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Chapter 1

INTRODUCTIO N

1.1. Background :

The work described in this report initially was conceived during participation

in a USAF-ASEE Summer Faculty Research Program in the summer of 1977 at

the Human Resources Laboratory at Wright-Patterson Air Force Base. The work

pursued was an exploratory study related to the following general questions :

(1) Can evoked potential technology be utilized as a practical tool to assist in

decision making related to design and evaluation of pilot-training simulators ?

(2) Can evoked potentials be utilized to assist in identifying either high-priority

cues or redundant and unnecessary cues ? Do they have potential use in the evaluation

of an IndividuaPs training performance ? It is of interest to investigate whether the

electrical potential measured at scalp nodes can be utilized as an objective measurement

related to sensing various stimuli, or interpreting the information content of a

particular stimulus. For efficient design of ground based flight training simulators,

it is important to know, for any specific mission , not only which cues are important ,

bs
~
t also which cues may detract from the performance of a trainee or his transfer

of training If these cues are not properly synchronized with all other cues. It is

postulated that measurement of evoked responses will be of use in obtaining this

information. The work described in this report is preliminary work aimed at

addressing these questions.

1



1.2 Research Objectives:

It has been suggested tha t responses from a much wider range of s t imulus

pa rameters be studied , and that a body of norm~ive data for various stimuli be

established . In order to assess the potential usefu lness of evoked potenti al techn iques

to cont r ibute to simulator design criteria and assist in train ing evaluation , it was

proposed that a set of more application—orient ed EP exper im ent s be performed.

Most EP experiments tha t have been performed Involve application of a

well—defined , sensory stimulus In a laboratory environment . In order to t est  a

simple hypothesis , it is important to avoid interraction of a number of different

variables . However , in real world flight—tra ining situations , the re are generally a

number of Interrelated variables involved . For instance , the action of a C-seat

may stimulate motion , tact ile , and proprioceptive receptors. Siniultaneouslv ,

meaningful visual and auditory inputs may be present . The onset time of the C-seat

stimulation may be difficult to define , and the various modes of stimulation ma~

not occur simultaneously. It seems apparent that the response to such multimodal

stimuli should be investigated utilizing a research-oriented simulator such as the

Advanced Simulator for Undergraduate Pilot Train ing. The gap between conventional

laboratory experiments and simulator-based EP experiments is wide. Therefore , it

was proposed that prior to designing simulator-based EP experiments , laborato ry

experiments involving multimodal inputs related to pilot training be performed. It

was anticipated that experience and results obtained from these experiments would be

useful in designing simulator-based experiments that will  more directly address

the questions that are being posed.

— . - -  — • -
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It was proposed to design three types of exploratory experiments. One

experiment involved a stimulus consistir~ of the observation of visual motion . A

second experiment utilized an onset stimulus related to a G—seat onset stimulus. A

thi rd experiment involved a combination of a visual and G-seat type stimulus. Since

the propoded work was exploratory in nature , precise hypotheses were not tested. It

was proposed that some of the following questions be addressed:

1. Can a lambda wave associated with observation of visual motion
readily be detected?

2. Are the latencies of the evoked responses relatively constant

a. for different tests on the same subject?
b. among different subjects ?

3. is control of physiological artifacts or elimination of artifact
contaminated responses necessary ?

4. Can a specified evoked response be detected from a single
sample ?

5. Is the response detected in the parietal region more discernible
than that detected in other regions of the scalp ?

6. Does the response with a task differ significantly from the
response without an associated task ?

7. Can a computer algorithm be formulated for nearly real time
operation that reliably identifies visual motion onset solely
from the measured scalp response of the subject ?

It was anticipated that not all aspects of the three exploratory experiments would

be thoroughly investigated. It was further anticipated that information related to

several of the specific questions being addressed would be obtained.

3 
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1.3 Research Activities:

Experiments related to observation of visual motion , a seat deflation

stimulus and a combination of the two stimuli were developed and tested. Questions

5 and 7 in the preceding section were not addressed. However , at least some

information related to the other five questions was obtained. The experiments

described in the orlgthal proposal were all slightly modified. The modifications

made were consistent with the overall objectives. The experiments performed -:

and results obtained are described in Ch apters 3 and 4.

The research potentialities resulting from the development of our evoked

potential facilities significantly exceed our original expectations. Capabilities

we now possess as the result of this development of facilities are described in

Chapter 2.

4



Chapter 2

}ACII 1’I LF S DF VF L OPF I)

2.1 Hardware Development:

A flexible system , capable of controlling a wide variety of stimuli has

been deve loped. The system is controlled by a small , general purpose hyb r id

computer. The experiments are controlled by software operating on a PDP-8/ l

minicomputer. Interfaced to the computer and used in conjunction with the computer

are two analog computers , a parallel patchable logic console , two magnetic tape

drives , two analog tape consoles and two analog display devices. Both visual and

pneumatically induced motion cues are controlled by the hybrid computer , and

all sampled responses are stored on magnetic tape files. A block diagram ~‘f the

system facilities Is given in Fignre 1.

The Hewlett— Packard Biocketric System Is ust~d for amplifying the evoked

response. The entire electrical activity at four nodes can be monitored and recorded

during the conduct of an experiment. A high-level output is sent to the hybrid

computer for additional amplification , sampling and analog-to-digital conversion.

The digital logic console Is utilized for timing, analog com puter control

and for certain logic operations. l’he patching of the clock used to control sampling

rate Is Illustrated in FIgure 2. Three 4-bit counters are utilized such that the

carry—out of one counter Is connected to the carry—in of the next counter. The

counters are driven by a one megacycle clock. With leads A and B connected as

shown , flag F2 comes up 2.048 mIlliseconds after the clock Is started. This flag

Is sensed by the digital computer to control uniform sampling rate of the (‘VOk(’d

5
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response. To increase the sampling rate , leads A and B can be moved up or

to the left . To decrease the sampling rate , the leads are moved down. If the

researcher wishes to focus on either a narrower or wide r evoked response during

the conduct of an experiment, he can do so by changing these leads during an

• Inter-stimulus interval. This can be done without halting the experiment , and all

Information is retained and can be processed and displayed usIng a post-processing

software package .

The analog computers are used to control the size and shape of the visual

display, to control the horizontal and vertical motion of the visual display , to

randomly vary the inter-stimulus interval and to drive the voltage controlled

pneumatic valves. An analog patching diagram for image generation and horizontal

motion is shown in Figure 3. An analog computer diagram for stimulus control and

inter-stimulus interval variation is shown In Figure 4.

