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ER OF TEANSWITT,
NATIONAL KESEARCH COUNCIL

2101 Constitution Avenue, Weshington, D. C.
Division of Anthropology end Psychology

Committee on Selection snd Training of Aireraft Pilots

January 16, 1943

Dr. Dean R. Brimhall

Director of Research

Civil Aeronautlics Administration
Washington, D. C.

Dear Dr. Brimhall:

It has been sugzested that the efficiency of pilots ie
reduced by exposure to the noise and vibration cheracteristic of milltary
aircraft. This problem has been investigsted by Dr. Don Lewis, His find-
ings asre gresented in the attached report entitled The Effect of Noise and

Vibration on Certzin Psychomotor Responses, which is submitied with the ap-

provel of the Committee on Selection &nd Training of Aireraft Pilots.

According to the results of this experiment, noise and
vibration similar to those experienced in the operation of military sireraft
show no measurable effect on psychomotor responses, inecluding responses anal-
cgous to those involved in flying, even when subjects were exposed to such
conditions for ag long &3 four and one half hours.

The results reported from this investigation should be
viewed in the light of other investigations of performance under similsr con-
aitions. For example, in studies of typing and of otaer industrial jobs, it
hzs been found that workers are able to perform with no great loss of effic-
iency even under conditlons which they describe as very annoying. However,
there is also evidence that they maintain this efficiency only by putting
forth extra effort.

Such energy expenditure may produce adverse effects over
a perlod of deys or weeks even though it does not eppear under test condi-
tions. The negative results of such experiments as are reported here should
therefore not be teken to prove that nolss snd vibration have no effect on
pilot performunce or heelth .over & long period of time.

It has been moted that service personnel often report annoy-
ance &na feel that their work suffers from exposure to noise and vibratiom in
the airplane. The suthor repcorts that elmost without exception the subjects
found the experimental conditions annoying. ilany of them commented weeks
later on the unplezsaniness of the experience. Such annoyance might, over a
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period of time, result in a loss of interest in the task. This aspect of

the situation is one which mey be of considerable importance both in eivil-
ien snd military aviation.

Very truly yours,

W, ot

Morris S. Viteles, Chairmsn
Committee on Selection and
Training of Aircraft Pilois
MSV:rm Netional Research Council



TABLE QF CONTENTS

SUnmery. « .

Problem. « « = ¢« v 4 4 o« « &« «
Equipment. . « ¢« ¢ ¢« « » ¢« & + &
Noise generator . + + - .« .
The Mashburn appsrsatus. . .
Breething znd heart records

- L] - -

The vibrator used with the Masnburn

apparatus « . . . .
Meesurement of vibretion
The tilt epperatus . . .
Brain waveS. « « « 4+ +
Aundiometric tests. . . .

The First Experiments. . . . . .

Performence on the Mashburn apparatus

Heart rate « . . .

Breething. « +» « o ¢ & &« & &
Tilt perception. « - + « « .
Brain WEVES: o 5 o « » o o »
Hearing 1o88 + « « « s s o &

The Second Experiments . . . . .
Introduction + » « + +» + - .

Performance on the Mashburn spparatus.

Heart rate . . .
Bresthing. « . .
Tilt perception.
Brein waves. . .

-
L ] -
a - & » -
*» & » = L]

Summazry of Findinga. « « « &+ « &«

Appendix - TablBB. 4 & 8 5 = = 2

L]
-
.

L L] L] . L] L] L ]

: [

VO - Mo

n

Lo

gl



vii

THE EFFECT OF NOISE &#NDL VIBRATION ON CEKTAIN
PSYCHOMOTOR RESPONSES

_ . Sumary
The noise and vibration of ajrplanes are widely thought to reduce the ,
efficiency of eviators. OService persomnnel often report ennoyance &nd fesl . Ly

that their work suffers. The present experiments were undertaken to learn *'35§%
if there is actually a decrement in work under nolse and vibration conditions
similar to those characterizing militery aircraft.

The experiments were performed at the University of Iowa with 80 male
college students, C.P.T. applicants, and trainees as subjects. The subjecta
performed on e Mashburn apparatus. The Mashburn involves a control stick and
rudder bar which are manipuleted by the subject in response to chenges ln three
banks of stimulus lights. As soon &s the subject haes responded to one set of
lights, & new ccmbination appezrs. For the present study the Meshburn appar-
atus wus modified so thet the platform could be made to vibrate. In the first
series of experiments, parformance in rendomly selected groups was astudled
under six conditions:

Silence

Noise - 85 db*

Noise - 110 db

Vibration - 4 to 6 nils* ™

Noise — 85 db; vibration -~ 4 to 6 mils
Noise — 110 db; vibration - 4 to 6 mils

Effects of noise and vibration, respectively, on heart rata, breathing,
tilt perception, brain waves, end hearing aculty were also studied. In addi-
tion, the design of the experiment ellowed an evaluation of interection ef-
fecets of noise end vibration.

Exposure to loud noise for ss much as one hour raised the threshold for
hearing somewhat, and there wuas an Ilndication that breathing rate was accel-~
erated during some of the experimental conditions. O(n the whole, however,
the results were negative in the sense that they revealed nc consistently
significent differences between reactions when nolse, vibration, or both
were resent and when these supposedly disturbing factors were absent.

It appeared that the lack of poasitive results in the first experiments
might have been due to the fect that none of the exposures was longer than
an hour. A second serles of experiments was therefore performed, in which
36 C.P.T. primary course spplicants spent 4% hours each in the teating gitu-
ation. Four conditions were used:

HMEOOD Dk

*db = decibel, "a logarithmic unit, equal to 1/10 bel, expressing rela-
tive levels of intensity of sounds...." (From: Warren, H. C. Dictionary
of Psychology. Boston: Houghton Mifflin, 1934.)

##1i1 = 0.001 inch; employed here as the unit for measuring the emount
of difglﬁcement of & contact point on the top of the subject's skull (See
ppe 5
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Silence:

Noise -~ 110 db

Vibretion ~ 4 to & mils

Noise ~ 110 db; vibration - 4 to 6 mils

oaw>»

easurements were meade of Mashburn perforusnce, heart and breathing rates,
tilt perception, and brain wuves. llere 2gein, even though the period of
stimulation by high levels of noise and vibration was 43 hours in length,

. nelther noise nor vibration, nor the two ln combination had eny measur-

ably significant effects on reactions.

Fhile the results of the experiment were generslly negative, in terms
of stetisticsl significence of differences between resctions under the ver-
ious conditions, the study furnished & number of incldentel cbservations.
For exzmple, the experimenters geined the impression that those subjects
who sppeered to be most highly motiveated and who seemed to perform best in
thelir trisls on the Mashburn epperatus were those who tended to be most
irreguler in their bresthing. This impression is supported by the negetive
correlation between breuwtning regularity sand Mashburn scores. However, the
correlation is too low to give eny confidence in the relationship.

The experimentel design did not permit s deteiled exemination of
chunges in attitudes end feelings under conditions of noise and vibration
and of the possible increases in effort reguired to maintzin "efficiency®
under such conditions. Because of this and also by reeson of the limita-
tions of the experimentsel conditions, the results cannot be sccepted es
conclusive in terms of planning & schedule of work and rest periods for
pllots.
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PROBLEML

The original purpose of the project wes to determine the effects of
noise snd vibration upon performsnce on & modified form of the Meshburn
hutomatic Serisl Action Apparatus. The work was undertrken because of the
common belisf that continued noise and vibretion reduce the efficiency of
fliers. Performence on the Mashburn apparatus involves & series of adjust-
ments resembling in some ways performance in flying, while the nolse &nd
vibration in the experimsnts resembled those encountered in mllitery &ir-
craft. To supplement the work of other invastigatoru,g studles were rlso
underteken on the effects of noise and vibration on heart rete, bresthing,
tilt perception, brain waves, und hesring acuity. '

The groject included two series of experimentss & first series in
vhich the exposure to noise &nd vibretion wes an houwr or less; and & sec—
ond series in which. the exposure wzs four a&nd one-helf houras., In the pre-
sent report the spparatus will be aescribed first, since it is common to
both series of experiments.

EQUIPMERT

The smell building which housed the project waes sufficiently isolsted -
from other Unlversity buildings to avold disturbance by the high levels of
noise produced. The wells and floors of the bullding were of cut limestons.
There was no ordinary ceiling: the roof was pesked-gable consiruction of
heevy refters snd slsb shingles. The floor .plan of the interior is shown in
Fig., 1. There were a large room 24 by 30 feet, and two smaller rooms sach

IThis project was finenced by grants from the Netionel Research Couneil
Committee on Selection and Trsining of Aireraft Pilots from funds provided by
the Civil Aeronentics Administration. The fullest cooperation wes obteined
from the head of the Depurtment of Psychology end from the Dean of the Grad-
uste Collage of the University of Iowa, and elso from other University offic-
ials, including especislly Mr. Elmer Lundquist, who supervised the Civilisn
Pilot Treining Program. Profesgsor E. F. Lindquist helped in designing the
experiments. Helf-time resesrch assistents who worked on the project for
varying lengths of time were: Douglse E. Wheeler, Ferl D. Shubert, Morris
. Loving, «nd Villiem 4. McPhee. Pert-~time service of greut value was ren-
dered by Mr. Paul E. Griffith end Mr. J. G. Sentinells, electrical technicisen
and instrument maker, respectively, in the Depurtment of Psychology of the
University.

2mmis work is reported in:

Stevens, S. S. The Effects of Noige end Vibretion on Psychomotor Effi-
ciency. (Progress keport of Project II, Msrch 31, 1941.) Wsshington, D. C.t
Hational nessarch Counclil Committee om Sound Control In Vehicles, 194).

Stevens, S. B. Report on: I. The Effects of Noise on Psychomotor Effi-
clency; 11. Hoise Reduction in gircraft ss Related to Communicstion, Annoy-
wnce snd Aursl Injury. (OSRD Report No. 274, Progress Report of Project II, . -
December 1, 1941.) Weshington, D. C.: Nationel Research Couneil Commitiee
on Sound Control, 1941.
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abuﬂi&? by 10 feet. The larye room wes quile reverbtersnt an. 2w ved o . -
madn testing room, while the snmeller rooms contiined the econiroi snc .. yi-
ing appsretus.

A photograph teken from one corner of the testing room is showm In Fig. 2.
The loud speekers &re in the foregreund. The modified Ilashburn =pperatus is
in the center, the light psnel being cleerly shown. Beyond the ¥eshburn, in
the corner, is the tiit apparatus, with & blindfolded subjec” seczted in the
typicul position end with sn experimenter reszdy to make adjustmants. At the
. ¥lght, & subject is shown seested in the shielded cage which was used in con-
nection with the recording of brein wuves. The pneumograph =nd electrodes
used 10, secure breacthing una heert records are being worn by the subject on
the Mashburn apparatus, but they are difficult to detect. The coors leading
to the control rooms maiy be Baen in the end.

Nolse Generator

The equipment used to produce simuleted eirplzne noise was couposed of a
varisble-frequency multivibrator (e relaxstion oscillator) end & rendom noise
generator feeding through a single-tube mixing amplifier into & 50-weit power
amplifier and & Jensen two-way spesker system, Type B. A schematic diagram
is shown in Fig. 3.

The multivibrator circuit was the familiar thyratronpentode arrangement
so connected that the plate resistance of the pentode controlled the discharge
time of & condenser connected across it. The rate of discherge could be varied
by chenging the grid blas on the pentode. A single stege buffer amplifier wes
used to lsolate the multivibrator from the rest of the noise-genersting circuit.

Rendom {"white") nolse voltage was obtained from a thyratron tube connected
in series with & battery and output transformer. The charecteristics of the
circuit were puch that there was no apprecieble voltege below about 50 cycles.

The two aignel-generating units were connected in parellel across the grid
of the mixing amplifier through sultable isoleting networks. The mixing ampli-
fier connected directly into the first stege of a Thordarson 50-wett power
emplifier.

The random noise spectrum wes rolled off on the high-frequency end to give
needed characteristics to the sound. The multivibrator wus typicelly adjusted
to & frequency of e&bout 55 cycles, at which point its output seemed slightly
unsteble end gave the familiar beating effect of multi-motor plene noise, or
sometaing very similar to it. (The beating wes due to interference between
the fundumentel component of the multivibrator and a 60-cycle component from
the AC supply.)

Control of the voltage from esch generating unlt wes atteined by meens of
potentiometers pleaced across the output of the random-noise generstor end scross
the input to the buffer amplifier in the multivibrator circuit. 4djustment of
the output power into the loud specker system wus controlled with the master
diel on the 50-watl amplifier.

The intenslty level of the noise produced with the generating system was
measured with a General Radio Sound Level Meter, Type 759-A. The velues obtained
with this meter were checked egainst those secured with a more exactly cslibrated
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Fig. 1

Floor plan of the mein testing room {3} and control rooms

1l and 2. A. loud speakers, B, Mashburn arparatus, C, tilt-

perception apparatus, D, electirlecally shlelded cage, E.
sudlioneter, F. telephone booth, G, amplifiers for record-
ing EEB, H. Grass ink-writing oselllograph, J. polygraph,
K. wave anslyger, L. sound generstor, M. nolse meter,

N. chronosacope, 0. viewing window.



Flg. 2

Photograph of one end of the main testing room. The
speaker unit 1s in the foreground, the Mashburn apparatus
in the center, the tilt apparatus in the far corner, and
the shilelded cage on the right. The vibration pickup

1s fastened to the boom directly above the head of the
person sitting on the Mashburn apparatus. When the

plckup was used, the boom was lowered until the point of
the pickup made firm contact with the subject'!s head. It
will be seen that the light panel was not connected to the
main platform of the Mashburn apparatus. This errangement
was to prevent vibration in the light panel.
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circuit. The spectrum of the noise wus determined with & General hadio
Vave Anelyzer, Type 636-A, and was mede to cgnform in & genersl way to the
frequency cheruscteristics of alrpleane noise. .

The Mashburn &ppsratus

Two views of the modified Mashburn apparatus are shown in Figs. 4 and 5.
The apparatus wes basically the sume &s that described in 1934 by Lt. Col.
dasnburn,% the essential difference being in the wey the platform was sup-
ported. In the present instrument, the platform w&s mounted at the four eorw .
ners on heavy coil springs. This non-rigid construction mede it possible to . &
induce required amounts of vibration in the pletform.

Basicaelly, the eppsratus consisted of three double banks of smell pilot
lights, and of = control stick end rudder bar. FEsach bank hed & row of 13 red
stimulus ligats and a corresponding row of 13 green response lights. Three-
wey combinations of stimulus lights were flashed on autometically in rendom
order, while the three rows of response lights were controlled separetely by
commutstors and brushes festened on the stick and rudder bar and were lighted
serially when the controls were moved.

The three double benks of lights may be sesn on the upright penel in
Fig. 4, aithough the photograph does not show them as clearly es could be de-
sired. The response lights in the horizontal bunk (et the bottom} were con-
nected to the commutator on the rudder bar end lighted one after another,
from left to right, &s the rudder bar was pushed with the right foot. Ele-
vator znd eileron conirols were related to the response lights in the ver-
ticsl enad curved benks, respectively.

"hen a subject performed on the Mashburn apparatus, he was presented with
three randomly-chosen red lights, one in eech of the three double benks. It
was his taesk to menipulete the stick end rudder ber untll he got & greem light
opposite each of the three red lights. When this condition was attained, a
stepping relay opereted autematically to bring up & new combination of stimylus
lights. The procedure continued until & totsl of 39 matches ned been made.

35ee pages 50 to 87, inclusive, of:

Berancik, L. L. Materiels end Techniques for Sound Control in Aireruft.
(Progress hepo.t of Projesct I, March 31, 1941.) Weshington, D. C.: Netional
Reseerch Council Committee on Sound Control in Vehicles, 1941.

AMashburn, N. C. Meshburn autometic serial action apperstus for detect-
ing flying aptitude, J. Aviet. led., 1934, 5, 155-160.

SThe original Mashburn appsrstus provided for 40 matches in a series. It
was more convenient to use only 39 In the present Set-up. A subject mede 39
matches. He could be asked to go through the geme series of matches a second
tie, or third time, or meny times in & row. On the other hund, he never hed
to go through exactly the same series twice; the apparatus was such that a dif-
ferent series of stimulus light combinations could be used for successive runs.
The swount of learning of specific combinetions was negliglvle, & fuct which
made it unnecessery to change the order of stimulus combinations.

i
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The record that wus usually wented of performznca on th, ilnsihurn 0w
ratus was a time score: the total time tek:n by the subject to completc &
spacified series of 39 consscutive matches. However, a more eluhoraie record
was spmetimes secured with an ink-writing polygraph haviag ecven wrilerg. &ix
of the writers were simple signsl magnets that hod bezen modifiec for the pure
posey the seventh was an ink-writing tarbour. Thz wiring cireuit on ths moai-
fied Meshburn wus such that whenever a red stimulus light wus correctly mabched
with & green response light, a relay wnas closed. When the relay was cloced,

8 corresponding inx writer was activated. There were three such relays, ludi-
vidually related to elevator, ailcron, and rudder manipulations. The thres
relays were cohmnected in series and were inserted in one side of the battery
supply to the solenoid on the stegping relay. Wwhen the thres red stimulus
lights for a given match were simultaneously matched with green response lights,
the three releys weres closed and their respective ink writers were activated.
At this same time, furthsrmore, current floued through the solenoid, and the
solenoid drove the stepping relay one step ahead to bring up the next stimulus
setting. An ink writer was also connected in parallel with the seolenoid so that
an exact indication was given of the time of completiorn of each matich. Thus,
the polygraph record revealed to some extent how a subjeet coordinated his
manipulations of the controls.

A sample polyuraph record is shown in Fig., 6. The three lines related
to ruader, elevator, end sileron are desipgnateq, along with the line for the
stepping relay. In addition, thore is a time line at the bottom of the record,
the breathing curve in the middle, and a record of heart best (EKG) at the top.
The paper ran through the golygraph at a speed of one 1lnch per uix seconds.
Inasmuch ws the speed wus (uite uniform, the time line was oydinarily not s
quired, but it sowetimes facilitated the measurement oi hear® aid breathing
records.

The polygruph record of uashburn periformence was found Lo have & limitued
usefulness mainiy because it did not supply enough information to reveal the
number and kind of errors made by a subject. But a satisi'uciory measursmert
of errors would have reyuirea the use of 39 ink writers —- cone connscted in
parallel with each response light.

