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EFFECTIVE APPROACHES TO DISORIENTATION FAMILIARIZATION 

FOR AVIATION PERSONNEL 

I. Problem. 

A number of general aviation pilots are un­
aware of the potential hazards of disorientation 
or Yertigo, and many feel that they are immune 
to these undesirab1e aspects of flying. The major 
basis for this lack of experience is not immunity 
but the fact that most general aviation pilots are 
"weekend pilots" (i.e., infrequent flyers who 
rarely fly nnder anything other than good VFR 
conditions). Contributing to the latter is the 
fact that the vast majority of private pilots 
(abont 06 per cent in 1969)'" do not have instrn­
ment ra6np:s, and many who are so rated do not 
maintain instrument proficiency. Since dis­
orientation and "pilot's vertigo" are most likely 
to occur nnder IFR conditions, there is consid­
erable danger in the feeling of security that 
pilots may develop regarding their ability not 
to suffer disorientation-a feeling that may be 
rein forced as a re,snlt of each VFR flight in 
which disorientation does not ocenr. In addition 
t.o those g·eneral aYiation accidents ·whieh can be 
attribnted directly to spatial disorientation, this 
nnforhmate con,Tiction is a ·possible contribnting 
canse in many of the NTSB fatal accident re­
ports which indicate that the pilot "continued 
VFR flight into adverse weathe.r conditions." 

In the past, instructors in the CAJ\II Aero­
medical Education Branch felt that disorienta­
tion was one of the more, diffienlt topics to present 
meaning·fnlly in physiological training courses. 
As noted abm-e, many pilots felt that it was not 
a problem of conseqnence (although, through the 
years, it. has been repeatedly documented as a 
sig-nificant flying hazard) 14 17 20 22 27 and the usual 
Barany chair demonstration did not seem to be 
mlidly rehted to flight situations. As part of 
the CA~II Aeromedical Hesearch Branch's con­
tribution to safety edncation, te.aching dPmon­
strations were developed that proved to be 
enthusiastically accepted by students and instruc­
tors alike. Alternative teaching methods have 
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evolved both as a result of assisting others in 
de,Teloping- techniques, and from an extensive 
progran1 of disorientation training for general 
>wiation pilots conducted by the CAMI Aero­
medical Education Branch. 

The purpose of this report is to explain our 
approach to fmniliarizing aviation personnel 
with the hazards of disorientation and to pro­
vide suggestions for use in other training pro­
grams. :Jiuch of the information presented here 
is available in scientific and technical literature 
and the techniqnes detailed are not the only ones 
antilable; they have simply proven to be par­
ticnlarly effective and instructim, in the combi­
nations in 'vhich 've have used them, for the 
groups '"hich have been exposed to them. It is 
important to note that our methodology is not 
designed to train pilots so that they will be 
immune to disorientation problems (no one with 
a normal vestibular system is im1nune), but only 
to familiarize them \Yith many of the unusual 
and false pereeptions of yestilmlar origin which 
ean oecnr in flight, and to impress upon them 
the importance of obtaining an instrument rat­
ing and of n1aintaining instrument proficiency. 

II. Disorientation Defined. 

Di:wi·ientat,ion refers, in gene.ral, to an incor­
rect appraisal of an indiYidual's position, loca­
tion, or moymnent. In aviation, the incorrect 
appraisal specifically relates to the attitude 
(orientation) or motion of the pilot and his plane 
with respect to the earth. On some occasions, 
disorientation in the air consists of true 'vertigo 
(sensations of rotary motion of the external 
world or of the individnal himself) and/or 
dizzi-ne88 (sensations of nnstencliness \vith a feel­
inp: of movement within the head). Indeed, the 
three terms "disorientation," "vertigo," and 
"dizziness" are frequently (if inaecnrately) used 
interclicwgeably to describe a wide Yariety of 
symptoms such as false sensations of turning, of 



linear Yelocity, or of tilt. "'hen nsed by pilots, 
"\"e.rt.igo~~ almost. inYariably refers to their aware­
ness of any of the various forms of disorie,nta­
tion.1:1 

Assessments of pilot experiences indicate that 
most of the "disorientation"' difficnlties encoun­
tered lJy normal pilots in aircraft are referable 
to inadequate and unreliable sensory infornut­
tion." :3 4 rs 19 n 2 " In t.hi~ regard, the ·dsnal and 
the yestibnlar systems are of critic.al importance. 

III, Introductory Lectures. 

To proYide an effective nnde,rstanding of what 
crmses disorientation or "piloes rertigo," to point 
out tlmt the sensations are "nonnalt and to 
demonstrate that the illusions inYolved are pow­
erful, e\Ten though predictable, under nwny 
circumstances, stnclents are first provided with 
background information. Sources for this 
material are plentifnl.8 n 1 ~ 13 24 Li 
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frmn Gillingha.m~s~J 1 :: approach are generally 
used by Aet·omedica I Hesearch Dranch personnel 
at. CAllli and, with slides, the material is cm·ered 
in abont i-10 minute.s 111 the sequence outlined 
below: 

(a) Simple physiolog-y of the Yestibular sys­
tem is presented. 

(b) The stimulus to the system is defined as 
acceleration and gravity. 

(e) The sensations and the eye-movement 
(nystagmus) responses \vhieh occnr upon stim­
ulating the ,·estilmlar syste1n in the absence of 
,,isua.l information are explained. 

(d) The- jm portance in aviation of the inter­
action of the Yestlbnlar and risnal systems is 
stressed. 

(e) Types of illusions and disorientation which 
ocenr in flig·ht inelude: 

( 1) the leans 
(2) gra,·eyard spirals and gra,·eyard sp1ns 
(3) Coriolis illusions 
( 4) oculog-yral illusions 
(f)) oculogra de illusions 
(6) elenttor illusions 
(7) g-eneral disorientation 
( R) autokinetic mo,·ement. 

(f) The physiologic.a.l and psychological bases 
for the illnsions are detailed. For example, the 
eoncept of a perceptual threshold is introduced 
in explaining the "leans"; the responses gener-
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a ted by angular accelerations (decelerations) 
prm·ide the basis for the graveyard spiral and 
the gra \·eyard spin; the resolution of forces act­
ing on the se1nicircular canals as a result of head 
mo\·ements during angular accelerations (these 
are called Corio lis ;-cstibular effects) is specified. 