Refer to FIgure 3. The polar coordinates for a circle are the outputs

of integrators 13 and 15. The size of the ball can be varied by adjus ting

potentiometer P13. Nonlinearities in the visual display device can be compensated

for by varying P19 or P20. HorIzontal harmonic motion of the display is produced

by integrator 21. The width of the horizontal excursion Is controlled by PlO.

It should be ncted that even though most experiments we performed involved

non-visual stimuli , the moving visual Images were still used in the control room

for system checkout and for real-time monitoring of the current state of the

experiment.

8
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Refer to FIgure 4. The output of integrator A14 is a one-dimensional

random walk. When boundaries specified by inputs to comparators Cli or C27

are crossed , flag F9 comes up, and the random walk is terminated . LI one

of two randomly selected stimuli is to be applied , such as an up displacement

versus a down displacement or a left seat deflation versus a right seat deflation ,

then flag F4 Is sensed , and the appropriate stimulus is applied. This Is done by

setting either logic output 3 or logic output 11. Setting L03 produces a sudden

downward vertical displacement of the image , whereas setting L04 produces a

sudden upward displacement of the visual image. The use of normally-opened

switches 3, 4 , 5 and 6 enables the same patching diagram to control seat

partition deflations . This is described in more detail later in this chapter.

Vertical displacement velocities can be varied by varying P21 and P22.

Inter-stimulus intervals are controlled by P2. In order to enhance the chances of

selecting a particular stimulus, the settings of P11 and P14 can be changed.

Furthermore , all these adjustments can be made during the real-time conduct of

an experiment. The capability to vary inter-stimulus interval and to bias the —

selection of a particular stimulus during the conduct of an experiment proved to

be particular ly useful

Use of a general-purpose hybrid computer for the control of evoked potentia l

experiments is somewhat novel. The benefits accrued from this approach are the

following :

1. Complexity and storage requirements for system software are
reduced

10
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2. Real time parameter adjustments can be made dur ing the
cou rse of an experiment

3. A variety of experiments can be performed without changing
system software.

4. Requirements for special-purpose hardware appear to be significantly Lreduced.

2. 2 Softw are Deve l~pment :

Very general system software has been developed. This software and

the use of analog computer component s enable experiments to be modified or

even changed s ign ificantly w i t h  very little additional effo rt . The existing software

is utilized both for experiments involving visual stimuli and those involving seat

or backrest stimuli.  A flow diagram for the real—time control of the evoked

potential experiments is given in Figure 5.

Refe r to Figure 5. The pre- initialization routine zeroes all counters and

flip -flops, accepts an ID number and spabes the magnetic tape forward past all

previous stored data. The initialization routine clears all summing registers , and

accepts input data specifying the number of evoked responses , the number of poi nt s

per response and how frequently the running averages are to be displayed. Block

4 produces the random interst imulus interval resulting from the random walk.

Block 5 controls sampling, computation of running averages and accumulation

of data for a single evoked response. Subsequent to this , da ta points for a sing le

evoked response are DMA transferred to magnetic tape. Block 8 controls incrementatlon

of the number of samples , selection of the display interval and display of the

running average of the evoked response. If one of two possible Input stimuli has

been selected , such as seat deflation or backrest deflation , then the running averages

12



[ 
pRE- INIT IALIZAT ION SUB ROUTINE j
- 

__ 1
I IN IT IA LIZ A TI ON S L B R O U T I N E

START HORIZONTAL MOTION
(SE T & CLEAR L07)

START R A N DO M WA LK

~ 
(SET & CLEAR L05)

4—

BOUNDARY NO
CROSSED
(F9 UP)

4

YES

~~~~R U N S U B R O U T ~~E 1
I NO YES

_ _ _ _ _ _ _ _ _ _ _  

4,I r SET B CLEAR SET & CLEAR 1 APPROPRIATEI L ~~~ L03 I STIMULU S

_ _ _ _ _ _ _

SAMPLE ADD AND STORE DATA POINTS 1
Flow Diagram for Real Time ControlI of Evoked Potential Experiments

I 
NP TS N O

I FIGURE 5 TAKEN 
—

L_ _ _ _  
C~
) A

13

. - - - - -. r . -~rn I~~~~~~ .-~~~~~—~- 
—- —-- — -•-- ---—----—-- .— •- —- — -~ _•_____ _•__&____ — - — —— —--— — 

_—



_ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  V

P DMA TNA~SFER TO M A G  TAPE

INCI~EMENT SAMPLE C’)UNT X
IN CR E M E N T  DI S P L A Y  C O U N T y

100 MILLISECOND DELAY LAY INC Y E S

FRESET INTEGRATC RS I NO E HE S E T V I
(SET B CLEAR L04) i L i I
4.5 SE COND DELAY I 

~~~~~~~~~~~~
E

AY SUBRO U

~~

N

~~ 
I

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~

TERMINAT ION SUBROUTINE
I~9 -_____________________________

FIGUR E 5 - Continued
Figure 5a

14 

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ _ _  _ _ _ _ _ _



V - ,

fro m just one of these stimuli can be disp layed in real t ime . In bLock 9 , a

fi xed interst imulus delay is provided , and certain integrators and the clock are

reset. The termination subroutine provides housekeeping operations suc h as

removing the visual image fro m the ( ‘RT screen , te rminating data storage with an

end-of- file mark and rewinding the tape.

In addition to the software utilized for real—tim e operation , a post processing

system has been developed . A detailed flow diagram for this system is given in

Figure 6. This system enables an response from any subj ect to be recalled and

displayed , scaled , identified and filtered. Although theoretic ally any digital

fi lter can be inserted into this software package , it is anticipated that only finite

impulse response (Fm) filters will be utilized. The filter current ly in use

is a general Nth - order smoothing filter , in which N can be selected by the user.

As an examp le , Use of a 15th order fil ter in conjunction with a 1.025 millisecond

sampling rate essentially removes 60—Hz artifacts with very littl e low—frequency

distortion of the measured response. The tran sfe r function for such a filter is
/ 15

T(f ’~ =(~ \: 7-k 1~
(16 ,—‘

ksO ~ 
.~42TT f(1.024x 10

The magnitude response for this filter is shown in Figure 7.