Breathinyg and Heart Hecordsg

The breathing snd heart records were taken auring performsnce on the
idashburn apparatus. A pneumograph was placed on the subject ot a point cu
chest or upper abdomen where maximum deflection was obtained. & long tube
led trom the pneumograph (in the main testing room) to the poly,.raph (in
control room 1) where it connected to an ink-uriting tambour.

For tKG, flut zinc electrodes about =« by 3 inches were fir:ct covered with
EKG paste and were then firmly fustened by means of sponge-rubber pads and a
belt to points on the subjeci's chest which yielced maximum volitage., A stanaurd
high-gain low-frequency amplirier served to raise the voltage from the heurt
to a value which permitted the operation of a vecuum~tubs-conirolled relay.
This reley oserved to control the response otf onhe of the ink vwriters on the
polysraph.

UB

A schematic disgram of the vibrator used with the Mashburn spparatus is
presented in Fig. 7. The vibrator consisted essentially ol a motor-driven
flywheel which wus made eccentric through the attachment of a weight to it.



Flg. 4

View of the Mashburn apparatus taken from the rear. The
light panel with its three double banks of lights may be
seen, although shadow effects tend to obscure some of the
detalls.

The seat on the apparatus was adjustable for sub-
Jects of different leg-length.



Fig. S

Vlew of the Mashburn apparatus taken from the side, Both
the rudder bar and stick may be seen, with some of the
brushes and commutators visible under the platform at a
point directly beneath the subject's feet. The corners of
the main platform are seen to rest on coll springs. The

box which housed the vibrator 1s beneath the platform toward
the rear.
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Fig. 7

Schematle drawing of the vibrator used with the Mashburm
spparatus. The counterbalanced flywheel (i) was mounted in
ball bearings whlch were fastened tc 2 heavy, iron base.

The [lywheel was made eccentric by a small welght (B) which
was fastened firmly on a speclfied point on its periliphery.
The system was driven by s synchronous metor (C}. Pulleys

of different ratlos provided for different speeds of rotation
of the flywheel, and thus for different frequencies of vibra-
tion. The vihrator proper was suspended at four corners Lo
the platform, and was housed within-a-box-within-a-box-within-
a~box. At every revolution of the flywheel, the platform was
glven a sharp downward thrust,

P



A Tlywneel, l=belad & in the ciagram. wez carefully counturbalenced as a
meang of mvoiding spuricus vitratory Ireguencies. The amount of vibration
in the plutform for e given mass (weighkt of platform and subject} dependsd
upon the weight of B, a small metel collur which could be firmly attached _.
a specified point on the p-.riphery oif the flywheel. Lhe tlywheel weighed 7
pounad. The weight of B coule be varied. Weights arcund <5 grams were Uypi-
cally used. & weight of two or three ygrams was sulTiclent to produce a
faintly .erceived vibration. In contrast, a weight of 80 grams (about 2.5
ounces) gave rise to a magnituae of vibration which the aversge subject, seate -
od in the usual position on the platform, did not cure to tolerate for more
than a few seconds.

The shaft of the flyuwheel wus mouwnted in ball bearings, the bearings
being attached to & heavy iron frame. The synechronous motor (1/8 h.p.;
1800 r.p.m.) was also ettachied to the iron frame. ‘The vibrator was com-
pletaly enclosed within a-box-witnin-a~-box-within-a-box. It was not lastened
rigidly to the platform of the saenburn; rather, it huny from the plutform
by four strands of braiced cotton rope 5/8 inch in dlemeter (iwe .trands on
each side of the platform abput lz inches gpart; one strand at each of four
corners of the vibrator irame). Once every revolution of ths flywheel {when
B was attached), the platform wus piven a snarp torust downwurd. RBecause the
plutforn was mounted on coil soriun,:, vibration was sev up in it, the fre-
quency of vibration depeuding upon the rotational rate of the flywheel. The
rate ol rotation could be altered by means of pulleys attached to motor and
flywheel. The most commonly used rute was 1200 r.p.m. (20 cycles per second).

The boxes enclosin, the vibrator were mude of 5/8 inch plywood and w.re
separuted by l-inch air-gaps. The outside box rested on the ficor. (This et
box may be seen resting on the ifloor bensutil the seat in the photographs in
Fiic. 4 and 5.} "“he inside boxes restced at the bottom on small blecks of
ozite. The ropes which suppoited the frame of the vibrator passed through
small holes drilled in the tops of the boxes. I% is of some interest to note
that, with rigid coupling between .latform aad vibrator Irame, the platiorm
apparently acted us a sound radiator and emiited noise at an intensity level
of about 90 db. With non-rigid coupling end with the vibrator enclosed as
ingjcated, thure was & noiss level Irom the vibrator of about 40 db ~= =
level which was hearc by a subject vcated on the Mashburn us a "low bum.™ hhe-
the synthetic airplane noise vwas soundin,, the nolwce rrom the vibrator uas
completely massed -~ ana it was usually complelely musked before the special
soundprooling devices .were ingtalled. It shoulc be remembered, hovever, that
an attempt to isolate the effects oi vibration trom those of nolee requlred
that vibration be producea without an ap.preciuble amount of accompanying ncise.

HMeasurement ot Vibration

In the measurement of magnituce of wvibrution, use wnas muug of a compari-
gon technique. The circuit was one in which a Brush Plezoelectric Vibration
Pickupy, type DP-l, i.as operated in series with & General Radio Beut-Freyuency
Oseillator, Type 613-B, and was fed into a vacuum tube voltmetcr. The vibra-
tion pickuy was calibrated in terms of voltege output per mil (0.001") of
digplacement of the contact point. It wus un easy matier to make a reading
on the vacuum tube voltmetor for a specified magnitude of vibration. UThis
readin, w.s then matched by adjusting the sain dial on the oséillutor. The
voltaoe of the oscillator output uncer these circumstances wus reed on a
microvolter. This volta,e was taken to be syuivelent to the output voltupe
of the vibration pickup, and was converted into mils of uisplucement. The
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tecunique was hi hly relieble.

Tha freguency characteristics of tne vibration were ehe ia vith &
teneral Hadio Wave Analyzer, Type 520-4, the ovtput of the vrbhriic plebup
being fed directly lnto the analyzer. An analysis was quick.y o e beczuss sl
of the components except the fundamentzl (the one vhose frecven.y correszonded
to the rotational rate of ths flyuheel on the vibrater) werce iacs.seyuential.

One of the major problems wus tnut ol cetevrmining the siouvat (amplituce}
of vibration actually affectin, a subJect. A specified welylt coula ba
attached to the [lywheel of the vicrator. The result would Le u measurable
and repeusteble magnituce ol wibrution in the chair or on the plutiorm or the
Mashburn gpperatus. This amount of vibrution wus easily determianed, and-
it wus reasonably stable., bitficnities urose the moment a sabjcev Jotdnto
the chair, end the subject becsme the object undergoing vibrotion. With a
subject scated in Lie vypical position, it was ptill an casy twsk to aeter-
mine the wagnitude or vibration al some spot on the cnair or plivform. The
problem vus one of deterwining the mu . nitude of the vibratlon wocthally alfeci-
ing a particular subject.

When trained pilots were askeu to pass jutlgment on the wibravion {sskeaq,
for example, to compure the vibration they experienced om th: mashborn agpara-
tus with that which they had encountered in light conditions), they would
agree fulrly iell on the freguency of vibration but net on mugnilvue. L%
beceme clear thut the perceived mamitude of vibration (in tle sitting posi-
tion) depsnued not ouly u.on Jhysical magnitude of wibration but also, for
one important thin,, upon the amount of rleshh betweeun the eozocyx wnd the seat
of the pants. In other words, suplectsgiffered murkscly In the armoaut of up-
holstery they carried uround with them anu thus in their percepiions of vi-
bration in the sittin, position on ilhe slashburn. PFurthermor:, bie inter-
reluted factors of erectuess (or otirineus) of posture and r . scle tension
(espeeialiy in the back and neck) vere of some importance.

Reecourse was finully made to the measurement of the smplitvus of vibra-
tion on top ol the subjeet's skull., For this type of measursement, the vibra-
tion pickup wes mounted on & boom, one end ot which was hin,=2d to a non-
vibrating structure {(to the light-panel of the Mushburn apperaings, for exumple),
The boom with ickup attached {us used witu the Mashburn appirstus) wmay ce seen
in Fi.., 2. ¥ith o subject in position on ihe seat, the boom was lowered until
the contuct point of the piexup rested firmly on his skull over the parictos
occipital area. Lhe amplitude of vibration was then detsriinec. ‘The .rocevurs
yielded reliable results for any specified subject so long zs the subject's
posture was essentially constant and the subject retained albout the same smount
(aegres) of contact with the bacx of the seat. The chief difficulty vwus that
during performance on the Mashburn a.peratus, a subject did not rstaln exuctly
the same position and posture. leverthelews, measurements taksn trom the top
of u subject's skull were round to pe the most mesningful. A vibration of
from four to six wmils on top of the head wus typically used.
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Zhe Tili Agparatug’

Tac visws of the tilt aspparutus are shown in Figs. 8 and 9. The appara-
tus consisted basically of a main plutform, 5 feet squure, which was pivoted
for tilting sbout s horizontul saxis und whose angle of tilt was controlled
®ith @ byareulic system; and of a small platform, z by 3 feet, which could
be rotatbed oud oz which were mounied the seat, the box which houssd the vi-
prator, ami Loe control stick. The main platform could be tdlited 1n only one
plane {Lhat ig, aboub u single axis}. Houever, because the smull platform,
alon; with *he vect and contrel stiek, could be rotated W any desired posi-
tisn, erovislon was made for tiliin, u subject longltudinally {in the forwerds
packward direction) or laterally (sidewise) or sagittally. (In the aotual ex-
perlmental tosts, the segittal dirvection wes not used.)

Foe photcgrophs in Figs. 8 and 9 show the swell plutform adjusted for
longsitudinal tilt. In both cases, the suparstus is shown tilted {brcaward)
5.5 dogress. Lb was possible to tilh the main plutfora {umnd whutever wus oa
it} tirongh & todel arce ol 20 degreep -- 10 degrees each way from level.
Males ai gosater acsiituce could havs bzen obtained but were not deemed
neti.ary.  SMi. §oshovs, ia the forcoround and to the right, the dial and
wintor which toog used iR reaing the sagle of tili. The dial wes con-
etrootod with 2 clvidiag cagine, o its divisions (5 minutes of wre eourt)
sere arobohlyr zomrute Lo about gue-fifth minute of wre. FReacin. s were
poual vy teico. Lo bthe neurest divisiou.

Thi hydesulic system wus colpoued of two vwatur-tight brass cylinders,
grzh 5 dnckes ia dismeter wnd 1 iuchss long (hizh), sna ezch with a piston
end Lhnser rod.  The eyiinders wore eoch uounted on & csst lroa bafe; unr}
88 SL-wnm dn the [iures, they were placse in an uprizht position bencatn the
agdn Lloifore, one oun sithor side ol ibe axis of robation, ith the uppor
st o the plitijer vods p13ssing sopiiiot the platforw frou below. rLech
gvlinder, ot ite Dase, hos &t inoeke Lus os well o5 8 drain pipo. Tas
sptes supphy nsd ooorecsure of atoubt 30 goUneh pUT sylere luch.  been intzbke
gloe sud Zeth (rain ciye sas gpensd cind olsied with an plestricully--oparated
{colznoid) volvs. Whe sireult wis svek tnnt one oylinder orwdned uhile tue
othen cae F1lled, This moant, of course, lbhut ths intake velve of ons
oylirner and the drelv valve of the oiher were connected- dn pareilel. The
ratar of TA1Lin cao diatudng were efjuub.d to vs ecsentially the smme, the
SeRUL Y wola, Wb bae odetfors nes nlheys moer bhe dndluercs of the forces

T R e e =
wroviaed by T Lrotfeals pvUlde

The ipaien Ti8 o3 o vxooge Lo soadistinel elicking sotnas wWhich
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. uhen lateral tilt was beling uzed, the platiorm beger tilting to tha
jzeiles left ir he moved the stiex to the lelt; to the vi/it il he movea

The plsiform remeincd stationury sc long o3 tho siiek
=23 11 the normal (neutral) position. For lengitudinal tili, a forward moticn
ol the stick initiated forwurd tilting of the platform, whil: a oselkward moition
initiatea backward tilting. The circuii vas automatically broken, and the plad
form stopped moving, when the angle oi tilt reachea 10 dsgrees in either wiree-
tion,

" Bscmuse of some interuction between the iwo wurain ,ipes as well as betwsen
the two intake pipes and ulso becauss of raudom fluctuations in the walser pres-
gure from the University main, the rute of tilt was not conctant. lowever, it
waus gufficiently uniform to meet experimental reguirements. The usual rule
was a 1litile slower thun 1 degres per second. Variations over o fuirly wide
range could be introduced for exploratory purposes. The lack of uniformity
in rate had the advantage of ruling out the use obf temporsl cues by the sub-
jects, .

A8 may be seen in eithcr Fig. 8 or Fig. 9, the subject at on a sort of
box. An oruinary heavy cnalir bottomn formed the top of the box which housed
the vibrator used with this set-up., The vibrator was similar tc the onz used
with the Mashburn apparatus, and y=t there was this differecce: instead of
having flywheel and motor mounted separztely and connecicd by belt, it had &
counterbalanced fiywheel fastened direetly on the shaft of a synchronous motor
{1500 rvp.m.). The motor wes rigidly attached to a frame weighing about 15
pounds. The frame was suspended, inside the box, by four lengths of braided
rope (sash cord) which were fastsned to the underside of the scut., The countir-
balenced flywheel could be made eccentric through the attachtent of a weight
at a point on iis periphery. The magnitude of the -eight deternined tha
amplitude of the vibratlon in the seat. The noise frem the vibrator vas vir-
tually inaudible to the subject; anu the vibration in the seat (ana box) wes
isolated from the small platform and control stick by means of four stacks of
rubbsr washers, the non-rigid coupling of box to small platferm beinyg with four
stugly tightened strands of rope which passed througn the wuszhers. The ire-
yuency of vibration (x5 cycles pur second) was fixed by the riotor speed.

Those being tested on the tilt appsrutus could be subjected to desired
levels ol the synthetic sirplane noise. 'the intenzity of the noi.e nus deler-
mined in the usual manner, the miprophone of the noise meter veing olaced neaer
the position oceupied by thie subject's head.

The amount oi vioration a subject underwesnt on the tilt appuratus w.s
measured in terms of mils of displacement at the top of his skull. The vibra-
tion plekup wus mounted on @ woouen boom which was hinged at one end of a non-
vibrating structure. The boom .as lowered until the contact point oi' the
picku,; regted firmly wsgainst the top of the sikuil; whereupgon the measurement
pas made. LThe limitations ol the technique have zlready beent stated.

An gttempt was mads to construct eguipment with whieh tne subjects,
instead of beiny blindfolded while they were tested, could be presented with
a special visual field which sometimes would and sometimes would not rotate
with the platform -- a kind of ®crazy house" arrangement. It wus thought
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Fig. 9

A second view of the tilt spparatus, The small platf - m 1is
adjusted for longitudinal tilt., Thls vl ew shows the two
upright cylinders of the hydraulic system quite clearly,
together with the water pipes and solenold valves.



Flg. 10

A view of the subject seated comfortably in the shielded
cage used in connection with the recording of brain waves,
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that the introduction ol anomalous cues night impair perception of upright-
ness. Unfortunutely, & satisfactory method of controlling the visual field
could not be ueveloped.

Brain Waves

The equipment Jor securinyg brain waves (EEZ) consisted of & high~zsin
low-frecuency asuplifier which fed into a Grass ink-uwriting oscllloyraph., The
electrodes were small lead discs and were attached in the ususl masner. The
subject sat comfortably in an electrically-shielded cage which mas placed in
one corner of the main testiryg room. (See Fig. 10.) The anplifying equip-~
ment and the oseillograph tere located in control roowm z where, as checks re—
vealed, they were not aisturbed by noise lsvels ip the main testing room up
to 115 db.

A putisractory method of recording brain waves while tre subject was
bedn,, vibrated could not be worked out. The difficulty =arose because of the
strou; slectricul field induced by the motor needed for producing vibration.
It sesmed unnacessarily complicated to devise a means of conducting vibration
to the subject from a vibrator placed at a distance. .

The experiuental procedure was to secure brain wave records from subjects
before and after stimulation by given levels and curatlons of noise and of
vibration, leadings were mude of the fregyuency of the alphus rhythm. Also,

a careiul wateh was made for gross qualltative changes in the waves before and
after stimulation.

Audiometric Testg

Fig- 11 gives & schematic diugranm o the cireouit used to secure information
on heoring losses resulting from prolonged stimalation by high levels of aiy-
plane noise. UYhe output ol an osciliutor (G. R., Type 013-B) fed through two
attenuators (G. R., Type z{9-H and G. H., Type 3c9-J) into Brush crystal
phcnes. 4 ghotograph ol the oseillulor, the attenuvators, and the voltmeter is
shown in Fg. 12. It might be said that a Western Blectrie 2-4 Audiomster wus
gvaileble for the measurements. This standard instrument was not used, however,
because of its fixed fregqusneies anc relatively ross calibration. The special
circuit, aaide from providing lor any desived frequency, had the edvantege
of belng; calibrated in sleps of cme-hall decibel,

The subject sat in a telephone bocth which was located in control rooa .
Threshold duta, for eiiher monaursl or binasurel conditions of lictening, could
be secureq before and st cpecified intervale after the gubjeets hed beey boge
barued by noise at given inteusity levels, Ior given lengths of tinme.
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THE FLiST iXeE TuEITS
Performance on the Mashpwimn Ape.atug

The main pur-oss of the experiments ith the Mosht »n ap;~ratus was,
of course, to determine whether or not performance was acfec::a to any
measureble extent by ‘either noise or vibration or by the two in combination.
8ix experimental conditions were useu, &5 follows: -

Silence

Hoize - 85 db

Noige = 110 db

Vibration - 4 to 6 mils

Noise - 85 db; vibration - 4 to 6 mils
Noise - 110 db; wvibrailon - 4 to 6 mils

HED TIw e

The design was such as to permit an evaluation of the interactlon eliecta
(1f any) of nolse and vibration.

