system by itself does -0t provide highly precise or strong signals
Y of veniicality. Ir dert, these experiments which have sought {5 remove all save the otolith signals have in some cases

tmin..luced complicating semicireulor conol signcls and in others, very slow positioning has reduced “change-in~position”
info; " on which the otoliths . 1d conals would normolly contribute.* To some extent, then, the lorgs varicbility of judg=~
ment, +hi~* would signify ooor verticality discrimination may result from the complicoting conal signals, the obsence of
rtoitr . e+ -in=positiun “ignals, and the lack of synergistic inputs from the other senses, rother than the poucity ¢f oto-
fit %y =t Nevertheless, in thase particular judgment situctions the otoliths do not apporently provide a very compel-

YV

=8

lir « 2w .Ll.on of verticality, and it is clecr that Hight con introduce even more confusing conditions §ar judgments of &

Ve Ty Y. E’?

e in another cluss of experiments, . isual fields hove been tilted independently of the subject. Studies in which the i - :-"f
= subject is either stotically positioned or is moved possively ond slowly hove shown that t e main lines of the visual field k!
influence the judgment of verticality (46). Pronounced ditferences in how much the visual frome dominates these judy~ &
ments hcve been related to peronality types (47). With highly specific instructiors to subjecrs, trese individual differences j§
are #minished (48), but once ogain o plasticity of man in the judginsnt of verticality under essentiolly static conditions 4
- hos veen demonstrated.  Witkin (49) found that training in situation: with conflicting visuol and proprioceptive cue situo- %
2 - tions induced some improvement in the "occuracy" of judgmnents, espacially when the subiects were instructed conceming %
E the availobie ~rientation cues. ;
5 %
- In o reioted series of investigations, body "tilting" has been accomplished by keeping rhe subject upright relative to -2
3 grovity, but by use of the centrifuge, o resultont inertial vector has been tilted relative to the body (29,50). Under these £
. circumstances, the perception of the "gravitoinertial” vertical of a Jine of light lags crinsiderobly behind the chonge in the §
s resultont vector (50,51). In this situation, the semicizculor canals indicate rotetion in a plone which iz opproximately g
E orthogonol to the plane of the change in the resultant force. The slow chonge in the perception moy signify o graduc! 5
odoptive thift from one frome of referenice to anothzr under some conditions (51), but under other conditions, the slow shift "'
: seems to cepend upon dissipation of discordont cnaal information (52). ;

Experiments in which subiects have been maintained under unusuai conditions of dynamic motion hove not been tygi=- f
cally regarded os "steiith hobituotion" studizs, primerily becouse so mony otner sensory=notor interactions were also in- 2
3 volved. However, whon on sndividuai is i flight, his readiness to shift to tilted visval frames such os o folse horizon or 3
3 to perceived "upright in the cobin” as grvitatio val upright may be even greater thon the tendencias noted in come of these ES
° relatively static experimental conditions. In fligh* corditions the direction of the resuitant force is frequestly not in clign- g
- ment with grovity, ond hence it is freguently not perpendicular to the visible horizon. Moarecver, the direction of rotation g
, of the resuifont vector may or may no” be signaled by the semicirculor caoncls, depending upon the particular flight maneuver. =

2 Under these conditions of highly unratural combinations of inputs from the orientaticn and motion sensors, the dynamics of E
é the perceptucl judgments cre not predictable from knowledge of individuol sersory systems. Habituation to these conditions 3
g clearly involves more thon odaptation to unusval otolimic stimulation. Hobituution to complex patial sensory inputs will %
£ be taken up in a lcter section. g
= ‘L

8. Hobitustion of Semicircuior Canal Responses 4
k- Discussion of vestibular hobituotion is frequently restricted to changes in vestibulor nystagmus during repeated semi- 3
o eireulor conal stimulation. During the course of simple, repected rotation about an Earth-vertical oxis in dorkness, nysto3=- ¥
E mus declines when subjects are not kept mentolly active (39, o. 10). Thus, os with other sensory stimuli, monotonous tepe- - ‘E

A tition of stimuli (which demand no attention for proctical reasons) yieids o decline in vestibuiar nystogmus. This is the £

= e -

.
[
%

*Locotien cf hody position reiative to grovity by the ofoliths moy be porticlly onalogous to position senss of Iimbs which

deécys immeciotelv following movement (45). ifso, some odaptation to tilt may be dye to forgetting “chonge-in-pasition”
information.
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vestibular counterport of habituation of the “orienting reaction" (cf. 22,53) which has been demonstrated for auditory,
visual, and other sensory stimuli. It is a mechunism that provides the ability to attend to one thing without being dis-
tracted by all of the incensequential stimuiil that are constantly present in almost any natural envircament. It hos been
repeatedly shown for many sense modalities thot subtle chonges in the stimulus will re-elicit the orienting reaction. The
some seems to be true for nystagmus. What happens then is that there is some kind of monitoring going on, though it may
be subconscious (54, p. 307f), which passes a range cr band of various stimuli without diverting the individual from on=~
going activity. When, however, o novel or dunger-associoted stimulus pottem is outside this occeptonce bard, there is
an orienting reaction, or inspecting response. This process may Involve selective suppression of vestibulor afferent inflow

to various centers, but ir also involves on outomatic ossessment ond classification of the signal in relotion to the current
situation.

There is an aspect of vestibular nystagmus ond its relotion to arousal which has been omitted from our consideration
thus for. There have been a number of studies which indicote that sensory signals (e.g., euditory or visuol) remain strong
while on animal is ottending to thot specific signai source {cf. 22,53), bui when another distrocting shmulus or mental
activity is required, the signals are reduced. More o the point of the pretent discussion, Hemondez Peon and Donoso
(in 55, p. 126-127) recorded fro: deep (subcoriical) electrodes photic-evoked potentials from vie: -1} rodiations in human
subjects ond noted thet the evoked potentials were markedly smaller during difficult arithmetic calculations. As soon as
solutions were reached, the cvoked poieniials recovered. It is curious then that vestibulor nystogmus which is diminished
after only a few stimulus repetitions (wherein the subjest is no longer "aroused” by the vestibular stimulus) con be mode to
return in full intensity by ossigning mentcl arithmetic problem: {56). Arithmetic computations that divert the subject’s
attention from the vestitulor sensations is ot leost as effective os is nttending to and reporting vestibular sensations. This
apparent parodox may wall be due to the fact that in naturol movement, the vestibular system must set off oppropriate
reflex actions to motion when the mon or animal is engrossed with another tusk. The vestibular systen typicolly functions
as a silent partner in contributing to coordinated movements when the person's attention is on something else. Benson
(personal communication) has recently shown that men oscillafed angularly ot frequencies up to 8 or 10 Hz skl retain good

visual performance for objects fixed relative to the Earth, whereas when the man is stationary ond the object is oscillated,
the visusl performance drops off at oscillotion frequencies between 0.5 ond 1.0 Hz. In the former cose when the man was
osciilated, the vestibular system contributed to the performance but the mon's ottention wos on the visual nput, not the
vestibular sensations. This is o typizal example of vestibular function; vestibular coordination tckes place without att2n-
tion to the vestibulor sensation becouse attention to an external vestibuler eliciting ogent is not ncturolly required. Ves-
tibular signals are usually initicted when the person volunterily moves the hecd or whole body. The voluntory initiation of
the movement ond the concomitant feedback from mony other sensez, which ore more clearly under conscious voluntary
control than is the vestibular sense, disguises the fact thot we even have vestibulor sensory data. Thus a person con volun~
tarily close or open his eyes, tumn to see, close his ears, turn to better heor, touch himself or turn to touch something else,
move to avoid being touched or hit, position o limb relotive to the body or relotive to gravity, or sequentially move {imbs
to wolk, and oll cf these visual, ouditory, cutaneous, and proprioceptive sensory data are subject to o degree of conscious
voluntary control which is necessory for the person’s commerce with the envirorment. But most of these same acts invoive
stimulotion of the vestibular system, which provides sensory dota without conszious awarsness and which prebobly functions
best when its contribution is not @ motter of conscious awareness. When o person is highly active mentally or is ottending

to other sensory inputs, as for example in the act of pursuing gome, vesiibuior reflex input to coordinated “autometic" move-
meni must be ot its peak, ond ottention to vestibular sensations must be minimal. In this context, it is not surprising thot
mental arithmetic enhances vestibulor nystogmus even though it distrocts the person from ottending to vestibuler sensations.

From these considerations, several points emerge: 1) Vastibulor sensations in a notural environment are fess subject
to comscious awareness and purposeful conscious control thon are those of the other senses relevant to orientation and mation.
2) Mental arousal heightens vestibular reflex action even when ottention to vestibular sensations is irrelevant to the task ot
hend. 3) Recuction of vestibular nystegmus through “ottention hobituation” of this type is not an i~dication that o person
vil! have suppressed nystagmus reactions to semicirculor canal stimulation in the flight environment. 4) Much of the ves-
tibular stimulation in flight is unnotural, and it sets off reactions thot are functionally useiess. Becouse these stimuli are
novel, they at first evoke arousal that potentictes vestibulor reflex actions. With more experience in flight, the acceptonce
bond is widened and fewer vestibular signals elicit the<e nonfunctionai reactions. 5) However, heightened mental orausal
for any reoson, including perceived threat, will potentiate the elicitation of vastihular réflex actions wher: these reactions

have been reduced only by ottention hobituation. increased unnecessary vestibulor 2actions or the tension creoted by their
potentiction and suppression con interfere with fine motor control (3,4,31)

There is onather form of response chong that ercurs during o prolonged semicireiiar canol stimulus. During constant
angular accelerotion, nystagmus peaks ond declines and sensction peaks and declines even more quic.kly (39,57). Foilowing
such a shimulus, ther= is a mversed or secondary reaction. These response cheracteristics are ot varianca with theoretical
estimatrs of cupulor re ponses ond have been regovded os evidence of odoptution. Several models have been propused to
occoun” for the effects (in i0, p. 363-380). These kinds of adaptation signs seem to occur during high arousal levels (57);
ond they clso occur when arousal is not maintoined throughout the response (39, p. 83). The latter point is importont be-
couse it indicates thet the uecutrence of the nystoomus respensa itself is not o necessary condition for these signs of odapto-
tion, ond tha former point is important becouse the response decline oppeors to be not just another sign of attention hobituo=~
tion. This form of azoptation seems to be more prominent in iower onimols than in mon, but it is cleorly pmenf in man (58).
Recently Goldberg end Fernandez (59) found that some first-order ampullar neurons in monkeys shawed chonges in response
during ond after prolonged stimulaticn, like those ercountered in humon nystogmus and semsation, whereos other neurans did
not exhibit “odoptction effects.™ The normol semicircular canal response is bilotera! ond yields o differential input to the
certrol nervous system. Goldberg ond Fernandez fousd o return toword sponteneous firing levels in units whose initial
response wos decreazed by the timulus, cs well os in units responding by incriased firing rates. V/hether or not such neursl
responses reflect a selectiva efferent suppression on some reurons or some kind of select’ve peripheral odaptation process,

there is on anclogous suppression of the nystegmus response, and on even greoter suppression of the subjective sensations
during prolonged constan® stimulotion.
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Groen (60) hos proposed thot this kind of adaptction process is deficient in some men, and these individuals will con-
stitute a chronically "motion sick” group. There is some evidence which supports this contention and if it is correct, then
it should be possible to develop some relioble simple tests to select cut such individuals. There is, however, some conflict-
ing evidence (41), and it appears reasonubly certain that simple sensory tests used alone will not be sufficient to detect all
categories of individuals who will not readily odjust to unnaturol motion environments.

Groen (60) also hos proposed that during periodic stimulation, o neural copy of the sensory pattern develops so that
balance is maintoined more or less automatically, and he odduced convincing evidence in support of this idea. There is
little questicn that something like this happens, but it is not at all estoblished that the odaptation effects referred to in the
previous section are necessarily o sign of this process or of individual differences in this capocity. However, if they are,
then some very simple short quontitative tests will have far~recching significance, and this is o matter of current resecrch
in Pensacola.

The most impressive evidence for Groen's "puttern copy® hypothesis comes from after-effects of prolonged exposure to
periodic or other unnatural stimulation in which the subjects have initioted voluntary movanents in o lighted structured
visual field. Thus the coordination of visuai, vestibular, and proprioceptive inputs during ¢ voluntarilv fnitiated task ore
part of the exposure history in active fishter pilots who showed suppressed cupulogroms (62), sea voyayers who experienced
a rotling countryside upon debarkation (60), and in mon recovering from exposuré on the Pansacola rotating room (63).

It is not intended to imply by thaie comments that some degree of pattern copy cannot develop in the cbsence of en-
forced visual, proprioceptive, and vestibular interaction. Indeed, Groen (personal communication) has found some experi-
mental evidence suggestive of pattern copy after simple sinusoidal oscillation in the dork. Also, Kennedy (64) has shown
impressive changes in phase relations during prolonged sinusoidal oscillation, 2specially when arousal was not maintained.
However, it is of practical importance to find those conditions which maxirize the development of pottern copy, control
the way that vestibular ond associoted responses are altered, and influerce the retention of altered responses.

A number of studies have indicoted that sequisition of contzol over involuntary respunses (15) is oided by pairing them
viith supporting responses alreddy under voluntory control. Rezent studies demonstrating that heart rate and other involun=
tary actions may be brought under o degree of voluntary control have heightened interest in this topic (19-21).

Vestibulor nystagmus ond vestibular sensetions ure not typically under voluntory control when these reactions are pro=
duced by passive rotation in a dark room. However, when the person hos a visual tosk that requires voluntary visual sup~
pression of nystagmus, thén the repeated pairi-g of such a wisual task with the vestibular stimulus eventually results in o
habituation of vestibulor nystagmus to that ~rim»'s even in the dark. This is illustroted in Figure 1.

cu ROTA. : : .
HABITUATION ‘L"“.“"‘.;_‘“.’i CONTERCLOCKWIST ROTATION Figure 1. Nystagmus Per Cent Decline
CONDITIONS IR S wm NS Ay n Groups of Ten Men Tested in Dark-
TasK ness with and without Computational
0%

A~ousal before ond after Haobituation

PERCENT DECLINE ~V @nvsTamas siow pase ment  Series of 80 one~miaute Rotation Trials.
WITH 40 +V Owvsreomus sow pase Lerr  During the hobituation, pastrotation
COMPUTATION 1 nystagmus was visvally suppressed in

:i Groups | and 1 by presenting prob~

% lems requiring visual contro! of eye
movements. Suppressed waos nystogmus
right (-{) in Group 1, nystogmus left

(&) in Group l1l. Groups I, IV, ond

V were hobituated in darkness, but
PERCENT DECUNE | *° ; ) Group V solved auditcrily presented
WITHOUT 1 problems after each tricl.
COMPUTATION 20
. 2

GROUP § GROUPTI GROUP LI GROUP v GROUP vV

Figure 1 also shows that rontrol groups "holdtuoted" in dorkness showed cbout the some nystagmus reduction as the visuol
suppression groups when both groups were tested without requirement for arithmetic computations in darkness. However,
when the groups were again tested in darkness while doing mental crithmetic, then only the groups habituated with visual
suppression of nystagmus showed o significant nystogmus hobituotion in darkness, and this wos present only for the direction
of nystegmus that hod been visually suppressed. This directionally specific nystogmus hobituation imposed by the repeated
pairing of visual ond vesiibular stimuli in o particulor woy indicotes that some sensory-motor retraining hos taken ploce which
carries over to the dark condition. This kind of nystogmus clionge seems to be different from nystagmus changes brought cbout
by "arousal hobituation” ond from adaptation effects during prolonged single responses.