For subjects with certain hair textures , it was difficult to rapidly affix

scalp probes such that 60Hz artifacts would be minimal .  Since It was deemed

undesirable to clip any hair , use was made of thi s smoothing filter. Figure 8a

Illustrates a single response from such a subj €~ t when the filter was not

utilized. Figure 8b illustrates the filtered response.

The post processing package was developed so that new options can

15 
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easily be added. One option that Is Plailn eti is the cap al )t l i ty to mark OL’ du [et c 
—

certain responses from the running averages. Exa mples of responses to be

deleted are responses obtained when a subject was interrupted , or any I’(’spoflse’s

that resulted during saturation of an amplifier.  
V

2. 3 System ~~ eratlon :

When experiments are being conducted , the subj ect is located in a research

laboratory . All ex-per iments were performed with the subject seated in a dimly

lighted room. A research assistant s tays In the research laboratory with the

subject. The assistan t is not visible to the subject , but observes the st imulus that  P

is being applied. The electrical activity at the vertex node as displayed on the

bioclectric recorder , and the running averages of the evoked responses can be

monitored by the research assistant. The research assistan t also records any

distractions or significant subj ect activities that may tend to bias results.

The research assistant has telephone comnitmlcath ns with the principal

investigator In the c tiitn~l room. Once initialized , th e ~‘xp& ’ rim& ’nt is under t ’onti ’ol

Id the omputer. lh ‘weVer , during the conduct of an experiment , the prme i~ a I

investigat or may vary certain parameters , as noted earlier in th i s  chapter .

All equipment except the stimulus producing equi pment and the bioelcct n c

recorder Is loca ted in the control room. Consider the experiment in which th e

stimulus consists of either a le ft—p artit ion seat deflation or a right—parti t i on seat

deflat ion. The control hardwa re for this stimulus is shown in Figure 9. Ucfe i

also to Figure 4. If the right boundary of the randi -I m walk is crossed flag F-I (‘(lines

up, and the sti m ulus Is applied by setting digital output IA )l 1. Setting I A )l I

20
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T W O  POSIT (Ot ~ INFLATABLE SEAT

N O T E ~ A , B, C, & C) ARE OUTPUTS FROM DIGITALLY CONTROLLED

SW ITCHES SHOWN IN FIGURE 4.

FIGURE 9. SEAT DEFLATION CONTROL SETUP.
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sets flip- flop 3 which puts a 1 on line 13 and a 0 on line 15. Thus , ten volts is

applied to point A in Figure 9, and 0 volts is applied to point B. This closes

the input conoflow valve to the left partition and opens the exhaust valve CVA,

producing a left seat deflation stimulus. By observing Figures 4 , 5 and 9, it is

seen that after the evoked response has been measured , the seat is returned to

its Initial inflated position , and a delay is implemented in order to allow the

subject to return to an unstimulated state.

22
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F X 1 1  OHAT Oll\ E \P E H I M F N  I S

Chapter 3 

- -I he e ~pe rime nt’. th it w . re de ye loped we re ~ it et d ‘~ole iv for th put po’~e

of addressing the general questions posed as part (I f our research objectives .

Whereas classical resea rch techniques involve fix ing all  parameters such that

a response can be’ associated with a single well—def ined input , onset cues

produced on flight—train ing simulators arc complex and occur when the subject is

alread y performing multiple tasks. Since there is no reason to expect l inear i ty

in the response to multip le inputs , classical type experiments were not pe- r fornied .
I

A sstems approach was utilized. The input to the system was considered

to be’ the particular stimulus. The output was the electrical potential ni- asured

~it the vertex mode. Measurements were with respect to the mastoids and

utili i.ed a common— mode (‘I )nflguration.

For the visual stimulus , if the’ purpose of the experiments had been to

measure the evoked cortical potentials associated solely with motion abstracting

mechanisms , then it would be’ desirable to instrument the eyes and to compensate for

eye—movenw nt art ifacts . An alternate approach that has been impleuwntetl is

to use the electrical potential associated with rapid eye movement to trigge r the

measurement of an evoked response. Even for our non— visti a l  st imuli , the ’

seat deflation stimuli , It is possible that a portion of the measured responses

could be produced by rapid (‘ye’ movements . If so, this could probably be

eliminated by inst ructing the’ subject to keep his c-yes closed during the experiment.

2 1 
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However , it would be difficult to associate such an experiment with the arrival

of an onset cue when a trainee is operating a simulator or an aircraft.

The following hybrid-computer controlled experiments were designed and

performed :

Experiment A:

The subject was seated 6 feet from a 3-5/8 x 4— 5/8 inch Tektronix

oscilloscope screen. An image of a 3/4 inch diameter ball of medium

light intensity was displayed on the screen. The subject was instructed

to observe the ball as it moved laterally across the screen with simple L
harmonic motion at a frequency of 1 radian/second. The stimulus

consisted of a randomly occurring downward impulse acceleration of the

ball at a speed of 64 cm/second .

r The subject was seated in a dimly-lighted unshielded room and was

instructed to count the number of stimuli observed. The response was

amplified by a Hewlett- Packard bioelectric amplifier with a lower

cutoff frequency of 0.15 H
~ 

and an upper cutoff frequency of 30 H
~
.

The signal was sampled approximately every 1.03 milliseconds for a

selected time period , usually 0.6 seconds . A 10-bit A/D converter was

used to sample the signal .

• Experiment A-MI:

The same visual image described in Experiment A is utilized as a

stimulus. in addition a 19” TV screen was placed with its center

24 
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approximately 2 feet to the’ right and one foot below the ’ center el f the 
V

Tektronix e(seith) scopc , clearly wi thi n the ’ frontal vision ot the ’ subject . V

Experinient A-M2 :

In this experiment , the ’ same’ visual image described above is moving

laterally ae ’nt ’ss the screen With simp le harifloflie motion . The st imulus

consists of either an upw a rd or downward rapid vertical  displacement

of the circular image . ‘l’he velocity of the ’ vertical displace’nient has

a magnitude of (;4 cm /second . Hesponses to the ’ I l P stimulus and the

l)O\~ N st imulus  are average- el separately . (~~servations of the m’’a sureim-nt s

may suggest formulation of a hypothe ’sis that the ’ response to m U P

visual motion is (iiffe’re ’flt from that of a DOWN visual motion. If so ,

a formal experiment can be design ed t e’ test this hypothesis.