In the tirst experiments, conducted meinly during June and July, 1941,
three different groups of subjecis were run on the Mashbura epperatus., In
all, there were 80 subjects in the three groups. The subjects within each
group were assigned randomly to the six experimental condlticns. 7The first
group was composed ol «4 male students from a class in beginuing psychology.
They volunteered to serve. ‘lhe second group consisted of 39 student pilots
who were enrolled in C.P.T. courses at the Univeraity. All of them had cou-
pleted, or vere close to completing, the primary course, and all were in
training at the time. The third grouy (N = 17} was made up of applicanis for
the summer {19:1) C.P.T. primary course. The plan had been 1o have at lesst
60 applicants in this third group, but the number wuas reduced to 17 by a sharp
and unexpected reduction in the number of men applying. All available appli-
cants were tested. )

Each of the 80 subjects was _Jiven five trials on the Mashburn. A trial
conglsted of making 29 consecutive three-way matchings of groen and red lights.
The pre-trial procedures were about as follows. A subject, efter being seated
in the chair, was instructed on the penerel nature of the task he was to
perform. He was told that a red stimulus light would agpeur some place in
each ol the three banks of lights; thut it was his Job to metch these thres
red lights with green response lights by moving the sticik and rudder bar in
appropriate directions; and that a new combination of stimulus lights would
appear a8 soon as the three-way matching had been attained. He was to con-
tinue, striving always for greuier speed and accuracy, until all oi the li hts
went off--for a total of 39 matches. ‘Lhe instruction period usually lasted
from three to four minutes. MAn erfort was mace to get the subject relaxed
and at ease., When the experimenter was certain that the subject vnderstood
the task, he turned on the green response lights {but not the red lights),
and for a period of one minute allowed the subject to move tiie controls freely
and observe how the green lights came on one after agnother in each row &s the
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Fig. 11

A schematiec drawing of the clrcult used to measure threshold
of audibility.



Fig. 12

Photograph of the audiometer.
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controls nere' moved. A%t the end of this one-minute intervel, the subjeet
vz told to get reedy for the first triel, which would begin immeciutely.
It snould be noteé thet the subject begun from 'sersteht - thut Is, he wua
oiven no setual prectice in mutehing the red with the greesm liphts. The
only thin; toet aporosched gructice wes his wenijulation of the controls
vhile the green lizhts wers turned on.

Ais wlresdy indlected, scch subject wes iven five trisls. As & usual.
thing, taere ves & short rest intervel of one minute beiween consscutive
trivls. Thae subject remsined in the sest but wes told to relex. Occasionally, .
there had %o be some smount of devistion from the one-minute intervel between -
trials, to sllovw for sdjustuments of tae spperstus (including the pneumogreph
tnda the slectrodes for EKG). Hovever, any merked devieblon in scheduled time
leu to the alscerding of the recoras of the imvelvea subject.

Time szcores for the five trisls of ecch of the 20 subjects in the threec
Jroups wre presented in Tsbles I, II, end III. Ths scores ere glven in minutes,
Tnc results far the Tirst group {labeled Non~Pilois) ere in Table I. In this
tuble, as well &3 in the other two, the first column gives subject-number; the
second column, the experimentel condition; and the remaining five coluans, the
scores, As an example: subject 1, & Non-Pilot, performed under condition F
{Noise -~ 110 db; vibrstion — 4 to & mils). His score for triel 1 was 6.38 min-
utes; for triel 2, 5.07 minutes; end so on. Tables IX and IIT are easily inter-
preted, Taeble II being for student pilots in training (labeled Trainees) ond
Tuble III for applicsnts for trelming (labeled Applicants). Mean time scores
for each trisl sre given at the bottom of the columns.

A graph besed on the five meen scores for each of the three groups is
shown in Figure 13. In the figure, time in minutes is represented elong the
ordinate end triels elong the absecissa., It is obvious, from the three curves,
that the trainees end spplicents were ebout equally profieiont In performence
on the Meshburn spparatus end that bolh of these groups were supericr to the
non-pilot group. Applicaiion of Fisher's t-test showed thet £11 the dlffer-
ences betwsen treinee and spplicint mesng lacked statistlesl significence,
but thet ell of the differences between trainee und non-pilot mezns, and also
betwesn spplicent end non-pilot meens, were significent at better than the 12
devel of confidence, ( :

¥hen the non-pllot group was sesn to be se clserly inferior in Meshburn
performance to the treainee and eppliceant groups, the thought wes that the
difference should be attributed principslly to differences in motivetion.
Troinees &8 well &s epplicants were reguired to tcke the tests by the locel
C.P.T. coordinetor, una they were given to underatend that their performance
would be taken into eccount In determining their future stetus in the traine-
ing progrem. As & consegusnce, with one or iwo exceptions they seemed to be
trying nurd to do their best. The members of the pon-pilot group were nol
indifferent, but it seemed possible Shgt they were less well motiveled then
either the applicsents or the trainees.

&inin explanation in terms of motivailon hes since been discerded as
belng unlikely. In experiments not to be sumnsrized in this report, motl-
vational concitions for unselectea university nen stucents who volunteered
to tale the tests were such that they geve indicetion of trying ss hard as
the trainees and applicsnts. And yet, the non-pilots us a group were atill
found to be merkedly inferior in Mashburn performance to applicents snd train-
ees. The C.P.T. program spparently zerves ss a selective fuctor, atiracting
those young men, for the most part, who huove better than sverage sbility to
»erforn on the RHashburn sppsretus.
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Analyais of Varience. To evaluate the effects of noise :nd vibration
on performance on the Mushburn spparatus, analysis of verlence technigues
wers employed‘7 The original plan had been to combine the three groups
{trainees, applicents end non-pilots) s0 &s bo heve from 12 to 1% subjects
in eacn of the six experimeniel conditions. Hovever, conbining the groups
seened inexpedient not only because the wean scores for non-pilotis on the
five trials were sipnificantly lerger then those for treinees wnd applicents,
but also becsuse there was only one of the L7 epplicants who, by chence assign-
went, hsd servet in Condition F.B It wes deciced, therefore, to meks the
&nglysis on the results for the trsineeg only. There were 39 subjects in the
trainee group. Three of thew (Nos. 26, 30, and 50) vere elinminated by rendom
selection, letving & total of 36 subjects - six in esch of the six experi-
mentel conditions. The scores for tne flve trisls were treaten ssperately.
The total variaspce of the scores for etch trisl wes snalyzed into condiiions
verisnce who pithin groups variance. The hypothesis to be tested was thet
taers vwere no differences among conditions means which could not be ebtri-
buted to sempling. The hypothesis wes eveluated by applying the Petest, F
being teken ss the rutlo of the conditions to the within groups verlence.

For purposes of iliustretion, the scores involved in the snelysis for
trisl 1 ere presented in Teble IV, along with & summery of the results. The
subject-numbers and scores for the six conditions arse arranged in the columns.
Totals snd mesns for conditions are given st the botiom of the columns. The
grand meen was 6.406. Ls will be seen et the bottom of the toble, the conditions
varicnce was 0.17%6, while the within groups varisnce wes 1.4252. The Fowvalue
wag 0.124, and provided no basis for rejecting the hypothesis that there vere
no differences emong conditions neans which could not be sttrituted o random
sempling. It is clecr that the performance of these subjects on trizl 1 was
not' affected to any meusurable extent by elther noise or vibretion or by the
two in combinstion. A difference of gbout 1.90 between any peir of mesns would
heve been required. to give & t-velue thet was significent at the 17 level of
confidence. Actunlly, there were no aifferences between meens greater than O.4.
Becuuse the F-test fulled to revesl a significent difference beiween the vare
iunces, the use of the t-lest was, of course, msde unnecessery. Also becuise
the F-value lacked significsnce, an anelysis of the lotel veriance inte taree
components would have bsen superfluous.

The resullis of the spplication of eamelysis of varisnce technigues to the
scores for toe otper four triuls sre presented in Tubles V, VI, VII, and VIII.
Cnly conditions mesns, grand mean, snd the princlipal results of the analysis
&' plven in each ieble. As will be seen, all of the F-velues were far from
being significant, The obvious conclusion is thet noise &nd vibration had no
peagurable effect on the time scores wade by Lhe trainess on the five trisls
, on the Mashburn spparatus.

Tm0e statistical frocedures employed in this report ars described more
fully in: ‘

Lindquist, E. Fs 3tatistical Analysis in Fducationsl Research. Bostong
Houghton Mifflin, 1940.

846 indicated sbove, the plans for this group had called for an R of 60.
Only one of the firat 17 subjects waz assipned to Condition P.
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Flg. 13

iverage time in minutes for each of three groups
in five trials on the Mashburn apparatus,



3

L h;qg AR, ;; b s aabarn Perfor ence. The ink-writiug polysraph,

in wuciiion be x;ccrgina EEG end . breetning metterns, provided & record of .
ths tine tziven for esch of the 39 incivid sl naieches in sny trisl, =nd it also .

guve genersl informstion on the temporal seyuence of ihe movements of the

three controls (aileron, elevutor, and riddar) thet sech subject used. How—

ever, mecsurements obtained from the re orcs served no useful purpose in Inter-

preting Heghburn perforaernce. It was 1ot prgeilble to get from them & stete- .

ment of errors which was wt all sdequite. “or this reuson, the polygraph :

records were used only ss & check ¢n yross ims scores, except, of course, ]
vhere they weres relsted to EKG &nd broathic .

Correlation Cosfficients. JF Li:ldental interest were some Pearson R
product-moment correlsatlon coerficie s obteined by correlating Msshburn -
scores on trials 1 snd 2 und algo those on trisds 1 wné 5 for the whole group
of 20 subjects. The correlzclon for scores on trisls L snd 2 wes 824, &nd
for scores on triels 1 and 5 it was .307. For sn N of 80, these r's were :
highly significant. A correlation o' the scorss for spplicants and trainees
‘alone ylelded en r of .733 for triels 1 end 2, snd &n r of 720 for triels -
1 and 5. The lower coefficients can be thought of as resulting largely from G
the incresse in the homogeneity of the population which come with the exclu- §
sion of the scores for the non-plleis.

The r for scores on trisls 1 and 2 wes the nesrest thing available %o
6 reliabllity coefficlent for Mashburn scores; and, of course, 1t wes in no
itrua sense a measure of the rellabllity of secores on elther of the trials C
roasidarad separately. S

1 Heexs Rate

During wll of the time they were performing on the Mashburn sppsratus,

he subjects in the pilot and spplicant groups wore electrodes for recording

G. The electrodes were mede of fleat pieces of zine sbout 2 x 3 inches.
fter belng coversd with EKG puste, they were held firmly in place by sponge
gubber puds &nd & flexible belt. They were locsted on the subject‘w chest ab
points which yielded mexinmel voliage. 4 typical rccord of hesrt best is
ghown in the top line of Figure 6.

% Greet difficulty was encounter=d et first in getiin, the ERG equipment
work properly. The chisf tromile seemed to be in finding & method to
shield the subject and the electroces from the elecirical fisld set up sround
the eshburn wpparetus whenever the vibretor was opersting., Diffievlty was
et & pinimum during the ewxpserimentsl condiliong wmhich did not call for vibra- ~
tion (Conditions A, B, wnd C); but even pere, the first records were ofton

satisfactory. For this reasson, of ths 5 FXQ records for trainces and
applicants, only 35 were sullsble for messurement, end of tasse 35, seversl
wire incomplete in part.

H

| Teble IX gives heart-rate velues for each of 3% subjects during Mashburn
trizls 1 end 5. The first column shows subject-numbers {numbers which corres-
gﬁé exactly to these for subjects in Tsbles IT and ITI) shile the heari rates

glven in the third end fourth columns. The values are in terms of beats

per gqusrter minute. Hach value is an averasge of st leest ten, ond in some
capes of &s meny ss twenty, individuul mezsurements. The vulues mey, there-
fore, be regarded as felrly steble.

Anelysis of Variance. A4nelysis of variance techniques were sppllied to
th? resulis of 30 of the 35 subjects. There ware only five measursble
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records for Condition D, so the ana.ysls was carried oul in tzoms of Div.
subjects in each of the six conditions. TWhers thers wers mere tosn five sub-
jects for a condition, five were chisea from the nusber svaileble by uewns of
random selection. The aate for sub, ects 31, 43, 49, 54, &nd €3 wers eliminated.

The results of the anslysis for trisr 1 are given in Tabie X, and those
for triel 5 in Table XI. In neither cese could the F-value be regarded as
significent. Therefore, differences betwesen ceonditions neans lecked signifi-
cance; &nd it mey be concluded thet, at lewst during triels 1 end 5, noise’
end vibration had no measurable effects on heart beat.

The grend meen for trial 1 was 23.658, while that for trial 5 was 21 398.
The difference was 1.660 (or 6,640 beats per minute). The application of
Fisher's t-test showed that this difference was significant at the 14 level
of confidence. Apparently, the subjects became less excited znd more relaxed
&s time went on, with the result thet heart beat wes slower during the last
Mashburn trial then durding the first one. But the deceleration was seemingly
independent of the experimental conditions. . o
PENETN U8 BRI U : B

orrelaﬂon -_tm Eﬁﬁi Rate a.nd Mash’ﬁm Pe:*i‘brmme. Gorrela‘ti%ﬁs -

were run betwsen heart rate:.sng; Nashburn perfﬁrﬁhaee fbr‘eé%h b the two’ triais;
The correlation for trial'l was :369; end for Airial 5, .112." “Fith’an N of '35,"°
the r for trial 5 lacks aignificance, while thet” for trial 1 id significﬂnt
at ebout the 5% 1evel. o
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Breathing ‘ P, e e e
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During performance on the Meshburn apparatus, the trainees and applicants
wore a speclsl pneumograph that wes adjusted on the chest or uppesr abdomen so
&3 1o glve & suiteble defléction of the ink-writing tembour which traced the
breathing curve on the polygruph record. A representative curve is shown in
Figure 6. MNMeasurements were made of the breathing rate of the trainees during
trials 4 and 5 of Mashburn performence. Aversge velues, in terms of number
of respiratory movements per minute, are glven in Table XII. The aversges
are =ech bused upon six seperate measurements.

Analysis of Veriance. Anelysis of vurieance techniques were upplied in
order to determine whether the breathing retes of trainees were affected by
nolse end vibration. The average retes of 36 subjects were analyzed, those
for subjects 29, 31, and 59 being eliminated by chence selection. The results
are presented in Table XIII. As indicated, the F-value was 2.793. This value, -
for 5 and 30 degrees of freedom, was significant at almost the 2% level of con-
fidence. The stendard error of the means wes computed from the within groups
verlance to be 1.3979—a wvalue which ylelded an estimated stunderd error of
differences between means of 1,9710. Applice+*an of the t-test showed thet
the differences between mezns B snd A, B and C, F and 4, and ¥ =snd C were all
significant at the 2% level ar better, while tne difference between means- B A
&nd D was ‘significant at about the 3% level. .All other diff%rences gave t-
values which fell below the 5% “dint.

Noise and vihnation appear to have had an adcéleratiVe effect on rate
of breathing, although the results are somewhct paradoxical. For some resson
that is not clear, the mean for condition ¢ (noise - 110 ub) was thp same: gs
the mean for & (quiet), even though the mean for B (noise - 8% db) was sig-
nificently greater (1% level) than the mean for A. It is rhFaly iﬁeiy “thet
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Fig. 14

Three samples of breathing patterns

with subject number and renk on regularity
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noise would accelerats Lreathing u. to & Certain intewsity level anu then
cease to have an accelerative eirfect. The wifferences must ell be intsr-
preted mith great caution. Yhe resulits of & t—tost ere never conclusive,
especialiy ior means based on =wall samples; and the F-value (4% level) inas
not large encugh in this case to lean to suticiactory confidence in the
existence of trues dirferences ameon. ¢onditions meansg.

Regulerity of breathing., It wus obvious from the goly.raph records of
breathing that some of the subjects breathed smoothly anac regularly through=
out their performance on the ldashburn apparatus while other subjects vere
very irrepular und errvatic in breuthing. A4s would be expecteu, many of them
showed about an average amount of regularity.

No satisfactory way of yuantifying regularity in terms of exuct measurc-
ment could be worxed out. It was decided, therefore, to have the breathing
patterns of the traingeg ranked by euch of seversl observers, and to take
the averz e reax =8 an index of amount of regularity. To racilitute the rank-
in.s, six regresentative samples of the breathing paltern of each or 3x train.
eos were cut from the polyyraph recoras and pasted on white caras of uniform
size. Lueh sanple covered a time interval of 30 seconcs. Because of low
anplitude, the patterns of subjects 29, 30, 31, 39, 41, 46, and 48 couldn't |
be renked along with the othersa. o g%%?

The carus for the verious subjects coula be shuffled easily by the five
observers, and arranged in appropriate order. The observers were instructed
to sludy carvefully zll of the samples on each card and to wake the ranxkings
in terms of all of them, The curus vere to be placed in renk-orvuer irom the
one having the most regulur breathing puttern to the one having the most
irregular and erratic pattern. In their evuluation of regularity, the ob-
servers were told to cousicer both the frequency and the magnitude of the
respiratory chanyes,

There wus fairly ;icod zprecment among the rive sets o rankings. Renk-
difference correlalion trchniques were employea to et an indicaiion of the
reliability of the rankings. The inter-observer correlations ranged from
79 to .93. One of the obucrvers nus wexked to make two sets of judgments.
The correlaticn in this case was .29. The averag,e ranks for-two of the ob-
servers were correlated with the averuge ranks of tmwo other observers, the
resultin, correlation being .96. All of these vulues of rho were sutis-
factorlly hizh.

The avera,e ranks for 3z trainess are given in Tuble XIV,

Three samples of breathing pattern, ecach representing a duration of 30
sec., are chown in Fij. l4. The pattern at the top (subject 44) was jueyed
to have the jreutest resulurity and, as shown, recelved an averuge rank of l.d
{Actually, of course, the rankin,s were mude on the busls of ceveral samples
for szch subject.) The middle patiern (subject 26) was juuged to have about
an overoge amauent of regulurity while the bottom pattern (subject 00} was
jud,sd to pe bighly irvesular.
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Heslerity of brecthing was found wo b wirolated Lo ex,. fismeniel oo
ditdons, to heardt rate, ang to brecthing rele, aud only slignidy velated
{1f &t &all) to performance on the Mashburn appavatus. Avere,. . ranhks on 1opi-
larity for the 3x trainees were correluted wiih time scores for the Fifih teisl
on the Mashburn apparatus. The correlaticn wus -.zh4, shieh “or an N of 3%,
was significant at less than the 3~ level of comlicerce, The experimenters
gained the impression, durin, the experimeantal runs, thabt thoss brainses who
appeared to be most highly motivited ano who seemed to perfors besh in their
trisls on the Mashburn appuratus were those Lho tetided to be most irvegulsr
in their breathing. ilhis impression is supportea by the negotive correlation
between regularity end Weshburn scores. However, the correlction is too low
to glve any confidence ip the relztionship.

