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Dr. Dean R. Brimhall 
Director of Research 
Civil Aeronautics Administration 
Washington, D. c. 

Dear Dr. Brimhall: 

January 16, 1943 

It lllis been sug6ested t.'iat the efficiency of pilots is 
reduced by exposm·e to the noise and vibration characteristic of military 
aircraft. This problem has been investigated by Dr. Don Lewis. His find­
ings are presented in the attached report entitled The Effect of Noise and 
Vibration on Certain Psychomotor Responses, which is submitted with the ap­
proval of the Committee on Selection end Training of Aircraft Pilots. 

According to the results of this experiment, noise blld 
vibration similar to those experienced in the operation of military aircraft 
show no measurable effect on psychomotor responses, including responses anal­
ogous to those involved in flying, even when subjects were exposed to such 
conditions for as long as four and·one half hours. 

The results reported from this investigation should be 
viewed in the light of other mvestigatlons of performance under similar con­
ciitions. For example, in studies of typing and of other industrial jobs, it 
h~s been found that workers are able to perform with no great loss of effic­
iency even under conditions which they describe as very annoying. However, 
there is also evj_dence that they maintain this efficiency only by putting 
forth extra effort. 

• Such energy expenditure may produce adverse effects over 
a period of days or weeks even though it does not appear under test condi­
tions. The negative results of such experiments as are reported here should 
therefore not be t&ken to prove that noise and vibration have no effect on 
pilot performci?lce or health.over a long period of time. 

It has been noted that service personnel often report annoy­
ance anci feel that their work suffers from exposure to noise uid vibr~tion in 
the airplane. The author reports that almost without exception the subjects 
found the experimental conditions annoying, Many of them commented weeks 
l6.ter on the unpleasantness of the experience. Such annoyance might, over a 



period of time, result in a loss of interest in the task. This aspect of 
the sit\Jation is one which may be of considerable importance both in civil­
ian £D<i DlilJ.tary aviation. 

l\lSV:rm 

Very truly yours, 

1#,.,_..Jf:i;t_. 
Morriss. Viteles, Chairman 
Committee on Selection and 
Training of Aircraft Pilots 
National Research Council 

' 
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THE EFFECT OF NOISE J,NLJ VIBH.ATIO.N ON Cl!'.kTAIN 

PSYCHOMOTOR RESPONSES 

§1)1DTf!JX 

The noise ruid vibration of airplanes are widely thought to reduce the 
efficiency or aviators. Service pei--sonnel often report aDDOJ'BllOa &nd feel .. , i:-c.:.--q 
that their work suffers. The present exper:uumts were undertaka to learn · .· '·,::i-l 
if there is actually a decr811lent in work under noise and vibration conditioaa 
similar to those characterizillg military aircraft. 

The experiments were performed at the !Jniversit7 of Iowa with 80 male 
college students, C.P.T. applicants, and trainees as subject&. The subjects 
performed on e. Mashburn apparatus. The Mashburn involves a control stick and 
rudder bar which are manipulated by the subject in response to ch,.nges in three 
banks of stimulus ll~ts. As soon as the subject has responded to one set of 
lights, a new combination appears. For the present stuey the Mashburn appu­
atus was modified so th&t the platform could be made to vibrate. In the fird 
series of experiments, performance in randomly selected groups was studied 
under six conditions: 

A Silence 
B Noise - 85 db* 
C Noise - llO db ** 
D Vibration - 4 to 6 mils 
E Noise - 85 db; vibration - 4 to 6 mils 
F Noise - llO db; vibration - 4 to 6 mils 

Effects of noise and vibration, respectively, on heart rate, breathing, 
tilt perception, brain waves, and hearing acuity were also 11tudied. In addi­
tion, the design of the experiment allowed an evaluation of interaction ef­
fects of noise end vibration. 

Exposure to loud noise fo;r:- as much as one hour raised the threshold for 
hearing somewhut, and there was an indication th&t breathing rate was accel­
erated during some of the experimental conditions. On the whole, ho,iever, 
the results were negative in the sense that they revealed no consistently 
significant differences between reactions when noise, vibration, or both 
were present and when these supposedly disturbing factors were absent. 