(g) The adequacy of the ;-estibular system in 
earth-bound actidties is contrasted with its in­
adeqmtcy in some flight environments. The 
notion is introduced here that the eye-movement 
responses (nystagmus) to ,·estibular stimulation 
whjle making head movements under earth­
bound conditions serYe to keep objects from 
blurring. It is pointed out that in an air or 
spaee Yehicle, hmvever, the visual object (e.g., 
instrument panel) and the pilot's head may be 
fixed (i.e., unmoving) relative to each other and 
the stimulus may be initiated by motion of the 
\"ehiele; under these conditions, nystagmus will 
not sen·e to aid the pilot but \vill interfere \vith 
good foveal fixation and n1ay cause blurring of 
\'181011. 

(h) Problems in flight can arise when the 
pilot does not attend to sources of orientation 
information (the instrun1ents and his vestibular 
sensations) for some period of time. 1Vhen he 
resumes attending to them, he may expect one 
set of information and receive data contrary to 
!tis expectations and thereby suffer severe dis· 
orientation. 

These formS of disorientation are discussed in 
terms Loth of the operation of the vestibular 
systen1 alone, and of the interaction of that sys­
tem with the visual system. In this format, 
i llnsions resulting from the distortion of visual 
cues, which may lead to such problems as landing 
short of the runway, are generally not discussed. 
Such illusions are primarily or solely errors in 
visual perception and are not peculiar to ma­
neH\"ering air or spaee Yehic1es; however, a good 
reyiew of these problems, as related to aviation, 
appears in a paper by Cocquyt." 

IV. Our Basic Techniques for Disorientation 
Familiarization. 

As noted abo,,e, considerable emphasis is placed 
on the interadion of the yarious sensory systems, 
particularly those of vision and the semicircular 
canals. Since the pilot almost innuiably has 
some ,·isnal frame. of re-ference (e.g., if nothing 
else, at. least the eockpit interior), his inflight 



FIGUilE J. 1\Iodifl<:ations of a rotating device to control head moY<>mentR and to introduce an aviation-related visual 
environment. The rod extending upward from the foot rest t<>rminnt<>s in a plastic panel which contains three 
tiny light>; (a r<>d and n green "wing-tip" light and a flashing rNl "heac·on") simulating an approaching aircraft. 
Upper left: rotation deviC'<' without the "cabin" attachm<>nt (the <"11in rest depicted here is used for research 
rather than demonstration purposes). 'Cpper right: the major sN·tion of the "cabin" has been bolted to the 
back of the head rest; its bal>e is further supported hy ~mall nl<'tnl extensions projecting outward from the 
arms of the ehai1·. Lower left: the instrument pan<>l is added to the "<·nbin" by means of four wing-nuts. 
Lower right: interior Yiew of the "cabin" with a subjN·t's hen(] tilted to the right: the lights of the approach­
ing aircraft were viewed through the "window" of the "cabin." The interior of the "cabin" was coated with 
luminous paint. 
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FzauxE 2. The head rest allows adjustment of the side pi€'ces to control amount of head movement. The pivot ar­
rangement permits the head rest to be rotated upward; when the "cabin" is attached (by means of wing-nuts 
through the vertical slots along the sides of the head rest). the entire frame (see Figure 1) can be so rotated. 
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experience with disorientation will involve vision 
in some way. This is also one of the 1najor 
reasons \vhy the trnditional demonstration in the 
Barany chair is frequently not as effective ns it 
might be; the subject is either blindfolded or 
shuts his eyes, is rapidly whirled, and is asked 
to make a head movement. The resulting sen­
sation ( Coriolis illusion) is usually striking, but 
appears to haYe little relation to the problems 
that might be encountered by a pilot in flight. 
Past-pointing is also a method of demonstrating 
disorientation, hut again, the pilot frequently 
may not see a clear relation between it and in­
flight actiYity. 

...._ 1w Az)paraftts. 

Our first approach to providing adequate dis­
orientation demonstrations involved a simple 
modification of a rotating device. 6 Specifically, 
(a) a partial enclosure (see Figure 1) was intro­
duced around the upper part of a n1otor-driven 
rotating chair (a Stille-'Verner RS-3 Rotation 
Device), and (b) a removable headrest (which 
could be rotated upvmrd) was fabricated with 
adjustable angled side pieces (see Figure 2) to 
control the amount of lateral head movement. 
The enclosure comprised a simple light-weight 
metal frame of two pieces (primarily for ease 
of handling) that conld be bolted to tbe back of 
the headrest (see Figure 1). The major section 
of the frame was two feet high and extended 
from the back of the rider around the front of 
him; the second piece, one foot high and two 
feet wide, was attached bv n1eans of wiw:r-nuts • b 

to the sides of the major frame and directly in 
front of the subject. The side of the smaller 
section fttcing the rider had a nnmber of card­
board instrnment faces glued to its surface. The 
entire inside of the frame (and the facing of the 
headrest) was coated with luminous paint and 
then sprayed with dear enamel as a radiation 
safety precaution. Since the front-piece extended 
only halfway up the height of the frame, the 
rider had a "window" through which he could 
observe a set of three tiny lights which simulated 
an "approaching aircraft~' (red and green "wing­
tip" lights and a flashing red "rotating beacon"). 
The lights vvere imbedded in a small plastic 
frame which was attached to the end of a rod. 
The base of the rod was secnred to the rider's 
footrest and extended upward and away from 
him at a slight angle. A power source for the 
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lights was located behind the chair. Usually, 
the major section of the cabin-frame was left 
bolted to the headrest so that the rider (pilot) 
could easily slide under and seat himself (the 
pimt arrangement which allowed the headrest 
and frame to be rotated upward facilitated this) ; 
the "instrument panel" was then atta.ched (see 
Figure 1). 