Tilt Perception

In the experiments on tili perception, the purpose wus 1o determine whethir
or not noise or vibration or the two in combination impzired zbility to return
to level position trom specified amgles of tilt. The premiso underlying the
investigation was that high levels of either noise or vibration aight disrupt
the normal funetioning of the recepior mechanisms in the vestibule and semi-
e¢irculer censls, aund that vibration aight interfere witn the functioning of
cutaneous and kinesthetic receptor mechanismg—-the mechanisms presupshly opere-
ting when a pilot *flies by ‘the seat of his pants®. The exact role played by
the differeut sense modalities in determining perceptloa of vprighitness is not
kmown. * Iri the airplane situation, the pilot might muke use yrlquxly of cuas
from the vestibule and semicircular cunals, or he night depens importantly upon
cutaneous and kinesthetic cues. In any event, 1t is not inecicelvable thit
high levels of noise aud v;bratlon could have A deleterious ctlest upon tie
pereeption of tilt.

The aesiin of the first exgeriment on tilt percepiion csllea for a group
of 60 subjecte, all males and all studenis al the Universiliy, cech of whon
would maike 48 judgments-—eight judgments under vach of six cirfceent exguri-~
mental conuitions. Yhe experimentel vongitions w.ore the soue a8 thooe BIEd
in the first experiments on Mashburn pertormance., They wore:

Silencs

Koise - 85 ob

Hoize - 110 db

Vibraticn - 4 to v mils

Noiloe - 35 db; wvibration - 4 tu o nils
[Holese - 110 abj; vibrution - 4 to U mila

vy s b O O T

Of the eight jucgments {returns to level position) mace by 3 subjset
unaer each ol these six concitions, four were for tilt inm the lon itudinal
{forsara-backward) direction ana four for tilt in the lateral {sicewise)
direction. Two of the longituginul trisls callea for forware tilt ang two
for buecxward, while two of the latersi trials were tor righteira snd two for

. daftrurd tilt. Six different Eﬂgleﬁ of tilt might be used fov &ny specified

Juugment., lhese an, 3;,% ~ers G, 2y 4y &, 8, and 10 deyresg.

wtEh o PR R AL R B

The subjects wmere ass1gned to oraers oif experimental counuitions and to
angies of 1ilt with the use of a teble of random numbers. lhe reguirement
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wag that the sume distribution of angles of Hilt mould be used in each #sxperi-
meatal condition ane that in 43 trisls, each subject would be assigned each . -
angle of tilt eight times. Half of the subjects made judgments on longitudinel.
tilt first; the other helf, on lateral tilt first.

‘‘he total time spent by each subject on the apparatus was spproximately-
60 minutes. There was soue variation depeuding upon the speed with wnich the )
suhjecte respouded. . T

Typically, arter a subject hud mountea the platform and was comlortably
seated, he wus carefully blind-folded with & dark cloth held securely over the
eyes with a puir of blacxened gojples. If he wus to make juugments on lateral
tilt first, he wos shown that movemont of the control stick to the left would
grouucs a leitvard tilt while movement of the otiek to the right vouwle produce
e rightwurd tilt. Appropriate instructions of e similar type were given if
longitudingl judgments were to ccme first. Yhe subfect was now told that he
would be tilted to & specified anglu, the airection undesignated; thet after
e fev seconda! time ho would be told, by & light touch on the arm, to bring
himself to the level position; and that he could teke whalever time was
needad snd eonld start wnd stop the tilt platform us'often as he pleased. As
gsoon &8 he felt that he wus in s lovel position, he wus to signal the expﬁrig,;§%
manter by reising his hsnd. ‘The trials would then be ;iven, the order of 7%
experimzatal conditions to be ussd for each subject having been predetermined
alon,; with the order of engles and aireciions of tilt. As soon as a subject
finirhad the lonzltudinal or the lateral trials (whichever came first), the
appevatus would be adjusted for the other variety. The subjects wers often
encoura ed to try haraer, ano to maze their adjustments with care snd preci-
sion.

Perfiags it should be stuted thet the experimenter, in settin; the platfora -
%0 & presoribed zngle of 1ilt, dia not go airectly to thut angle but {irst mov~d
tho platfora in the ogposite direction for a few de,rees before making the )
correct udjustment. This procedure was folloved primarily to precluuve the
possibility of the subjects' using temporal cues in juuging the returm to the
level pogition.

Alter esch judgment, when the subject signaled thut he was in o level
pouition, the experimshter resd wnd recorded the angle at whiech the plutiorm
was stendiog. lhe recorued valuzs were in terms of deviation Trom the ilovel
position.

Table XV presents average deviatdons for Jou,ituainal tilt, expressed
in minoles of #re, ior eseh of the o) subjsets in each of the experimental
gondivions. Teble XVI prescuty simiiur eate for lstered tilt. In elther
table, the Lirst coluwm oives subject-numbsr, while ilhe next six colums ygive
valuas (avers e uovistions) for the six eaperimental econaitions. BSubject
means &ra shown in the Laost column, aznd conoitions means wre given at the
botton of the oix center colunns.

Ansivedsn of varizoce, Analysiz ol verlince techniques were smployed
o ccalucte T Teveness belucud 2
afs foe latorm L Wilt. The total verl-uge
Lond ;oA Lnnhoedte siw osoioei ubed esbolilons was anclyzed into torue
|
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Table XVII, while those for latz:} tilt wr. giver in Tukle VX1, 'hs
F-test was applied, F vein, cerincs in his cose ar the ratie o wowdiizus
to remainder variance. Fuor botn Jcob itvdinel aon Lalursi W3 b, fie Fevelues
were far from being signilicant, =vea Yer 2)% ard & drgrees .1 Ji1cedom. 4
few of the aifferences between conuitions means for longituowna. Lild vere
fairly lar.e {(for exampie, the aifrerence betwven msens for -onsitions € aad
F wus 15.133; but the lar est of tne cifferences were littls more than twice
the estimeted standard error of wiffereness.

The results of the analysis indiczte that there were no measurable eirects
of either noise or vibratlon or of the o in combinaticn upon the percsption
of tilt under the econditions of the axperiment.

Difference Betueen Latersl snd Longitudinal Tilt

The grand mesn of the deviations for longitudinal tilt was 77.775 while
that for luteral tilt wes ©8.400. In the evalustion of the difference between
these two means, the remainder variance wws used to estimate the standerd
errors of the two means. ‘lhese Brror terms were usea to cospuie the standard
error of the difference, correction being made for the correiation between
subject means for lougitudinal tilt and subject means for lateral tilt. This
correlation was .<4. 'Lhe standard error of the mean for lor, itudinzl til% was
computed to be 4.768, while that for lateral tilt wus Z.86h. The standard error
of the difference between mesns was estimated to be 4.893. ‘The difference
was 2.375; and the critical ratio was 1.90z. The size of the CR showed that
the difference between means was signiricant at only the 64 .evel of confidence.
Inasmuch w8 the results of another experiment on tilt percepiion (which will
be summarized luter in the report) revealed a superiority of latersl ovar
longitudinal tilt perception, and inasnuch =5 Burtt had previously reporsed
& similar superiority, the superiority of latersl over longiludinad tilt in
the present study may be accepted with grecter conticence.

L

Reliability of subject means. In view of the tact that conditions muans
for lateral as well as for longitudinal tilt vére found not to be signiticantly
different, it was possible to compute a coefficient of reliability for subject
peans on lateral tilt by correlating subject means on conditions L. B ena C
with subject means on conditions D, E,and F. Similarly, & c-.efficient could
be secured for longitudinsl tilt. The two r-velues were found to ve approxi-
mately the same, the r for lateral tilt being .677 and for Irngitudionul ilt,
,683. These coeificients, when stepped up by means of the o .eurmsn-Brown
Prophecy Foruula, were .807 and .8l%, respectively. Obviously, they .indicate

the reliability of meusures for direction of tilt snd act th: reliability of

measures for conditions.

Direction of errors ip idlt perception, The values presented thus far
haeve been average deviations of the platform from the level position. In the
computation of the avera.es, no sccount was taken of the direction of' the
deviation. It might be supposed thut the errors of adjustiment would be as
often in one direction from level azs in the other, provieed un equsal number
of trials was given in sach direetion. In other words, it might be expected
that the alyebraic sum of a large number of deviations would be zero. Actually,
when account was taken of the direction of errors, the point of subjective
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level wes founa to be 45.7 minutes to the rignt of level for luteral tilt,
and 33.3 uinutes beckwsru from level for longitudinel tilt. The tendencv to . y
sdjust tne plutform to « point beckwera from level und to thae right of lével -

wss quite jenerul, OnLy two of tae subjects failed to show & preponaerance SR
of errors to tne ripat in letersl tilt eno oniy tairteen fuiied to show &
preponaerance of errors in the buckwara airectiou. Of these tairteen, four
revecled no preference but sujusted on the averw;e to paysical level. A totel

of 1440 single wujustments was made by lne sixty subjects in tne lutersl Qlane
anu £n equel number of judgments in tae lon, itudinel pline, OFf tais totel
number, 79.4;. of the leter:l wujustaents endeu to tae rigiht of center, wiile :
63,7, of the longitucinel -djustcents ended bsckvcra from center. Tae explane- ¢
tion for tnese resuits .ill protubly be found, for liter=l tilt, in the rigait-
hundedness of wost people; wnié for longitudinal tilt, in the beckwura tilt

of one or more depgrees of nost of the cheirs in which people customerii: sit.
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In the study of the effects of nolse on brein uves, the help of
Dr. John k. Knott wug secured. Eitaer he or nis chief usslstent wttuched
the electrofdes cnd mue tne recordings, cnd ¢ griaucte student truined by him:
mzde the mezsursustits of the records.

Thirteen mzle students ¢t tae University served as subjects. They were
chosen beccuse it vas lmown thet they tnicslly geve alphe rhrthis, the free- %
quacy of wiich could be sctisfectorily determinec. This restriction in ¢
cinoice of subjects ygrew from the Zuct tact tue chlel cim of the investigation £
was to deterwine vnether or not noise «ffecteu the frequency of the alpha rhythm. ¢

The electrodes were small lewd alses end were tteched in the customeary
wey., One of thew wes [estened wita collodion on tne occiput =nd tae other on
the loue of Lue ecr, The subject wus seateu coufortubly in tn electricaily-~
Saieldeu coye wnd was tola to close his eyes wnd relux but not to ;o to sleep.
recoruings were first mude during &« ten-uinute period of silence. This wnas
the pre-noise period—control period I. Hext, the nolse wus turneo on at &m
intensit; level of 110 db. The period of noise stirulction wes 40 minutes
in len,tn. The recoruing wes not contbinuous during this time, but & lirge
number of representutive scmplings vas secured. #t the end of the noise per-
iod, & ten-ainutc period of silence ensued during waich recordings were sgain
neae. This post-noise period provided for wdditionzl control--control reriod II.

The measureuents were meue in relstion to streteaes of 100 em., this
distence representing o« time intervel of 33.3 secs The frequency of the elphs
rhythus over successive l0-cm. segments of the totel length of 100 em. wus first
doterinined. The frequency velues obteined in this wir were then wvero-ed to
give the zvercge frequency for euch 100-cm. length. With & few exceptionas,
five sverwge values for ewcn subject were secured for each of the two control
perlods, wnd froi: 15 to 20 wver.g e velues werc obteined for the noise period.
Because there wes no sysiematic tendency for these aver:ige freguencles either
to increwse or decreusc auring the three jeriods, ell of the walues for ecch
subject wcre cverz.ed for each period. These finel sverzges are shown in
Tuble XIX where the first column gives subject-number end the remsining columns
sive the wverage freguency of wloha rhytam during eiccn of the three perts of
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the experimental period. Means for the three periows sre o ver ot thz
bottom of the columns. It should oo renemiered thot 2ach v.luc in the (ahle
is the mean of from about 50 to sbout 200 ‘ndlvidvnl estimatzs of the Lre.
quency ol the rhythm.

As found by the application of Fisher's t-test; there «:re no differ-
ences among the means which could not Le atiributec to sempling. It follows,
therefors, that noise, at the level and for the curaiion used, Lzd no measur-
~able effect upon the frequency of the alpha rhythm. Dr. hneit mzoe a careful
survey of the various recoras and reported that, in his opinion; noise did
not siyniticantly modify any feature of tne EEG's.

Hearin;: Losg

In the investigation of the amount of hearin, loss resulting from
stimulation by noise and vibration, three conditions vere used, us follows:

A Silence
B Noise - 110 ub
€ Noise - 110 ub; vibration - 4 to o mils

Twelve universlty men students served as subjects and were assigned at
random to the three conditions, four to each condition. All of the subjects
had essentially normal hearing.

Prior to the actual experimental runs, all of the subjects were given
practice in the audiometric tests, at which time their pre-stimulation thresh-
olds were determined. Measurements were made foir each of the following Ire-

guencies: 1x0, x50, 590, 1,000, Z,000, 4,000, 6,000, and 9,000. The two
ears vwere tested separately to gilve monaurei thresholds. Tre typical pro-
cedure in determining the threshola for a specified frequency wzs to use the
method of limits ana {to take four measurements——iwo in descencing and two in
ascending order. YThe averagse of these four readin s was taien as the thresh-
old. It should be emphuasized thut the subjects were given enough pructice

to ueke them reasonably proficient in the actual test situation.

The experimental (stimulstion} period lasted for one hour. buring this
time, the subjects performed on the Mashburn apparatus, teking one trial af'ter
another with only short pauses between trisls. They vere given the impression
that the major purpose of the work was to test their skill on the Mashburn
apparetus, and that the hearing tests, while rather important, were more or
less incidental to the main purpose. This siight subterfuge was employed te
keep them from thinking thuat their ears might be camaged by the loud nolse.

At the close of the perioa of otimulation, the subjects lel't the Washburn
apparatus and went immediately to the listeniu: booth ror the hearing measure=-
ments. The order of presenting the eight cirferent freyuencies was varied from
subjeect to subject, to provide for & counter-balancing for time diiferences.
411 of the measurements were mude on one ear before the other eur wus tevtea.
It wus possible to get suitable measurements on both ears for each of the
eight {requencies in a little less than 30 minutes. Since tuere were four
subjects in each of the experimentel groups and since the tests were mude on
the two ears separately, the avera.e threshola values were each based on au
N of 8.
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The resulits are presented in Teble XX. The rirst colupn iists the
various freguencies, while the other columns give the hearing losses or gains
{(in ob) ror ihe ithree experimentu.l conditions. Losses are indleated by minus
8igns and .ains by plus signsg.

The valuee for conaltios & {silence) are «il quite small. Most of them %
are positive. 1Thie gppusrent shift toward gresier zculity was provably due to
gractice., ‘The hoaring losses for conditions B and ¢ {pnoisepanu noise and
vibratlion, respcctively) were principally lor freyuencies botween 1,000 end
6,000 cycles. Some of the losses were close to U db,  For exumple, st 4,300
eycles, the avere,e loss for condition B was 19.1 db and for condition O nes
18.5 db, The dilferences belween the wvslues for conaitiops E and C probubly
lock vimificznce, indicating tesl vibration addea little to woise in proauc-
in,, a decvemeni la hewring aculiy.

1 shovld oe emphasized fet the values ia Teble XX represent hearing
losses or gaing ot & time about 15 winutes aftey the end of stimulation.” The
iossces imasdintely alter otimulation wers, vithoul goubt, tounsideralbly breater.

the results make it clear thut stimulation I'er one hour by synthetic aire
plane nolise or by noice and vibration in combination at & rather high level
prodused sinilicant losses in heardn, aculty for frequencies betveen 1,000
and 6,000 cycles. ~rresupably such iosses would become permanent in ears which
were stimulated =t high levels for fairiy iong 99:1@&8 at irequent intervels.

About 3u minutes were reguireu lor making the meayuremcnts on esch
gubjuct. Beeause the ordsr of precenting the frequencles voried irom
subject tu subject wnc from éur to cur, the wver..e tlwe ot which the
mesSuleuents wule NUe wab abpul ibH winutes olier octimulation ceussu.
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THE SECHID EPTLITHTS
Introduction

The results of the first experiments indiec:ted thet, under the pre.
seribed conditions, there were no importsnt effects of nolse snd vibrstion on
performence on the Mashburn apparztus, on the perception of body tilt, on heert
rete, or on the frequency of the alphe rhythm, Prolonged exposure { one hour)
to loud nolse served to elevete thresholds of zudibility for frequencies bhe-
tween 1,000 end 6,000 cycles; snd there was some indicstion that brecthing rate
was secelercted durlng some of the experimentel conditionms., On the vhole, how-
ever, the results were negative—that 1s, they revesled no lmvortent meesurable
effects of either noise or vibration slone, or of the two in combinstion, It
should be emphasived, however, thet all of the durations of nolse and wibration
that were used were one hour or less. As sn exsmple, subjects performed on the
Uashburn apparstue for e totel of five triels each., The {ypicsl length of time
for these five trlals was between 40 and 50 wdnutes. Ian the $ilit perception
experiment, a subject seldom spent longer thzn about ten minutes in any one of
the six experimentsl conditions. There was the strong poesibility that the neg-
etive character of the results depended upon the shoriness of the exposure time,
It was thousht that if subjects wers exposed for considersbly longer periods,
noise ang vibration might be found to heve deleterious effects.. The declsion was
therefore mede to set up a series of experiments in order to evaluate the effects
of longer exposure,

Thirty-six applicants for the C.P.T. Primary Course were aveilable for the
experiments, Arrangements were made with the loecal coordinator whersby each
applicant, before begimning flight trcining, would be required to spend a total
of five hours in the testing situstion. Although the results of the tests did
not affect standing in the treining course, ezch applicant was told that the re-
sults would have a besring on whether or not he vas finelly aceepted., This sub-

 terfuge seemed desirsble &s & means of motiveting the subjects,

Other motiveting devices included payment to the studentsz for the time spent
at the rate of 30 cents an hour and g8ix cash swards of 5 each which were glven
for "most skilful performence” and “"greatest improvements in performance" on the
flashburn epperatus, The subjects were to spend the greater porilon of the time
performing on the Mashburn apparstus, so the cash awards seemed mosit mesningful
aa terme of that experiment.