One of the most intercitinyg experiments on this topic has been carried out by Gonshor et ol . (45) who showed that
prolonged sinuscidal oscillation did not produce nystogmus hobituation to sinusoidal oscillation os long os mental orousal by
arithmetic computations wos required. However, when subjects wore right-left reversing prisms throughout the day and were
tested from time to time by 2-minute periods of passive sinusoidal oscillation in dorkness during mental computation, nysteg=
mus wos reduced, and there were marked changes in phose reletions (almost 180 deg) between nystogmus reversal ond chair
reversal; i.e., the oculor response to vestibuler signals wos phose shifted te occomplish o functional coordination &f the visuc!
ond vestibular inputs. Thus the normol coordinotion between visual, vestibular, and preprioceptive inputs wos rearronged by
active voluntory movement while the subjects wore right-i2R reversing lenses; evidence of this odaptative rearrangement wag
obtained from "involuntory" vestibulor nystogrws recorded during passive angular oscillotion in dorkness with the subjects
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doing arithmetic computctions.

Arousal ond fozus of attention zould ¢ . « hobituation process in several ways. First, arousal con reinstate

nystagmus that hos been reduced by afterti-- ‘¢ ...t'an. It may alio increase the omount of adaptive suppression if we
assume that the supprassion is proportional 16 .:." « iange in neural activity during the responie (53, p. 70-91). In this 5
connection, the difference between the dork auditcry orousal group (Group V) ond the dork ~.occupied groups (Groups 1l

and IV} in Figure 1 may be relevant. Focus of attention (56) or gating (cf. 13, p. 634f) may influence which aspect of the
vestibular response is offected by pairing with o suppressing visual stimulus. For exomple, the visuo! task required of Groups
1 and 111 in Figure 1 required solution of visually presented mechonical-comprehension problems. There wae little ditference
in sensation habituation (not shown in Figure 1) in ther whjects and those groups hobituated in darkness even though there
were differences in nystogmus supptession. This is in controst to on eorly experiment in whick subjects were urged to report
cessation of sensation as soon as it occurred, and significont differences were found between groups hobituated with visual
suppiession and those hobituoted in dorkness (67). Sokolov {66} and Fribrom {36} boih emphasize the importonce of corticai
levels of awareness to model building and habituation.

SR

C. Hebituation to Complex Stimulus Environments

st Vol ealin e

The experiment of Gonshor et al . (65) in which subjects wore right-left reversing prisms involved o more complex

¥
form of haobituation thon simple chonges in response to rofation about an Earth-vertical axis. The active movement with . g
visual feedback required central-nervous-system adjustment to new relctions between visual, vestibular, and proprioceptive -
inputs in vorious planes of motion. This is one of a whole class of experiments involving what hos been referred to as "geo- 4
metric Jisplocement” (9) or "sensory rearrangement® (cf. 13, 34). Typicolly, subjects have wom optical Jevices such as 3
prisms, or mirrors, which disploce, tilt, invert, or reverse the visvol field. Quontitotive performance measures have vsu= =

olly involved some kind of eye~hond coordination test or walking test during and after the period of sensory recrrangement.
These studies have usually shown a considercble improvement in performance during the exposure period, impressive after~
effects when the distaste.’ input was removed, pronounced individual differences in the initial effects ond in rote of per-
ceptual, performance, oni emotional adjustment to distorted input. In general, Held's work hos demonstroted that sensory~-
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ti motor odjustments-ore more readily learned when the subjeets mode active (voluntary) movements during the sensory rear~
5 rangement (13, p. 607, and Zhapt. 4 in 34), olthough this ir subject to some debote (cf. Chapts. 2 ond 14 in 34). The ) E
s work of Taub and Bermon (Chapt. 11 in 34), however,-itrongly suggusts thot volition contributes to the leoming process, -3
e - as indicated by the demonsfration of learning ofter deofferentation of limbs. Something like reafference seens tc influence ji
immediate perception ond also leaming. Z
¥ t‘ » ;?*
It is perhops significant thot there is consideroble evidence for phylogenetic differences in the recrrongerient experi- - §
4 ments. Toub (Chapt. 6 in 34) indicates thot below ... ."the closs mammalia, there is no incicotion of obility fo compen~ K
3 sote behaviorally either for visual inversion or for reversal of direction of oction exerted by {imb ontugonists. The higher ‘§
= mommals, on tha other hond, are oble to compensate for both types of rearrangement . " ’%
e It is quite important to note that the kinds of rearrangements purposely produced in these expe/iments with visual up- . §
9 paratus of various types are quite similar to the kinds of rearrangements thot ore introduced by somw forms of flight simulators. %
k= The adjustment probably involves a recalibrotion of several bady systems, including severs! motor systems, severol semsary i
systems, and complex semory -motor reactions during intentional os well as passive movements. %
- i
2
E A recent series of investigations, originoted by Graybiel (69), has been regorded as primarily of interest in vestibulor ;§
3 research, but this experimental situation is really o subtle ond important form of reorrongement expesiment (39,43). When x
Ex a person is free to move around in on enclosed. lighted, slowly rotating room, more thon o simple reorrongement of vitwe! %
b ond vestibular inputs is involved. Walking olong a streight line on the floor of the room is really wealking along o curved E
g path reintive to the Lorth. This curvature is sensed by the limb proprioceptor system while the visual system "reposts”™ line- E
. or motion. When the persen stonds still ot the periphery of the room, the room on the other side looks “uphill™ becouse the E
2 resultont force (resolution of gravity ond the force from the centripetal accelerction) is tilted relctive to grovity. Since E:
z the angle of the resultant force relative to grovity diminishes toward center, the perceived tilt varies with the parson's 3
b rosition in the room. The most immediately disturbing effect is produced by head tilts obout cny axis thot is approximately H
e at right angles to the oxis of room rotation. During the heod motion the axis of the resultont conol stimulus differs consider- 5
> obly from the oxis of intended heod motion ond from the axis of change in position signalcd by the otoliths ond neck. Upon L8
¥ - completion of the heod motion, there is o rasiduol conal signal (reafference), indicating motion of right ongles to the in- i
. tended plane (efference copy) of motion, and this is also ot voricnce with concurrent otolith and proprioceptive information b
L that indicates the position change hos stopped. Thus, in oddition to the required visual~vestibulor-proprinceptive rearrange~ o &
3 .ment, there is an introlobyrinthine rearrongement since the two lobyrinthine subsystams which normally function synergisti- “
4 cally now provide information thot would require completely different sets of compensatory movements. - £
: Individuals deprived of lobyrinthine function experience cll of the sther visual proprioceptive rearrongement pioblems §
= of living in the rototing room and show perratational and postrototional changes in notor coardination without being troubled -4
f by nausec or motion sickness (70). From this and other relsfed considerations, Money (35) has concluded 1ot a functional ;
>, lobyrinth is necessory for the eccurrence of motion sickness, ond Resson (71) has concluded thot a spatial sensory recrrange= H
ment in which the vestibular system is always one party in the conflict is necessary for motion sickness. At ony rate, os w“th
3 the reorrongement experiments in which vision was distorted, the results of the rototing room expesiments showed th:at people ;
4 could "adjust” to this kind of environment even during fairly high rotes of rotation. There were, os with the other recrronge~
L ment experimenss, consideroble individual differences in initial reactions ond in rates of odjustment irrespective of whether

they were measured by reflex octivity, such os nystogmus, emotional reactions (neurovegeictive signs), performance roeosures,
or subjective reports of motion sensations.

i

Nystagmus ond the sensations of motion cre voluoble signs of the kind of neurophysiological recoding which can toke
place during exposure to this kind of situstion, os shown in Figure 2.
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Fizyre 2. Canal Stimulus (S) and Response (R) during Heod Tilts before and
ufter Habituatian in Narmal and Rotation Environments.
In o natural environment, head rotation cbout the x~axis from o left loteral
position to a right lateral position produces a counterrolling ey2 movement
obout the x-oxis and o sensation of x=-axis heod tilt (A). As the heud move-
ment steps, the sensation stops and the eye veiocity stops. In the enclosed
v B rotating environment, however, the same head movement cbout the x-oxis
SaR L_s_ i produces eye movement and rotary sensation cbout a changing oxis intermedi-
8 &I ¢ ote between the x-, y=-, and z-axes and an after-response of almost pure
1 y=-axis nystagmus which in dorkness requires 10 or 15 seconds fo dissipcte (B).
During hebituation, with active movement arid vitual suppressior. these dis~
@ cordant canal responses diminish (C). Shortly thereafter, testing 1.~ dark~

ROTATING

2 . } ness with head movements in the notural nonrotating environment reveacls
g Y eye movements ond sensations cpposite in direction to those which hod oc-
5 ﬂtiﬂ'\ 1~ curred in the rotation condition; *his represents a new sensory~-motor relation=~
X / y .. Tl 3 hio i hich ieul . R | N rod

H ship in which o garticulor sensory input in o notural environment produces a
=3 B R . . . .
2 A 0 sensation and nystagmus in 1 plane which differs by almest 90 deg (D) from

the plane of the origina! response in the naturo! environment.
QEFORE HABITUAMICN  ASTER HABITUATION

At this time, u hecd movement while the subject is stonding unsupperted and with eyes clated couses him to fell in o direction

compersatory to the recoded messore. A recoding or reorgonization of sensory-motor and sensory-perceptual relations hos
occurred (cf. 63).

These rotating room studies hove served to emphasize that change in vestibulor nystagmus, though on objectively meas~
uroble reflex, is only one sign of habituation and that it is not always correlated with similar changes in other uspects of the
over~oll recction to spatiol sensory recrsongement. Nystogmus may deciine while nouseo increases, and ofter vomiting, the
opposite sonietimes occurs. A consparison of several experiments illustrates the subtle factors involved in these various chonges.
Reason and Diaz (71) cerried out o study in whish three groups of subjects made head movements in a rototing structure. One
group was enclosed in the structure ond had only internal visual reference (IVR); a second group had full view of the externcl
Eorth-fixed room and had extema! visual reference (EVR); and a third group wos blindfolded. All three groups were required
to give frequent rating: of motion sensations and of feelings of well-being. Under these circumstances, the iVR condition
clearly provoked o greater decline of well-being and mere severe symptoms of motion sickness then either of the other condi-
tions. In regard to motion sickness, these results of Reason and Diaz appear to reverse earlier findings by Guedry (72), in
which o group hobituated to head movements under IVR conditions exhibited less sickness (and more nystagmus habituation)
thon a group hobituated in dorkness. However, in Guedry's study the IVR group was mentally occupied with visually-
presented problems, whereas the datk group was mentally unoccupied. Several experiments, including recent work with the
Briof Vestibular Disorientation Test, hove demonstrated that signs like palior, sweoting, nousea and sickness are reduced by
assigned menta! tasks during exposuse to provocative stimuli in derkness (73,74).

Thus, eontrolled mental activity can amelicratc motion=sickness symptoms, whereos visual-vestibular interplay con fo-
cilitate nystagmus hobituation (72) or exacarhote matian sicknase (10, p. 49, 3B} or reduce motion sickness. In this connee~
tion the EVR group of Reason and Dioz (71) showed far lass emotionc! disturbance than dic. the IVR group. The immediate
amelicration of emotionol disturbcnce of the EVR conditions can be easily demonstroted with the well-known Link trainer,
slightly modified. During rotation ot o fairly ropiy rate ye.g., 20 rpm), hecd movements ir the darkened interior will disturb
most people. With the cockpit illuminated, the some heod movements will agoin bz highly disturbing. 1f, however, the
cockpit is opened so thot the exterc! room is visible, the emotional effects of the head movements are strikingly reduced.
Tha veridical visual information on motior relative to the external world melds the inertial messages from the canais and ota~
liths ond the expected sensory feedback 316 more synergistic inforration concerning head motion relasive to ithe fixed external
frame of reference. For example, in darkness o right~lateral heod tilt from upright position during clockwise rotetion gro -
duces o climbing sensotion end diogonal vertical nystagmus with slow phuse down. The subject expects o sensation of right=
ioterc) heod tilt (efference copy) and gets something (reafference) entirely different. With the external view avoilable, how-
ever, it is cleor as soon os the head movement storts thot the lateral heod tilt relative to_the body "causes" motion of the
visual field in o dicgonal downward direction relctive to the head; morsover, the diogonal vestibulor nystagmus with siow
phase downwerd relative to the head is in o direction to oid visuol ocuity of this moving field. This is the condition under
which pilots usually leam to fly, i.e., with good visual reference. It is o fovorable condition because the mental occupa~

tion with the flight tatk affords some reduction in the emoticnal consequences of discOrdant spot®l sensory data and also be~

couse the external visucl reference can transform sensory discordance into more nearly concordant information. On the other
Yend, o person trained only under conditions of good visuol reference moy not be prepared for the emotional impact thot con

result from discordent spatiol sensory doto when external visual reference 3s either reduced, obsent, or r.isleading. Itis e

simple inexpensive motter o demonstrate the influence of the presence or chsence of extemol visual reference on the disturb-
ing qualities of unnatural motion stimuli.