Fxpeniment B:

The’ st imulus for this experime’nt is :1 iThlt ion OVfl d proprioce’pt lye

s t imulus .  It consists of the ’ deflation elf an inflatable bladder upon whic h

the ’ subject is seated. When Inflated t e ’ a pressure ’ ot 3 1)oUflds square

inch , the dime’nsions of the ’ bladder are appl’t l X i n la t e l y 20’’ x 14’’ x t~~: -I

The’ bladder is placed on a woode’n seat that is parallel to the ground .

The’ back portion of the - wooden chair forms an angle’ with the ’ v ’r t i c a l  of

approximately 100. Electro—pne’umati c valves are’ located at the ’ input

and output line- s elf the ’ cushion. During the ’ lnflate ’d state ’ , the ’ input va lvi-

is se’t t e~ maintain a pressure’ of approximately 3 pounds/square inch ,

and the output ~-alve Is close’el. ‘l’o apply the ’ st imulus , a driving signal

under control of the’ digital computer opens the output valve and closes

25
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th ’ Inpu t ~- : e ly e ’ . ~V i t h  :i i n e t l i u m —  we ’ig ht adult  st - a t t - ( I on the ’  cu shi~ n ,

total  eh-f la t i~’n re’quires about two see~’iids . It l~— desi red I t ’  m e a s u r e ’ t i l e

l’, sI) il ._~t - I t h e  s t imulus  t ) i I s&i

l~ xpt ’ r inient  l i — M i

I- ’ xI I e  rim eat B is pe ’ r torn ie ’el. The’ subject Wears  he’ad ph tm ’s I cxc ’ litt le 
V

th~ s~’uitd ass tt iatt ’d wi th  the ’ st ’:lt ( l et l a t ion .

l- .~j te ’ri ifle nt li \ i2 :

l’xpt ’ r ime ’n t  B is pe ’rformeel . l’he’ subj ect  We ’a vs ste ’re ’~ hcadph~ flt ’s • a

S lIt tiiusie’ is piped int o the’ hc’aei phone’s It  mask the’ sound assot ’iat t ’d wi th

seat deflati on.

I~~~ ’r in e ’nt P

Expe ’rirnt ’nt B is pL’ rform ’el except that  the ’ subj ect doe -s not sit on the

deflatab le seat , but aeljae ’ c’nt to i t .  The’ subje ’ct hears the saint ’ sound when

the stimulus is applied , and perhaps Senses differ ent  lid pl’t ’SSti res as

lie’ seat i~ de’llate’d . It is ol’ interest t e ’ ascertain if the ’ evoke’d response

measure-el In Expe r ime-nt B is produced by the int’l ion , tact I le ’ and prop rioce-pi ive

onset (‘ne’s produce’d when sitting on the ~e’at , or merely liv th e  :issoe’iate’el