The plam called for four experimental ecnﬁiticns, as follows:

§  Silence

B Hoise -~ 110 db

¢ Vibretion - 4 1o 6 mils

D Noise - 110 db; vibration - 4 to 6 wils

Measurements were to be made of Mashburn performance, henrt cnd brecthing rates,
tilt perception, and brsin waves. The five-hwur period wes divided as follows:



Tige in
Minutes setivity

10  Attuching BEG sna BEG eleclriues cnd adjusting pneumo; raph
10 hecordin, brain wuves (EEG)
210 Continuous pertormence on Mashburn apparatus
60 Tilt perception tests
10 Hecording brain waves

Thils time schedule was wudhered to as slrietly ue possible.

The general arrangement made i1t possible to record braln waves under
uniform conditions for all subjects prior to any exposure to eitlier noise
or vibration, snd then tw mske recordings egain near the end of the five-hour
period. Because suitable methods of recording brain waves while the subjects
wore underygoing vibration could not be worked out, the final recorus, like
those at the beginning, were taken during silence and without vibration for
all subjects.

48 soon as the preliminury brain waves had been recorded, the subjects
begun performing on the Mushhburn apparatus, and Lor the next 210 minutes
(3 1/« hrs.) they performed continuously on the appuratus except for brief
periocds between cbusecutive trials and for occusional pauses during which = . .~
necessary repairs wnere mude on the apparatus or adjustmcnts made on the elee- -
trodes &nd pneumograph. A8 a usual thing, performance wus viirtuelly continu-
ous. The results on two of the 36 applicents had to ve discarued beczuse
of breakdowns in the a.paratus and the cousequent uisruption in the temporal
seyuence of experimental events., However, fror the 34 subjects for whom ue-
tailed data will be presented, the five-hour period was sdeguutely controlled.

Immediutely rollowing the period spent on the dushburn apperatus, the
subjects were carefully blind-folced and then seated on the tilt apperatus
where they spent &0 minutes. As soon as the tild judgmenis hud been com-
pleted, the subjects were ready rfor the finai brain wave recorus.

Except for the first <0 and last ten minutes, all of the five-hour period
was spent under one of the four exyerimental conditions. For example, those
subjects who vere assigneu to conuition B (nolse = 110 db) were exposed to
noise at the specified level for four hours end 30 minutes. During this tise,
they performed on the Masioburn appuretus 210 minutes and mede judgments on
the tilt perception apparatus o0 pinutes. 43 a further exsmaie. subjects
who "servea in conditiou D (n@ise - 110 ub; vibratior - 4«8 nile) .ere sub-
Jected to noise ana vibration for four hours aha 30 minutes——ior three and
one-half hours while they performed on the Mashburn apparstus and for €0
minutes while they made judgments on the tilt apparatus. The heart and
breathing records were taken during performance on the Mashburn epparatus.

The alm ot the experiments was to et measurements while the subjects
were "under pressure". ‘he notion was thut if subjects could e highly moti-
vated and if they uere kept performing continuously in some way for almost rive
hourv, differential eifects of the experimental conditions might be present snd
detectable. Mecords of heart rate unc breuthing were muue ouly during what
were called gruciat trisls on the lushburn apparatus. The reason lor this and
also the reason for using the crucisel trials will become eviaent.
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Performance on the Mashbwrm Apparsius

As indicated above, there were 36 applicants for the Primery C.P.T. Course
who woere avalileble for testing, The experimental design wes such zs to provide
for nine subjects in each of the four experimentul conditions, The subjects were
asslgned to experimentsl conditions through the use of g teble of random nuombers,
The results on two of the subjects hed to be discarded because of a serious dis-
Tuption in the tests resulting from a breakdown in theepparatus, Further diffi-
culty arose when it was discovered that two of the subjects had had previous pree-
tice on the Mashburn epparatus as volunteers in the first experiments, This nec-
esgiteted an arbitrary deviation in one case from rendom assigmment of subjects

" to conditions,

Just as in the first experiments with the Mashburn apparatus, each subject
was given preliminary instructions on the genersl nature of the task he was to
perform, He was told that he would work contimuously on the apparatus, making
one triel efter another for a period of three and a half hours, (A& single trisl
consisted, as usual, of completing 39 three-way matchings of the green and red
lichts,) The subject was told, further, that at specified times there would bhe

crucial trisls., The cash awards were to be iade, he was told, in reletion to

scores made on these cruclal trisls, He was told he would elweys be informed which
triele were the crucial ones,

The -distribution of crucial trisle was as followa; After the first triel
was completed, two cruciel trials were given, These were designated as crucials
1l and 2, Polygraph recorde of heart rete and breathing were taken .uring these
and all subsequent crucisl trials, Following crucialsz land 2, a subject took
one trisl after enmother until 30 minutes had elapsed or until ke had finished the
trial which was nearest the end of a 30-minute period, He was ther told that the
next two trials would be crucial ones—crucials 3 and 4. Again, at the end of
another 30-minute intervel of continuous practice, two crucisl trisls were intro-
duced, cruciels 5 and 8, This gemerael procedure contiiued until the end of the
totel period of three and a half hours when the last two crucials (crueials 13
end 14) were given.

Each subject was urged to strive on every tricl for meximal speed and pre-
cision, end to do this regardles: of whether or not the trizl was e crucisal one,
It was suggested that while the non-crucisl trizls were not related to deternin-
ing the cash awards, attainment of skill on non-t¢rucial triasls would contribute
to greater skill when the cruclal trisls came up. The experimenters tried in
every way to keep the subjects highly motivuted at all times towerd attainince the
best possible scores,

The subiects sat in the sezt of the Méshburn®apparatus continuously for three
and a half hours, and with the exception of brief pauses which were required for
telkcing readings or meking slight repalrs, they performed on the apparztus contin-
uously. No attempt wes made to avold fatigue in the subjects. The desire wes for
performence under conditions of "stresa" and fatigue.

Time scores, in seconds, for each of %4 subjects are given to Tables XXI to
XXV, inclusive, Ag indicated in Table XXI, subjects 1 to 7 served in concition A
(silence), The first column gives trisl number, while the next seven colums give
the scores for designated subjects., The last column gives the group or conditions
means,
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doms oi" the subjects had many mors itrisls than others. For example,
as shown in Table XXI, subject 1 had 39 trials while subject 4 had 57. The

differences in number oi itrigsls resultsd from dirferences in the time taken to-

complete each triml., A subject who ®as very proficient in the task would com~
plete a trisl in a shorier time than a subject who was ineificient. lhe
length of the total performance period was controlled and not the number of
triels.

Scores for the other subjects are given in the other tables. As will
be seen, subjects 8 to 1, were assigned to condition B (nolse}, subjects 15
0 21 to condition C (vibration), and subjects 22 to =8 to condition D
{(noise and vibration). These &3 subjects were the ones whooe scores vere
used in the detailed analysis of the results. Analysis of vuriance tech-
niyues were to be spplied and & symmetricel design muae:the treatment of
results easler. ‘he scores for subjects 23 to 34 are presented in table XXV,
In this table, the letters in parentheses indicate the experimental condi-
tions in which the subjects served.

Analyeis of variance. It was deciced to epply anzlysis of variance
techniques to the scorss on the crucial trials. The scores on these trials
for subjecte 1 to 28, inclusive, ure given in Tables XXVI to XXIX. It should.
be borne in mind thut crucial irials 1 and x came imuediutely ultier a subject
nad completed the first trial on the apparatus, thut crueciels 3 and 4 came
& half-hour arter crucizl z, thut 5 and 6 cume u half-hour aftur 4, and so
on. For purposes of the analysis, the scores on each pair of crueclal trials
were averaged. This resulted in seven different analyses, one tor crucials
1 and 2, another for crueials 3 and 4, another for 5 and 6, etec.

The total variance of the scores was analyzed into two components:
conditions variunce and within groups variance. The results are given in
lables XXX to XXXVI, inclusive. A5 will be seen, all ol the F-values are
far from being sigmificant. The conclusion must ve, therefore, tlat neither
noise nor vibration nor the iwo in combination atfected performance on the
Mashburn apparatus to any measurable extent during the crueial triels. There
dseeped to be no reeson for analyzing the scores on any of the other trials.

Correlations between gertajn Mushburn scores. Pearson product-moment

correlation coefficients were run between scores on the preliminary (or first)
trial on the Maghburn apparatus and scores on certain other trials. The
corralation between scores on the [irst trizl and the first cruclal trial
{actuelly, the first two trials) wus .821. This r wus about the same us.
those secured in the first experiments (gee p. 29). Other r's were us
follows: between the firut trial and the third crucial triat, .536; beiween
the first trisl und the t'ifth crueial trial, .459; between the first trial
and the best trial (the trial on which the time scors vaus minimal), .408.

It wili be remembered that the thirac crucial trial ceme arter mors than 30
minutes and thut the fifth erueiel trial came after more than an hour of .
practice. <The best score wes typically attained on a trial which‘came r.iriy
lute in the whole series of triais.

There wus a yeneral lendency for the size of the correlation coetticient
to decrease as the correlated trial beceme more remote from the first trial.
This fuct indicates that initial periormance on the Washburn epparatus was
not an entirely satisfactory index to lster skill in performance.

N
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Performance curves. <the six jraphs in Figuve 13 nre o cuolts ne.
only to show the general course ol learning to periorm on iz L «322ieR o yoige

tus but also to show that subjects nno were initially super.or n olrreligs

ance did not necessarily maintain supcrioriiy snd thut soms 7 e2vs doidiclly
inferior becamse guite adept at tue task as gractics concinusd. 24 all o’ the
graphs, time in seconus is plotted a ainst trisls. Data fov tee ficst 125 tris’s
are represented.

Performance curves for threes selected groups of subjee’s sez shown in
graph A, in the upper left-hand corner of the rigure. tThe (upericr grou. was
eonposed of subjects 3, 4, 13, 14, 22, and z7--the subjects wic compleied an
unusually large number of trials. The avera,e number of triszls for this
group was sbout 56, The inferior .roup was comjosed of subjects who com—
pleted a small number of trials--about 39 trisls on the aveva_e. In this
group were subjects 5, 6, 10, 18, <5, ana «6. The average group (subjects
2, 8, 1z, 17, Z4, and z8) were those who completed an in-between number of
trisls. The avers.e number for this sroup was sbout 45. It is clear from
these curves (graph A) that the superior Jroup had a superior initial pepr-
formance and maintained its superiority for the %% trials reuresented. On
the other hand, the average and inferior groups be,an with sbout the ssme
proficiency and remained about equaliy proficient ror the first seven or
oight trials; but the average group then became more proficient than the
inferlor group.

The fact thet initial performance was not a certain index to later pro-
ficiency is shown, in particular, by graphs B to ¥. 'The individual curves
in these graphs were first selected move or less at randow ifrom the whole
group and were then paired otfl to emphasize cifferences in rate of ilesrning.
The two curves in ygraph B, for example, show that subjects & anc x7 had
initisl scores which were quite similar but that subject 27 imurceved much
move than 6 did and was somewhat less variable. 'lhe initisl score of sub-
jeet 14 (graph C) was far inferior to that of subject 4 end yet 14 showed
very great improvement, the result being that arter trisi 4 his performaace
waes about equal to that of subject 4. 'Lhe initiaml score of subject 8
{graph D} was inferior to that of subject 10 and yet 8 wus consistently
better than 10 after trial 11. Subjects 18 and 13 (graph E} were about
equal in skill at the outset but 13 had & higher rate of learning and was
the superior performer after trial 1. Subject 11 (yraph F) was generaily
superior to subject <5 even though they hsd the same initial score. Ths
various combinations of curves emphasize the fact that initial skill in
performance was not an adeyuate index of the =kill to be attained later,
and reveal the basis for the relatively iow corresistion coeificients which
regulted from correlating scores on the Uirst trial with scores cbtained on
triels arter {say) an hour's practice.

Heart Hate

As already indiecated, polysraph recorus of heart beat vere mude auring
“Mashburn performance. Keasurements were made, in terms of nuuber of beuts
per quarter-minute, for the pre-trial period and also for each or the 14 cru-—
cial trials (if the record was complete). The pre-trial period lasted two
or three minutes. Durin, this time, the subjecis sat on the Mashburn appara-
tus and were told to sit quietly for a few minutec Lcfgro thn ivinls began,
While it is true that the subjects were not complctely at ease, their heart
rates during the pre=trial .ericd .ere probably noi pgreatly dilferent irom
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normal. In any event, ell or the subjecis were put through the same
routine. lYhe pre-trial rocords were made, of course, before either noiue
or vibration had been iniroduced.

The heart rates for the crucial trisels were recorded during performence
on the Mashburn apparatus. Becsuse of one sort of difficuity or another, the
heurt rate records vere not complete on all of the subjects, for all of the
erucial trial periods. 1he chief difficulty related to keeping the elecirodea
in proper contact with the subject's bodv. However, it was possible to make
8 satisfactory analysis of the results on selected subjects in each of the
four experimental conditiona.

Analvsis of variance. Analysis of varience techniques were applied to
the heart rates (per guarter minute) of five subjects in each of the four
experimental conditions, during four different periods--the pre-trial period
ana the periods of crueial trials ) and 2, 7 ana 8, and 13 and 14. The rates
used in the enalysss are given in Table XXXVII. Tables XONVIII to XLI yive
the results of applying the varisnce technlques.

The F-value for the pre-trial seriod (Table XXXVIII)} wus 0.079, and was
cleerly ineignificant. This velue of F was anticipated and showed that there
was no reason for suspecting that the subjectn in the four groups were not
randouly selected from the same population. The F-value for rates during- ...
erucizl trials 1 and 2 vwas 1.478, but this value, with 3 and lb degrees of '
freadom, was not signiricant at any satisfactory level of confidence., The
means for conditions B, C, and D, during crucial trials 1 and 2, were all
greater than the maan for condition A (silence) but there was no basis for
concluding thet enything beyond chance ractors wad operating to produce the
differences. Further, the F-valuess for crucial trials 7 and 8 {Table XL).
and for crueiul trials 13 end 14 (Table XLI) lack sionificance, again indicat-
ing that neither noise nor vibration nor the two in cembination hau wny
meesurable effect on hezrt rute.

Heart rate wus not related to experimental conuitions. However, as com-
pared with its value during the pre-trial period, it wnas acceleratea during the
first pert of Mashburn performance. A5 shown in Table XXXIX, the .rand mean
during crueial trials 1 and 2 was z1.6 (beats per quarter-minute). In con-
trast, the grund mean for the same subjects during the pre~trisl peried vas
19.5. YThis difference of .l was siznificant at better than the 1 per cent
level ol confldence. It represented an acceleration of 8.4 beats per minute.

This acceleration of heart beat did not last beyond cruciel trisls 5 and
6, 8s shown in Tables LX and LXI. As shown, the grand means for crucial trials
7 end 8 and for crucial triels 13 and 14 were exactly the same as the grand
mean for the pre-trial pericd.

Breathing

Records of respiratory movements uere made on the polyyraph during the
pre~trial period asna elso aurin, the first trial ana all crucial trials on
. ‘the Mashburn sgparatus. OSeveral of the records could not be measured for rate
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of breathing mainly because of irrz_ulericivs in ire patiery. 'ever.
satisfactory estimates.al, rate coulo bLe aoizined Jnp af leawt 1i7: sublete
in each of the experimentul _Toups.

Table XLII presents average breathing rates lor five different periods.
The velues in the table are in terms of number of vespiratory movemenls per
minute. All but three of the values in the lust four columns vere used in
an application of enalysis of variance techniques, the velues for subjects
7, 14, and 35 not being included for thut purpose. The anzlysis was made
separately for trial 1 and for crucial trials 1 and %, 7 enc 8, and 13 and li.
The prineipal results are presented in Tables XLIII to ALVI.

As shown in Table XLIII, the F-value for the data on trisl 1 was <.43x.
This velue or F, for 3 mnd lo degrees of freedom, is signiiicent at about
the 10 per cent level of contidence. It may be seen that the weans iJor con-
ditions B and D, both involving noise ut high level, were greuter than the
meens for conditions A and C, which involved silence. The differences may
have been due entirely to chance factors, althouzh it is not unlikely that
breathing rate was slightly and temporarily accelerated as a result of noise.

However, the fact that rate of breathing was probsbly not importently
affected by either noise or vibration was indicated by the F-vslues for crucial
trials 1 and 2z, 7 and 8, and 13 and 14. All of these F-values were less than
1 and thus viere far from being significant. The evidence as a whole indi-
cated, therefore, that high levels of noise and vibration dia not leau to
measurable alterations in rate of breathing.

Breathing rate was spparently fester, on the aversge, curing the whole
time of Mashburn performence than it was during the pre-~trial period. ‘the
four grand means given jin Tables XLIII to LLVI are all z2.4 or ygreuter. In
contrast, the average rate of breathing for 18 of the subjects during the
pre-trial period was 19.6. (See the third column of lable XLII for the
individusl values.) Application of Fisher's t-test to the aifferences be~
tween the mean for the pre-trisl and the means for crucisl trizls ]l and z,

7 and 8, and 13 and 14 showed the differences to be significant ot better than

-the 1 per cent level of conficence, inaicating a signiticantly faster rate

during Mashburn performance than auring the pre-trial period. Hovever, rule
did not vary significuntly from one experlmentsl condition to another. '

Tilt Perception

As soon as the subjects had finished their long "stretch® on the Mush-
burn apparatus, they wounted the tilt perception platform and, after being
carefully blindfolded, proceeded to meke the required judgments. The pro~
cedure wus basically the same as it had been in the first tilt experiment.
The pletform would be tilted by the experimenter to & prescribed angle.
After several seconds (up to z0), the subject would be told to bring him-
self to a level position. Ome difference between the first and second ex-
periments was that in the second cne the subjccts did not make judgments
for all of the experimental conrditions but each was assigned to & single
conditioh—the same condition as for Mashburn performance.