Habituation to unnatural motion envirenments invoives changss of o number of different reaction systems, and the
corditions of exposure, including intzractio... of the various sensory inputs and the task of the individuol, influence not only
the immedicte perceptien, oculomotur reflex activity, and smational reaction, but also the rates of habituation of these vari-
ous componants of the total reaction. [t is piopzsess thar 4. woy in which vorious involuntary response components change is
determined in pert by association of these components with otaor components thet cre under more direct voluntery control
(cf. 15} ond that naturally suppress or fecilitate the porticular reaction. The most obvious excmple is the pairing of vestibu-
lor nystagrmus with @ vitway task thot requires voluntery control of the eyes. The plone (63,72), the magnitude (63,72), and
the phaose relotions {65) of the ocuiomotor response con be changed ia this way. A less obvious example is the emotional as=
pect of the ~action. This component, of course, con be omelicraied when it is passible to demonstrate that the exposure
rzally is not dongerous (when, in foct, it is not) but it is also pessible thot demorstrations of the effect of purposeful pairing
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of menta! computations with mildly disturbing stimuli mcy prove helpful in bringing the emotional components under voluntary
control. The person can be shown that mental distraction from the peculiar sensations reduces the disturbance they produce.
Another way which may be effeciive is to pair voluntorily controlled respiration with the unnatural stimulus. The Coriolis
"eross=conpling” stimulus produzes gross changes in respiration in some people. Some individuals seem uninfluenced by this
stimulus, out uthers hold the breath, while still others increate rate and depth of breathing. | have found myself doing the
latter while experiencing such stimuli. At these times | experience immediote feor despite the fact that | intellectually be-
lieve my:elf to be in a safe condition. By consciousiy controlling respiration before, during, and after the stimulus, these
immediote fear reactions seem considerably reduced. |f this can be proven by future studies, it will be a nice tribute to the
classic James-Lange theory of emotion, and it may be o highly practical bit of knowledge for instructing and hebituating
pilois in regord to a primary danger of disorientation stress; i e., the immediate fear cr panic recctions.

Ir summary, it is cleor that the hobituation of practical interest to aviation medicine it volves much more then chonges
in vestibular reactions per se. The various chonges in vestibular recctions cre, however, intimately involved with sasious
sensory, cognitive, and emotional processes of hobituaticn; in this enntext. on understanding of chonges in vestibular recc~
tions, which typically are not under conscious voluntary control, hos far-reaching sigrificance for oviotion medicine. [t is
prooosed that there are several mechanisms of vestibula- hebituation:

1. A short-term adaptive change whereby sustained change in ievel of vestibulor sensory input initiotes counterproc-
esses to return sensory inflow tovrard the initiol level of activity (57,75). This process is presumed to operafe irrespective of
cognitive assessment of stimulus significance. [t involves on inhibition or supgression of signals at voricus sites in the nervous
system and may be dependent upon efferent suppression from higher levels, os Groen has suggasted for the vestibul'. .ystem
(60) and as others have suggested for other systems \p. 104 in 53). Thot individual differences in decay of various responses
to prolonged sensory stimuli may represent idiosyncrotic differences in general cortical suppression has been reviewed by
Reason (76}.

2. An “attention hebituation" whereby familior stimuli are processed, classified os fomilior and inconsequential, and
thus no reac.ion is elicited. Incoming signals are cotegorized and compared with stored information with minimal conscious
awarensss. The perceived current situation leads to oriexpected rarge of inconsequential messages, and messages folling
within this range do not elicit irrelevant vestibular reflex aztivity (except when there is extroneous mentol orousal), and no
perceptual awareness. Messages outside this ronge elicit reflex activity and perceptusl owareness. Exposure 12 varied condi-
tinns of motion in various situations involves o continuzl ugpdating of *he significance of messoges. This process is presumed
to involve mare complex systems than those involved in the short-term odaptive change. fts functional volue is thet ottention
and energies are not expended unnecessarily. However, heightened mental urousal con switch off this hobituation and induce
vestibulor reflex oction. in flight, this could contribute fo undesirable tension at o time when fine sensory-motor coordina~
tion end quick-decision moking are essential. The prccesses proposed ore comparable to the alerting, focusing, model-
forming propused by Pribram (53, p. 87). Studies of the late components of corticel evoked potentiols suggesting thet they
are related to the cognitive significance of sensory stimuli (22,37,53) also provide phy:iological evidence for this assumed
process.

3. A oattern copy process whereby repeoting sequences a-e copied to zet up efficient immediate responses ond also
2fficiont rhythms of response to sequences of contiruous movement. This usually involves the dropping out of physiologically
inefficient octions, tuch c¢ generolized muscle tension, end unnecessary cogniiive ottention to actions und reactions. This,
therefore, involves on updoting of signuls which is pars of the arousoi and attention hebituation process.

4. Under unusuol conditions a rearrongement of sensory-perceptual-and sensory—motor relations is dsr~znded by the
environmental conditions and the individucl’s tesk. Rearrongement is o learning process. 1§ is facilitated by voluntary
activity and the pairing of sensory inputs that elizit voluntarily controiled responses, which noturolly suppress or faciliiate
responses not under voluntary control. Under such circumsiances, the establishment of vew sensary-mctor and ansory-
perceptual celations is fazilitated.

5. Components of the processes involved in attention hobitustion ore recessaty (ard those involved in skort-t=rm
adaptation may Le necessery) for this higher order (more complex) habituation. The lower order processes which effect either
the reduction or reoctivation of natural responses, permit rapid adjustment of behavior to navel sensory inputs. They also
serve to prevent ropid development of sensory -motor rearrangements that would be maliadaoptive in most natural corcumstances.
Thus it is assumed thot attention hobituotion ond suppression moy serve to prevent learning of recrrangements by preventing
corfical levels of awareness, except when this edditional stage of lesining is demonded by the task ond metion environment.

6. Visuol, vestibulor, and propiinceptive inputs relevent to orientation ond motion thet cre mutuolly discardent or
thai involve mismatches between reafference ond efference copy signify ci emergency condition, which elicits emotienct
and onxiety reactions. Individuo! differences in the megnitude of these emctional reactions influence the rate of hebituotion
by the verious mechanisms propased obove.

V. RELEVANCE TO SELECTION, ASSIGNMENT, A: ™ TRAINING IN AVIATION SPECIALTIES

Ir the preceding sections; evidence hes been odduced for a speculative theory which proposes that emotiona! reactions
ara vonnected to positioning, movement, ond the control of movement in various stages of development by natural condition-
ing. Conditioned emational reactions tc contral of movement influence personality, motivarion (drive), and rognitive devel-
opmen*, including cbilities with spatiol relations  Other foctors that influence persenality, inciuding inherited chorocter=
istics, olso influence the magnitude of emotional recctions to motion stimuli. The develepmental stzge in which unfoveranie
cor Jitionirg cccurs influences later odoptebility to different control tasks during exposure to unnatural motion. Sensory in=
pu ¢ celevont to orientaticn and motion that are mutnaily discordunt or that involve mismatches berveen reaficrence ond ef-
ference copy signify un emergency condition which elicits emotional and cnxiety reactions. When ti.ese recetiens are exces-
sive, the integrative hinction of the limbic system muy be temporarily disrupted. These excessive rmactions con be detected
by the Briel Vedtibular Disorientation Test (BVDT) which produces effects ond performonze change suggestive of fusctions
that hove been oseribed to the livwic spstem (37). Sxcessive emotional reactivity to control of wotion ir flight, in oddition
to degrading fine motor contml (2, p  1116f), can interfere with detectino ond remembering significent compunerts of the
stimules, on ieaming new stimulus~response sequences thet cre necessory 1o free the higher mental nrovesses for higher-order
degision making (cf. 37, p. 124127}, Conditioning procedures con reduce the emotiono! recctivity to discorden? motion
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stimuli ond aiso con suppress some of the sensory discordance. T some extent the featibility of these procedures from o
practical point of view depends upon the individual dagree of emotional reoctivity as well as upon the presence or absence e
of other cbilities ond experience thet cantrol behavioral effectiveness. -

TN
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Implications for Selection and Assignment of Fli?t Personnel. Fr.m the theoreticol position presented, it is not surpriving
that the BVDT (5,73) and other simtlar tests (6) hove Geen found to be valis predictors of fiight failures and attritions. Re-

cently (73) on inverse relotion hos beeri found batween BVDT reactivity scores ond performance requiring both vigilence and g
short~term recall. This supporis the ideo th.t menta! functionimportart to flight tosks con be degroded by such reactions. ]
It is also to be sxpected that some personality te:ts would correlate with the-BVDT, aond there have besi, recent findis.gs of E
significont correlations {73), although crossvalidations must stiil be obtoined  This form of test may eventually prove useful 2

%

in personality evaluation for a brooder spplication.

The reaction o the cross-coupling effects of tilling the head during wnole-bedy rotation is what is evalucted by the
BVDT. In this stimulus situotion it is primarily the semicireulor canal seofference that is mismotched with otolith and propiio=
ceptor signols and with efference copy. For this reazon, evaluation of vestibular nystagmus produced by simple semicirculor
conal s*imulotion it o valucble adjunct to the BYDT. During such testing it it desircbie to introduce stimuli ond techniques
that permit reiicble assessment of the lower order odaptive suppression of prolonged reoctions. If a iack of supgression here
vrouid detect the obsence of necessary centrai reguiatory processes which is une of several requisites for odapting jo unnctural
motion according to Groen (60), then this test would det>ct such a deficiency. !t might piove valucble also to test the sup~
pression of after-nystogmus and sersation by repositioning ond Ly visual sitmuli. Eock of thes> tests should have diognostic
potential concerning basic requirements for higher order adontation ond, in combinaion, should be valuoble for differenticl
diagnosis as well az for use in personnel selection.

VA S e et R STk Xl o Mt e

Correlations beiween BVDT scores, spatial relotions scores, and other tests of flight aptitide are to be expected and
hove been fourd {73}, However, various combinations of scores on vorious tests relcting to flight success should be examined
carefully for o number of reasons. Owing to Jifferences between pilot and crew in regard tn the immediota feedbock and con-
sequences of their control actions (cf. Secticn 11l obove), it is not unlikely that a combination of traits optimal for onz group E:
will be !ess than optimal for the other. A person v.ho hos suceess in sports and other activities that reward valuntary contro!,
of highly coordinated motion may be a reasonably strong reactor on the 8VDT. Early stages of cevelopmental conditioning -
may have produced an emotional reactivity to pzssive motion. Hewever, in a loter developmental stage invalving voiuntary
movement, rewards for voluntary contrcl of motion may combine with the cbove-averoge emutional reactivily to yield o high -7

73

J
;

o

£,

motivaticn for voluntary control of movement. Seeking challenges in the voiuntcry contral of moticn cocld eventuolly lead - d
to success in sports. Such a person might show a fairly strong BVDT reccrion because the voluntery l.ead movement produces ‘—:i
a mismatcn between efference copy and seafference, thereby challenging the volurion: contror of bahavior. However, the ‘3
external vicual referrnce in eorly stoges of fiight training, the individual’s motivation, ond the voluntary initiction of actisns 3
that control sensory feedback in the piloting task may be o ‘evorcble combination for conditioned suppression of the ineffi- Z
cient reactions; i.e., for the developmant of expectancies or models that cancel the discord. The some person might £sil as 3
¢ ronpiiot flight officer whose functions would be important 4o the long-range mitsion ond sofety of the flight, bur whose ‘i‘
cortrol actions would in no woy control the immediate response of the oircroft antd whose octions would be carried out with- %
out externai visucl reference. For such reasons, it appears likely that refinemects of the BYDT, including performance sest- 2
ing during both active and passive motions, may provide aiiditional predictive copability, including the poteniiul for deter- i

mining flight ossignment. In thiz connection, recent VDT pe-formance test results have shown a stronger errrelction to
nonpilot flight officer criteric than those for pilot trainees (73).

RelatioC to Training Devices. Instruction on disorientction is important in cviation becaute onticipation of provocetive condi~
1ions is an effective countermecsure. Instructional material should be simpie and current because eirors con chollenge tie
creditability of all the moterial presented. Flight demonstrations are highly desiseble; however, wis section is primarify od-
dressed to the use of troining davices. |* is important to moke o distinction regarding the use of these Sevices os quick deman-
stretors, as troiners (including simulators) which "sawe™ flight time, and as means of hebituating or conditicning the indivicual.
la regard to demonstrators, it i3 ¢ simple ond inexpensive metter to set up a device thot will suffice far demenstrating both
disorientation onJ some fectors that reduce it. The cross-coupling effects of tilting the heed durin,, rolation; the sensation of
no mtation during rototion and conversely of sensed rototion when stopped; and the percepticn of tiit {relctive to the Earth)
when in foct the tilt is relative to o resuitant force vector con ali be demonstrated with o very inex ensive device. The some
device 2an serve to demonstrate how the expectaticn of rotation can lead to sensstions of rotation under restricted visual con=
detions, ond more importent, how extemal visuol reference con reduce disorienting effects. Because the mognitude of the
disorientction con be contiolled, it is entirely feasible to demonstrate cleorly to ony ncrmal person thot he can be disoriented,
that inottenrion can produce disorientation under mild conditions, and thet o mojor part of disorientation con be overrome.

With very little more cpparotus expense, it con be demonstrotad that flying by instruments during disorsentotion is not
difficult (when emotiona! tensions are not invoived), and it would cost only a littie more in time to demonsteate thet two or
three sociol drinks con seriouwsly impair nommal cbility to "8y &y Instarments® during this some Jiorienting stimulus. All of .
these things con b2 done without mojor equipment expanse. In regord to trainers ond flight simulaters, with the device jus
mentioned, it would be possible to train & peron to track one flight instrument and scon others during disorientation. Improve-
ment in tracking obility could double a3 a selection messure. Whenever troining Is given in motion devices other then in on
sieeraft, hovever, the potentio! of yndesirdble transfer of training is present. Such devices, therefore, tequire careful con-
sideration. This ic especially true of simuloton and simulated flight profiles involving a cockgit mock-up of the real cireraft.
With multi-degree-of-frecdom centrifuges, it is not ncommon fo vory position of the mon reiutive to the resultont of the
gravity ond the centripeto! occeleraticn camponents in order to simulate o flight profile. This clways introduces cross~
coupling effects thet are different from those which would be experienced in the ectuol flight. Here the degree of training
ond stated purpose of the training moy be quits important. The simulctor sometimes provides o nore difficult flight cantrol
task thot does the aireraft; under such circunutances, the simulator con show thot the "flight job™ con be dene under diffizult
diserienting circumstonice . However, on extended training program without clerification of probaoble differences in the
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simulated and reol flight corditions moy lead to difficulties in flight, just as the obsence of inertiol feedbock cuss led to
difficulties in experienced pilots with the visual motior: simulotors (10, p. 49). The current knowledge of perceptual and
neuromusculor effects of variation in mognituce and direction of linear acceleration vectors combined with inertial torques
of various nagnitudes and directicn, though odvancing, Is not yet to the point where predictians of reactions can be made
with confidence. Because of its direct application both to the use of simulotors and in predicting end describing reactions
in flight, this remains on importont orea for odditional research.

b
“
i
3
%
Hobituation of Undesirable Reactions. In Section IV it has been indicoted that many of the undesirable effects of sensory- =
motor discordance produced by unnaturel motion can be decreased by various habituation prozedures. There are several §
questions about the practical use of such procedures. First, there is the question of whether or not hebituation will transter e
from the conditioning proceduie fo the flight environment. This hos been answered affirmatively but tentotively by Dobie B
{77). Still a question remains as fc which is the most efficient procedure. Based on theory proposed herein, conditioning 2
aimed ot reduction of the emotionol components of the total reaction would oppear more desirable than reduction of the mag- z
nituda of nystogmus or sensation fo some particulor stimules. However, simoly ieaming thot this kind of specific habituation 3
is possible could serve to reduce emctional tensions in flight, which would then enhance favorable odoptation to the flight Z
environment. Exposure fo ¢ variety of moticn conditions, inciuding both octive and possive motion, would seem to be desir- g
able on the hasis of developing fearning sets (c§. 12, p. 77f). This seems to be the procedure followed by Russian scientists 7
in preparing airmer and spacemen for fiights (78). However, let us speculate on a procedure for reducing reactions to un- =
notural :noticns. A device with several degrees—of~freedom can be used to closely control the mognitude of discordance “g
introduced by ¢ variety of motion stimuli. The occurrence of passive stimuli can be foreworned by a signal tone, ond exces- - e
sive physiological reoctions con be signaled through other chonnels to the trainee ond to the exominer. Methads of bringing %
physiological reactions under voluntory control, comparable 1o those in current tse (19-21), should be included and explained %
to the troinee. Control of graded passive motion stimuli should be kept within tolerance limits, measured by the mognitude %
of subjective ord physiologicai reactions. Active cuntrul of graded passive movements should also be provided, first with %
externol visucl reference to reduce discordonce ond later with limited intemnal visual r2ference, Under the latter candition, =
an instrument tracking task shsuld be introduced to distract attention from disturbing sensation and to build confidence in =z
visual~motor control durmg disorientation. In oddition, some tesks involving voluntary heod movements during passive motion
should be intmduced, first during EVR, ond then during IVR condition. In time, the mognitude of stimuli shoyld be increased
and eventually the wortiing signuls omitted. With such techniques it seems likely thot a number of people could be trained
to reduce erx..;onal reactions and temions coused by unnatural motion ond to improve concentration on the central flig t task.