It appeared that the lack of positive results in the first ex:periments 
might have been due to the fact that none of the exposures was longer than 
an hour. A second series of experiments was therefore performed, in which 
36 C.P.T. primary course applicants spent 4½ hours each in the testing situ­
ation. Four conditions were used: 

-ltdb = decibel, na logarithmic unit, equal to 1/10 bel, expressing rela­
tive levels of intensity of sounds •••• n (From:· Warren, H. C. Dictionary 
of Psychology. Boston: Houghton Miffiin, 1934.) 

-!Hlfill = 0.001 inch; employed here as the unit for measuring the amount 
of displacement of a contact point on the top of the subject1s skull,(See 
PP• 5-6.) 
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A Silence' 
B Noise - 110 db 
C Vibration - 4 to 6 mils 
D Noise - 110 db; vibration - 4 to 6 mils 

;,~easurements were made of Mashburn perforillhllce, he,.rt an<i bre&thini,; rates, 
tilt. perception, end brain m.ves. Here a.g&in, even though the period of 
stimulation by high levels of noise and vibration wa~ 4t hours in length, 
neither noise nor vibration, nor the two in combination had any measur­
ably significant effects on reactions. 

1'ihile the results of the experiment were generally negative, in terms 
of st.E.~istical significance of differences between reections under the vu-­
ious conditions, the study f\lrnished a number of incidental observ&tions. 
For enJDple, the experimenters gained the impression that those subjects 
who appeared to be most highly motivr.ted end who seemed to perform best in 
their trials on the Mashburn appuatus were those who tended to be most 
irre61.lllil' in their breathing. This impression is supported by the neg&tive 
correl&tian between bret.thini,; regularity end Mashburn scores. However, the 
corre:U..tian is too low to give E.llY confidence in the relationship. 

The experimentE.l design did not permit a det.E.i.led emmination of 
cbknges in attitudes and feelin6s under conditions of noise and vibration 
and.of the possible increases in effort required to maintain "efficiency" 
under such conditions. Because of this and also by reason of the limita­
tions of the experimental conditions, the results cannot be accepted as 
conclusive in terms of planning a schedule of work end rest periods for 
pilots. 
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PROBLEl&1 

The original p'llr?Ollll of the project was to determine the effects of 
noise and vibration upon perfoI'lllbllce on a modified fOl"lll of the Mashburn 
Automatic Serial Action Apparatus. The work was underuken because of the 
COl!ll!IOD belief thl.t continued noise and Vibration reduce the efficiency of' 
fliers. Perfol'Jll£llce on the Mashburn appliratus involves a series of &dJut­
monts resembling in some ways performance 1n flying, while the noiee 1,nd 
vibri.tion in the experiments resembled those encoW1tered in military air­
c:r;.ft. To supplement the v:ork of ·other investig&tors,2 studies were tlao 
undertaken on the effects of noise and vibration on heart rate,. breath.in&, 
tilt perception, bri,,in waves, !ind he1aring acuity., 

The ,:roject included t-,;o series of experimentrn a first series in 
~hich the exposure to noise &11d vibration was an hour or less; and a sec­
ond series in which.the exposure was four &nd one-bl.lf hours. In the pre­
sent report the apparatus will be aescribed first, since it is cownon to 
both series of experiments. 

EQUIPMENT 

T'ne small building which housed the project was sufficiently isolated.· 
from other University buildings to avoid disturbance by the high levels of 
noise produced. The wells Bnd floors of the building were of cut limestone. 
There was no ordinary ceiling: the roof was peaked-gable construction of 
heavy rafters and slab. shingles. The floor.plan of the interior is shown in 
Fig. 1. There were a large room 24 by 3Q feet, and two smnller rooms ea.ch 

l.rw.s project was financed by grants from the N6.tional Research Council 
Committee on Selection and Training of Aircraft Pilots from funds provided by 
the Civil Aeronautics Administration. The fullest cooperation was obtained 
from the head of the Dep&rtment of Psychology and from the Dean of the Clrad­
w;.te College of the University of Iowa, ~d also from other University offic­
ials, including especially Mr. Elmer Lundquist, who supervised the Civilian 
Pilot Training Program. Professor E. F. Lindquist he-lped in designing the 
experiments. l:lal.f-time rese&rch s.ssiste.nts who worked on the project for 
varying lengths of time were: Douglas E, Vlheeler, Earl D. Shubert, Morris 
w. Loving, «nd V.illiclll M. t.«cPhee. Part-time service of gre11t wl.ue was ren­
dered by Mr. Pc.ul E. Griffith and 'h·. J. G. Sentinella, electrical technician 
c.nd instr\llllent ~er, respectively, in the Dep&rtment of Psychology of the 
University. 