A total of 24 judgments (returns to level position) was made by each
subject. Of these 24, 12 were for longitudinal tilt and lz for lateral tiit.
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Half of the lonyitudinal judgnents sere made bey ;nﬁiﬁg from a backward tilt f”14
position end the other half from 2 forvard position. Similarly, half of the
lateral trials began with the platform tilted to the right of level and the

other half 1o the left of level., Thyvee differsnt sngles of tilt vere used:

3, G and 9 degrees. There were two judgmentis on each angle for each of the

four directions (backward-longiiudinal, forward-longitudinal, rightward-

lateral, and leftward-lateral).

The data are presented in Teble XLVII, where two values are given for
each of the 35 sublects. UYhese two values, one for lougitudinal und the other
for leteral tilt, are aversge deviations rrom the level position, each average
being based on 12 Judgments. In the table, the duta are aivided into five
groupe. It vas detided to mpply analysis of varisnce techniques to the scores
obtained by seven subjects in each of the four experimentasl conaitions. The
values that entered into the analyses are ,iven in the rour sub~itables ai the
top. Values for »even muditionsal subjecis are at the botlom.

Apalysis of yurisuce. The results of the snglysls of veriance for lonyi-
tudinal 1ilt are given in Tuble XLVIIL while the resuits for latersl tilt ure
given in Table ALIXZ. Both of the F-values are very smsll and wre, therefors,
entirely withoui signiiicence. whatever ulfferences were found betwesn conui-
tions meuns must be stirivuted to chence fuctors. It follows thuat nolse and . |
vibration appurently had no measurable efrect on gerception of body tilt, evesi - .5
aiter they hed heen sgplico to the subjects tor three anc u half hours and’ T
Yonyper.

hiz : i The rand wean of the ueviutions tor
longitudipael tilt sas LxD.L minutea of arc while the _ranc meun for lutersl
tilt wus 3<.9 minutes. “Throu,h the use of the nithin gppups vuriznces, the
stunderd ervor of this uifference wus computed to be x;.ba. The differsnce
itself wis 37.% and wes 2.93 times its standard error. Conse uently, the
difrerence wus signiriceant st better than the 1 er cent level of confiuence.

The coefficlient of correlstiion betwsen average asviations for longitudinal
tilt and tioee for luterul 111t wes -.171. This value of r, bused on en N of
35; wis too small to be regurceu ss significently greater than zero. In the
first expurdment, it will be recallea, the correlation between vevictions for
lateral end longitudinel tilt was founu to be .24, and this velue, for the .
larger group of 60 subjects, was sinificantly difterent Lfrom zero st the 5
level o1 confidence (see p. 41). 7The rewson lor these low coeiricients is not
at all cleur. A possible whd worg or less obvious explunation would be that
laterzl and longitudinul tilt perCeption depend upon & somewhat Gifferent et
of receptor mechunisas.

It the firet $ilt experiment, the subjects hued & constant error in their
returns to level position (see 5. 43). The platforn, instesd of being brought
on ihe sversye to physicsl level, wus stogped, in lateral tilt, 49.8 nimutes to
the right or level snd, in longitudinel tilt, 73.7 miontes buckwore from level.
As alreaqy indicuted, these constent errors were probably reistea, in the lateral
cuse, to the right-handedness of mout of the subjusets ana, in the longituuingl
cuse, to the backward £ilt of smail ungle which charavterizes wost of the cuuirs
in which people ordinsxily sit.

It areeptdion sno Mushbuin performuncg. There wis no eviuence to show
that skill in Jerformance on the sashburn apparatus enc sbility to serceive bocy
tilt were in any way relutea. Yhe correiations were all lucking in sijnivicunce.

For exanple, tne corralntion betﬁeen avers;e aeviutionb igr Latera; tilt chg
L] o * ' R
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the deviation for longitudinel 1ilt and cecves on che Firat Marhbors 2gan
wus ~.03:¢ Obviously, n=itier of thess cozsiiciesus wes 8ignr czanly oLV er-
ant Lrom zero. ’

Brein leves

The brain waves of the subjects were recorded for & short time befors
they began performing omn the dashburn sppuratus wnd vere rsvordet awin s soon
as the tilt perception judgmentis were completed. The envirocumentul congition
of silence during the two periods of recorcein; waf the smie.

. Dr, John R. Bnott and his research assistent dealt with the recorcs and
paid partieuluar attention to the frequency ol the wlpha vaves, to the porcentaege
of time the alphw waves .ere gresent {(alpha index}, ana to the percentage of
time frequencies ol less than 6 per second were ,resent {the slow mave index).
Thuey sewrched carefully for wodifiecations which aight huve been inclcmilive
of changes in the funectioning of brein sirucinres following prolonged stimulg-
tion by high levels of noise ana vibration, btut they were unuble to finc such
modification, In fract, the diflerences which they found tetwesen pre-stimula-
tion and post~stimulation Ieatures of the vwaves »ere so cleariy lacking in
plgnificance that the use of stutistical techniques was not reyuired in order
1o evaluate them. As in the first experiment con brair waves, Dr. Anoit con-
cluded that noise and wibration had no cetecteable influence on electroence-
phaloygraphic patterns.

SUMstisiY ¥ FINDIRGS

The results of the first experiments shoved thut noise aund vibration,
similur in struecture and nmeguitude to those eficountered in wllitery wireralt,
when applied to collepe men wt high levels Jor relstivery short periods of
time {one hour or lesg), hed no measurable eflects on parformence on the kash-
burn upparatus, rate of heart beat, or perception of bhody tilt. A high lovel
of noise, presented for wbout 40 winutes, hsu no meassurable ellect on the fre-
uency of the alphs rhythm. A& high level ol nolse, presentec Lor.éne hour,
impaired hearing ucuity, especiszily ror irequencies vetween L,000 and o,000
eycles. ‘lhe effcets of nolse and vibration on bresthiag rute could not be
satisrzetorily eviluated because ol inconsistencies in the cate. Certain other
findinge which were nol airectly rslatea o the main purpose of the investigztion
huve been incluced in the repori.

The resulis of the second experiments,sifor whicn the prled of stlmulation
by high levels of noise ana vibratlon was four ang a half hours in length, shoéved
thut neither noise nor vibration nor the two in coumbingtion hud eny mneasurable
sl'tects on performance on the Hashburn apparatus, heari rote, breathing rate,
perception of body tilt, or brain waves.

In gensrgl, the results of the investiation rere ne atlive. Lxcegt Jor
their lm.sirnent of heardng weulty, nolse znoe vibration wers foung to have no
measurable eflecty on the verious .uychowolor vesypoinses under scrutiny.
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TABLE I

Scores in Minutes for Performance on the uashburn Appuratus

NON-P LLULS
Sub~ Con- Trials
ject dition
1 £ 3 4 5
1l F 6.38 5.0 480 dyo 50 3.78
< F 6.58 5.75 4.07 407 430
3 E 6.02 5.08 La'T5 4885 P
4 A 7.38 5.98 4o 483 4o©3
5 A 8.4« 5.37 4088 bedB 455
6 E 6.18 5.05 5.05 4,58 LT5
7 B 6.33 5.6 e 57 Ay 3.93
8 D 6.3 5.0% 5.08 4450 Le35
9 C 143 Ted? 5.45 5.58 5.38
10 E Tedi 6.%3 Heri 4.90 487
11 C 7.88 .17 4o 77 5.30 bed5
1z E 11.35 9.55 8.7 8.15 7.68
13 A 8.8 6.75 498 5erid Le 4B
14 A T.35 5.03 430 420 3.97
15 F 8.13 6.15 6.18 437 PR,V
16 B 8.57 5.67 5.17 5.13 4050
17 A 9.38 3 6.3% 5.67 6.3
138 C 7.7 5.00 5.3 FANCY a5
19 B ©.67 5ec5 5.92 4.838 497
=0 D 6.77 6.33 5.18 5.00 4060
<1 D . 8.05 6.00 5.0« 5.0z AT
<& 7| 7.03 5.58 5.33 FART: 458
<3 B .38 5.17 5.08 AR 4.03
A E 13.90 10.z8 8.70 7.73 T.7=
Means 8.11 6.13 5.41 5.05 Le85



Time Scores in dinutes tor

&
¥

'\_H
R F
{3
Cod

A

=7

BIE

Tably IL

Performunce on the Mashburn Appsratus

ThHailEES

Son- Irials

dition EY £ 2 & 2

E 7450 4.37 LerB 3.8x 3.89
B 8.13 6.35 6.00 5.38 5.68
F 5.07 415 3.53 3.48 3.6k
A 5.36 FAYAL bend 3.55 3.53
B 6. 44 5.03 LedD L.18 3.95
B 2.03 5.37 5.00 4?3 huldi
B 703 5.3 FAR X S5.048 .07
E 6. 30 PR % FAN S 3.45 £.90
D T &7 5,33 FAN o 488 b T2
A 6.0 hei'? 3.85 3.95 3.76
H .45 5.88 5.88 5.68 5.6&
& B.34 e FAA,Y 4o 5T 4,406
B 7.39 5.78 5.08 492 451
4 6.58 497 FAN 433 458
B 5.37 48 4.63 AR 3.58
o Lebi 3.97 3.4« <e98 “a933
b 5463 FAY %) 3.85 3.03 3.85
B 5.43 deaded bould 4410 3u4d
& 5.67 LelT 407 3.53 3.z1
E S 4T 3.88 4,03 3.05 345
? . ?BQE} 5-33 4.30 3;*33 4&3@
§*‘ P A 553 e 3.35 3.48
F 6.50 .03 465 44'78 487
F 2,00 5.8z 5.58 4" TT 3.93
E 7.88 L+88 5.17 4 38 4.00
D £.03 beB5 4et3 407 4+ 50
v} Le 9% A 3.78 3.03 3.80
F .46 5.03 4493 4 37 bocld
D .83 475 Aa B0 4e3 415
C 6.91 5adm 5.25 5,00 467
G 5.77 PR 2 40 30 3.75 3.5
o Sendy 3.85 3.85 3.88 3.78
D 7.66 53»95 é.l. 53 5*&9 5'{)3
A £.45 6.45 5.58 5.0 473
¢ 6.00 FAR. X Le 55 e dx 3.93
E 5.0 5.30 4490 470 410
c 667 437 Led7 4000 440
B T 40 PN L.br e 50 408
deans b5l 4aF% AR FARAL 4.07

rﬁi—?’* ;i
& Suil B

T i

e

A
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TABLE IiI .

Time Scores in Minutes for Performance on tha Mashbuvrr Apparatus

g
5

sPPLICANTS
Con~ .
dition Irizle
i A 3 4 5

A ©.15 35 4aed5 AR v 3.30
B 5.48  4.60 3.8z 3.63 3.9
D 9.68 7.0z 6.07 5.3 5.6
E 5.07 A PR ) 4.08 4+08
C bolix L 37 3.50 3.3 3.13
C 5.77 413 AR (0 3.73 3.82
A Tek5 497 4eB5 4.0 3.98
D 493 3.98 3.60 Le(5 3.70
c 5.35 415 3.37 3.30 3.25
E 5.78 5.J0 FAWA: AR 3.70
F 6.0z 5.03 A 3.9« 3.93
C 7.90 5.0z PR biadi 3.87
E 7.35 5.30 5.63 4o 4 68
B Tebis 5.68 5.48 bolz 3.85
E 9.95 ©.10 5.05 4o b5 497
D 0.77 5.07 Leb5 P2 3.9%
A 6.70 5.0 AW 3.73 Gneh
Means 6.58 5.06 FAN YA A 400



Analysis of Variunce of Time-Scores made by lrainees ow. uhe sashburn Apparatus - Triel 1

TABLE IV

W
B
PRI PR

Conditions
A B c 2 E E

Sub- Sub- sub- Sub- . Sub- Sub-

Ject Score ject Score ject Score ject Score ject Score ject Score

28 5.36 <9 Gl 35 9.45 33 Tec7 <5 7.50 <7 5.07

34 6.90 31 7.63 40 Lebi 41 9.63 3% 6.30 45 L 700

36 6.34 37 7:39 54 6.91 51 492 e 5.43 46 4D

38 6.58 39 5.37 55 5.77 53 5.83 44, 5.47 47 6.50

43 5.07 56 Serd 60 6.00 57 7.b6 49 7.83 48 9.00

58 B.45 63 740 bz .07 59 5.41 6l 5.74 5% .40
Totels 37.320 3947 39. 4 37.1z 33,3z 33.97 AR

»n
deans 6.217 6.573 £.570 0.137 b.387 6.495 !
Grand Wean = 6.406
Sumiery
d.f. Supn of
—_— Syuares Varisnce
Conditions 5 0.33%8 0.176b
fithin Groups 30 b T574 NV ALY]
! Total 35 43,640
FoO: 2766 . 53,
l.425%
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TAGLE V

Analysis of Variance of Time-Scores mude by lrain:es on the

Mashburn Apparatus

irinl 2

conditions Mealig

4 8 g 2

5.0e5 4913 4.338 Lo52B

Grand mean = 4.882

Sum of

d.f. Sguwres

Conditions 5 0.768
Within Groups 30 dboedd
Total 35 15.06«

e
=

4-585 £.040
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TABLE VI

Analysis of Varisnce of Time-Scores mede by Treinees on the

Meshburn Apperatus

Trial 3
Conditions Meens
4 B & b
L4T2  4.585 4,645 4.647
Grand mean = 4.543
Sum of
d.f. Squares
Conditions 5 0.2797
Tithin Groups 30 16.93%
Totel 35 17.2193

F = 0.0990

E X
4.483 44427

Yarisnce

0.0559
0-5647

e



-38-

TABLE ViI

Analysis of Verisnce of Time-Scores mede by Trainee: on the

Mashburn Appsratus

Trial .,

Conditions Means

A B £

4.188 4.457 4255

Grend mean = A4.205

d.f.
Conditions 5
Within Groups 30
Totel 35

D

4133

Sum .of

Sunares

Q.644
14.270
15.91%

F = ¢.2708

=

4.017

Yeriance

G.12:8
0.4'757

£

44180



TABLE VIIX

Anslysis of Variance of Tine-Scores meve by lrainees on the

dashburn Apperatus

Triusl &
fonditiong Mesns
A B £ Y, E B

3.978  A.l6z £.217 4180 . 3.627  3.985
Urand mean @ 4.025

Sun of
g.5. Scuured Vorisnce
Donaitions 5 1.4545 0.x909
hithin Groups 30 11.56 0.3855
PTotal 35 13,0192

F = 0.75




TABLE IX

Hezrt Hutes Per Quarter-minute for Certain Trainsees

and Applicants During Specified Triels

Subject

25
27
29
31
36
37
43
42
45
47
43
50
52
54y
57
€1
62
63
64,
65
66
67
63
€9
70
.7
72
73
T4
75
75
7
78
79
21

Condition

HoEoTFEOR OO OROUsDOROOEOmAEEE-He o=

Trial 1

28.0
24.8
25.5
23.2
19.0
27.0

Mz RO NBOROT NN NWONGK I B OB

BREBONCUORROBREREEEEIERBREEN

s »
O W

25.3

%}
b
a

\n

Rate

Trial 5

L2
2l.5
23.8
22.9
19.2
27. 8
23.4
23.0
22.0
19.7
274y
22.3

BOOSERRBRNGROREGRERIEEBEE
FROCONVVMBFIBICWROKHKEO®BDW
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TRET.R ¥

Anclygis of Variancs of Hoart Beics por ife minute) of Selected

Trainoes and fppiloante juring Trisl 1 of the Yushburn Ferformance

Sonditions seens '

¥
+

.

b=

o

ﬁ e

%

(AN

,‘_'\\.

R

L3

n

bl

w

HO

e it

&

o

e

T
]
et

24 35 22,748

»
fuon of
gL Buanes Haxnoi
Gonaiticng 4 i BAn 18, 0%
a W 4 N . L :
¥ithiu Croups A 200,755 5.%7
Total 24 248 4038
- AL



11\ ﬂi{ = }LJ:.-

anelysis o Vepriznce of Hewrt nitee (per ly4 winule) of belecusu

Truinees onG agplicante wuring Irieh 5 of the dasnburm ferlormiance

Cenditione deang

& - g D 1 E
A Pelit p P FYIN . q';)u ;-lp{\J'Z::'
S FA P L P = ede
S0w of )
Gale Syueres Voriuuce
L]

Conc itions 4 «9.3c3 T.456
Witnin vrougs 24 421.365 5.474

Totald i 101.143

A
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TABLE XII

Average Rates of Breathing of Trainees

during Triels 4 and 5

Subject Condition Rate 3
e
25 E 6.7 .
26 B 31.8
27 F z24.8
28 & 17.4
29 B 2244
30 B 24.9
31 B 30.1
32 E 26.3
33 D 22.0
34 A <2edy i
35 c 28 16 ’“i"l'.
3 A 22.0 ’
37 B 31.0
33 A <5.0
39 B 23.9
40 c 2L.5
41 D 27.6
L2 E 28.6
43 A 27.0
L4, E 3.6
45 F 29.8
46 F 30.2
47 F 21.8
FA F 35.1
49 E 9.6
50 D £9.2
51 D 22.9
52 F 28,3
53 D 22.3
54 C 22.0
55 C 2447
56 B 31.7
57 D 23.1
58 A 26.6
59 D 19.0
60 c 21l.1
61 E <3.9
62 C R2.2
63 B 3l.4 ]



nt

4 i

3.4 =91

St
=
bt

Sun of
DYULEYEs

GLrend mewn = z0.0
d.f.
Coutd toons ‘
‘h," I ;E - s -
Tt Pl

1t T:T

351,77

i
PRI

3.355

b=

;.4"5 .’7@3

Tonioues

37.346
-, 726



Tebsla ¥ LV

Average noux on heguinrlity ol Proatuaine Petterns tur Loriain

Troineces
Subject Conaui bion hunk
<5 E £3.0
b E 17.0
7 I 1504
w A wr. -0
3z I Loz
a3 D 8.4
34 A 31.4
35 C 13.6
36 A 15.4
37 2 226
33 A 1.6
40 C <0.0
b E “eeb
43 A 2
A B 1.2
45 F Bk
A1 F 11.6
49 E 1%6
50 D 3.0
51 J) - 6.6
5z I 15.0
53 D FAY A
54, c il.z2
55 G <3.6
56 B =l.3
57 D 17.0
58 A Gy
59 1] 3i.6
nd C £3u4
€l L 8.8
i G 5.2
03 B =.0

PRI RO O DU
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Tanli XV

Deviations from the level osltion, exprassea i owswes ol ey
for six dilferent experimeatal coacitio s