=
a
3
=
5

A second practical question pertains to the cost of such conditionin). fn its most eloborate form it would be expensive
ot the outset and wouid probobly never be practical for routine use, especially with individuols who do not otherwise postess 73
favorable indices of flight cptitude. Likewise, individuals with exceptional BVDT recctions or without some of the becic E
requisites for odaptaiion to motion may be poar prospect. bor such conditioning procedures. Howeves, for those individuals §
who do appear to ke otherwise fovoroble prospecss, some form of additional troining of this nature moy be both feasible and 8
valuoble. Pilots, pilot candidates, and flight personnel who encounter cifficulty in the cousse of troining can probobly be . =3
helued when they are highly motivoted to fly and when they hove the necessery bosic skills for their jobs. . f

€lying is regard- J os « challenge by most peopie. A large percentoge of the tales we recount involve either something "’
we think we have dor : perticularly well or some hosdship or danger we have survived. A degrec of onxiety moy be desirable 3
in o flight condidate, especiaily when it is a sign of a conscientious person whe is willing to pursue o challenging goat. ;
Skilled athletes ore sometines sick before or after o record=, 2tting performonce. The problems of selection, plocement, 4

routine troining, ond special troining are closely interreloted.
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Opinions or conclusions contained in this report are those of the outhor. They ere not to be construed o5 necessarily
reflecting the view or the endorsement of the Deportment of the Navy.

DISCUSSION

The discussion following this paper was concerned mainly with the use of disorientation training
devices. Dr Guedry distinguished between the demonstration of disorientation and the use of simulator
like devices which might be used to 'save' flight time. He regarded the bdrief demonstraution of the
false sensations which can be produced in simple devices, such as that to be descrided by Dr Collins,
as highly desirable, though he was in agreement with the apinion of Group Captain Dcbie that there was no
substitute for flight experience. He took a more cautious attitude towards dynamic simulators which he
considered might give risc to an undesirable transfer of training, especially if an externded training
programmc were to be carried out in such a sirulator without the aviator having a clear understanding of
the differences between simulated and real flight conditions.

The use of the Brief Vestibular Disorientation Test (BVDT) was alsv discussed. Dr Guedry explained
that the BVDT assessed a broader dimension of individual! differences than 'sensitivity to vestibular
stimulation'. Failure and attrition in flyiag training which correllsted with high reactivity on the
BVDT could not be attributed simply to difficulty in coping with orientational problems ir flight.
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SUMMARY

Techniques and procedures for providing on-the»ground familiarization of aviation personnel with dis-
orientatlion problems are spelled out in detail. The techniques have been used with notable success both
at the Civil Aeromedical Institute and in the field. They are relatively inexpensivy, effective both for
participants and observers, aud are readily accepted by flyers as pertinent to the aviation situation.
The extent to which disorientation is affected by the type of visual information available to the pilot is

examined under ncrmal coanditions and when alcohol is involved; ways of demonstrating the dzleterious
effects of alcohol are described. -

A number of general avistion pilots in the Unfted States are unaware of the potential hazards of dis- .

<. orientation or vertige, and many feel that they are immune to these undesirable aspects of flying. The
E major basis for this lack of experience is not immunity but the fact that most U.S. general aviation pilots 2
5 . are “weekend pilots" (i.e., infrequent flyers who rarely fly under anything other than good VFR condi- §
q - tions). Contributing to the latter is the fact that the vast majority of U.S. private pilots (about 96

per cent in 1969)* do not have instrument ratings, and many who are so rated do not maintain instrument
proficiency. Since dfsorientation and "pilot's vertigo" are most likely to occur under IFR conditions,
A thore is considerable danger in the feeling of security that .pilots may develop regarding their ability
=3 not to suffer disorientation--a feeling tha: may be reinforced as a result of cach VFR flight in whick
= disorientation does not occur. In addition to those general aviation accidents which can be attributed
directly to spatial disorientation, this unfortunate conviction is a possible.contributing cause in many

= of the NISB fatal accident reports which indicate that the pilot “continued VFR flight into adverse weather
conditions.”

AT

The purpose of this report is to explain our approach to familiarizing aviation personnel with the
hazards of disorfentation and to provide cuggestions for use in other training programs. It is important
to note that our methodology is not designed to train pilots so that they will be {mmune te disorientation
problems (no cne with a normal vestibular system is immune), but only to familisrize them with many of the
unusual and false perceptions of vestibular origin which can oceur in flicht, and to impress upon them the
importance of obtaining an instrument rating and of maintaining instrument proficiency.
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OUR BASIC TECHNIQUES FOR DISORIENTATION FAMILIARIZATION i

st

We place considerable emphasis on the interaction of the various sensory systems, particularly those
of vision and the semicircular canals. Since the pilot almost invariably has somz visual frame of refer-
encz (e.g., if nothing clse, at least the cockpit interior), his inflight experience with disorientation
will involve vision in some way. This is also one of the major reasons why the traditional demonstration
in the Barany chair is frequently not as cffective as it might be; the subject is either biindfolded or
shuts is cyes, is rapidly whirled, and is asked to make a head movement, The resulting sensation

(Coriolis illusion) is usually striking, but appears to have little rclation to the problems that might be
encountered by a pilot in flight,
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The Apparatus
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" Qur first approagh to providing adequate disoricentation demonstrations involved a simple modification
of a rotating device.” Specifically (a) a partial enclosure {sce Figure 1) was introduced around the
upper part cf a motor-driven rotating chair (2 Stille-Werner RS-3 Rotation Device), and (b) a removable
ficadrest (which could be rotated upward) was {abrfcated with adjustable ungled side pieces to centrol the
amount of lateral heed movement. The enclosure comprised a simple light-weight metal frame of twe pieces
that could be bolted to the back of the headrest, The entirc inside of the frame (and the facing of the
headrest) was coeted with luninous paint and then sprayed with clear enamol as a radiation safety pre-
caution. Sincc the front-piece cxtended only halfway up the height of the frame, the rider had a “window™
through which he could observe & sct of three tiny lights which simulated an “approaching aircrafe" (red
and green “wing-tip" lights and a flashing ved "rotating beacon”). The lights were imbedded in a small
plastic frame which was attached to the end of a vod, The base of the rod was sccured to the rider’s foot~

Tcst and extended upvard = ' +wway from him at a slight ungle. A power source for the lights was located
behind the chair.
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Faniliarization Proccdure
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Prior to rotation, the pilot is imstructed to kcep his head and body very still durimg the demonstra=
tion until he is asked to do otherwise. An outline and depiction of the complote sequence of procedural :
cvents and the concomitant subjective reactions appear in Figure 2. iIn making latercl head movements -
(30°=45°), he is instructed to keep the back of his head agafnst the headrest and simply to slide his head -
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Figure 1. Modifications of a rotating
device to control head movements and to
introduce on aviation-related visual
environment. The rod extengiin ™ upward

. from the foot rest terminates in a plastic

]

&

k- panel which contains three tiny lights (a &
< red and a green "wing-tip” light and a kS
L flashing red “"beacon") simulating an F:
: - approaching aircraft. (The chin rest %
f s depicted here is used for rescarch rather H
= than demonstration purposes.) The major ﬁ
B scction of a “cabin® has been boltued to 4
the back of the headrest; its base is §

further supported by small metal exten- E:

sions projecting outward from the arms of g

the caair. An "instrument panel” (not %

shown here) is bolted across the lower £

halt of the front of the ''cabin"; the b

upper half of the "cabin"-front then §

becomes a “window" for viewing the é

vapproachking afrecraft" (sece also ref. 6). 3

The interior cf the “cabin" was couted Y
with ivminous paint.

laterally until his cheek or temple touch the side-picce of the headrest. The head movement is to be
made briskly and is to involve no body movement, i.e., the axis about which the head is to move is desig~
nated as around the "Adax's apple.” The rider is told that he will be asked questions during the

demonstration, which will be conducted in darkness. He is to describe his experience as accurately as
he can.

Acceleration. Room lights are turned off and, since the room is light~proof, the pilot can see oaly

the "approacning afrcrait,” frared through his "window,” and the dimly lit interior of his "cabin”:
nothing clse in the room is vigible to him.

After a few seconds, observers in the vom can see the pilot
diply outlined against the luwinous "cabin."

Tae pilot is asked to report the ogset of his esperience of motion and his direction of tura. A
smoeoth clockwise acceleration of 5%°/sec” for 18 saconds is then applied. Ducing the acceleration period,
the pilot is.asked if his speed is changing at all., He, of course, replies thar his tuvrning speed to the
right is increasing. He is then requested to indicate any further change in direction or in speed.

Ceastant Velocity. After the i8-second acceleration period, a comstant turning velocity (15 rpm) 3s
maintained. A few seconds after reaching constant velocity the pilot reports a siowing of his turning
rate {if he does not report spontancously, he is asked about it). Wwithin another 5-20 seconds, he indi-
cates that he uo longer feels turning, i.c., that he is motionless. Shorcly after this, some riders
report a slight turning sensation in the oppesite direction (a seccondary sensation). This apparent motfon
to the left is a normal experience and, when the pilot spontancously notes it, a strons impression is
usuzlly made on the observers. (The sccondary scnsation is considerably weake. than that experienced
Juring acceleration and, in most cases, does not last longer than a few (10-15, seconds; in other cases.
it may be quitc persistent and last for well over 30 scconds.)

Some individuals fail to report thas ta~ir initia! turning sensation ever ends follewing the aceel-
eration; all raport a2 clear slowing down of the turning cxpericnce, but some will maintain that they
continue to feel very clow movement to the right. (Note: This porception is probably unrelated to
sensing the actual turn: these same irdividuals often report similar prolenced turaniug experience whiie
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actually stopped followinp deccleratien.) In any event, after the first 3¢ seconds of constant velocity, B
the vestibular system has returned from a stirulated conditjon to sufficiently near its wormal “ar rest” 2
srate, tu allow hecad movemente® to be Intraduccd. 1In order to maxinize the "Coriolis vestibular cffuects” <

produced by these head movements, it is isportant to allow sufficient time between them, as well as
between the end of the acceleration and the starr of the head movement. Note that the dircetion of the

illusory expuriences (v.g., “pitching up™) speciéf d below are for C¥ rotation; the directions are reverded
during CC» votation,
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" pilos's apparent rate of climb d:icreases and e gradually returms to a “straight and level™ condition.
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o Standstill Q Stondstill
(®-(@® Rotator at standstill.
®-+(© CW_acceleration (5°/sec? for 18 soc).

Sutject detects stort of turning, direction of turn {to the right), ond increasing velocity.
(©-+(® Period of constant velocity ot 15 rpm.

@-'@ Subject percrives velocity of right turn diminishing and, finolly, all turning sensations cease.
@*@ Subject makes head movements upon given signals,
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Heod movement:  Upright Tilt Return to Tilt Return to  Upright

Right Upright Forword Upright

t)

Sensation: Level Climb Dive Roit to Roll to
Rignt Left

Level

©®-(F) cw deceleration (5°/sec? for 18 sec).
Subject detects start of turning, direction of turn (to the left), and increasing velocity.
(®-+© Rotato. ot stondstill.

Subject perceives velceity of feft turn diminishing and, finaily, all turn'ng sensations cease.
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Figure 2. Outline of the procedure for the CAMI disorientution demonstration. The entire proceduce is
conducted with the subjest able to see only the “cabin" which surrounds him and the “approcching aircraft.”
Note that: (1) The sensations are reversed if CCW rotation is used; (2) returning the head to upright
from a2 tilt to the right is cquivalent to tiiting the head to the lefr; (3) at least 30 scconds should be
allowed between head movements; (4) the sensation expericnced as a result of deceleration is directionally

opposite thet resulting from the acceleration and is perceaved as a speeding-up rather than a slowing
down.
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Head Movements. The pflot is reminded about how to make the head movement and is asked to tilt his };
head to the right at the count of "three" (and to hold it there), and then to report what he experiences. 2
The count is made and the subject tiits his head. The sensation is one of pitching up (scmetimes up and ’g
to the right). The pilot is asked how many degrees “up" (between 20°-60° in wmost cases), and whether he )

'
rhe

"saw" the whole “cabin" pitch up with him and the "approaching aircraft" climb with him. It is important
to note that this Coriolis rcaction is not a simplc feceling of tilt; the rider experiences a chinge in
attitude (pitching up, for example) and an accelerataon in that direction. Moraover, he not only “feels”

a body motrion, but his visual information, the “cockpit,” and the "approaching aivcraft™ all change ageitude
in a corresponding manner. Some pilots also report sensations of pulling positive “G."