Procedure. 
Prior to rotation, the pilot is instructed to 

keep his head and body very still during the 
demonstration until he is asked to do otherwise. 
An outline and depiction of the complete se­
qnenee of proeedural events and the concomitant 
suhjecti ,.c reactions appear in Figure 3. In 
making lateral head mm·ements (30°-45°), he is 
instructed to keep the back of his head against 
the headrest and simply to slide his head laterally 
until his cheek or temple touch the side-piece of 
the headrest. The head moyement is to be made 
briskly and is to involve no body movement, 
i.e., the axis about \vhich the head is to move is 
designated as around the "Adam's apple." The 
rider is told that he will be asked questions dur­
ing- the demonstration, which 'vill be conducted 
in darkness. He is to describe his experience as 
aecnrately as he can. 

Acceleraft'on. Room lights are turned off and, 
since the roon1 is light-proof, the pilot can see 
only the "approaching: aircraft," fran1ed through 
his "window," and the dimly lit interior of his 
;•cabin"; nothing else in the room_ is Yisible to 
him. After a few seconds, observers in the room 
can see the pilot dimly outlined against the 
lnminous "cabin." 

The pilot is asked to report the onset of his 
experience of n1otion and his direction of turn. 
_A smooth clock,vise acceleration of 5° /sec2 for 
lR seconds is then applied. During the accelera­
tion period, the pilot is asked if his speed is 
('hanging at all. lie., of eourse, replies that his 
tnrning- speed to the right is increasing. He is 
then requested to indicate any further ehange in 
direction or in speed and is asked whether the 
lights of the other aircraft are moving smoothly 
"·ith him or if they appear to be jerking in the 
direction of the turn, as though trying to "lead" 
him. A1though most riders r~port smOoth move­
ment of the lights, many 'viii se.e them jerk to 
the right (nsnally at the peak of the acceleration 
period), dne to a Yigorons nystagmic eye re­
sponse. 
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Standstill Standstill 
A}----\ G 

@--+@ Rotator at standstill. 

@--+© CW acceleration (5° I sec2 for 18 sec). 
Subject detects start of turning, direction of turn (to the right), and increasing velocity. 

@--+@ Period of constant velocity at 15 rpm. 

@-+@ Subject perceives velocity of right turn diminishing and, finally, all turning sensations cease. 

@--+@ Subject makes head movements upon given signals. 

Head movement: Upright 

-..!.-

Sensation: Level 

Tilt 
Right 

Return to 
Upright 

Tci= 
Climb Dive 

®--+® CW deceleration (5° I sec2 for 18 sec). 

Tilt 
Forward 

y 
Roll to 
Right 

Return to 
Upright 

~ 
Roll to 

Left 

Upright 

-J._ 

Level 

SubJeCt detects start of turning, direction of turn (to the left), and increasing velocity. 

®--+@ Rotator at standstilL 
SubJect perceives velac·,ty of left turn diminish·1ng and, finally, all turning sensations cease. 

FIGURE 3. Outline of the procedure for the CAl\II disorientation demonstration. The entire procedure is conducted with the subject able to see only the 
"cabin" which surrounds him and the "approaching aircraft." Note that: (1) The sensations are reversed if COW rotation is used; (2) returning tbe 
head to upright from a tilt to the right is equivalent to tilting the head to the left; (3) at least 30 seconds should be allowed between head movements; 
( 4) the sensation experienced as a result of deceleration is directionally opposite that resulting from the a:-~eJeration and is perceived as a speeding~up 
rather than a slowing down. 



Constant Velocity. After the 18-second ac­
eeleration period, a constant turning velocity 
( 15 rpm) is maintained. A few seconds after 
reaehing eonstant velocity the pilot reports a 
slowing of his tnrning rate, (if he does not report 
spontaneously, he is asked about it). 1Vithin 
another 5-20 seconds, he indicates that he no 
longer feels turning, i.e., that he is motionless. 
Shortly after this, some riders report a slight 
turning sensation in the opposite direction (a 
secondary sensation). This apparent motion to 
the left is a uorrnal experience and, "'hen the 
pilot spontaneonsly notes it, a strong impression 
is usually made on the obserTers. (The secondary 
sensation is considerably weaker than that ex­
perieneed during acreleration and, in most cases, 
does not last. long-er than a few {10-15) seconds; 
in othe.r cases, it may be quite persistent and 
last for well over 30 seconds.) 

Some individnals fail to report that their ini­
tial turning sensation ever ends following the 
acceleration; all report a clear slowing down of 
the turning experience, but some will maintain 
that they c.ontinne to feel very slow movement 
to the rig-ht. (Note: This perception is probably 
unrelated to sensing the actual turn; these same 
individuals often report similar prolonged turn­
ing experience 'vhile actually stopped following 
deceleration.) In any event, after the first 30 
seconds of constant \·elocity, the vestibular sys­
tem has returned from a stinnllated condition to 
sufficiently near its normal "at rest" state, to 
allow head movements to be introduced. In 
order to 1naximize the "Corio lis vestibular effects" 
produced by these head movements, it is iin­
portant to a1low snfficie.nt tin1e between them, as 
well as between the end of the acceleration and 
the start of the head mm·ement. Nate that the 
direction of the illnsory experiences (e.g., "pitch­
ing- np") specified below are for C1V rotation; 
the directions are reversed during CG'V rotation. 

Head Jfovements. The pilot is reminded 
about ho'v to make the hea.d movement a.nd is 
asked to tilt his head to the rig-ht at the count of 
"three" (and to hold it there), and then to report 
what he experienees. The count is made and the 
snhject tilts his head. The sensation is one of 
pitching- np (sometimes up and to the right). 
The pilot is asked how many degTees "np" (be­
bveen :wo -60° in most cases), and whether he 
"sa,v" the whole "eabin" pitch up with him and 
the "approaching aircraft" climb with him. It 
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IS important to note that. this Coriolis reaction 
is not a simple feeling of tilt; the rider experi­
ences a ehange in attitude ( pitchjng up, for 
example) and an acceleration in that direction. 
::\Ioreoyer, he not only "feels" a body motlon, but 
his Yisnal information, the "cockpit," and the 
"approaching aircraft" all change attitude in a 
corresponding manner. Some pilots also report 
sensations of pn1ling positive "G." 