LOsuiuilsal, WILT

Conditions
Subject
Subject A B c D E 7 __ieans
1 104 186 47 3z 45 35 ThdB
2 37 be 46 A 50 3% 4GB
3 126 79 114 46 =00 71 106.0
4 ' 6o 155 6bb 160 94 114 109.1
5 91 131 89 17 1i5 30 10%.1
6 A 54 35 <dy 39 3z 43.0
7 39 34 7o 5L &9 87 62.5
8 35 47 49 €5 9L 2 54,0
9 11 51 61 106 79 36 57.3
10 192 55 loo a5 7z 46 106.0
11 159 87 Th 70 1z4 <5 49.8
1z 21 91 19 39 g1 67 71,3
i3 7L ba <z 9 34 <7 37.5
14 145 1z6 17= 141 15% 75 135.1
15 37 6l 97 lek 9z 76 39.1
16 100 47 35 o7 : 31 55 55.8
17 75 Al 2k z1 - 37 37.0
13 21 P 161 9l 104 YA T7.1
19 78 39 41 47 <l <9 43.0
0 85 10% 9, 106 10z 35 37.3
21 5 34 =<9 70 1z Ve 48.6
<2 61 =18 206 146 37 125 143.8
<3 &7 81 95 139 L4 40 £9.3
<4 14 &5 59 49 34 Je 35.5
%5 32 ;80 7 76 o5 lzo 91 30.6
<6 1 35 107 17 . 1z = 35.6
<7 46 34 30 31 40 bz 3711
=8 75 z1 26 70 36 4 4L1.0.
<9 35 37 90 7 57 54, 46.6
30 =<5 71 75 10 bdy 37 43.6
31 3% 61 60 147 L 31 73.6
32 45 130 40 3z 100 4y 65.1
33 31 26 51 149 29 24 ©3.3
34 56 32 57 57 37 e 43.5
35 10z 191 195 76 127 50 1%3.5
36 65 127 185 91 195 35 106.3
.37 89 (YA 49 116 14z 56 86.0
38 a2 170 100 106 187 129 179.0
39 67 81 z5 111 10z 51 72.8
40 4 75 65 3 50 4e 455
Al 7 196 55 47 105 85 10%.5
42 70 102 37 <5 21 107 60.3
C 43 136 32 5z 58 67 7 68.1
INA i 55 39 94 136 146 99.3
45 159 80 90 1z5 61 39 100.6
46 6l 15 56 34, 76 30 5.1



i
i

{ Condi~

E

tione
Means

65 37
161 e
37 86
36 36
104 50
116 65
74 89
50 42
97 92
156 185
81, 36
30 92
42 31

25 A7

T4ULT  3G.082

Yo

TABLE XV (Continued)

<
104
217

22

29

119
94
91
25

236

109

141

95

83,050

D
69

35
3C
27
2F4

%
adin

76
106
<50
54
1

152

21,567

E £
&5 87
126 64
<4, 69
19 60
21 49
B2 124,
34 129
67 41
109 40
212 =62
79 67
57 132
£9 75
81 57

78917 68,417

st
Bx:

Subject
leany
7.5
119.8
4£5.5
35.0
€5.3
127.6
108.5
61&&
78.1
215.1
79.3
107.1
53.0
9l.1
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Deviations fron the level posuition, odprevsen in mivwbes 20 wrop foo

~48-

Lhnd,n AVL

gix diffcrent superimerial coondiilons

LALERAL LiGT
Conditicns
Subject A B c D )

1 107 130 31 167 ny
2 38 4l 51 31 36
3 76 115 76 ! 1)

4 77 121 54 51 72

5 yAl <5 105 59 830

6 4 62 A 90 37

7 61 80 47 27 29

8 45 95 Y “2 72
9 64 35 57 71 41
10 30 50 86 89 56
11 &7 117 54 1z 100
12 57 46 e =< 70
13 19 L2 81 11 32
1 9l 1z5 36 91 70
15 241 290 <05 167 165
16 126 106 100 106 79
17 40 15 10 36 “6,
18 10 7 35 3= Zdyps
19 35 <5 6 30 =0
20 15 46 o6 &4 bz
21 15 37 49 6o 65
22 59 57 35 1 44
<3 35 64 76 8L 105
24 30 80 26 41 39
<5 49 36 <5 a2 4Q
26 41 ol 50 L5 1
27 46 34 14 51 40
28 83 104 102 100 Ly
29 ps 15 61 1 51
30 T4 F7A 7R 35 81
i 6l 86 Ldy a5 66
32 40 T2 96 32 o7
33 30 30 35 97" Tl
34 F¥A &7 49 T4 50
35 6l 101 5& 84, 50
36 9 5 11 19 03
a7 122 <1 61 4B 122
38 104 B4 65 85 1i2
39 &7 66 39 3G 39
40 36 59 12 114, 59
41 37 95 A 97 51
42 6l 65 65 25 39
43 130 89 112 i) 86
FAA 124 106 6l 69 81
45 75 36 46 50 56
46 41 101 87 49 39
47 47 95 56 55 o5

F Subject
e Meung.
80 113.6
15 35.8
2L 86,8
79 75.6
=9 56.5
87 58,1
12 VN
65 53,6
42 51.6
2 65,0
70 86.6
42 btes 3
z2 3445
130 g, 8
133 201.1
162 3.1
19 23
45 5.9
55 Z9.5
37 56,7
55 477
an .8
66 L2
34, 50.0
<5 34.5
41 . 45.8
31 36.0
72 B4e2
41 34.5
65 6l.8
65 o7.8
84, 65.2
144, 67.8
56 56.7
121 78.2
2 22.3
ile 80.7
134 97.3
Ady 475
37 92.8
6b 7.8
81 . 56.0
109 102.5
o 39.7
64 54,45
134 75.2
36 59.0
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TaBLE XVI {Continued) L
) %%
Subject '
Subject A B c D E F Heang
&8 yal <0 155 9 27 55 51.2
49 82 FAS) £9 72 71 13z 73.7
50 84 100 35 56 84, 6z 05.2
51 iz5 37 3 €0 47 59 ©0.0
5% 36 3z 1Z% 95 &7 g6 .24
83 Bz 114 a7 i87 1<l 132 e
H4 Fi 57 1z L5 73 - 56.2
a5 a2l 140 LA 147 150 70 12447
56 o7 ‘9 35 7R 114 40 TL.2
57 Iy 9 126 &4, FA] 57 Jd. 5
8 45 i bl i 117 1zz &4 g2,
b 7 £l a4 55 50 25 47,5
0 i3 v 105 13 17 iz6 1
Concd -
Bioan

ey SFAR: J0.300 65,123 £7.350 63.266  T1.617
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Anplysis of Veriance i Fosutbs ot Tilh Peresnt oo

A

Means 74017

Grang mean =

Conditions {C)
Subyects (8)

renainder {C x 8)

Conoiticns

3 & L

80.033  £3.050 91,567

TT5

dnalysis of Vsyispee

a,f, Sun of
Sguares
5 Foh 33058
59 AN TS

<95 A0y BP0 84D

Tovel (T)

g = A S 87 e i RS

353 23, 520,77

iy
EN

7a.7.7

Joyionce

Far o

1 5;".}:! e ;}E,i

Gy8int i3

1,508 vy

s

ég L] :f;;,?
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TABLE XVIIX

Analysis of Varisnce of hesults on Til't Perception

Lateral Tilt
Conditions
4 B c D E E
esns €7.633 70,300 05.183 €7.350 o8.250 71.617
Grend mean = 68,397
inalysisg ol Vuriance
Sum. of
d.f. Sguures Voriance
Conditions (() 5 1,556.26 311.25
Subjects (8) 59 401,695.70 6,700.11
Kemainder (C x 8) 95 145,418 4dy 492.94
Total (T) 359 548,670.40
F = Q.M = O,bjl

492,92



TABLe XIX

Avoreszz Frecuatacy of Alpha Bhytha

Durin,, kzea of lhree Periods

xurmoer Pre-noiss Hoioe Post-noive
Period Pericd Zeriod
{Contrel 1} {doise 110 ab) {Contrel II)
1 13062 13.28 9,84,
z 10.3x 11.04 L1120
3 11.20 11,25 10.82
A 2.59 10.00 995
o 10,02 10.13 10,28
& 9,53 10.324 10,10
7 1Z.48 10.7% 10.77
2 9.11 9.54 9.59
g 10,61 10.38 10.29
10 10.45 10.88  11.06
ii ii.1d 21,23 10.70
3R 10484 10.08 5.92
i3 0.2 10.44 10.43

deans 10,432 10.485 10,333



Changes in Threshold af Aunaibility

~53-
wABLE XX il
5

Followin,, Stimulation by Noise and Vibration

Conditicns
Brequeney _A_ B c j
120 - 0.3 - 3.1 - 044 .
250 R - bk - 5.0 :
500 # 1.1 - 8.3 - 5.4
1000 # 2.8 - 8.3 - 6.6
2100 $ 3.7 “14.1 -13.7
4000 + 5.8 -19.1 ~18.5 -
6000 + 3.0 ~10.6 ~19.3 3
9000 - 0.5 - 5.3 + 0.8 L
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Tice Seores for Performances on thne Fashburao

wBf-

T .

IRl

Suniecus

80
Trisl 1 2 3 4

L 362 3306 330 <91
2 <79 PEIA 304 z50
3 246 34, 251 217
FA 266 293 243 216
5 292 301 257 218
6 271 311 210 224
7 261 310 214 2«3
3 281 30z 235 134
9 256 240 219 163
10 «48 273 204 193
11 255 297 234 17z
1z 230 257 181 190
13 251 249 207 178
14 . 232 23z 201 170
15 z “0% 196 168
16 218 438 210 163
17 “1z 279 197 171
18 236 z57 130 155
19 “<2 &34 200 173
20 <04 230 133 174
21 She 205 184 120
ne <51 20z 173 164
=3 253 250 220 141
<4 <6l P 136 16z
<5 267 251 19z 167
26 234, 2l 136 158
27 204, 43 183 141
23 %90 18z 179 152
<9 259 199 184 156
30 24l 173 169 147
31 270  x3l 170 166
3z 220 183 163 150
33 &8 193 19z L6
34 251 193 186 176
35 237 175 200 150
36 15 197 177 150
.37 249 195 196 141
38 139 220 174 136
39 192 223 175 181
40 19z 203 167
JAl %13 160 157
bz 200 135 155
43 169 196 16l
4 184 211 140
45 13/ 173
46 154, 155

Apspavatu

-5 I+ 7
Lre 234 PASTS 30
=86 <68 3&5 202
2b% 267 299 225
231 z5 =37 “55
bk 267 74 =67
250 251 A =49
<33 <58 <41 <49
23 45 209 40
243 249 229 228
231 233 203 2n7
=3 <67 197 <35
202 2z =06 13
<19 2«6 200 219
259 20z 203 23
320 <34 237 234
260 14 215 =17
=30 “54, 09 ek
253 231 193 z15
=05 245 15 PR
<10 242 iy =0
16 240 <16 pagte
< 2= ize 231 i

186 240 vl 13
“id <15 30 2l
iie b3 “45 =30
178 «71 239 wiz
176 233 231 =0z
198 195 «0% 200
=05 13 =07 204
147 x5 =13 196
199 bk <04 %15
186 «Bx 203 143
179 z61 =56 <11
154 =49 196 =01
157 <30 <76 IS
184 =5 28k 04,
220 <7z 273 2zl
152 =77 84 %09
197 63 zzY 209
175 300 276
214 =30 251
148 =46 234
139 z58

<89

=6l

254

Growp



TABLE XXI (Continued}

~55~

Trial 2 - Y A 5 6
Wt Lo pRate
S i 15
pae) lod 135
50 =08 150
51 193 131
S <07 159
53 =17 144
54 165 144
55 18% 141
56 341
54 144

P A R

- *
WO e o e L

o "

Bl a4



e

Irial 8 2 10 & O X S * A
1 505 419 391 475 ieo 403 &37
z 375 299 305 375 33 AL w8
3 279 54, =89 137 “hé 247 w3
4 296 75 268 235 P xR =34
5 271 z31 68 %0 %33 205 191
& 271 234, 239 19% 50 200 11
7 236 21z 337 %13 -+ zz6 200 139
8 245 214 295 195 %55 169 186
g £33 191 266 =01 264, 177 204

10 223 220 229 188 235 195 Z04,
11 2hdy 210 247 z01 Cu 173 19z
1z 211 140 247 178 w5 17 187
13 =07 190, z38 “08 Zin 170 o3
1 229 190 276 z01 =36 153 173
15 AV 171 305 193 =35 150 186
16 207 “rdy 29/ 175 2k 149 léb
17 203 163 319 174 e 171 197
18 y 135 291 1oH 43 10 171
19 Z18 171 262 166 230 1ée 176
0 185 201 61 159 01 14z 187
21 196 178 “61 18z “09 165 163
) 203 178 301 164 204 175 200
=3 P 178 249 176 Znd, 143 L7
%4, 216 13% 251 174 214 lus 134
5 zx'7 167 <53 17z 2lx 194, 14
6 z13 176 238 173 16 173 141
<7 199 171 292 194 2z 19z 16%
3 196 163 =59 163 “le 159 172
<9 19z 1638 233 176 %09 17 16l
30 199 170 229 178 210 176 159
3 193 179 “61 18 - L3z 209 1435
Iz %02 15 265 163 =05 108 15%
33 “x5 196 =51 i7= 1%: i33 156
34 218 163 233 173 248 =03 isz
35 214, 166 =68 157 =37 174, 179
26 171 180 Z05 itz A 153 164,
37 184 1n 25% 165 %55 1ol 161
38 193 168 241 167 N 156 168
39 191 183 51 167 «31 160 170
40 21 153 i73 %15 183 155
Fal 138 204, 183 Red 167 189
A2 Zl 151 17 235 191 175
43 211 143 151 VA 171 . 186
¥ 199 171 1ol 236 185 201

Time cesres 1oy Pevforances . tue dorrtura L savrubre

suloE

Subj«ota

I WSS TV

e iy m

L
e
vod
257
ﬁéﬁ

#108
w13
=06
7
« iy
196

L

1u7
A
204
138
206
Lub
199
190
1yt
189

-

196
136
159
199
196
133
188
193
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11
170
474
179
163
176

18

5T

12
201

TAELE XXII {Continued)

i3
173
170
166
17
177

174
163
177
1al

14
159
17
176
173
%00

190
194
194
157

Y74

Group

4
o
W



LR TG

O o Ao

PR RY RS OB R b

15 16 17 x8 AR e kL aTOug

375 355 38« be 3 £t D 2
5% <40 <39 345 e <75 <63 A
256 <67 =30 337 <ol o0 PO =7t
<30 =30 345 238 <TG <70 <H6 <71
2he 3 3:1 295 <53 <40 <43 =E0
29 <40 305 <31 P I =53 £55
<34 ZxB b5 249 2z7 =47 <27 =37
“xb 199 217 <31 <08 <17 Zedy <17
<z 193 <40 <5c 197 <36 <216 <3
«l4 198 e <40 «36 <26 <31 =31

LS

17, 218 208 265 211 240 13 -8
185 198 213 265 177 180 194 %0z
171 185 201 229 187 168 205 192
193 189  z219 % 220 17 19z b
197 18z =226 230 196 174 k44 =07
216 191 229 259 195 158 19) 206
214 185 208 237 135  1e9 197 06
181 18z 46 276 1d6 204 k20 &4
186 198 223 230 11 14 x15 07

135 130 217 < 173 194 =208 A7
137 177 =3 3 173 126 =231 =03
Q09 155 <31 = lod 195 193 23
181 164 <00 =60 lox i34 145 sl

174 167 <zl =81 173 7 177 PINA
168 167 =30 <5 137 17z 130 190
152 149 =06 =40 lo3 167 208 130
15« 19z <09 <38 156 wd L 177 FUL
151 195 <37 <858 <J1 «J9 179 09
193 191 156 “b5 177 17« 174 156
170 153 <15 <17 15z 190 lot 1387

1s5 156 «09 <41 191 172 174 140
159 lol «<0 <05 176 176 ly3 19l
163 173 180 =<9 «Jz 198 173 1489

g e s A T

3 ¢ . LY -
W6 162 2 282 13 L1 AT -
WL 2r 293 163 173 12% LYY

159 178 %35 254, T 193 1387 =00
168 169 1d1 <49 131 224, 195 195
170 166 170 191 133 178 193 179
183 161 182z <11 181 181 191 184

160 171 =0z 1448 179 133
217 i75 137 135 159 1yz
Li4 173 213 <03 201 171
15& 173 zis 207 lae lco

13 ise Lmitd =L 137 a3



TABLE XYXIXT (Continued)

Group

Triasl) 15 16 17 i8 19 20 21
43 157 L3 134 185 <2 =07
4 19z L35 169 18y 145 208
7 187 156 181 19 19
FA.] 1% 190 133 159
FAY LEG Ri-73 =05
A0 40 170 135
al 140 19z 1y6
¥ 168 159
50 141 178
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Tatiny 23TV

Time Scores for Performance on the dashburn tppuratus

NOISE alD VIBHAYION

Subjects
Trial.. ¥y <3 7A &5 «6 <7 <8 Group
1 304 346 33l 476 497 iz 413 390
3 <34 <70 256 353 457 =57 357 31x
3 199 247 284, 3ez 369 <56 335 =87
& 23z <33 23z 304 340 <17 309 67
5 A <5« <85 309 375 <04, <Y <75
6 147 <1l «b"7 «d0 3e9 195 «73 <56
7 131 x5 131 <6l 308 <05 <ol «3e
3 130 VINA Q7 <54 <93 179 <49 <29
9 159 197 135 33 300 184 <5z <16
10 135 198 <49 <493 300 1ed 4G <34,
11 170 207 <13 <49 =73 170 “eh <16
1z 166 ¥ & <6l 301 168 %33 «z5
13 189 <15 &x3 <91 295 158 <51 <47
14 158 le7 193 <01 319 1ok Kee © =04
15 177 135 138 <30 <70 17y ALY Q7
16 163 g7 <01 =33 YA 16c i3 =lz
17 154 179 138 <84 e 157 <35 <15
18 1lcb 1e9 «15 “ze 3l loy <03 =07
19 174 139 <06 =05 397 153 33 232
<0 171 136 <14 | 231 354 150 el 13
1l 151 «0z <10 199 <30 154 187 11
<& 153 165 133 <26 276 145 <39 199
<3 lade 135 169 <49 318 154 <17 <11
<4, loz 197 19l <08 ‘363 155 YA <15
<5 158 196 <1z <63 F3.73 156 «Jo =11
6 151 139 <18 <3c ke Lo <17 <11
27 lol 136 <31 <13 <46 ieol 149 1yg
<B 147 =04 <03 <07 <73 1ue 1ys <00
<9 154 =08 190 <3< 3l 157 179 <06
3G 163 139 130 <39 <35 151 193 <01
31 149 186 Llo7 <3z 3oz 149 150 <05
3« 105 177 <16 199 <10 150 193 133
33 1oy <10 175 <13 <51 159 199 197
34 1.8 170 178 <bd 163 «0b
35 159 190 195 147 157 <05
36 154 134 <7 197 151 139
37 liz 132 0% «31 178 we)
38 153 175 <14 <40 150 <lz
39 156 19« 170 2he 146 «03
- 40 154 136 179 <57 140 cxd
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TABLE XXIV {Continued)