The sensation of pitching up and climbing has a sudden onset and then gradually dscays, {.c., the

T 1 vl D LR A

The amount of time required for this return can vary considerably among individuale but in any cvers,
after 6" scconds (bur no less tham 30 scconds, cven if the pilor indicates "straight and level” earlier)
a signal for the rcturn-to-upright head movement (this fa equivalent to a left tilt of the head from an
upright position) is given. The rider is usually warned that the scnsation accompanying this head move-
wpent §3 likely to be somewhat stronger than that resulting from his tilt to the right (Jer cerzain
phyaical and/or psychological reasons, it almost invariably is}.

=

The signal §5 given and the pilet briskly woves his head to upright from its tilted position; his
sensation is .ne of diving (sumctimes down and to the right), Again he is asked how wany degrees of
"dive" he expericnced (between 30°-90° in most cases) and whether the "cabin™ and the appreaching aircrafe
"dove"” with him. This return-to-upright head mowiment vecwsicnally produces scnsations sinilav to
negative "G" in cxperienced pilots. (Again, it should be noted that the experience ia not one of sizple
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tilt forward, but of accelerating downward, and the "“cabin” appears visually to be displaced end ''diving”
in thac sare direction.)

After 3G-60 seronds elapse following the head movement, nodding motions are introduced. Here, the
rider is instructed to look toward the floor or at hic lap (as though he were seeking a dropped pencil)
by simply dropping his chin toward his chest (i.e., by moving only his head). As with the other head
movements, ke {3 to hold his head in that anteverted position until signalled to return it to upright.
The questions and timing are similar to thosge presented above for lateral tilts but, in this case, the
pilot perceives roll of his aircraft to the right as a result of the forward movement of his head, and
roll to the left upon returning his head to upright, It is sometimes necessary to clarify a ridar's
description of these experiences; some report a "turning' to the right or left, but, if questicoed, they

indicate that it is not a sensation in the yaw plane, but rather in the roll plane, i.ec., as though about
a barbecue spit.

{Note that the head movement should be straight forward and back, not at an angle, just as the
lateral tilts should not imvolve twistii, of the head. This recommuended approach orients the semicircular
canals in such o way that, for the most part, the scnsations and visual impressions are relatively pure
rclls and (vertical) climbs and divee. Subiects who move their heads differently nave sensations which
tend to be more complex, e.g., spiraling down and to the right, and thercfore less simple for them to
describe and more difficult for the instructor te predict with accuracy.)

Scnsations generated by the last (return-to-upright) head movement are allowed to dissipate for the
usual 30-60 sccond period. At the end of this time, the vast majority of riders percaive tnemselvas as
“straight and level” and still experience no turning sensation.

Deceleration., Prior to initiating t“e deceleration, the pilot is told that he {s turning to the
right (although he is not experiencing that turn) and will very soon be slowed down in that same dircc-
tion, and brouyght to a complete stop. (This gives the pflot intellectual information about whet will
transpire.) Howevexr, be is to report when he feels mction, in which direction he perceives his turn, and

is to give a running account of his experiences (i.c., to indicate when he is going faster, when he begins
to slow down, and when he feels that he is stopped).

A smooth deceleration of Sollec2 for 18 seconds is then applfed. If the pilot neglecte to indicate )
that he detects motion, he i{s uasked; hes {s then asked the direction and whether or not he is turning at
a faster or at a slower rate (his experience is that of turning faster and faster to the left, although
he is actually slowing down in a rightehand turn, and he reports maximum turning velozity at, or very
rhortly after, reaching a complete stop)., He then experizsuces a gradusl slowing dowa and, aftzr 5~20

seconds at 3 complete standstill, firally feels stopped. Room lights are then turned on and the demon~
stration is terminoted.

2

B e i AR Y

Some Ccutions

Too many head mu.vements and higher turning velocities can cause the rider considerable disccmfort
and can le4d to motion sickness; hence, the four movements nofed above, at the turning rate specified,
are usually sufficient to provide an adequate appreciation of disorientation problems. It is worthwhile
to inquire of the pilct following the first or second movement whether or not he feels comfortable. A
very few individuals (considerably less than 10 per cent) mey experience eiriy symptoms of motion sickness
{"stomack awarenass," sweating, coldness, very slight headache, stc.)., If riders report discomfort, or
if they indicate that the demonstration should be discontirued, they shouid be asked to keep their heads
very still (aven if in a tilted position) and should not be requested to make additional head movements;

the rotation device should then be brought to a gentle stop., The rider's head should remain motionless
for an additional 30 sccon.s after the device is stopped.

S A

There are no formal data which indicate that pilots might be "sensitized" to experience disorienta-
tion, discomfort, or motion Sickness in flight following a demonstration such as that ocutlined above.
However, to> many head movements during rotation (or, in some few individuals, the four movemeuts described
above) may produce a mild feeling of unease that might last for several hours., As a general rule, there-
fore, it is advisable for riders who feel no i1l cffects following the fomiliarization expericnce to
abstain from fiying for at ‘cast ona hour; where possible, the demonstration might best be given on a day
when the pilot is not geing tc fly at all., In any cvent, if a rider suffers discomSort or amy stage of
motion sickners during the familiarization (this is unlikely), ha might best not £ly at all that Jzy.

There i3 a relatioa between the intensicy of tne sensations cccasioned by the head tilts and tie
amount and speed of the movements. Thus, a very slow, cautious, hed tilt of just a few degrees will
elicit a rclatively weak sensation whereas a head tilt of average spoed thrcugh a greater are will

produce a much strenger response. Adequate disorientation cxperiences can be accomplished with tilts of
30°45° when the head moverents are made briskly.

It is Important to note that experierces of turning and Corfoiis sensaticns are both markedly
affccted by the type of visual information available. For example, iIf the walls of the room are visitle
during rotation, that visual information vill change the character of the Coriolis sensation = the cockpit
will not appear to pitch or roll and the vestibular sensations will be characterized by discomfort rather
than by displecement and acccleration. In a sense, the vestibular informicion is modified and made (0
agree with the visual data (vhen the latter concerns objects fixed relative to the carth).

- Advantages

The apparates and procedurst noted above provide the pilot with a disorientation fasiliarizution
experaence that is coasiderably more meaningful than the usual Barany chafr demonstration. The pilot has
an opportyr :. ¢o racaive correct irformation: from his Dotion-detecting system (during acceleration) and .
then can e - snce the failure of the systor to provide acturate information during the remaining phases %
of the demonstration. The Coriolis cffects zre perceived in a more appropriate perspective when the head
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movements are made within the lighted “cabin" and cbe power o€ this form of disorientation is better
appreciated when the pilor not cnly "feels" a false change »f actitude and acceleration, but alse “sees"
it occurring. The interaction between the visual and vestibular systems and the manner in which the
visual information is made to agree with the vestibular sensations (when the visuel objects are not fixed
relative to the earth) is a wery significant feature of this type of familiarization. All of these sensa-

tions are, of course, referred back to rhe lectur. material so that thc pilot will understand what has
happened an.l whv.

The fact that the device does not tilc or move in any plane other than yaw scems to be an advantage.
It appears to {ntensify che impression made on the pilot when he sees that the device “enly curns,™
although, as a rider, he (xperienced clear pitching and rolling sensations.

50 A it At

f
i

When done as described, i.e., in a light-proof room with the pilot reporting his experiences, respond-
ing to questions, and visible, the demonstration is not oaly effective for the rider, but also holds the
futerest of spectaters while providing them with a learning experfence. A most desirable situation is to
provide at least two of the group with the familiarizaticn experience; this procedure allows the initjal
pilot to sce exactly what the stimulus conditions were, permits an intercadnge between the two (or more)
riders regarding their experiences, and frequently provides the spectators with some notion of tue individ-
ual diffe-ences in disorientation experiences (e.g., a 45° "divz" vs. a 300 "dive") as well as Liffercaces
among suwjects in their reaction to the Corlolis effe.ts (sume subjects, for example, »ill becore extremely
excited, others will simply appear to tense up, whil: others enjoy it). Almest every pilot wha fas ridden %
in the device has indicated that cveryone who flies ought to have this experience.®8¢»
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Figure 3. The CAMI Disorientation Device. The chair from the basic Stille-

Werner RS-3 Rotator (see Figure 1) was removed and was replaced by a -elatively

Light-weight “cockpit' fabricated by the CAMI Techn.cal Staff. The csnopy is

made of molded, clear plexiglass. A small light source mounted in the instru-

meat panel is airected at the subject and, with the rcom in total darkness, -
permits observers to see the subjrct but the latter can sce only the interior
of the "coclprt" und the lights of the "appreaching aircraft” (mounted on the
"fuselage"). The headrest depicted here is padded, has fixed side picces. and
can be adjusted vertically.
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A Modiffcation of our Apparatus, For purposes primarily related to rescarch, tae basic Stille-Werner
Rotation Device was modified by the CAMI Technical Staff by removing the standard chair and installing a
cockpit seat and a lightweight "cockpit" with a door and plastic canopy which tetaily encloses the scated
pilot (seec Figure 3). A light source, located in the “instrument panel,” scrves to light dimly the
interior uf the “cockpit”; the rider cap then be vicued by spectators In & totally darh room, but cannot
hinself sce them. An "approaching aircrafc” (the triad of red and green lights) was install~d in the
center of a small device on the fuselage which the pilotr can sec dimly threugh the olastic sanopy (see
Figure 4). The functioning of the apparatus so modified is, of course, not different frem our first model
(altheugh the aviation-orientation of our demonstration is improved), and the procedures for disorienta-
tion familiarization detailed above are the same with one coxception* either an inter-coxr is vequired, or
the canopy must be raised an fnch or two to permit communication butween the rider and the instyuctor.
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OTHER APPROACHES T DISORIENTATICN FANILIARIZATION
The Vertigon

During a visft tn CAMI, engincers (and pilots) from Flight Products, Incorporated {(Mocmachie. New
Jersey) were given the CAMI disoricntation demonstration ard became convinced that the experience could be
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Figura 4. The Vertigon. The subject is
totally enclosad in this rocatiug device
and a sound movie depiccing a flight from
engine warmeup through a landing approach
is projeccted on the "windshield." The
ceatrol system for the Vertigon is simple,
compact, and easy to operate

u
o

of benefit to all pilots. They egresd to build an instrument to be used specifically as a famjliarizatiorn
tool and were provided with basic specifications and timing procedures.

The Vertigon (sce Figure &) tctally cacleses the pilot in a one-place “cockpit" and provides rcason-
ably smooth angular accelerat.ons and decelerations. Sound movies projected on the windshield depict a
flight from engine start through taxi, take-off, climb, and bank into clouds (where the head movements
occur); following tha peried of head movements while "flying IFR," tlic plene breaks out of tiie clouds and
begins a landing approach. The sound portion of the film gives an introduction to the problem of vertigo,
indicites the possible thought prucesses of a pilot choosing to fly through clouds, adds realism to the
head movements by having the pilot make scme of them by performing tasks (such as reaching for a pencil
and writing, on a pad in his lap, a simulated air traffic clearance, then returning the pencil), emphasizes
how powerful the {llusory effects are (while assuring the rider that he is still straight and level), and
indicates that only the instruments can provide the pilot with correct information., The sound track
concludes by encouraging the pilot to carn an instrument rating and to majntain inistrument proficiency.
The entire "flight" takes oniy four minutes. A closed-circujt TV system can also be installed so that
observers can watch the facial expressions and head movements of the subject.

The Vertigon has been notably successful as a familiarvization technique. Riders are impressed with
the illusions and, as with the CAMI Disorientation Devics, accept the procedural conditions as pertinent
to the aviaticn environment., The importance of "sceing" tne imstrument panel, "windshield," and “cabhin”

surroundings pitch or roli in agrceement with the vestibularly induced sensations cannot be over-cemphasized.

The Vertigon has several advantages., It is durable and requires cxceptionally little maintenance. The
entire run can be programmed (there is a switch for manual or program control) so that minimal skiil is neced-
ed to operate the device. It moves only in the yaw plane, requires very little space (about 6 feet by 6 feet)
and can be used in a lighted Troom. Its acceleration charscteristics and the smoothness of {ts start and stop
are more than adequate for a good demonstration. It can also be modified to intreduce other tasks, program

meter deflections, require movements of the control wheel, ete. The film and sound track, of course, can
also be modified as desired.

4 9 v 5 ah
St bR A S ARV i v 93086 Bl s i, S AR AT AR -m‘mwﬂrm:m&:xx*nm‘mmm&%ﬂaumﬁmw&’

ko

Modified Link Traiver ,§

Based on their CAMI experiences, Suverai visitors have modified their own equipment to provide an %
approach to disoricntation familiarization similar to that of CAMI, A good example is the nodified Link r?
trafner (Figure 5) used by a Colorado, U.S.A., flying schocl. The device is essentially quite like the §
Vertigon. The trafuer was stripped down except for the pedestal and ceckpit box and wodified so that only §
vertical=axis (yaw) movement vas possible. The base of the irain v was fitted with & pullay and belt >
drive connccted to 3 geaved-down 2lectric motor. A motor mount was fabricated and bolted to the base of %
the simulator and 2 pulley size was sclected to drive the device at 16 rps. Existing wiring was veed to &
provide power (1) to the motor through a switch contrelled from the cockpit box, (2) to separate plugs for -5

a movie projector and a tap. deck, cach with a separate switch, (3) to warning lights connected to
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Figure 6. The converted kitchen stool and
goggles used by the FAA in disorientation
familiarization for U.5. private pilots.
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for the usual lens in a pair of welder's goggles, and a lightweight rectangular extension wat sacured to
the frames. Openings for tvo battery-operated pen~lizht bulbs were made in the sides toward the fromt of
the rectangular attachment. The interior of the attachment was highly polished metal which produces
multi-reflections when the bulbs are lighted. Additional padding was fntroduced around the face-mask to
prevent outside 1ight leaks., The gogzles provide several advantages: (1) room lights can be left on;

(27 some visual cffects can be demonstrated to the pilet; (3) they can be used with any rotatiag device,
(4) Ahey permit freedom of head movemant. Disadvantages include: (1) some visual rivalry effects since
the bulbs are diructly opposite the pupils of che eyes; (2) Coriolis illusions are attenuated in ccomoarison
with a "cockpit"-type surrouna; (3) the visual field viewed through the goggles does not stay fixed (as

an instrunent panel or a landing strip would) when che pilot makes a head mevement, i.e., when the pilot
tilts his head, he tilts his visual tield at the sare time, regardless of whether or not he is rotating.
Ore of the convincing features of the CAMI Disarientation Device, the Vertri,on, and the modified Link

trainer is the fact that illusory motion of the iastrument panel occurs in the absence of physical sove-
ment of that panel.
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The modified stools are reasonably effective. They are highiy portable and inexpensive. For
example, they can be casily broken down into three sections, quickly packed in a carton, and larried by
hand. The base and the bearing system of this chair are of sufficient quality to fnsurc safety, close

tolerance, and minimal friction; thus, a simple manual push of the chair can set it and a student in
motion for a minutz or more of swooth, non-wobbling rotation.

may present a safety problem under some conditions,

However, if not used carefully, the stcols
below,

The procedures used with the chairs are outlined
Note that each of the rive demonstrations described invelves a different student.