The sensation of pitching up and climbing has 
a sudden onset and then gradually dec.ays, Le., 
the pilot's apparent rate of climb decreases and 
he gradually returns to a "straight and level" 
condition. The amount of time required for this 
retnrn can Yary considerably among individuals 
but in any e\·ent, after 60 seconds (but no less 
t.han ~0 se.eonds, even if the pilot indicates 
"straig-ht and !m-el" earlier) a signal for the 
return-to-upright head movement (this is equiv­
alent to a left tilt of the head from an upright 
position) is given. The rider is usually w--arned 
that the sensation accon1panying this head move­
ment is likely to be somewhat. stronger than that 
resulting frdrn his tilt to the right- (for certa.in 
physical and/or psychological reasons, it almost 
invariably is). 

The signal is gixen and the pilot briskly moves 
his head to upright from its tilted position; his 
sensation is one of diYing (sometimes down and 
to the right). Again he is asked how many 
degrees of "diYe" he experienced (between 30'­
noo in most cases) and ,vhether the "cabin" and 
the approaching aireraft "dove" with hin1. This 
return-to-upright head movement oceasionally 
produces sensations similar to negative "G" in 
experienced pilots. (Ag-ain, it should be noted 
that the experience is not one of simple tilt for­
ward, but of aecelerating downward, and the 
"cabin" appears visually to be displaced and 
"di ·dng" in that same direction.) 

After :l0--60 seconds elapse following the head 
movement, nodding motions a,re introduced. 
Here, the rider is instrneted to look toward the 
floor or at his lap (as though he were seeking a 
dropped pencil) by simply dropping his chin 
toward his chest (i.e., by mm·ing only his head). 
As "'ith the other head moYements, he is to hold 
his head in that ante,·erted position until sig­
Iwlled to return it to upright. The questions 
and timing are similar to those presented above 
for lateral tilts bnt, in this case, the pilot per­
ceives roll of his aircraft to the right as a result 



of the forward mowment of his head, and roll 
to the left upon returning his head to upright. 
It is sometimes necessary to clarify a rider's 
description of these experiences; some report a 
"turning'~ to the right or left, but, if questioned, 
they indicate that it is not a sensation in the 
yaw plane, but rather in the roll plane, i.e., 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 involve twisting 
of the head. This reeommended approach orients 
the semicircular eanals in such a way that, for 
the most part, the sensations a.nd visual impres­
sions are relatively pure rolls and (vertieal) 
climbs and dives. Subjects who move their heads 
differently lmve sensations which tend to be more 
complex, e.g., spiraling down and to the right, 
and therefore less simple for them to describe 
and more difficult for the instructor to predict 
with accuracy.) 

Sensations generated by the last (return-to­
upright) head movement are allowed to dissipate 
for the usual 30-60 second period. At the end 
of this time, the nst majority of riders perceive 
themsel \res as "straight and level" and still ex­
perience no turning sensation. At this point, 
either instructions to the pilot regarding the de­
celeration are introduced or he is allmved to see 
that he is actually rotating by turning on the 
room lights for a very brief period (one or two 
seconds). 
If the room lights are turned on, the pilot 

usually expresses considerable snrprise to find 
that he is turning. (Note that the lights should 
be on only ·briefly and that the light sources 
should not be bulbs or tubes which glow, how­
ever dimly, for a while after being turned off.) 
\Vhen the lights are extinguished, most riders 
have no sensation for several seconds~ there then 
may occur a feeling of turning in the correct 
direction.' The onset of this sensation is usually 
sudden and the apparent speed is quite rapid, 
although the "intensity" of the sensation may be 
described as relatively weak (The basis for this 
perception of motion is apparently in the central 
processing of the visual information obtained 
during the brief interval of room illumination.7

) 

At any rate, from the vimvpoint of the disorien­
tation demonstration, it is necessary to 'vait 
approximately 45 seconds after the interval of 
room illumination before initiating t11e decelera-
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tion. If this waiting period is not allowed, the 
rotatorv sensation experienced by the pilot fol­
lowing" the lig·ht interval may counteract the 
opposed sensation ,vhich would ordinarily occur 
dnring- deceleration: the latter, then, may not 
ocenr at al1, or may be present for only a few 
seconds near (and following) the end of the 
de.celeration.7 

Deceleration. Prior to initiating the decelera­
tion, the pilot is told that he is turning to the 
right ( nJthongh he is not experiencing that turn) 
and will ,·ery soon be slowed down in that same 
direction, and brought to a complete stop. (This 
gives the pilot intellectual information about 
what will transpire.) However, he is to report 
when he fe.els 1notion, in which direction he per­
cei\·es his turn, and is to give a running account 
of his experiences (i.e., to indicate when he is 
going faster, when he begins to slo'v down, and 
when he feels that he is stopped). 

A smooth deceleration of 5" /sec2 for 18 seconds 
is then applied. If the pilot neglects to indicate 
that he detects motion, he is asked; he is then 
asked the direction and whether or not he is 
turning at a faster or at a slower rate (his ex­
perie.nce is that o:f turning faster and faster to 
the left, although he is actually slowing down in 
a right-hand turn, and he reports maximum 
turning velocity at, or Yery shortly after, reach­
ing a complete stop). He then experiences a 
gradual slowing down and, after 5-20 seconds 
at a complete standstill, finally feels stopped. 
R.oom lights are then turned on and the demon­
stration is terminated. 

Smne Cautions. 

Too many head mo\·en1ents and higher turning 
1·elocities can cause the rider considerable dis­
comfort and can lead to motion sickness; hence, 
the fonr movmnents noted above, at the turning 
rate specified, are usnally sufficient to provi~e &:-: 

adequate appreciation of disorientat.ion' prob­
lems. It is worthwhile to inquire of the pilot. 
following the first or second movement whether 
or not he feels comfortable. A very few indi­
,·idnals (considerably less than 10 per cent) may 
experience early symptoms of motion sickness 
("stomach awareness," s'veating, coldness, very 
slight headache, ete.). If riders report discom­
fort, or if they indicate that the demonstration 
should be dis<"ontinned, they should be asked to 
keep their heads very still (even if in a tilted 



position) and should not be requested to make 
additional head movements; the rotation device 
should then be bronght to a gentle stop. The 
rider's head should remain motionless for an 
additional 30 seconds after the device is stopped. 