re-siduals .

~~~ e’t1flieflt fl- M4 : V

The’ stimulus consists of either the de’flat ion ~ the  left part it ion of the

seat or the r ight pa rti t ion ot the ’ se-at . Responses t el  the ’ I .1” l- ’I ’  and H I(~lI 1’

stimuli are ’ averaged sepa ra te ly .  Observation t f t h e  flieaSure-n~- at s may

suggest formulat i on of a hypothesis that  response It ’  a I .l’ FT stimulus is

26

.0 



- - - - -

is different from that of a RIGh T scat stimulus . If so a formal e xperiment

can be designed to test this hypothesis.

Experiment B- M5:

Experiment B is repeated except that a backrest rat 1~~r than a seat

is deflated. Observation of the measurements may suggest formulating V

an experiment that is designed to determine if a backrest stimulus can be

differentiated from a seat stimulus from the observation of the corresponding

evoked responses.

Experiement C:

Experiments A- M2 and B- M4 were conducted simultaneously. This 
V

was an initial exploratory effort intended to suggest a well-defined

cxpe’riment in which both visual cues and corresponsing motion cues

occur , but not necessarily in synchronism.

All evoked responses were- measured at the vertex with respect to the mast ‘iel ~ .

Three 6—mm N ehe r  t i l l  ek’ctrode’ disc probes we-re utilized. The proI~~-s ~ crc affix ed

to the’ scalp Using collodion , ar id a standard electrode paste- was ut i l iz ed.
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(‘hapte- i’ -I
RE St l;rS

h o t  h visual  anti g- — seat  type’ st i mu l i  produ ced evoked t e s l ) o f l S s that  apl)( -a t-

to be’ ~ -ll — ete ’f iitc ’el b r  partie ’eilar iiidivieiuals , ~nd ge- ne ra l l~ : C I l I t V a I .  t o lItt55e ~~S

at t r ib t r t e ~ t hat ar t - C ’ ‘ W i f lO l l  I~’i (llfft’L’ e’It t in dividuals .  In e t i l t a  iu in g  these - re’sl)e)llses ,

• only ave ’r at ~lng t t -t -h f l ie l U e ’s  and simp le smoothing t e c h n i c  \Vt ’l ’e’ ei tjliietl, l h t ’

p re -don linail t  a i t  t a c t t ’iwout lt ered  ‘~e as 60 — h i  pickup. I h i s  \~ CS e a s i ly  i’(’lilt)Vt ’d

t r e t l l t  i i i e l i v idu : i l  l t ~~V~ t~~lt 5 ( S ~ i th i tut signifie ’an t dist ~’rt ion I t h e  I ) t ’ e( 1e) l l l i l ta l l t  Pe-aks .

It appears t h at  t he ’ preelt in in ant pe ’aks and lat e ’uc Ic -S can f r e que nt  Iv he ‘bse’ n e  -d

fr on i j U St a s in~ l t e V .p I 1 S V it th e ~;o— 11/ ~ii’t i tae ’ts  ar e ’ r~- r i io v e ’d . l ’h - ‘ e i t ~ t a sk

ass igned to S t i I t R  et s  e l d 1 r r l l L ~ the se e X l ) er i i l l e i l t s  was  t o  e ” ’t t i l t  tile ’ r iuniher  ot

st i nui l i  re - c e  iv e - d :\ I Ih ’ ti~ h ,‘thit ’ 1’ I i t v e s t  t i ~ it  ‘e s h ave-  i l ie ’asnF ed et t e e ’I ~ ‘I ~~~~~~ 
i f ic

t a sk s  ~ iI e\ ~~t V V $  r e sp o n s e , the c Ited  of th i s  task ‘i i  t h e  evoked re ’spet l lse ’ W 1 5  h o t

evi de ’ri t  f r  V v i s u a l  insp c ’e’t it ’l l  1 t he ine ’asure -me -nt  5

4 . 1 \ i . — u  ~l ~c l , t  I n  - -j  U - e S :

~~ ~ r ;.~~t e ’~ L~- e I i- ’~ ! t e ’l t s -
~~ to th e ’  v i sua l observat  I t t i l  t i  an i r i i p u r s l i -  ae ’e ’ c ’ i c - r a t i e ’r i

~~ t ’ i• t m e ’ a s i c i e -d V I p i e - a l  atl  i- u te r i  1 5  appa re ’nt t r o i i i  \ i s U U  I Inspect ion of I he- i t  -s uP s V

if lCIUt lt a s iti a 11 P’ ‘~~- it ivt ’ pc-ak t h at ‘ecU rs appi • t ’xj mat e ’Iv 1 t l  l i i i  l i i  see etiiels a ftc -i

the ’  s t i t i r u l rus  t . ’hi ~’e ’ t .  A w e l Z — d ’ f i u e ’ d  r ic ’ c~: i t i v - l Ie -ak is 1 11(5, U! ap l) I’ ( ’ x i r t i a t ( - t \  200

m i l l i s e - e - ,’nels d i e t  the st imulus  oflse -t  . i’his is t , ’l lowed l ’~ :t — h arp  t r : t i - es i t h ’n t~ a

L’ ;300 ‘~~ ave - l ’lle ’ l a t t e ’ r eXcUr s ion Ve ’tll ’ e ’set l ts  th e  1111 51 S ~LI1 I F le V l I l t  magni tude - var la t  i, ’ii.

AV e’L’ :en .~e u-y oked re sp etn ses for It flu r d it fe ’ t’e ’ri t subjec t s  :1 t’e - slit ‘n m  in V iu gre - 10.

Sinc e’ t h e r e -  is ‘~ a u - i a l l i h i t y  w i th in  e’ach subje’ct , the a~ - r L c ~e Fes pons~- has

att  r lbut es tha t  are eliffe re -nt from t h se of individual resp~ me ~— -s In pa r’t i cu t ar  • if

ri’~ p~ ‘rises :i re’  s U m  iiied • an~ v a r i a l ) i l l t v  in latencies te’nds I t t  e 1115e ’ pe’ak a t tenuat i on
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in t he  ; % V t ~~Fa~~,1
V eI I~~~~~~~ I V  fl~~ t . ,. E h l i t l u l l U  t1 t ~,c ’ i i t i i u i i ~ h ave ’ 1) 1 ( 11 (h \ t ’ I. ’1)c d I c’ tn ~-

I r z - an i de t ru i  l a i t  i c ’~ s h u t - l I V \ e e \ e r , such algori thms rt, - suI t  in t i - ;i d ’ - I t - - it

mas h. t -  i t l i t - u - r r nch - .--- u rable- - - i h r r t ~ ‘I ( -r abl e - .

Re tt - i  au ~: d r m 1  t V  - Figu re ’ j il I ~ I~ i e  11 shi ws the ’ tirsI 1 , Uu l e S t ,  I l ~~ e~~— I h ! , - ; d — - I I I  - c i

t t ~ thu s s u h ; e V e t .  ( t ’ — ~ -r ~ ‘ ¶ h a t  the  ~ , ~ l’  I’ , , N - ,  and I~~u o  n : i v , s I t’ et i eit -ii t I~

; i s s - -e m : r t e - t l  ~c i t h  v i s i j i  s t i m u l i  a~’p~-ar tt - 1 t -  l u r e - -- t - u \ t , C V \  ~u l h c t t g h I t ) . , ,  I~ ci -

seu ggt- ~ t t ’ui 1 t h e  1t r I -
~~

e - I u u ,  V~ i n i  N 1 in t h -  avt -r :u~. r. ~~p - - : l~ — e  . I h u s  i~— c - c u — e d

by late’lic\- : i r i a h i l i t i  ill t he  I’~ and 
~~ 

pe aks . I l i I , l  ( V  l k ~~i t e  1 2. h u t s  i~

the ’ av e -ra ~ c- r e  Sp U s t -  - 1  t h e  f i t -  n e-vt ’k ee l u — j t re~~- - f l  t ’ - u i - , - t t  I , - fl) t h e -  —: i uii. -

subj ec t .  N oI~ - t hat P 1 ant I N 1 , : i l t h e t u g h  :e t t e -nu a lee l , a r -  — t i l l  e l e a i l ~ i— ilil~~.

A l th o ugh  ‘t h t - r  i n v e s t I e a t V rn ~ h ay ,  h s , - r ~ c - i  i i j a h , l i t ~ in i t a l i l  l : e t e f l e ie ~

~ it hin s u l ’ i t - c t - - . it e- anni ’t he i u i t e r t e e l  t~~ot i i  ( l i i —  e \ 1 ’~ I l l U e  i i i  t h a t  the -  l a t e n t -~

v at - ia t i c ’n s  t~t r  1k’aks P
1 and N 1 : u i e  int i ’a—subj e ’e- t \ : I i ia t  j -  115 I ’ i~I t l  t O  t ’3C II

st in iu leu s onset , the -  v i sua l  image ’ uii ( ’~ ed la t e  r a l ly  ad - r~ — s t I l e ’  SI  i( e’1) ~\ u i  ii i l~

h ar me t nj c  mot i on . I’he’ s t im u l u s  ‘nse ’t was r : u n e h c m .  11 is p- ss it i lc- th:ut t h e- late-ucit - —-

ot- th e’se peaks can be :lsst’ciatt ’d wi th  th &- he ’ri zonta I 
~~~ ‘s i t  it ‘ui : u m n l  or ye -li ‘u’it~ at

whie- lu each v c ’r t i e ’a l  onset s t imu lus  occurs. ‘l’his can be’ i u i v e s t i u ~ated by Ile 1’borfl )ii)g

a s i tu i l a r  exp e ’rim ent in which the  hori zontal  vo lt a ge i~ ave at the point of

s t imulus  e) fl set is sampled and stored. Wit h e’U1 prc’sent S\ st e l i i , it ~v, uu ld be ’

quite’ e’asv t o  imple-nient this  re -v is i o n.