PROCEDURAL STEPS IN CLASSROOM DEMONSTRATION

First Demonstration

1. Explain te the student-dawonstrator and the class how rotation of the Barany chair relates vo
aircraft turning.

) oy J L REL ) ‘
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Rotate the chair so that the secat vill turn for at least onc minute without addftionsl pushing.
4.

s

2. Mave the strdent indicate, by pofnting with his thumbs or a joy stick, his position or the direc- ?

tion of the sersatien he is experiencing. Caution him not to correct for Zllustons. -3
3. Place a hoed (or gogzles) over the student's eyes and have him sit erect. Rotate the chair to “é

the right. £

The student should first experience a senzation of rotating to the right, then almost a nalt in

rotation; 1s the chair slows down, he should expericnce a sensatfon of rotating to the left, and finally
he will report stopping.
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Second Demonstraticn

1. Zotare the student to the right with eyes closed and wich no bood.

2. Az soon as the student feels no sensation of rotation (or in about 20 seconds), stio the chair
abruptly;

3. 3top rhe student in front of the class aad have him redd from saterfal on an appropriate chsrt
or afgn.

4. Have the class focus its attention on che student's eyes.

5. The student's eyes should sweep or click to the left and right, thus demcustrating nystagmus.
Third Demscnstration

1. Have the student don & hood.

7. Rotate the student uutil he no longer experiences turning.

3. Have the student tilt his head to the right while rotating.

4. %e should experience an 1llusion cf a climb to the right.
Pourth Demonstration

1. Using & hood, rotare the student to the right with his head tilted to the right.

2. Continue rotation until no sensation of turning {8 reporzed; then have :he student return his
head to the upright position.

3. The student should experience an {llusion of diving.
4, Caution! The student may have & violent reaction to this stimulue.
Fifth Demonstraticn
1. Again using & hood, have the student look down at the floor or at l.is lap deit.
2. Rotate him t.- the right with his head tilted downward.

3. Continue rotation until no sensstion of turning i{s reported; then have the student return his
“head to upright.

4. The student should experience an illusion of tumbling or spiraling.
5. Cautfon! A strong sensation Of falling from the chair may be experienced.
Additional Teckniques

The apnroaches noted above are not the only ones available. For example, the Spatial Orientation
Trainsr (SOT} at Brooks AFB, Texas, is a highly sophisticated device which has four degrecs of freedom of
movement; totally encloses the rider im a cockpit that moves on rubber wheels around a circular track 10
feet i{n diaater; and permits the pilot to control the attitude of the cockpit (at the discretion of the
console operaror) by stick, rudder, and throttle. Ths device can be rotated 3bout its own axis (30 rpm)
or around the track, cap b pitched :l_-3ﬂ° from the horizontsl, and can te rolled #90V from the vertical.
A prelimipary evaluatiox of the device using students from the Air Force Undergraduvate Training Program
indlcateg its isefulncss and acceptability to the students in sugmenting the regulor £light trainirg
program.

St{ll other techniquus exist; however, tha purpose of the present report was simply to provide
cuggestions and procedures for inexpensive but mcaningful disorientatinn familiarization based on the
eathusiastic responses of gencrzl aviation pilots wno have experivnced the CAMI approach, and to encourage
piloks to odt .. instrument ratings.

ALCOHOL AND DISCRIENTATION

As a final area of consideration, the role which alcohol may play {n disorientation can be demon-
strated with any of the devices described above. In general, alcohol deprasses th: responses from sticu-
latioa cf the semicircular cenals. Thus, when tested {n darkness, both nystagmus and sudbjective ssusa-
tions of turning, as well as sensations produced dy Coriolis stimulation, are reduced by alcohol.

However, alcohol also depresses the functioalng of th. visual fixation mechanism, such that the v.sual
system becomes markedly leas able to inhibit vestibular responses when alcohel is present.’: +8 Taus, under
the latter condition, vertigo and dlurred visiop are ac:iceadly present following an augular deceleration

in the preserie of visual fixation r1-jects. This phenumenon is readily demonstrated by rotating subjecis

in darkness {or with their eyes ci.s2d) and bringlng them to a sudien stop as the room lights are turned

on (or as iheir Jyes are opened). 1In the zisence of tlcohol, visual fixatfon cn some obdject in the room
will gquickly inhibit both the twrning ssusatican and the nystagnic eye movements. However, one hour after
drivzing (about 1 1/2-2cec of 100-proof liquor per xg of body weight, or about 3/&-1 ounce of 100-px of
1iquor per 33 pound3 of body weight), if the same procedure is applied, visual fixation follwwing the -
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sudden stop will be ineffective in preventing blurred vision, and vertigious scnsations will be experi-
edced for several seconds.

As might be anticipated from the ahove, alcohol will affect performance on at least some typas of

; tasks during cngular acceleration, sithough performance might be relatively unaffected ian thc absence of )

motion. Thus, for example, the ability o track a moving target by mzans of a stick controsl (eye-tand b
coordination) mey not be impaired noticesbly by alcohol whnr the subject {e in a static (stationary) 5
environment, but mgylge significantly deprcased in 2 dynamic (argular acceleration) situation 2s a result
of blurred vieion.”? Statistically significant increases in trackiag errur “ave ben obtained during
angular scceleration 2ith blood alcohol levels as low as .027 per ceut; performance in the absence of
wmotion was not significantl; impaired. 0" such findings §..dfcate the insidious niture of the effects of
alcohol on performance. A pilot who drinks lightly may couvince himsslf that his ground-level atilities
are unimpaired and thus be convinced that it £s zafe to enter the cockpit. However, 1f while £lying,
particularly at night with dim display fllumination, that pilot encounters vestibular stimclation as a -
result of mareuvers, turbulence, or an inner ear dysfunction, he may readily experierce disorjecntation 3
and blurring of visfon, Control of hia cye movemrnts by visusl fixation will have been reducad by the
alcohol, and vertibular control will be free to take over the driving his eyes relative to the fnstru-

meats, Such nocurrences will increase the likelihood that the pilot will misread tne instruments and
react incorrectly. The results could well be fatal.
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During the time sllocsted for discussion following the formal presentation, Dr Collins demonstrated "
the portable rotating chaiv znd goggles, illustrated in Fig. 6 of the pzper. e enuaerated the procedures
employed for discrienteztion familiarization and several members of the audience tried out the device.
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Dr G°lson also reported briefly recant work carried out at CAI and NAMRL on the effect of ethyl
alcobol on vestidular function. In particuiar he showed how ethanol impalred the suporession oi canasl
nystagous vhich occurs when the subject attezpts to fixate on a stationary visual target. In addition
to EOG measures of nystagmus, the impairment of subject ability to see instruments and perform a simple
tracking task when intoxicated and ex:osed to torsional osciliation was described.
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THE DISORIENTATICN ACCIDENT - .
FHILOSOFHY OF MISTAWENT FLYING TRATNING

GROUP CAPZAIN T G IOBIE-OZE 1B ChB BAF
ID AV LED(RAF) XOD(AIR)
1-6 TAVISTOCK SQUARE
LQDON CH 9L )
ENGLAND

SUL2ARY

Pattems of disorfentation occurrences in the United Hingdem

FAF end Axzy for the period 1960-1370 are exanined in order to
fonmlate possible cxplarations end ricomsendatiens cencerning, in
rerticular, the rbilosophy of instrument fiight training., The
sircraft tyres most cozmonly involved and the circumstances cone
fimm the 1iklihood of sensoiy incengruity being a contributoxy
factor in the majorily of ceses. The undexiying diiferences
between 'prizary' and *secondaxy ' disorientation ere discussed;
lie latter term heing uead 2o deseribe the type which leczds to an
eilive sigte of confusion. Thie auithier sugresin that the pre-
acninant eophasic both in seromedical indoctxination and in-
strument flyfingy practice is concerned with preventing pricary
spatial disorientation, but thot insufficient effoxrt is made
tozarde ensuring thet primary cisorientation when it cccurs, dees
not develop into the dongercus secondery steges The varicus
nethods >f simulaticn of instrusent flying are exenined in this
licht. ZHecommendetions are made foxr increasing the azount of
fsiresst during T practice, by increasing the z=ental work lead
und adding distractions and diversions shilst carrying out the
tmechanical ! tracking task of flying on instruments.

INTRODUCTION -

Happily there has been a steady decrease in overall sccident rates over the years. As aireraft pex-
tormance iacreages however, cajor accidentis are often difficult to expiain with certainty. Vhen invest-
isators ere unsdle to turn up obvious t~chnicri causes, the focus of attention is turued upen the aircrew
invelved and in particuler, the pilot. CFf ilic various human factors which can axplain sccidents and in-
cidents, spatial discricntation is toth an intriguing and imporiant posaibiliily.

ving Commander Lof*ing freo the ELF Directorate of Flight Safety hes slyesdy reviexed the United
Kingdom RAT and Arcy stitisiics on spatinl discrientation in fiight for the decade 196C-197C, (A2). In
this paper I shall diccuse possibls explanetions for the rattern of thece occurrences and mnke certein
recezmendations for reduciag the incidence of this hazardous conditicn. In particular I shall dwell upen
the pnilosorhy of instmment flight trainirg and its relationship to spatial disorientatien.

ACCIDET FATTERNS

The four fixed wing auireraft which feature significentliy in disorientation ancidents gre..:» Jopbairs,
Eunter, Lightning and Jet Frovogt. Shese four types of nircraft have ceckpit canoples which axc either
coeapletely clear and Iyaxeless or have cnly a windscreen sxche Cne can resddly visualise w situaticn
where eithier at high sltitude or in hate conditions at low sliitude, the pilote sitting in these open
tbutbles! would hove a =inizal visual input whilst ceawching for a target, oth- ; aircraft or ground feature.
Theze arc conditione which permit vestibular or projwioceptive informaticn to predominate lcading to sen-
sory Sncongruiiy when cross checks ave z=gde with the aiveraft insixusentation. In this centext it is nlse
interesting to note that night flying ond inexpcricnce have been shown to be sigaificant factoxs pre-
céigspusing to aircraft disorientation eccidentc. I believe there is cnother important factor which is
ceomon to thet group of aircrift navely that they are rredezinantly ficen solo., This peint is concerned
with underlying roychological faciors relanted to disurientation and will be dizsussed later. 1In the case
of the Sioux helicopter which heos both the copopy 'tutbhle effcct' and a lack of adequate instxmzentation
at that tize, ihe situntion ic gagravated i1} fuxther and eeonsory incengruity cou:d cepdily occux.

It hes been shoem *hat ne accidente in $he Roynl Alr Force during the period 1960-1970 were aprarently
caused by disorientation during the lending sprreach, (A2). I believe thnt one cen sccount for this in two
woys. Firstly, there has been cencideradle publicity given to the prodles of cross reference between the
alrcraft instrusents and the ground at this stage of ihe flight profile and I would 1ike to thirk that the
aviction pedicine teaching has been effective in aleriing pilots to this as a possible cause of dis-
orientatizn. Secendly, et this stage of flight the pilot is prodosinently 'locked-cu® to his full in-
siruzent panel and the time spent locking sut at the outeide world is relatively shorte I teldeve that
this talance between the time cpent in hundiing reliable inforzation and that likely te jrovoke potemtial
conflict is less likely to produce discrientuticn than the upjcsite situsiicn in which the piiot i3 pre-
dezinantly locking into a foatureless outside world and enly looking at his instrusenis occasicnally.

AIRCRAIT MICIDAT

It ir interesting to note that of the 5% incidents atiribated to disorientation, 23 of these syparently
werc associnted with car infecticn, physical ¥ndisposition or excessive head movemenis. Although one is
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inclined to associate these situetions with a parked increase in vestibulex eifereat signsd fiow I feel
vore inclined to ask why this sisnal flow caused the individusl to be disturbed., I shell refexr to thds

later when éigccussing the undexrlying fectores predispocing individuals to disorientation which ceuses
occurrences.

The rroportior of inexperienced piiots in tne incidentz tabulaled was considerably lower than in the
casn of accidents from this caute. It hos been sugrested that perhaps inexperienced piiois do not report
these occurrences, (42). This is certuinly a possibility dut I nould like to sucgvst on aditional ox~
planation. This usy be azsocicted with the type or severity of the disoxientation we are dealing with.
In his excellent chapter on 'Spatial Disorientation in Flight' in the textbtock of Avietion Fnysiology
Dr Tenson referred to prizary anéd sccondayy disordentation, secondary disorientation belng the type which
lecds to an astive state of confusion. I suggest that pernaps the more experience the aviator,the more
rrone he is to secondary cpotial dicorientzticn beczuse his experdence anc caused certain patterns to ke
'sett' in his mind and conflicting cues are more likely to cause sensory incongreity. In the case of the

nexperienced student avicior, on the other hang, he nps fewer such 'sets' ond perhieps he ie lesc prone
to scoendery sratial disorientetion. The higher sceident rate ascociated with disorientation in the in-
experienced could be exploined by tha fect that when dfsorientation vecoemec merked, in such cases, shethier
it be primary or secondarny, ranic orx not, the individuale lock of experdence means ihat he is less able
to cope with the difficult aircraft handling which is necessury te yrevent an cccident,

3ACTCH: TLEDISTCSING TO DISCRIENTATION

I huve eiready referred to vrimury disorientation which {s & situsticen in which ihie aveuter iz un-
oware that his percepticn of sltitude or posstien iax incorzect =nd it is only uhen hie checks or coupexer
the orientetion perceived by one sengory chonmngl with that frem enothor that he is likely to resliise that
his original per:epticon of aircrafi sttitude was incorrect, (Bemson). This son then be follcwed by o
state of confusicw ox vnccerteiaty which hns been celled sensory spetial disorientation, Gillinghan in
hic excellent 'Frimit of Vestibular Monctiom, Syatiel Disoricntation and iletion Siclness' refers to tin
lack of sensoxy congnidity as determmined by previous experdance g an imporient factor in the production
of motion sickness and the senc con be szil for disorientation. Although it is true that aircraft per-
forence is increasing pretty yepidiy these days, the occurrenses which huve occurred in the Ynited
I3ngdon axre not always cssociated with pavticulexly drasmctic cireraft manccuvees. .y cen experience with
cupidosietryywhilst studying motion zickness, lecds me t¢ believe that alihouch the end-orgza resrense
eprarently vories greatly Irom individusl {o individual thils is due to the woy in which lie individual
hondles this sipnal flow from the vesctibudes apreratus, rather than gny difference in the ond-orenn itself.
Vestibulaxr stisulus is no doubt the 'seed! bui it s the siate of the 'scil?® nemely the individual him-
self, nis rersenality, his state of training and his insight into w.> probiem which caus 2 thug hazprécus
secendaxry spatisl disorientatien.