There are no formal data which indicate that 
pilots might be "sensitized" to experience dis­
orientation, discomfort, or n1otion sickness in 
flight follmving a demonstration such as that 
outlined above. IIo,vever, too many head move­
Inents during rotation (or, in some few indi­
dduals, the four n1o\-ements described aboye) 
may produce a mild feeling of unease that might 
lust for several hours. As a general rnle, there­
fore, it is ad,-isable for ride.rs who fee.l no ill 
effects follo\ving- the familiarization experience 
to abstain frorn flying for at least one hour; 
where possible, the demonstration might best be 
given on a day when the pilot is not going to fly 
at all. In any eyent, if a rider suffers discomfort 
or any stage of motion siekness during the fa­
miliarization (this is unlikely), he might best not 
fly at all that clay. 

There is a relation (non-linear) between the 
intensity of the sensations occasioned by the head 
tilts and the amount and speed of the move­
lnents. Thus, a very slow, cautious, head tilt of 
just a few degree.s will elicit a relatively weak 
sensation whereas a head tilt of average speed 
through a greater arc will produce a much 
stronger response. Adequate disorientation ex­
perienees ean be accomplished with tilts of 30°-
4:'50 when the head movements are made briskly. 

Admnta_qes. 

The apparatus and procedures noted above 
prodde the pilot with a disorientation familiari­
zation experience that is c.onsiderahly more lnean­
ingful than the nsual Barany chair demonstration. 
The pilot has an opportunity to receive correct 
information from his motion-detecting syste1n 
(during nceeleraJion) and then can experience 
the failure, of the system to provide accurate 
information during the ren1aining phases of the 
demonstl·ation. The Coriolis effe,cts are perceived 
in a more appropriate perspecti re when t.he hea.d 
mm·ements are made within the lighted "cabin" 
and the power of this fornl of disOrientation is 
better appreciated YdJen the pilot not only "feels'' 
a false change of attitude and acceleration, hut 
also "sees" it occurring. The interaction bebveen 
the visual and ,~estibular systems and the manner 
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in \vhich the ·dsnal information is made to agree 
with the yestihular sensations (when the visual 
objects are not fixed relative to the earth) is a 
,·ery significant feature of this type of familiari­
zation. A11 of these sensations are, of course, 
referred back to the lecture material so that the 
pi lot will understand what has happened and 
w·hy. 

The fad that the cle,-ice does not tilt or move 
in any plane other than yaw seems to be an acl­
Yantap:e. It ~lppears to intensify the impression 
made on the pilot when he sees that the device 
"only turns,~~ although, as a rider, he experienced 
clear pitching and rolling sensations. 

Wlwn clone as described, i.e., in a light-proof 
room \Yitll the pilot reporting his experiences, 
responding to questions, and visible (this can be 
enhanced, if desired, by the addition of a small, 
dim, lmttery-operate.d light source secured to the 
•·instnunent paner' and dire.eted on the pilot's 
face), the demonstration is not only effective for 
the rider, but also holds the interest of spectators 
while proYiding them \vith a learning experience. 
A n1ost desirable situation is to provide at least 
two of the group with the familiarization ex­
perience; this procedure allows the initial pilot 
to see exactly what the stimulus conditions were, 
permits an interchange between the two (or 
more) riders regarding their experiences, and 
freqnently proddes the spectators with some 
notion of the indiYidual differences in disorienta­
tion experiences (e.g., a 45° "dive" vs. a 90° 
"dive") as well as differences among subjects in 
their reaction to the Coriolis effects (some sub­
jeets, for exan1ple, wiH bec.ome extremely excited, 
others will simply appear to tense up, while 
others enjoy it). Virtnally every pilot who has 
ridden in the device has indicated that everyone 
\Yho flie.s ought to have this experience. e.g., 23 24 

There is one final adnmtage for the instrnctor: 
the demonstration "works~' eYery tin1e. 

F.'xjJen8e. In addition to providing a mea_n­
inp:Iul expe-rience for the rider and spectators, 
and in demonstrating many of the aspects of 
fnnctioning of the human sensing systems in­
;-oh·ed in disorientation, the approach and type 
of device specified ahm·e are also inexpensive. 
The "cabin" frammvork is easily and inexpen­
si,·ely constructed (and may be modified in a 
nmnLe.r of ways so that it might be used in a 
dimly lighted room), and almost any motor and 



FIGURE 4. The CAlli Disorientation Device. The chair from the basic Stille-Werner RS-3 Rotator (see Figure 
1) wa,; removed and was replaced by a relatively light-weight "<"O<"kpit'' fabricated hy the CA.\U Technical 
Stan·. 'l'hc canopy is made of molcled, clear plexigla~x. A xmHll li~rht xou•·<·e mounted in the instrument panel 
is diJ·ecte<l at the >iubjcct and, with the room in total tlnrlmexi>, vc•·mits ob>;ervers to see the subject but the 
latter can see only the interior of the "coclqJit'' and the light>; of the ··approaching aircraft" (mounted on the 
"fuselage"). The head rest depicted here is padded, has fixed ~ide pie<"ex, and can he adjusted vertically. 
Thc.electrodes taped hy the subject's eye are used (to record 11ystagmus) only during research procedures. 
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drive system can be hooked up to any light rotary 
structure (such as a chair or platform) which 
provides smooth and easy turning. For purposes 
of disorientation familiarization, the device does 
not require the precision and control one 'vonld 

, incorporate in a Yestibular research tool. 

A Modification of our Az>paratus. For pur­
poses primarily related to research, the basic 
Stille-1Verner Rotation Device was modified by 
the CAJ\U Technical Staff by removing the 
standard chair and installing a cockpit seat and 
a lightweight "cockpit" with a door and plastic 
ennopy which totally encloses the seated pilot 
(see Figure 4). A light source, located in the 
"instrument paneir serves to light dimly the 
interior of the "coekpit~~; the rider can then be 
viewed by spectators in a totally dark room, but 
cannot himself see then1. An "approaching air­
craft" (the triad of red and green lights) was 
installed in the center of a small de,-ice on the 
fuselage which the pilot can see dimly throngh 
the plastic canopy (see Figure 4). The func­
tioning of the apparatus so 1nodified is, of course, 
not different from our first model (although the 
aviation-orientation of our den1onstration is im­
proved), and the procednres for disorientation 
familiarization detailed above are the sa1ne with 
one exception: either an inter-com is reqnired, 
or the canopy must be raised an inch or two to 
permit com1nunication between the rider and the 
instructor. 