Kx p e r i m c-n t  A was niodifie’d in that a l’V se’t w a s  p laced in th e ’ v iu ’w o f t  I t t -

subject , irs descr il)e ’d in the  pre ’vious chapter.  During the ’  ‘t ’U i’se’ ‘I th e ’ exp er in ’ - - f t

an ext raordina i’ amoun t  f act ion ‘e-cturr eel on the ’ I \‘ su ’ rc’en . in add it ion ,

30
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ver t ica l  roll problems occurred during the latter part of the experiment. h owever ,

as can be c l ’s- - ‘~ c - u i  from the results given in Figure 13, the P300 portion of the

rcsponsc-  diuc - i c  the ’ onset stimulus still appears to be present. If this experiment

is perfor tn ed again , a recorded TV presentation will be utilized in order that the

rather &-\ t I , -uIue ’ visual distractions that occurred during this experiment may

be avoided.

Ifl afle)t lW r modification to Experiment A , visual onset stimuli in which the

image wa s  disp laced upward were randomly interspersed with stimuli in which

the image was displaced downward. The responses were averaged separately.

The average’ of 13 1)OWN responses for one subject is given in Figure 14a and

the a \ c - r : c i 4  response from 12 UP stimuli is given in Figure 14b. From the

r e suu lts  I )r e ’seul t ( - ( 1 , it is not clear whether the responses caused by the two

stimuli  :1cc di! -r c-ui t .  Although there has not been suffic ’icnt analysis to support

V a conclusion , \\ e t entat ively suspect that the responses are different. This is

sugge’stc-d since- i~ e ~v em’ c- abk- to view individual responses (as opposed to average

t’e - S p t ) f l S e s )  and , s t :m a t e  with a fair degree of accuracy if the response was

c a u s e - u i  hy an I I’ or  a l)  W N  st iniulus.  In order to t i - s t  the hypothesis  that

the n-sp 015c-5 ar e  u l u t l e t-e nt , it wil l  be necessary to use a statistically discriminatory

technique , s in-h  as the- method of stepwise discriminate analys is .  It is inte ’resting

te) Ii u ) t e  that t hu P3t)() port ions of the two waves appear to be quite s imilar .  This

can he , b ~ e -i - vus d by averaging together responses from both the UP stimuli and

t h -  l)( )WN -s t i m u l i .  This is illustrated in Figure 15.
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Certain researchers have reported observing lambd a wave-s in response to

observation of visual motion. These waves have the apjr arwi (’e’ of a large ’ inverted

V. In some of our Individual responses , it appears that a lambd a wave ’ is lure -sent.

Due to small latency variations , these’ waves tc’nd to ~xr r t i a l l y  “wash o ut ” in ave-i-aged

responses. The large- lambda—type waves that we c h ~ e eve -d ne ’curre ’d I I I  the-  I ::I u

region. Figure 16 illustrates a sing le re ’sponse in which a A ec a v e  : r l ) h s :r u s  t ee

present.

Smaller lambda—typ e waves wen- observed occur i i  ru g  in  I - a u  l u  - i pe cc! It uu s c I

certain evoked responses. If certain onset c-ui-s  re-latiug I V  c chs e - r ~~a t u t , i u  ct 
V

II
visual motion regularly produce these waves , it is su g g t - s l - eI that  u t : h l  t ime  de-te ’ction

of these signals could be usefu l for possible augn uc r u ta t le e n  c t  pil ot p ’rf e -rman ce- in

the operation of a high performance’ aircraft .

4.2 Responses to G-Seat Stimuli

Results of our literature search did not revea l any p r ev i ou s  e-v tLed hIo t e ’n ti~u l

studies utilizing a G—seat type stimulus such irs described in Chapt e ’ r 3. The-

responses from these stimuli measured at the vertex node- appear t c c  be’ large ’ and

reasonably well-defined. The first clearl y discernible- pc-ak is a y e -i -v sharp

negative peak in the N200 region. This peak appears te c  have ’ a nearly constan t

latency. This is followed by a sharp transition into the P301) re-gion. The’ r ( - s l c t c u u s t - s

appear to be quite similar f e t i  different subjects and diff er c ’rut from the response-s

obtained from our visual st imu l i .  Ave-rag e ’ re sponse-s for t~ o sublects are- shown in

FIgures 17 and 15 . -

By use’ of suphisticate ’d stat is t  k-al te ’e-hniquc’s , it is uieu\ ~ Possible’ to c la ssiI~

:17
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ce’rtain evoked responses from measure’ment of a single- response. For the i’ -sults II

our seat deflation experiment , it appears that certain attributes t e l  the response

c-an frequen tly be observed by visual inspection wi thout any stati stk ’al proc essing.

Re fe r to Figure 19. Four consecutive responses to the se-at deflation stimuli are-

pre-s ’ritc-d. For these responses , it appears that both the’ N200 peak and the I):~ )() 
V

wave are discernible by simple visual inspection of just a single measurement.

Modifications were made to the seat deflation experiment in order to ascertain 
V

if the measured response was due to the combination of the tactile , propriocept ive

and motion onset associated with the seat deflation , or whether perhaps the-

response was produced by the mechanics associated with implement ing the- seat

deflation. For example , deflation of the seat was accompanied by sounds associated

with conoflow valve operation , and the pneumatics associated with air flow out of

the seat . In order to mask the sound , headphones were placed on a subject , and the-

deflation experiment was performed. A significant response was still measured.

In another modific ation of the experiment , soft music was piped into a set of sic-re-cc

headphones in order to mask the sound . A response to the stimulus was still observed.

In another modification to the experiment , the subject was seated next to the

defiatable seat instead of on it. The response was measured to the deflation stimulus.

An evoked response was measured in the subject. However the response measured

appears different and of lesser magnitude tha n that obtained from the subject when

he was sitting on the seat. Figure 20 is the average of the first five responses fr om

Subject G when he was on the seat. Figure 21 is the average of the first five re-sponses

when the subject is seated next to the controlled pneumatic seat. There appears to be’

41
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little ’ sim ilar i t~ in t h -  respc I u u s e .s . It sheeu ld be me-nUt IuI Cd that in lat e r I - c -s i l l

there us more ’ s im i l a r i ty .  Perhaps the subject is k-ai’ u’eing to assoc ia te -  the s ci iu i c t s

with the G-seat excursions.