Terhapys then the ear 41 ections ond physicel indinpositions that were noted in vorious incidencs in
the Foyal Alr Forc? statistico so sdversely affected the individunl thot he was unabie o cope with
siress whether it be vestidular in erigia or fyom any other souzce, for that matter.

I referreq ecrlier to the possible significance of thae sole situsiion., In extreze emses, there ir-
cred are saffering froz some phiobic state they fregqr ntly eophnsise that the problem is much morse then
fiying 2o0lo. IZven & passenger mho hes ne khowledge of flying whatscever zan encble a2 phebic yiled to
cope uitlh his prodliem and aiyeraft in cany instonces. Fexhars thea the scio stete is the 'strmw which
breaks the cmnel's bock ond prevents the pilot hundling his cecondary spatisl disorientaiion. Is there
a very narrow line between whal we call 'sccerndary sratial disorientation' and a 'zhobic! state?

FLEVUTTICE CF DISCRLTSVIGN

You ore all very familisr with the many useful stepciwhich have bteen taken in recent years to reduce
the incidence of disorientaticn. aAcromedical indoctrination has I o zure been very coificetive in bring~
ing this mateer cut into tie ocren and that in 3izelf is a bi; step forsand, I am sure that txemilng o
rreblen as a "nerual' occurrence hns given resscurwice and 2 conse of ndersiznding to zany airerow who
ni;nt have got inmto {roudle.. Feverthelezs I belizve that we can do more in o yracticel way jorticuisxly
in ovr pirtorne exercices. It Js in this aren that I shculd like o duecll for a fov mements b saying
scaothing about the yhilesopny wnderlying ingixment {lying proctice, os 1 see it.

FRILOSOTHY ofF TSTRUELT FLYING IRaAININC

Gaeat sicess nns been pleced upon the need for an individunl pilet to be ohle to {1y insiruxents
well: siaiiarly metheds of Instrimicn? scunning have been impoved and tsught very elicctively to students

and exreriensed eiveres. This is exvelient ond vexy neceszary, tut I deilcve that we have perhars erved

by placing inenfficient exmphasis on denling with the siresz wmhich ir asceoclated ith inrimment {lying.

$>aid o+orl

Airbornie 53 lnd discrientation tralning fos tended to demomsirute the need for instnumente ond the
unxelinbility of 'seat of tiic vonts' ssusations. It huy aiso stressed the need for the stuaent to
telieve his insinaienis shen disorientated. “hirse are uselel exeroises Wt in oy view, agnin fail o
Istreas' the student cufficlently irn the trofning situanti-.

Serhkaps I cen best make =y reint about insinmment flyin; simiation fa Oight by exs=ining the sig-
nificant conctituents of actunl instnzent fiying ond itc acsoclatod jevbicms frxom the jeint of wiew of
the 3ilot. These ure nol necessarily in their oxder of priorily.

a. The pilet must be able %0 porfor a tracking tesk accurately and smoothly =ith minims lap tizes

b, e zust e abie 0 suprrecs eisleading vestildar endfor vicunl informailen shem 1t conflicts
with his Instroient proesemtation;
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cs He must be confident in himcelf and his ability to cope with a high performance aircreft in a
difficult instrument situation.

ks fer ag perfoming a tracking task is concormed, this is & mixture of ratural ability and good
flying training. I suggest that graduate pilots do not lose centrol of their aireraft for this reason
alone. I belicve that the £landamd of iraining in the NATO air forces is high and such an aviator would
liave been elininated as being well belaw the required standerds The gciond peint deals with sensory in-
congruity in the real IF situation. Uken lockivig out of the cockpit into a hazy feetureless sky, the
vicual input is cinirzal as I said earlier and this can have two cffectso:

i, %he nisleading oxr inaccurate vestibular or ‘'seat of the pants' inforzation can becoze dozinant:

ii. On returning to lock at the instmment preseiation, the picture may new be at variance with
existing false perception fixa micleading sources.

Concerning the thirxd point, the rilot's ctate of confidence, this denotes good practice and the ability
to cope with siresaful situations froz shatever cause.

I would suggeat that IF gimidatlon as it is ccmnonly practised does not meet all these requircments;

a. Sizulated insitrument flying under the hood rcmoves all sensory c¢onflict, or nearly all, since
the pilot canmoet look out and he therefore gets w maximal inyput of relisble vi 2 information from
.hig inrirucentation. There is scze stresc, but this ic minindsed by the presence of the instructor
and no other stress is built in, On this point 1 was interested to read in u recent Boara of Inguixy
the co=acnis af & very senior Hoyal Adr Force officer who wrote: 'dual will never lsock the psycho-

logical security of a qualified pilot at the students eclbow.' Having read that I wondered if I was
preaching to ke converted!

"b. When g visor is used insteod of a hood the couments are similar, but in addition, the irainee

Inmowg that if the going is really tough a s01l heod movement will give him a picturs of the outside

world. Even if he does not use this facility, nevertheless the possibility detenzifies' ihe
cirmlation.

If one accepts these premises then o logical approach to simuieted f1ying practice con be proposed:
a. Increase the 'strecs' during practice mnd get oway from a gimple trecking task by enphasising
pilot interproted alds so that the individua: 3g made te think 'three-dimensionally' when on in-
struzents. He must be disirocted from mexely 'following inds necdles', by having to thinh abeut
other probloes guch as navigniion oxr aid interpretaticn, to a far greater cxtont.

b. lie sust sonchew e mede to leook out and 'suffer', if that is the right word, the probles of
diminichad visuel input leeding to cenflict. This is perhnps difficul? to siaslate bui Y3 ne seans
inpcssidle.

I recail during Vorld War 2 that cne had to {1y a nusber of so called ‘dov-night’
corties tefore poing night flying. we ctudents used to reckon that you shovld have night fIying
oxpericnce defore doing day-night rractice becnuse if seemed moxe styeszful!  This consisteé of
wearing very dark asber gegles and flying on sodiwm flluminated instrumenis. Tne students covld see
nothing of the outside world except three or four isolated sodiuxm lighits on the xrvund et the end of
a centrnlled approoach mnd he had te carry outl e iending using these as his flare-rath., Althongh
finals have rot been asgseciated with mony accidents this wonld ceortainly Ye cne way of forcimy an
Individualtnlokeut of the cockpit znd experience sensory incongruity ai the end of his instruzent
apyroach. Various other scheses, such as 2 stope contra-asber and 2 stoge ccutra-biue have dbeey
vceds  (hese were o mixture of biwe goggies Dilh an amber screen cn the reverse, Theze systous
wended to . cambersene bhut technolofy hus Iimproved so much that tho shorteomiigs of the ulE sysicss
cordd be overcome ncw.

I ghould 2lse 1ike Yo see o student Ye given as =uck cctual instmwuent {lying s yoscidle i Lis
training progmsme. Thexe Is no finer way o tumm out a {ully cempetent pilot shio can 1y kis aivereft
- to itz linitsc. %o thal end it is isportant ihatl the dual-solo ratie is watched mast curofully so that
there gt be a zinimm of solo sorties before 4 student is pesmiticd (o oo night fpinge without doubt
fex & wing
no student should te permitted to £23 cole at unijhit untis hie bas at Zeast 25 hours day sode on type and
hos achicved o cstisfoctoxy level of instnuwment training,

CaICiisi

The philesophy I hove txried o preach iz that it ir not sufflcient for tne student o &
cn inctnumenis. Iangerous seoendary spatial diserdentation repwmsenss g situniion where a &
vectibular input hes pushed a pilod Aver the point of talance of mbility. MNe chould bte txni
woy that he can osyyy oul & nusber of tasks as well as {lying on lasirusents scouraieliy and wel
niy te btedny £0 irained {hat he riil e gbie to sit back anG "enJoy' his instrument flying. I

¥
toirenced! curing instnmont lxadning that a talonce is adhieved whach ensures thet he will ach..ove
state of confidence in hic ability 0 fiy afl-meather ricsicas naturally. This seopne tha! Shenever hie 28
confronted with some carisus visuel fllusion; or when hie iosee hie iccder in foaxmation In cleud; or is
acked to chnnge a radle Srequency et o cxitical iimes or his bladder ir fullt or oo o vhert o1 2 &
of these things >i1) be oo much 10 the fore at ccnccicair leve: thot he will be mmakle $o 2oipress Hem and
oo unable to cope with o complex trzcidng tack in the form of an insixerent {134t ;rocedurv,
LT LIE

W, TINSCE A3 (I%E) ijatial Dicoriemtazion in Flight. Jlap 4.
; 4 £ Vestitular Junction, cjatial Zisorientaticn, and
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DISCUSSION i 5
SCAND. This is only a practical question. Did you find any special correlation between the incidence 3 !
of digorientation and fstigue or lack of sleep? § T3
H 5
DOBIE. The investigation of any possible case of disorientatién is always fraught with difficulties N b |
and I cannot demonstrate any specific correlation between sleep deprivation or fatigue and ; 5‘;;:
disorientation. Nevertheless, in relation to the views which I hive presented in this paper z =
I would expect that these would be typical of many 'personsl Iacton’_,vhich can contribute to : =
discrientation. : E
. } b
LOFTING. You expressed your belief in the need for further instrument flying training techniques, vhich i ‘%
accords very mich with the DFS view from a study of sir accidents. Do you consider that these : §
- new techniques murt be done in the air, that is, an artifically losded real-flying situation? . =
Or do you see ground simulation in sophisticated visual-and-motion trainers as a field for ¥ e
the new techniques which we need to arm our pilots against the killer situations of disorientaticm? f—g
- - H ;fg
DOBIE. I believe that whatever grovnd orientation demorstration devices are used, ultimately the =
programme sust be taken in to the air. This orientation training in flight would zonsist of 5,
a form of instrument flying practice designed to 'load' the pilot progressively o the maximum E
with a variety of inputs. Ideally, flyirg on instruments should be as 'natural’ to the trained i
pilot as flying coatact (VMC). . -§
3
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CLINICAL EVALUATION AND TREATLENT OF DISORIENTATION IN AIRCREVW

Air Commodore P. J. O!'Connor

SUMMARY: A special panel exists in Great Britain for evaluating disorientation in

sircrew., 90 coses were ssan in the period 1960 to 1971. lost of the patients were

nilitary aircrew; test pilots and helicopter pilots were more common than expecteld.

gi:ggignzgzion was common in the third and fourth decades. Presenting symptoms wels
€ 03

1. Increased sensory input.
2., Decreesed sensory input.
3. Disturbed central thought vrocesses.

Treatment was by explanation and reassurance with the addition of rehebilitation flying
and trestrent of &ny associated psychiatric disorders, 60% returned to full fiying.

This paper deuls with 20 Qviators complaining of disorientation in the air in the
period 1960 to 1971.

In Great Britain ws have a panes for dealing with cases of disorientation in the
air of such scverity that they merit specialist investigation. This panel consists of
an gar, Nose and Throat Consultant, & Fhysiologist who is =n internationsl suthority on
disorientat.on and myself, s Neuropsychiatrist, All cases of disorientation, whether in
:i}itcry §lying or civil, which are thought to require expert guilence, are referred to

s panel,

One tenth of the patients were civilian avd of this number three were test pilots.
The low incidence of disorientation in zivil aircrew probably reflect the fact that the
military aviator and the test pilot fly their aircraft to the lirit of its cepatility.
In civil flying the emphasis is at all times upon smooth fiying and the aveidance of any
panoeuvre which night cause passengers alarm. Because the nmilitary pilot has to fly the
aircraft to the limits of its capability and nas to be trained in such pracision flyirg as
is required in low level attack and formation flying, any symptom which undermines his
confidenca in his ability to control his aircraft assumes tuch greater importence. It
is for these recasons that we see far more military aviators and test pilots than civil
aircrew at the disorientation panel

One tenth of the disorientation patients had developed their symptoms im helicopters.
This is a kigher :ncidence in helicopter pilois than was expected as helicopter pilots do
nct rake up one tenth of the total strength of aircrew in this country. I believe that
disorientation ie disproportionately comron in helicopter flying because this airecraft
demands far more control to keep it in the air than a fixed wing aircraft whtich can be
flown by the autometic pilot if the captain is temporarily ialispesecd.

50% of the disorientation referrals were pilots. Clearly disorientation is more
important to a pilot than to a navigator &s far as the safety of the eirerafi is concerned.
Fisure I shows the age of the aviator at the time he was referred to the panel.

Pig. I - Age »t onset of disorientmntion

| I ve -29 | 30-39 %0
Age Group &20 years| 20 29’ 30-39 4

" & oY disorientation cases in this group 5 42 [ 42 11

I was surprised to find the high incidence of diaorientetion in the third and fourth
decedes. -

The presenting syoptons may be clessified in reletieon to the psychophysiclogy of
disorientation. The brain needs to know coatinuously the attitude of the boidy. Thio
mowledge is conputed from information from the eyes, the labyrinth, the muscle stretch
receptora and in the case of the aviator from the instrument panel of the airoraflt., The
cues from thase sources are computed to give an updnied model of the body's position in
sgace. This orienting mechanisn may be upset in a numboer of ways, The woy in which
the rechonisn is disturbed diciatea the form the disorientation will take.

1. Increased signal strength in one channel zay upset the compuiing mechanisg;

Corivlis stirmuiua, pressure vertigo, distrécting stimmli such as cur sneadlishto trrvelling
at right angles to the runway or the sudden falling nway of the terrain on flying over

a cliff edge; faulty flyirg zanoeuvres such as atalling at the top of = loop.

S ARSI

E
2,
~T¥
2
=2
5
g
&
2
b |
&
5
2
g
z
v
£
g
B
E
Z
Ay
]
3
2
Je

X

£H

B TGS 0T 50 48, 5 T o B RSBV VL A B SR ¥E . Cib TENA wAO h ERI LR B R IR 1 SN A R 0 S B

%



. . e e ) TSV b X e R
s e AT e e RO T ME WGl el SRR RTINS TP i
S N S s e T IE A ¢ s "2 N s A

g
B e e T

A16-2

- 2. Beduction of sensory i.put; sudden change from V¥C to INC especially on unexpec-
tedly entering a cloud at night; the break-off phenomenon at sdtitude when the horizon
has fallen below the comforiable level of vision; completely calm sea withkont ripples;

at about 5000 feet it is no longer possible to pick up the detail of vegetation and some
aviators feal discrientated at this stege.

3. Heightened arousel may interfere with central shought processes in & number of ways;
the span of attention may be narrowed, usually due to &nxiety, and this may cause
coning down of vision onto one instrmument instead of scanning the essentisl diuls., In

target fixation the pilot tends to fly into the targei he is attacking instead of
breaking off in good time.