Irial - 22 2 25 26 27 28 Group
41 1ol 134 151 =17 140 wle
4 153 192 zke &l 159 175
43 147 X0 18l 149 200
4bi 133 <1l &3 147 17
45 164 191 Ld5 143
4o léc les 1e9 151
FA 173 1ot Y73 14
43 154 1
&9 155 162
50 149 155
51 154 163
5e 160 170
53 149 159
54 146 145
55 158
56 139
57 168
24 15%

53 148
60 140
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T4BLE XXV

Time beores for Yerforwence on the Meashburn Apparatus

Subjects

Triel  =,la) 30(B} 31(E) 3x(b) 33(D} 34(D)
1 413 <5l «91 338 433 339
P 3L 177 5% <71 341 <38
3 355 leb =235 263 <34, 196
4 2 157 zz5 358 &4, <00
5 it 133 <33 =91 «79 1968
9 zel 154 <07 =73 <, =06
i 7 1o <3 w47 =07 =03
3 1X 1oz 193 =16 253 =08
o 177 13 151 =05 =06 <Ll3
0 173 i70 163 245 =15 197
21 10 1ol 139 =36 i9l 149
1z 1 133 179 =33 130 135
1 1.3 1Az 179 =30 e <03
14 1a7 134 iSz =55 1-9 1499
15 1o 135 174 11 193 195
ib 1-5 L34 17y =11 =09 150
i I 139 178 Y . 184 153
qth 156 151 1l «zl =10 154
1< 144 WAY Lol «1lz ENGS R
“u 134 136 170 <16 10 11
=1 1ie 143 165 =10 1290 Lid,
L2 140 139 iz3 <Ok 2l 145
<3 145 1=3 163 <10 X7 131
iy 147 ild 170 %10 =06 139
<5 135 15 177 =03 141 151
b 135 1= 1ok 198 FAVA 149
<7 1.3 1z3 bz <19 197 137
=5 152 1l6 152 INYA loz 137
e} 1y 113 157 179 ) 1=9
0 L7 129 1oy 136 <11l 134
11 13 1oh 174 =03 19
Cie L7 iZe 173 =09 - 136
3 1y len los 132 1l:i1
34 i7 A 171 133 134
35 1 1z léz 196 145
v 1z es; ihe 1491 134
Y 1 1F, it LB0 139
: TN e 141
: i it 1uz 13z

! el AR 12 15%
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136
139
136
129

139
140
iz
150
134

139
133
145
14
140
140
141
149
139
133

15
L4
132
132
132
130
149
135
v
132

133
135
19
129
133
134

B
124
126
134
140
123

1%5
116
108
110
110

13«
120
izz
1z0
Li4
124
114
111
126
111

124
115
117

126

131
1z2
14x
134
1oz
124
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Tﬁm XXV (Continued}

(B
173
in
165
164

U3

151
157
16z
170
173

173
18x
L7&
177
=07
149
14

) 24(p)
e

1%
159

127
139
147
14l
140
15«
156
145
L

143
L4
145
iz
i35
130
136
142
137
136

139
Lz
136
138
14l
134
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PETSRVER VAN

R LeoreL, Ll Toreard, Loy YOrucizl Trials®

i

B et
Frd~ e W B

o
-

P b
ey RY O L

O A RN
R ol

W

croowee Dourwtim o gponretus

= { 3 & v
g b 263 305
o 20z 207 299
245 235 =49 208
T i <3 233 W97
LA - Lt 2D ki4 £09
£33 4L anL o 239 59 163
= LY 238 205 136 245
V28 S L A o 16 240 239
gz Y7 183 IR 2l8 (03
199 Iwh 34 176 Zz5 0 <56
i7a 0 Lk4 o A5E LRT O 233 2:9
ie% M8z 3B 13L 225 &7
169 lus 341 148 23 26l
dds 2 44 14¢ 240 254
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TabLk XXVII

Time Scores, in beconds, for Morucial Trials?

on the [dashburn Apparatus

. HOISE
Subjects
Cruciel
Irial g 2 8 1l L d2 13 4

375 %99 305 375 306 276 98
279 5L 289 282 56 24T  w4B
236 191 295 195 zu8 170 192
245 280 =66 Z01 225 176 187
#x9 163 2t 195 283 152 176
212 195 305 174 230 193 187
196 167 261 172 21z 159 176
203 176 261 173 216 176 16l
196 l&63 238 17z 05 183  lal
192 166 52 173 19z 161 168
171 150 265 174 226 185 159
184 143 251 151 231 159 172
199 160 241 176 16 177 157
203 185 251 132 201 1Bl 17

Kml{; I::E;WWQU‘\U#NNH
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TiBLe XXVIII

Tims Scores, in Seconds, Ior "Crucial Trials®

on the Washburn Apparatus

VIBEsTION
Subjects
Crucirl

Triais 25l 17 s 1y - 0 _Z
1 , 5% R4D 289 345 279 k75 2488
2 255 207 286 337 <26l 200 262
3 254, 199 217 249 177 1T x<4
& 74 193 240 231 137 <36 k16
5 Bl 139 2:6 229 173 169 191
& 4o 182 229 260 173 204 1YY
? 163 155 231 230 165 172 177
8 152 164 200 221 136 1le7 190
Y 163 158 215 <40 165 11 178
L0 166 156 209 233 04 178 178
il 144, 16 170 205 217 L4z 192
de 152 161 182 229 185 137 111
i3 1460 138 181 1%L 1le8 159 149

14 152. 155 189 211 181 178 159
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TABLE XXTX

Time Scores, in Seconds, for "Crucial Trials®
on the lizshburn Apparatus
NOISE alib VIbRATION
Bubjects

Crucizl

Trials <2 .3 _<b _25 & g1 _&8
234 Q70 256 353 457 257 357
199 247 284 322 369 56 335

S181 197 207 254 369 168 26l
180 198 185 233 308 170 249
163 197 193 201 273 158 2z
154 179 138 236 301 150 Zz10
158 185 183 231 264 157 =221
151 197 169 199 297 151 137
L8 186 180 =zZI3 230 146 19
159 177 167 =207 Z76 140 198
147 192 214 197 &6 139 <05
133 186 170 197 273 162 139
149 164 169 217 210 148 200
146 166 178 z12 Z51 140 176
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YaBlle XXX

Hesults of fmalysis of veriance of avera_.e bcores on

Eruedal Yidelis 1 and £ on the dashburn apparatus

Eonditions Means

& B C D

294,43 S91.TL  276.93 285,57

Grene nean = 282,16
]

AT Sun gr Saurres  Verisnce

Lendatiors 3 1078.495 359,65

Lithios Grodas A _4500).. 7 1917.16
KRR =7 A7040.67



TABLE XXXI

Results of Analysis of Variance of Averuy_e Scores on

Crueisgl) Trisls 3 gnd 4 on the Mashburn Apparatus

COLULITIONS MCANS

A B G 2
221,79 216.07 2lz.43  2ll.43

Grand meun = x15.43

d.f, Sum of buusres  Varjance
Conditions 3 452.17 150,72
Within Groups 72 23064.57 961.02
Total 27 £3510.74

F = 0.1568



b

e

STNE O e

Cgiegly ons

w4 o
Hituin (L AFTVEN T

Totad

v kRl

CUULRUIONS B NS

5 ¢ L

B P .L";E’ ® ;;-i. 201 » '79

. Bun of Seuares
3 542.58
e 3c736-64

z7 33 77.2%

T 0136

LACE 0f AVera e beores on

Syiple ool ko oon the Yesnbura dppuratus

Vuriznce
130.86
1364.03



Conditions
Within Groups

”?1‘

TaBLE KXX1LL

Results of Analysis of Variance of averuge Scores on

m Arisls 7 and § on the Mushburn apparatus

CONLLTIONS MBANS

A B C D
T Z04.93 192,14 102,59

bA
(]
»
*

B

Urand mesn = 190,04

d.f Sua of Squsreg Yuriznge

p--1
3 1858.08 619,36
24 “623.30 1085, U
Totul =7 «8090. 44

F = 0.56687
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TABLL XXXV

Baesulis of #nalysis of Verisnce of Averuze Scores on

Crucial Trisls 9 gac 10 on the Mushburn Apparatus

CONLLLIONS MEANS

B

B

.
U5.64 1a7.49

C

B
124.93

186,46

Grena mesh = 1log.08

d.f. Sum of Squares
Conditions 3 LT 20
Vithin Groups rs =4071.36

Total 27 24538.56

F o= 0.1553

Yarisnce

155.73
1002.97



TABLE XXXV

Results of #nulysis of Variamuce ol Lvercye Scores on

Crugial Triels )Ll znd lg on tne Mashburn Apparatus

CODLTIONS ¥raids
|

A B C D
19%.86  Ls7.29 175.1 1d89.93

Oraue mean - 13d.07

Swin _ef Suyuures Veriance
T2L.32

dof.
Concitions 3 2165.45
Fithin Gyoups 4 31947.93 1331.16
Total <7 34L1.3.38
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Tabli XXXVI

Results of Anelysis of Vuriance of Averu.e Scores on

Crucial Trisls 13 and L4 on the uashburn apparatus

CONDITLOND MEANS

A& B £ . _D.__
19z.36 193.14 107.93  180.79

Grand mean'= 133.56

[+ Py Sum of Scuares Variance
’ Conditions -3 2915.77 971.9%
Within Groupa r7A 40632.11 1693.005

Total <7 43547.88

F =0.574

Tr
“u



TabLL XXXVII

Heart Hates per (uarter sdinute tor Selected dubjects

Sukicel

Guring opecified dashburn lrials

crdition

-3 O BB

0 ;e

10
1z

13

17
13
19
=0
pal
ZR
5
27
8
34

=i

™
=

(@ N o BwNe W] Wicw |

oL oo

Pre-

trisl

1909
19.1

=
N D

T\.‘

o

.

= o

el el S el N,
O D O~
Q
oGO O

4]
-

-
3

P BB
O R MY
~1 O~ O

n - 5
ru\}s&\ks%
i A D

Crucial
Triais
1 and =

20.9
0.6

.

A i
eI R W

SeEeeh
o Qwap =100 Fwun A\ o0

n By R Y YA
L L

IR NE IR N
L]

RY R R R =R N
-k-\i\-'cr.ouz

" & e = L]
W O KO0

Crucisl
Trials

and

=
PN

N
& AW -3

MEMOW OF RN B0

R R RS
Nooow

=R R RN

OO OC
L]

(Yol Sl o RNORN |

i8.6
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13 ana 14

o
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o

FEMEM
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R
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Tabul s NLLL
arsbnn on Arerlaesis ol Vavlgace of Beorb sndes per
TRyt LLahs Durda, the Pro-Triel Period

drand gesn < 192.5

gd.T, Sum of Suusres  Yariance
Conulitions g 1. 51} 0. 5].3

Hithin Grouys _ls 103.38 6.461

Total 19 104,92

F=0.079



Conditions

Within urougs

Total

&

TABLE ZXALX
Results of Analysis of Varimice of Heart Rates per
Guarter <inute During Cruclel Srisls 1 and %
COMDITIONS LlralS
B B ¢ v}
3.6 2.0 1.6 %23
Grand mean = 21.6 ’
d.x. Sua of SBcunres Veriznce
3 «3.10 7.700
16 83.37 5.211
19 106.47
F = 1.478
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Thijl.l.l 1 K’..‘

UL o knelyels of Veorsaice o Heord Butza el

WloTl_r wmillute Duril, dlucaal Arieds 7/ ang 8

COHLTITI0ns slalid

A B C

————— g

D

18.5 19.9 <0.

Grand mean = 19.5

d.f.
Conditions 3
Within Groups 16

Total 19

F = 0.440

0 19.6

Sum_of bgusres

12.94
156.80

109-74

Vorisnce

4313
9.300
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TABLE XLI

Results of analysis of Variance of Heurt Rates pET
Guarter winute During Crucisl trials 132 and 14
COMDLTIONS wmLakS , : L

A )i} c b

8.5 0.3 0.3 1z.0

Grand mewn = 19,5

Gefa Sum o Sousre Veriunes
i
Conaitions '3 20.30 6,767 el
Within Groups 16 134.%6 B.435 o
Total 19 155.26 o

F o= 0.80z
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TABLE XLIX

Breathing Rates for Selected Subjects

During Specified Periods

-

Cruciel Crucial Crucial

+ Pre-— Trials Triels Trials
Subject Condition Triel Triell 1 and 2 {end 8 13 snd 14
1 A 17.2 19.8 19.3 19.1 19.1
2 A 21.7 22.9 21.6 19.9 18.3
3 A 23.1 23.7 22.0 2.9 23.5
5 A 20.3 28.5 28.3 25.7 25.1
6 A 14.3 22.1 19.9 20.8 17.5
7 A 22.3 20.9
3 B 17.3 21.9 19.0 2.2 23.2
10 B 23.1 28.5 28.1 26,9 27.5
11 B 20.3 21.5 22.5 2.3 20.3
12 B 22.1 2.4 19.0 18,6
13 B 22.7 28.9 30.1 27.6 25.5
14 B 1.0 19.7
35 B 18.8 2.3
15 C 17.4 2442 25.4 24.3 23.4
16 c 22.3 27.3 27.8 23.8 2.9
19 c 9.0 1.8 1.7 166 1646
20 C 20.8 23.8 22.7 2.2
21 c 17.3 20.0 21.9 225 22.2
22 D . 37-9 3307 30-1 '34.6
23 D 6.7 29.4 28.3 24.9
24 D 2.2 24.0 22.2 1.2
25 D 19.2 2.9 20.1 17.1 18.3
27 D 21.9 3.8 22,7 24,0 23.2
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TaBLE ZLILIL

Hesults ol analysis of Vurience of Breathing Rates

per kinute during slashianm Triel 1

GCOWBITLORS wbilS

urand azen = k4.9

defs Sum ¢f Sguares Yarignde

Conditions 3 165.92 55.31
Within Groups 16 363,76 2.7 :
Total i9 59 .08

F = 2.4
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TABLL XLIV

Results of Analysis of Variance of Ureathing Rutes

per ilinute During Cruciel Irisls 1 and 2

COLDITIONS wmmalNS

c D

Conditions
Wwithin Groups
Total

Grend mean = z4.0

d.f,

————

3
16
19

F=0.957

z3.5 «6.0

um of Scquares Yuriance

54.28, 18.09
302.59 18.91
356.87



e

TABLE XLY

Resvlts of Analysis of Verinace o Breatiin, hetes

ST einute Duribye Oruciss friwis 7 sne 8
COULLITIONS Moalis
—h. B L b
1.7  Z3.%2 MY el
Grand ween > xk.8
d.f, um of Bougres
Conditionsg 3 2E.59
Wilthin Uroups 16 230,

, Total 19 <5324

F = 0,515

Verionce

74430
14-434

oA
;qvw,‘;
i E
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TABLE XLVI

hesults of Analysis of Viriance of Bruuthing Rates

per winute During Crucial Ariels 13 and 14

COMLITIONS mualNS
A B G D
0.7 «3.0 «l.5 PTRYA

Urand pean = z<.4

d.fe Sua of weuares Verisnce

CDllditioIlS 3 43 . 84 ll;a 6].3
Within Groups _16 «8z2.67 17.667
Total 19 3x6.51

F = 0.827
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TABLE XLVl

Deviations from the level position, expressed in minutes

of are, Tor secona tilt ereeption experiment

CONDLITION' & COUDTTION'B
Sublect  Lonz.  Lat. Subject  Long. Lab.
1 219.2 140.4 10 130.4 446 .
z 85,2  105. 13 Z15.8 165.4
3 111.7 88.3 VA 177.5 49.6
4 123.3 37.5 28 82,1 1iz.1
5 7.5 60.0 30 113.8 85,8
& 80.4  125.8 i 3% 1146 27.1
29 61.7 76.3 35 98.3  TL.3
COALITIVM € COMDETION D
Subieet Lonye, Lt Subject Long, Lat.
15 1z8.8  77.5 %3 77.1 71
16 130.8  47.9 %L 177.1 47.9
17 45.8 160.8 25 65.4 109.6
18 101.3  89.6 6 £5,0 30.0
19 “57.9 T d “7 179.6 8.3
20 128.8 60.0 33 40.0 F0.0
21 67.1 2.5 34 BR.5 36.3

ADRITIONAL SULJ RO IS

Subiec ondition Long. Late
b4 A 85.0 Gew

8 B 170.0 127.5

g B 88.3 57.9

1l B 146.3 £3.8

1z B 4.7 159.6

<2 D 47.9 63.8

3l B 34.% 1704
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TabLo XLVITI

Results cof Analysis of Variance ot Averege Deviation dcorves

for Longitudinal Tilt

COLLITIONS muallS

4 B G D
117.6  133.2 1x2.9  106.7

Grand meen = 10.1

d.f. Sum of Syusres Veriance

Couditions 3 «592.3 8041
; Within Groups zh F7421.5 3225.6
! Total 27 80003.8

F =0.z68
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Table XLiK

Results of Analysis of Vuriance of Average Deviation ocores

for Lateral Tilt
g'{h

COLULITIONS sbaNS

A B -G L
90.5 19.4 88.4 73.3

e

(irand mesn = 52.9

d.f. &1
Conditions 3 13581.3 460042
Within Groups 24 30874.9 1236 .48
Total <7 3x256.2

T = 0.358

g

4

-7 XN