It should be observed that the re -spou s -s I -  - etur  U— se - at  t vj - ee- s t imul i  are nu - as e t  r ’d

fo r ne ’arls - 1 . 5 seconds aft e i the ’ t I n s e l  signal is :11)1) 1 le e 1 . i h e -  s i g n i f i c a n t  me asure-el

response-s al l  were observed c-an y in the- re’sponse- wave l e cru n . Af t e r  th e  seat has

been almost compl e ’t clv deflated , which is in the order of magnitu de-  c If 1 s e c o nd , the-

sub j  cc’! fee’ Is a w e - Il  definc-d se n sat ion as the ’ ischia I bc c i t c s C I cu t e  in c c  cu lt ac -I wi th  th e -

Woe eden se -at underneath the ’ pneumatic  cushion. It \\ as d & s  iced to do - U- r m i n e.- if this

V se-ce ndary St imulus  produced a we! 1—defthcd re-spou se- . N e c  such re sponse - \Vas

observed. Thi s does not n ecessari ly imply tha t such a i’(~si cI  n i-c e was t i l l !  prese nt ,

s ine - c- ~Ve believe there- was considerable - var i~th i l it v  in t h e ’  t ime -  that  it I d e  c1~ i c r  t he ’

ischial bones to conic in contact with the hard surface .

In a nother modification icc Expe -rim ent 13 , t h e  su l )j c - ’ t  \~ c r c-c place’d on a 2 — 1 c  c u u l - ear t  me -u t

V seat .  The onset stimuli consi st ed of I c f t— eomp ar tn t e - n t  d o -flat  ions r cmnd 1111 lv ~~ t rs I 1e. 1 5  I I I

wi th  right compartment de-f l at i on s .  l)ifference-s in the re ’spI 115c’ -s \VC’I’L’

g ’n era l  Iv not obvious from visual i n sp e c t i o n .  i l l  c \e e V e C , fe ’1 c c f l C  subie ’ct , t he- pr e - —de- f  Ic i t  I l l

pressure- in the right compartment was appr oximate ’lv  (I . a i si b igh t - i -  t h a n  t he I l i c V .0(~C t l  II 11 )11

p re-ssure- iii the ’ ic- ft c c  In ip ar tu n e cul t .  ‘I’his j)recdU c’e-d sc-nsatie Ins wit i h i  the sub eel

ck’sc rib ’d as significan t lv di ffc re nt .  It a I so re-sn It e-d in aye ’ ra ge - re-s ~~( cr ises  that a I c h- te- a i’

s ign i f icant l y  di ffe ’re uu t.  l’he’ sha rp cr large- iii agri it  urie rc-s1-n d isc’ is ~I s 5 c  cc in! ed ‘e’ it Ii

V the larger pressure d i f fe ren t i a l .  Ave l’age re- s in d i s c - s  b r  these ens c-s are sho~ it in

Figures 22 and 23 .  The- results appe’ a e’ analogous Ic r esult s  ecbt a uted fr cif i  m e - cu 5ure- me ’nt

of responses - yoked by visual st i m u l i .  Large r r c-sp lcnse ’s  1 re ~e -u ie ’t’ cu 1I~ gc rl e I~~I l c d  1w
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higher light Intensities or sharpe’ r edge patter us.

One more modification of Expe ’rlme’nt B was incorporated by having th e suh ;e’e’t

sit on a pneumatic se-at with his back leaning against a pneumatic ’ ba ckre-st. I he ’

stimuli consisted of seat de-’flations randomly interspersed with bac’krest deflat h e c uts.

‘l’he’ response’s l e t  the ’ two eleftatiouts ~ c-re’ averagc’d se-p am ! e-l ~- . The- re-stilts ci n e

shown in Figures 24 and 25. For this subject , it is observed that the’ le-aeling lobe’

of the P300 wave is greater than the ’ trailing lobe— for the backrest deflation, but

less than the trailing lobe for the seat deflation. This suggests conducting a formal

experiment and using statistical teclmiques to test  the hypothe-sis that  the responses

produced by the two stiunub are different.

In tak ing various nteasunc-me’iit s , it was observed that  1-he’ faste’st sharp pc -ak in

an average re’spc duts e ’  occurre’d for our youngest subj t’et (9 en vs ec l d i .  Flic longest

late ’ncy ( c c  a P300 wave - was f e r  ecUl’ e c ldest subject (43 vt -n rs I eld ! . It may  he - ccl  lute- t’e-si

t e c  pursue an Investigation ctu flce ’r fl iflg pe ss ible ’ re — l a t  i ecu ts h ij t s  I) e ’twe-t ’n age gre ILI ~ )S ci r i d hu t  cute it c-c~

-1. 3 CombIned Visual and U—Scat Stimulus:

The visual stimulus and the U—seat stimulus we- re’ presented i c c  a subject

simultaneously. That is the’ same driving signal was used to a c t i v a t e -  both st iu t n u l  I.

Clearly the inertia in the’ pn eumatic -  sy stem results in some’ delay . An ave - rag e -

response fur this combined s t imulus  is shown j ut Figure’ 26. \‘i sun 1 inspee ’l le Ol c t

t h i s  response suggests that it is diffe ’ rcnt tha n t lte re-spouse f renu  jus t  ci \‘ isual  si innikis

or inst a ( seat s t i n u t i l t u s .

Rather than pursue’ this effort , it was decided te t design an e ’x lto- rim eut in whi e -h

the visual s t imulus czui be’ more ’ c’ lose- lv related tet the ’ U—seat  st irmulus. Such an

experlme ’nt is described in Chapter 5.
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Chapter 5

CONTINUING EFFORTS

The work that has been done has been largely exploratory in nature. The work

- - 
that is currently being planned consists of some more formalized experiments as we-I l

as certain additional exploratory effo rts. All continuing efforts are still addressed

to the general obejctives that are specified in Chapter 1. The following efforts are

currently being planned:

1. - 
It is planned to investigate if certain onset stimuli can be identified

from observation of evoked scalp potentials . From our current data , it

appears that observation e)f an average response is sufficient to identify

the stimulus producing it , at least for a small class of possible input

stimuli. Two approaches will be considered. First , we will analyze an

average evoked respons e that is known to result from one of two possible

stimuli. The method of discriminant analysis will be utilized . A second

approach will be to formulate an algorithm bast ’d on observed mean attributes

measured for various stimuli. The al gorithm will be scored base’d on the-

number of successes and failures in classifying the response. II eith ‘r of

these techniques proves fruitful the identification problem will be pursued.

it will be attempted both to identify the responses from a larger class of

possible stimuli , arxi to identify the response from a smaller number of

averaged responses , perhaps even from a single response.