‘ The toxic effect of an alcoholic hengover- seem to lower
the threshold for becorning disorientated.,

Anxiety stetes and hyperventilation have
gimilar effects. Input overload mey cccur when a great number of cues have to be

atterded to at the same time as in formation flying or 2om level atiacks at night in
gingle soat eircraft. The tencicn engendered by the preseace of sn exexiner during
instrunent ratings increases the tenderncy to disorientation.

Unexpected visual effacts
as on looking through a window in the floor of en airersft, Hypochondriacal fear that
any altered bodiiy sonsation may be a prelude to losing consciousness often gives rise

to dizorisntation. Illusions of position (the leans) and the more striking illusion
that the aircraft is upside down are related in part to the sensory deprivation. A
less cormon form of disorientetion is the insbi..ity to appreciete subjectively the

motion of the aircraft with the resulting belier that the plane is stationary or thet
it has not turned after banking,
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Treatment of disorientation rust be by reassurence and rehabilitetion. If the
disurientation has veen of recent onset and can be explained to the pilot in terms which
he understands, this nay ke all that is recuirad. Sometimes the explanation-zmst be E
coupled with rehabilitatory flying especialiy if this cen be oupervised by a doctor who
is himself a pilot. If the pilot has worried about his disorientation for some time
before seeking advice end if he is predisposed to neurosis, the disorientation may lead
into a phobic fear of flying which reguires prolonged treatzent. If the aviator is
severely predisposed %o neurosis or if the disorientation has spread to other methods ;
of travel such as treins or cars the prognosis is worse. In our experience 60% .
retwrn to full flying, 7% to restr! “ted flying while 33% were grounded.
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DISCUSSION 2
JONES. You guid you were able to recover two thirds of the j..lots who came under rmedical care because ‘:
of disovientation. What was the disposition of the other thivd? Were any of these officers in T2
their non-flying career alloved to command or control aviators? =
O*CONNOR.

0f the aircrew with disorieatation whom I have seen, 60X returned to normal flying duties,
72 weat back to restricted flying 2nd 337 were grounded. The third who were grounded weres
probably quite fit for most ground duties, but it is an exccutive decision that alrerew who

are grounded for neuropsychistric causes are generally discharged frox the Service. They are
not employed as Air Traffic Controllers.
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TECHNICAL 'EVALUATION

oy

The Disorientation Incident was the theme of the first part of the 28th Meeting of the AGARD
Aerospace Medical Panel held in Luchon, France, on 28-30 Septesber, 1871. 7Ta his introductory remarcks
Dr Bensofi explained that the objective of the Aerospace Medical Panel in checosing Spatial Disorientation
as a special topic foer this meeting was to determine the operational significance of this perceptusl :
disturbance in the flight environment. He suggested that it was widely recognisad that all aircrew
suffered from disorientativn st sometime or other, but little up to date information was available about
the incidence of disorieatation or how frequently it was the prime or contributory cause of aircraft
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accidents. Apart from information about the operational consequences of disorientation, it was important - f: g
that the underlying mechanism of the condition should be understood in order to provide a scientific N 3
basis for the development of techniques and training procedures which wouid reduce the incidence of B f%
spatial disorientation in flight. ’é
: £

T During the course of the meeting whick occupied two half-day sessions sixteen papers were presented. : ig
Full texts Of all the pipers were available in AGARD Confereace Preprint No 95, so the speakers were able . %
to spead the time available in the explanation of egsential findings. This technique appzared to work 3 ‘é

vell and allowed adequate time for discussion after each presentation.
broadly clascified under four main headings: a.

The papers presented could be
Description and analysis of incidents reported by aircrew.

b. Analysis of accidents attributable to disorientation. c. Laboratory -tudies. d. Training procedures.

Disorientation Incidents R -

C
il
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Although spatial disoriéntation has been recognised, and to a large extent understood, for many years

it was zppareat both from formal presentations and ensuing discussion that aircrew continued to experience
illusory perceptions of aizcraft orieantation.

The findings of two recent juestionnaire studies were .xeported; one carried out on 2,000 US Navy

pilots and the other on 336 US Military pilots. The experience of disorientation of one type or anocher

during flight was almost universal (93-97%), yet only 11Z of the pilots reported that they had
disorientation 'frequently®.
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Nevertheless 387 considered that their safety in f£iight had been hazarded

The frequency with which the different types Of incidents were noted was
similar to that found in a comparable survey carried out in 1956.

hy a disorientation incident.

et
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The =ost commonly reported type of
disorientation was a false perception of the attitude or motion of the aircraft, disorientatien due to
the oisinterpretation of visual information was less frequeat although 92% of pilots flying alone in jet
aircrait reported confusion of stars with surface lights.

BTG S S rat K

In general, however, aircraft type and cperational role ¢’d not appear to influenca the frequency
with which the differens types of disorientated were reported. Notably, helicopter pilots reported the

"
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sape sort of incideuts as pilots of fixed wing aircraft. Acong these, mention should be made of the
dissociative sensations characterised by the 'break-off phenomenrn' which, as several speakers pointed

out, is not restricted to pilots of single seat, fixed wing aircraft flying at high altitude, but can
occcur in helicopters when flying as low as 500 ft.

In addition to the 'break-off' phenomenon several specific types of disorientation were discussed in
some detail.

'
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The illusory sensation of a pitch-up change in attitude, brought about by the changing force
environment associated with catapult launch or turbulence penetration (Jet upset), is of special importance
as accidents have been directly attributable 2othe pilot pushing the control colusn forward to corvect far -
the apparent change in aircraft attitude. The special problems of vertigo irduced by a change in pressure

(alternobaric or pressure vertigo) were also discussed, though sy=ptoms of this type were only reported by -
about 102 of the aircrew population.
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From formal presentation and discussion it was appareut” that a considerable amount of information
wag available about the different types of spatial disorientation and the frequency such incidents sre
reported. Xnowledge avout how frequextly aviators become disorientated is less certain, though a

B—
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qualitative assessmen of the incidence of disorientation was provided by the US Navy questionuaire. Yet
more important is the frequency with which disorientation jeopardises flight safety. Over a third of the
pilots had expetieﬁce& an incident which they regarded as a hszard either to themzelves or to the ai}craft,
but little is known about the frequency of occurrence of these incidents. Yet potentially far more
dangerous are those situations in which the pilot is not aware that his perceptionﬁof aircraft orientation

is incorrect. Such incidents are, as ore speaker remarked, the 'real killer' and not amenable to
anagnestic study.

Analysis of Accident Statistics

Four papers were presented which dealt with aircraft accidents in which spatial disorientation was
considered to be a causal factor. In analysing the chain of events which leads to an aircraft accident
spatial disorientation poses speciai problexs, for the invesiigatar is rarely provided with unambiguous
evidence that the error in the pilot’s control of the aircraft was directly attriousable to an error in
his perception of the motion and attitude uf the aircraft. Hore commonly the zonclusica that an accident
was caused by spatial disorientation must be obtained by inference, which itself is likely to be influenced
by the attitude, experience sud judgement of the investigators. This feature was illustrated by UK (RAF

Al

} and Army) sccident statistics which showed a higher incidence of accidents attributable to disorientation

= in the periocd 1966-1970 than during the previous quinquennium, when the problem of disorientation was less -i
? publiciczd in the Servica. It was sugzestedAth}t the figures for tue period 1966-1970 were a wore accurate %
. measure of the disorientation accident rate. Over this period the rate was 3.7% of all accidents or 2

approximately 112 of aircriw error accidents. Analysis of US Army accident statistics for 1966-1967 indicated
3 the 7.1Z of all accidents could be classified as 'orientation error' wnich represented 10.3% of the pilot

E
X error accidents. US Navy statistics showed that 6.8% of all accidents in 1969 were coded for disorientation/ %
3 vertigo, although on detailed examination of the accident reports only 1Z of the accidents could be %
; definitely attributed to spatial disorientatioa. %
i . Aircrzft accideats, ir particular those due to pilct error, rarely have a single cause. 1Indeed, only §

in 4% of all US Navy accidents coded for disorientation in 196% and 1970 was this percaptual dizability £
3 considered to be the sole cause of the accident. 1In the remainder, other psychological or environmental §

facrors were coded along with disorientation in the accident report. 0Of these contributory factors, %
a restriction of vigibility by weather, haze or darkness was the most frequently reported., The association %
'? of disorientation with instrument flight, and in particular the transfer from external visual reference to %
?. instrument reference was clearly demonstrzated by UK and US accideat data as well as by the incident z
= questionnaires referred tc in the previous section. g

US Naval accident statistics also showed that the frequency of orientation error accidents were

proportionately higher during the first two years of flying than during subsequent phases of the aviators

I o

$ i

career. The experienced aviator is not irmune from spatial disorieataticm, but it would appear that he is
less likely to allow his control of the aircraft to be disturbed By the illusory sensations whilh
characterise spatial disorientation.

.
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Lzboratory Studies of Certain Aspects of Disorientation
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The environzental, physiological and psycholegical factors concerned in the actiology of spatial
disorientation are aumercvs, 5o it vas understandstle that in a short oecting the detailed analysis of
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5 specific types of disorientalion would not be cceprehensive.

ifr A notable contribution tothe undevstanding of the illusory perception of a pitch up change in attitude

23 vhich can occur during catspult launch was providud by the results of experiments in vhich subjects were 3
»ﬁ» exposed tu a sizulated launch profile in the NADC centrifuge. It was found that an X-axis acceleration . 3
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pulse of spproximately 4g acting for 3 sec led to an-illusory perception in pitch sttitude which persisted
for-up to 60 sec after the stimulus. This illustration of the change in perception of sttitude, brought
sbout by a2 transient X axis acceleration complepented the established data for long duratica low anglitude

accelerations and emphasised the importance of the use of flight instriments if aircraft attitude is te be
corxrectly perceived in a changing force eavironment.

Transient changes in the force environzent were also used in s sizulated flying situation in an .
attespt to induce the perceptusl and motor disturbances of witat has been called the "Giasnt Hand Phenomernon'.
Strictly this is not spatial disorientation, but rather an involuntary movemenut of the pilcts limbs in
wvhich be feels as if the control columm is being pulled cway from hinm as if by a 'gisat hund'. The
condition is apparently not common, but three incidents were described, which included one ejection.

] The effects of ethyl alcohol on vestibulsr function were discussed, and the inability of intoxicated
subjects to suppress nystagmus induced by rotational stimulus was clearly demonstreted in a ciné-film.
Results of other experiments were also reported which provided quantitative evidence of the failure of
suppressive mechanism and of the decrement in visual performance in subjects who had been given alcohol.
These findings cqihni,éd the dangers of flying after drinking and illustrated that in addition to the
impairment of cerebral function engendered by alcohol, it also degrades the aviator's ability to see
instruments when exposed to potentially disorisatating motion.

(1

SelectSon and Training

Tie psychologicsl functions influencing en individual's reaction to motion stimuli and the adaptation
stich occucs when exposed to a novel motion environment were reviewed in detail. This work provided a
theoretical frasework for training procedures and selection tests relevant to the problem of spatial
disorientation in flight. The Brief Vestibular Disorientation Test has been found to be a valid predictor
of failure in flying training, but has not been related to 2n individuals susceptibility to impairmens of
control by disorientating sensations or specifically to an crientation error ac.ident. However, it was
consideted that with further development the test would have a predictive capability in assessment of an
individuals susceptitility to in~fligbt disorientation. - -

There was general agreement with the opinions of several speakers who considered that orientation error
accidents would be decreased if trairing, both on the ground and in the air were izproved. Apart from
lectures, vhich inforam sircrew sbout the various forms of disorientation and the conditions of flight in
which they occur, the benefits of various techniques for 'disorientation familiarization’ were discussed.
A simple, portable, rotating chair was demonstrated and the manner described in which it was used to
produce seusory and visual illusions coaparable to those experiented in the flight environzent. The range
of illusions which can be demonstrated is enhanced by the use of ecceatric rctation (eg a Centrifuge), but
if such a device is used for training as a dynamic flight simulation rather than for a siwple demonstration

of disorientating sensations it was suggested that there could be sn undesirable transfer from sizmulated
to actual flight.

While the ground based demonstration of disorientation is & useful coutributioa tec the training of

sircrim, it was agreed that a high degree of proficiency at instrusent flying was the aviator's bost

.protection ayainst the impairment and possible loss of coatrol engendered by conflicting-and distracting
_ sensztions. Apart from the demonstration of disorientation in the flight environment it was argued that

it was not sufficient for the student pilot just tc bs adie to fly F; instruments; he should be trained to
use instruments uadey 'stressful' conditions so that he davelope’, the confidence to fly all weatker missions
and the ability to deal with critical in-flight incidsnts withoit disorganization of aircraft control. Tke
high incidence of disorientation which occurs on transition fr = external visual reference to instruments
ieplies that greater emphasis should Le placed on this aspec’ of the flying task during training.

- - - S o T T it 4" < aou S g ~2.p
e R TEE T L paE NSty Pt £2s R SRk

B Bty s 1) e

R e N N Ty ey

e

4

y

bR Wit kit sod vt sy st

vl s RG2S

W

‘

4 I
yREL STl

R LT AT e £

!

e

4y

»
]

‘

%
]
=
3
E
E
H
%
3
£
-
E-
3
]
E
F
B
%
E
-
a
%
£
F
b
E
’:_!
2
:
Z
2
&

Newr 1w eV VR N

i s T en i L



e T ——
= T gty SR ter:y g,@sgr’._”akwx Lz
N A D e R e s

17-4 -

RECOMMENDAT IONS
3
1. Training . N §

o

2

The importance of ground and flight training in reducing the incidence of spatial disorientation
cnd orientation error accidents was emphasised by many participants,

o

4]

Accordingly it was decided to
form an Ad Hoc Working Group which would prepare an advisory report on orientation training. The

Working Group would review training procedures and make recommendations on a.
in grourd school lectures, b.
trainers, c.

topics to be covered
the use of disorientation familisrization devices and disorientation
the natures ot in-flight training and in particular instrument flight training
proceduzés and d. the maintenance of instrument flying skill and refresher training.
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2. Instrument disglays

Other methods of reducing orientation~error accidents were suggested:

a. Instrument displays should be developed which allow aircraft orientstion to be determined more

rapidly and more certainly than with the existing cockpit instruments. The objective should be to

provide flight instruments which have the 'force' of information available during contact (VMC) flight.

b. The potential benefits of the head-up display in aiding VMC~IMC (VFR-TFR) transition and the

possible amelioration of disorientation during this critical phase of flight should be evaluated.

€. Heiicopters should be provided with instrumentation appropriate to this type of flight vehicle,

with -adequate indication of translational motion and ground clearance,

A J ZENSON .
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