V. Other Approaches to Disorientation Fa­
miliarization. 

The Vertigo,n. 

During a visit to CA)II, engineers (and 
pilots) from Flight Products, Incorporated 
(;\Ioonachie, New .Tersey) were given the CAl\II 
disorientation demonstration and becan1e con­
,·inced that the experience could be of benefit to 
all pilots. They agreed to build an instrument 
to be used specifically as a familiarization tool 
and were provided with basic spe.cifications and 
timing procedures. CA:\fi purchased the first 
two production models, one of which was in­
stalled in the laboratory to re1nove the training 
load from research equipment; the seeond has 
been used thronghont the country by the CA~II 
Aeromedical Education Branch as part of an 
FAA display at flight meetings, air shmvs, eon­
ferenees, sernina.rs, and the like. 
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The V ertigon (see Figure 5) totally encloses 
the pilot in a one-place "cockpit" and provides 
reasonably smooth angular aceelerations and de­
celerations. Sound movies projected on the 
windshield depict a flight from engine start 
through taxi, take-off, climb, and bank into 
cloud~ (where the head mo,ements occur); fol­
lowing the period of head movements while 
"flying IFR," the plane breaks out of the clouds 
and begins a ]andjng approaeh. In the original 
\·ersion, the sound portion of the film gives an 
introduction to the problem of vertigo, indicates 
the possible thought processes of a pilot ehoosing 
to fly through clouds, adds realism to the head 
mo\~ements by having the pilot make some of 
thmn by perfonning tasks (such as reaching for 
a pencil and writing·, on a pad jn his lap, a 
simulated air traffic clearance, then returning the 
peneil), emphasizes how powerful the illusory 
effects are (while assuring the rider that he is 
still straight o,nd level), and indicates that only 
the instruments can provide the pilot with cor­
rect information. The sound track concludes by 
eneonraging the pilot to earn an instrument rat­
ing and to n1aintain instrument proficiency. The 
entire "flight'~ takes only four minutes. The 
model used by the CA:\II Aeromedical Education 
Branch also employs a closed-circuit TV system 
so that obserTers can \vateh the facial expressions 
and head movements of the subjeet. 

The Vertigon has been notably snecessful as a 
familiarization teehniqne. Riders are impressed 
with the illusions and, as with the CAl\II Dis­
orientation Device, accept the procedural eondi­
tions as pertinent to the aviation environment. 
The importance of "seeing'' the instrument panel, 
"'vindshield,~' and "cabin" snrronndings pitch or 
l'Oll in agremnent with the yestibnlarly induced 
sensations cannot be over-emphasized. 

The Vertigon has several advantages. It is 
dnrnhle and reqnires exceptionally little main­
tenanee. The entire rnn can be programmed 
(there is a switeh for manual or progran1 control) 
so that minimal skill is needed to operate the 
device (see Figure 6). It mm•es only in the 
yaw plane, requires Yery little space (about 6 
feet by 6 feet) and can be nsed in a lighted 
room. 1 ts acceleration characteristics and the 
smoothness of its start and stop are more than 
adeqnate for a g·ood demonstration. It can also 
be modified to introduee other tasks, program 
meter defle.ctions, reqnire movements of the con-



FIGURE 5. 'l'he Vertigon. The subject is totally enclosed and a sound mo~ie depicting a flight from engine warm­
up through a landing approach is projected ou the •·wind.\Shield." 
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FroURE G. Control system for the Vertigon. 'J.'he system is simple, compact, and easy to operate. 

t rol wheel, etc. The film and sound track, of 
course, can also be modified as desired. 

Disadvantages of the Vertigon include the fol­
lowing: under standard operating conditions 
there is no communication between obser,•ers and 
the pilot; watching the pilot via closed-circuit 
TV has somewhat less interest-appeal to observ­
ers than seeing him and communicating with him; 

r the pilot is less attentive to angular acceleration 
experience. " Tjth respect to the latter, some rid­
ers report that they never perceive turning at all. 
The d isadvantage here is that the deceleration 
experience ( percei ,·eel as an increasing turning 
speed in the opposite direction) is missed by the 
pilot. 
Th~e disadYantages are minor considering the 

effectn·eness of the demonstration proYided by 
the Vertigon. During exhibitions of the device, 
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the manufacturers distributed paper badges, fol­
lowing completion of Vertigon rides, which 
stated "" 'ow! I flew the Yertigon !" The 
""'ow!" was well-selected. It is the first ex­
pression most. pilots make in describing their 
Yertigon experiences. The CAM! Aeromedical 
Edncation Branch lH'o,·ides its riders with sim­
ilar tokens. 

.lf odified Li11lr J.'raine1'. 

Based on their C~II experiences, several 
,·isitors lut\·e modified their own equipment to 
provide an approach to disorientation .fami1iari­
zntion similar to that of CA)II. A good example 
is the modified Link trainer (Figure 7) used by 
the Ken Hoffman Flying School (Broomfield, 
C'olorado). The trainer was stripped down ex­
cept for the pedestal and cockpit box and modi-



FIGURE 7. A modified Link trainer usecl hy a flying school to providC' cli~m·ientation familiarization. 

fied so that only Yertical-axis (yaw) movement 
was possible. The base of the trainer was fitted 
with a pulley and belt drh·e connected to a 
geared-down electric motor. A motor mount was 
fabricated and bolted to the base of the simulator 
and a pulley size was selected to clriYe the deYice 
at 16 rpm. Existing wit-jng was used to proY:ide 
power (1) to the motor through a switch con­
trolled from the cockpit box, (2) to separate 
plugs for lt mo\'ie projector and a tape deck, 
each with a separate switch, (3) to warning 
lights connected to microswitches on the control 
quadrant which are acti,·ated if the rider at­
tempts "correctiYe action" during the demonstra­
tion, and ( 4) to a single cockpit light and switch 
(not often nsed since ample light from o\·erhead 
illumination filters through the translucent. cov­
ering on the canopy) . A platform was attached 
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to the front of the trainer to support a rear­
projection system which uses the front panel of 
the translucent canopy for a screen. A tape deck 
was pro,·idecl in the front compartment, just 
forward of the existing rudder pedals, for narra­
tion. The rider is pro,·idecl with a pad and 
pencil to accomplish workload, assigned by means 
of the nanation. It might be noted that the seat 
initially was oil' center and appeared to produce 
some (minor) undesirable effects on the pilots ; 
mo,·ing the seat close to the center of rotation 
corrected this difficulty. 