In general , it would be desirable to identif y meaningful onset cues from

observation of a continuous record of the scalp potentials of the subject.

Although we arc not ready to address this general problem , it max - he

52
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possible at this t ime to pursue’ certain restricted case-s .

2. Measurements have been made identifying various t ime  delays

encountered in subsystems of the advanced Simulator for Und ergraduate

Pilot Training. Measured sy stem delays were small for visual sys tems ,

larger for motion systems, and largest t
-

c c i -  C— se-at sys te ms .  Othe-r stu clb-s

have suggested that if there exists a time delay he’twcen a visual cue and a

corresponding motion cue , and if the time delay exceeds a certain threshold,

then the motion cue has no positive value in assisting an operator in p~~’forman c-e

of a related task.

It is planned to investigate the evoked response caused liv a stimulus

tha t visually produces a sensation of motion accompanied by a correspondin g

non-visual onset cue. It is fu rther planned tee investigate the effect ( I f

transport lag in the measured evoked responses.

We plan te) develop a visual display that will tend to induct- a feeling of a tilt , or

roll onset. We will also attempt to precisely define a roll onset or tilt produced by

inflation of one compartment of a pneumatic seat simultaneous with deflation of the

e)ther compartment. An attempt will be made’ to identity at le ast one mean attribute

of the response caused by the combined stimulus that does not result from just the-

visual stimulus. If such an indentificatiort is made , t i m e -  dc-lay wi l l  be introduce ’d to

the combined stimulus, and we will attempt i c c  obser ve if th&- a t tr ibute produced liv

the jo int stimulus is ‘‘washed o Ut  
- - as I inn- lag is inc re ’ase-d. II so , a me - cu n t i m e -  to

washout will be estimated.

The first task required for p e -r forman e -e -  ot this  e- x i uc-  r in u e ’nt  is ge-ut e-rat ionu c c l a

~ 
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static tilt onset using visual techniques. We will consider a static roll onset to be

a sudden tilt and a dynamic roll onset to be a sudden chan ge in direction or velocity

of roll motion. In order to generate a roll sensation visually, we will use two

peripheral displays , similar to those used on the Roll Axis Tracking Simulator at

the Aerospace Medical Research Laboratory. Either horizontal lines or bars will

appear on the displays , and the controlled visual roll sensation will be generated I I

by rolling the displays in opposite directions. Seat roll will be produced by varying

the pressure of the two compartments in the inflat able seat. An attempt will be

made to adjust the magnitude of the visual roll velocity so that subjectively it appears
p1u~

to relate to the magnitude of the roll motion of the seat . To enhance this relationship, 
- -

~

subjects will be pre-conditioned by riding the seat accompanied by correlated peripheral

visual roll motion. The visual motion will be generated by the output of pressure transducers

connected to each of the two compartments, and thus will be svnchrc-nized with the -

varying seat-compartment pressures.

For this series of experiments , just static onset stimuli will be given. Tentat ively,

it is planned to use time delays within the range between -40 and +200 milliseconds ,

and to vary the delays in increments of 20 milliseconds. Since previous experience

suggests subject fatigue if an excessive number of stimuli are taken , each subject

will have to return several times , and certain overlapping data will have to be taken

and tested to determine whether or not the mean attribute measured for the zero time H
lag is still present at a different date .

3. It is planned to continuously record scalp potøi tials from a subject

who is performing a task on a Roll Axis Tracking Simulator. From this

data , we will attempt to identify electrical responses that are evoked lt~-
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iden tifiable onset cues.

If evoked potential technolo~~’ is to be utilized to assist in determ ining which

sensory mechanism is processed under various flight conditions , then it appears

wort hwhile to attempt to measure an evoked response to a recurring stimulus that

appea rs during a normal training mission. Classical evoked potential expc-rime-nts

involve use of well-defined stimuli in a well-controlled passive environment. Such

experiments can be designed so that the results of statistical inference are reasonably

valid . However , the results of these experiments may shed little information related to the’

the , general objectives that are being addressed. Furthermore , at the present time ,

It doubt fu l that significant training devices should be instrumented solely for the

purpose of obtaining evoked potentials .

The purpose of this task is to determine if non-invasive evoked potential measurements

can be taken from a subject during an instrumented training mission. The data

will be taken during a tracking mission conducted on the Roll Axis Tracking Simulator.

Vertex node voltages will be amplified by a bioelectric amplifier and recorded on

one channel of a 16-channel FM Sanborn Recorder. Digital logic will automatically reset V

the amplifier to its baseline if saturation is sensed . During a reset m ode, a mark

will be placed on a second channel of the recorder. Signals proportional to the

relative position of the subject and to the angular displacement of a frontal image ,

corresponding to the difference between controlled plant roll angle and target roll

an gle , will be recorded on separate channels . No processing of the scalp nod e voltage

will be done during the experiment.

Utilizing the recorded data and appropriate disp lay software , dynamic onset
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cues will be idcntifie-d and marked. A dyn amic etnset cue wil l  be defined as a

reversal in the direction of roll within specified angular limits. it is recognize-el

that none of the cues will be identical. However , each will include this we-li-defined

change in direction component.

Responses to this defined stimulus will be averaged. The responses averaged

will Consist of the potential measured from each subsequently defined onset for

a period of approximately 600 milliseconds aft er the onset. We will observe whether

or not certain peaks or latencies are preserved after a large number of re-sponse-s

are averaged. If so it will be postulated that these attributes were produced by

the  reversal-in-roll-direction component of the s t imulus.

The purpose of this particular task is merely to investigate the feasibil i ty of

taking parasitic evoked potential measurements . If th e~ re-suits of this inves t i ga t i ccu

appear to be positive , then it appears plausible to dc-sign e-xlx-riments that can t e - st

whether EP responses to a dynamic visual stimulus are- as fast as those produced

by a dynamic motion stimulus. Likewise, positive results would enhance- the

possibility of performing evoked response experiments in which  response-s obtained

in aircraft can be compared with responses obtained in a simulator.

The continuation of the efforts referred to above- are contingent on the prospe cts

of obtaining additional support.

- - ~~~~~~~~~~~
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