VI. Familiarization Devices vs. Classroom 
Demonstrators. 

~\.11 of the deYices described above are par­
ticularly efl'ec6Ye in safely, but dramatically and 
personally, familiarizing the indh·idual pilot 



FIGt.J!E . The com·erlell kitchen stool and goggles used hy the FAA"s ~outhwest R~gion"l Office in disorientation 
training. 
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with disorientation experiences and in providing 
a meaningful adjunct to instructional material. 
The devices can also be used independently, i.e., 
lecture-type backgrounds are not required. The 
Vertigon, for example, has been a highly success· 
ful familiarization tool at air shows with no 
more than the four·minnte narrative which ac· 
companies the motion picture. However, none 
of the devices so far described is truly portable 
and none is appropriate for some types of class­
room demonstrations. For example, jf it is de­
sired to show the nystagn1us produced by angular 
stimulation (i.e., the pattern of slow drifts of 
the eyes away from their center position, alter· 
nating 'vith fast ocular jerks back toward cen­
ter), a different approach must be used. In this 
case, modified Barany chair techniques are fre­
quently adequate. 

Converted Chain. 

The Southwest Regional Office of the FAA, 
in extending the CAi\II disorientation training 
program, converted a number of padded kitchen 
stools (other stools and chairs had been used 
earlier by the FAA's Central Regional Office) 
with assistance from the CA:\II Technical Staff 
(see Figure 8). These relatirely inexpensive 
chairs were lowered to improve balance charac­
teristics, a 1nore sn bstantial bearing systen1 was 
introduced, and a footrest, a "control stick," and 
a seat belt were added. Based on a technique 
employed at the FAA's Houston GADO (where 
it was used with a modified beauty operator's 
chair), a finger-tip turn-control unit was at­
tached. This was accomplished by securing a 
torque-arm underneath the rear portion of the 
seat and to the back of the chair. The torque 
arm cunTes 11p and oyer the head of the rider. 
A turning knob allows the instructor n1anually 
to maintain a fairly smooth turning motion of 
the chair with relative ease. 

In conjunction 'vith the stool, a special pair 
of goggles is frequently used. These 'vere devel­
oped in the CA!\II Aeromedical Education 
Branch" to permit rotation of the pilot in a 
lighted room and to provide him with a visual 
reference that was not fixed relative to the earth. 
A blue filter was substituted for the usual lens 
in a pair of welder~s g-oggle.s, and a lightweight 
reetangu] ar extension was secured to the frames. 
Openings for two battery-operated pen-light 
bulbs were made in the sides toward the front 
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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 introduced 
around the face-mask to prevent outside light 
leaks. The goggles provide several advantages: ' 
(I) room lights can be left on; (2) some visual 
effects can he demonstrated to the pilot; (3) 
they can be used with any rotating device; ( 4) 
they permit freedom of head movement. Dis­
adnmtages include: (I) some visual rivalry ef­
fects sinee the bulbs are directly opposite the 
pupils of the eyes; (2) Coriolis illusions are 
attenuated in comparison 'vith a "cockpit"~type 
surround ; ( 3) the visual field viewed through 
the goggles does not stay fixed (as an instrument 
panel or a landing strip would) when the pilot 
makes a head movement, i.e., when the pilot tilts 
his head, he tilts his visual field at the same 
time, regardless of whether or not he is rotating. 
One of the convincing features of the CAII'II 
Disorientation De,·ice, the Vertigon, and the 
modified Link trainer is the fact that illusory 
motion of the instrument panel occurs in the 
absence of physical movement of that panel. 

The modified stools are reasonably effective. 
They are relatively portable and inexpensive. 
However, they do not readily permit an explora­
tion of the full range of illusions that the other 
deYices do, and, 'vithont modifications, probably 
present a safety problem under some conditions. , 

The CA;\II Aeromedical Education Branch 
uses a chair with safety features as an adjunct 
to many of its classroom lectures. Thus, for 
example, a stndent with eyes closed is rotated in 
the chair and brought to an abrupt stop facing 
the class; upon opening his eyes, a brisk nystag­
mus can be observed by everyone if the class is 
not too large. :.\IoreoYer, the extent to which 
Yision is impaired by nystag·mus can be demon­
strated to the class by asking the student as soon 
as he is braked to a stop, to open his eyes and 
read from a card (held by the instrnctor). The ,. 
text on the card nsually contains a repeated word 
(e.g., " ... the the ... ") which the student in­
nu·iably misses. 

The rotating chair nsed 'vith these classroom 
techniqnes is a hif..dlly portable one (very similar 
to. those <lescribed above and also fabricated by 
the CA~fl Technical Staff), which can be easily 
broken down into three seetions, qnick1y packed 
in a c.arton, and carried by hand. The base and 



the bearing system of this chair are of sufficient 
quality to insure safety, close tolerance, and 
minimal friction; thus, a simple manual push of 
the chair can set it and a student in motion for 
a minute or more of smooth, non-wobbling rota­
tion. The procedures used with the device are 
outlined below." Note that each of the fhe dem­
onstrations described involves a different student. 

PROCEDURAL STEPS IN 
CLASSROOM DK\IONSTRATION 

Fh,st Demonstratim1 

1. Explain to the student-demonstrator and 
the class how rotation of the Barany chair relates 
to aircraft turning. 

2. Have the student indicate, by pointing with 
his thumbs or a joy stick, his position or the 
direction of the sensation he is experiencing. 
Caution him not to eorrec.t for ilJusions. 

3. Place a hood (or goggles) over the student's 
eyes and have him sit erect. Rotate the chair to 
the right. Rotate the chair so that the seat will 
turn for at least one minute without additional 
pushing. 

4. The student should first experience a sensa­
tion of rotating to the right, then almost a halt 
in rotation ; as the ehair slows down, he should 
experience a sensation of rotating to the left, and 
finally he will report stopping. 

5. The student's eyes should sweep or click to 
the left and right, thus demonstrating nystagmus. 

Seomrd Demonstration 

1. Rotate the student to the right with eyes 
closed and with no hood. 

2. As soon as the student feels no sensation of 
rotation ( oT in about 20 seconds), stop the chair 
abruptly. 

:1. Stop the student in front of the class and 
have him read fron1 material on an appropriate 
ehart or sign. 

4. Have the class focus its attention on the 
student's eyes. 

li. The student's eyes should sweep or click 
frmn left to right, thus demonstrating nystab:rmns. 

Third Denwmdration, 

1. Have the student don a hood. 
2. Rotate the student until he no longer ex­

periences turning. 
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3. Have the student tilt his head to the right 
while rotating. 

4. He should experience an illusion of a climb 
to the right. 

Fmath Demo11stration 

1. 1T sing a hood, rotate the student to the 
right with his head tilte? to the right. 

2. Continue rotation until no sensation of 
turning is reported; then have the student return 
his head to the ll1Jrjg1lt position . 

. ~. The student should experience an illusion 
of diving. 

4. Caution! The student may have a violent 
reaction to this stimulus. 

Fifth De11wn8t1'alion 

1. Again using a hood, have the student look 
down at the floor or at his lap belt. 

2. Rotate him to the right with his head tilted 
downward. 

3. Continne rotation until no sensation of 
turning is reported; then have the student return 
his head to upright. 

4. The student should experience an illusion 
of tumbling or spiraling. 

5. Oau.tion / _A_ strong sensation of falling 
from the ehair Inay be experienced. 

VII. Additional Techniques. 

The approaches noted above are not the only 
ones amilable. For example, the Spatial Orien­
tation Trainer (SOT) at Brooks AFB (Texas) 
is a highly sophisticated device which has four 
degrees of freedom of movement: totally ene1oses 
the rider in a eoekpit that moves on rubber 
wheels around a circnla.r traek 10 feet in diam­
eter: and permits the pilot to control the attitude 
of the cockpit (at the discretion of the console 
operator) by stick, rudder, and throttle. The 
device can be rotated about its o\vn axis UW 
rpm) or around the track, can be pitched ±~Oo 
from the horizontal, and ean be rolled ±90° 
from the yertical. A preliminary evaluation of 
the deYice using students from the Air Force 
rnderg-raduate Training Program indicated its 
usefulness and acceptability to the students in 
augmenting the regular flight training program.n 

Still ot.her teclmiqnes exist, e.g., those nsed at 
the US~ Aerospace Medical Institute (Pensa-



cola, Florida) in tests of motion sickness sus­
ceptibility and of factors associated with attrition 
in flight training.1 I-Iowe,~er, the purpose of the 
present report was simply to provide suggestions 
and procedures for inexpensive but meaningful 
disorientation familiarization based on the en­
tlmsiastic responses of general aviation pilots 
who. have experienced the CAMI approach, and 
to encourage pilots to obtain instrument ratings. 
It is l10ped that this material will contribute to 
aviation safety. 

VIII. Requirements of a System for Dis­
orientation Familiarization. 

To present a really effective disorientation 
familiarization, an experience that will be ac­
cepted by pilots as meaningful to aviation, any 
adequate rotating device can be modified inex­
pensively and used as long as certain conditions 
are met. 

( 1) The rotator should be sturdy and well­
balanced. (Ordinary bar stools and the like are 
probably dangerous unless additional support is 
provided in the base; the rider may tip over the 
entire chair.) 

(2) A seat belt should be provided. 

(3) The rotators should have a headrest, back­
rest, footrest, and chairarms. 

( 4) A "cabin" or a "cockpit" visual framework 
is essential for n good aviation-oriented demon­
stration. Onr approach involves conducting the 
demonstrations in the dark. However, ine~pen­
sive canopies 'vhich 'vill enable spectators to 
watch the pilot, bnt will prevent the pilot from 
seeing anything but the canopy surroundings, 
c.a.n probably be eonstructed so that the room 
need not be totally dark. 

( 5) The drive system should provide a reason­
able period of acceleration and of deceleration 
(15-18 seconds) at a moderate rate (5°/sec'). 
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( 6) The period of constant velocity should be 
at a rate between 12-18 rpm. At lower rates, 
the sensations are reduced and, at higher rates, 
they are more extreme than required for fa­
miliari"ation purposes. "'e usually run at 15 
rpm. 

(7) The acceleration rate need not be per­
fectly linear. However, there should be no 
bumping or "pulsing" at the start or end of 
either positiYe or negative aceelerations. 

(8) The drive system must be quiet so that 
external cues regarding rotation will not be 
anilable to the rider. 

(9) The rider must not be able to see the 
fioor, 'vnl1s, or ceiling of the room nor any of 
the spectators (i.e., he must have no visual ref­
erences fixed relati,,e to the earth). Lighted 
cigarettes or any other source of light, however 
small or dim, must be e1iininated if the tests are 
done in darkness. 

For some purposes other than familiarization 
(e.g., demonstrations associated with classroom 
lecture materials), chairs similar to those de­
scribed elsewhere in this report are adequate. 
Hmvever, the chairs are not as effective in pro­
viding the pilot with memorable experiences of 
disorientation which he clearly relates to his fly­
ing enviromnent, they cannot be used in the 
absence of a trained instructor, and they do not 
permit a full range of disorientation experiences. 
Still other (more complex) devices are required 
if response training: (e.g., control of attitude) 
during disorientation stimuli is desired. How­
m·er, in providing a safe but meaningful ex­
perience for general aviation pilots, one that 
giyes them a. direct acquaintance 'vith the Yarious 
types and intensity o£ disorientation experiences, 
and one that encourages them to earn instrument 
ratings, a cockpit type of rotating environment 
and the procedures ontlined in this report appear 
particnlarly pertinent. 
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