2This work is reported in: 

Stevens, s. s. The Effects of Noise und Vibrc.tion on Psychomotor Effi­
ciency. (Progress li.eport of Project II, March 31, 1941.) Wc.shington, D. C.1 
National !tesearch Council Co!lllllittee on Sound Control in Vehicles, 1941. 

Stevens, s. s. Report ,2.!!l I. 'l'he Effects of Noise on Psychomotor Eff1-
cie."lcy; II. Noise Reo.uction in Aircraft as Related to Colllll!uniootion, Annoy­
l>!lce and Aural Injury, (OSRD Report No. 274, Progress Report of Project II, 
December l, 1941,) Wi,shington, D. C.: Nationtl Research Council Collll!littee 
on Sound Control, 1941. 



·-·~:\~r~-.1::1~f~r 
abo'4ti\9 by 10 feet. The 
main testing room, while 
111g apparatus. 

lart;,e room ws.s quite rever';:ercmt Etn, ,_ ;::: ,·1 ·,-~. ~; t>, 

the Sr.lhller rooii.1.s contLined the contro:•~ ,..,nc._ J":.'., r,~ ... 

A photograph ts.ken frora one corner of the testing room is sho-;m in Fig. 2. 
The loud speakers a.re in the foregreund. The modified '.,!1..shbvrr1 apparatus is 
in the center, the light panel being cle1..rly shown. Beyond ~he M«shburn, L'1 
the co:rner, is the til.t apparatus, with a blindfolded subjec·s se~ted 1n the 
t.ypiei,l position and with an experimenter ready to make adjustmants. At the 
.ripit, a subject is shown seated in the shielded cage which w&s used in con­
nection with the recording of brain w1..ve~. The pneumograph 1..nd electrodes 
ueed to,secure breathing blld heut records are being worn by the subject on 
the Mashburn apparatus, but they 1..re difficult to detect. The coors leading 
to the control rooms may be seen in the end. 

Noise GenerEi.tor 

The equipment usea to produce simuli..ted airplane noise wus cor,1posed of a 
VEl.l"iable-frequency mul.tivibrator (a relaxation oscillator) and a random noise 
generator feeding through a single-tube mixing 6Jllplifier into a 50-watt power 
&111plifier and a Jensen two-wEi.y speaker system, Type B. A schematic diagram 
is shown in Fig • .). 

The multivibrator circuit was the f£>.miliar thyratronpentode arrangement 
so connected that the plate resistance of the pentode controlled the discharge 
time of a condenser connected across it. The rate of disch&rge could be varied 
by changing the grid bias on the pantode. A single stage buffer ampl.ifier w&s 
used to isolate the multivibrator from the rest of the noise-generating circuit. 

Random (•white•) noise voltage was obtained from a thyratron tube connected 
in series with a battery and output transformer. The characteristics of the 
circuit were such that there was no appreciable volt.6.~e belor- about 50 cycles. 

The two sigm.l-generat;f.ng units were connected in parallel &cross the grid 
of the mixing amplifier through suitable isolating networks. The mixing ampli­
fier connected directly into the first stf.ge of a Thordarson 50-watt power 
amplifier. 

The r6lldom noise spectrwn was rolled off on the high-frequency end to give 
needed chr.racteristics to the sound. The multivibrator wus typically adjusted 
to a frequency of about 55 cycles, at which point its output seemed slightly 
unst.6.ble &nd gt.Ve the f&1Diliar beating effect of multi-motor pl&lle noise, or 
something very similar to it. (The beating was due to interference between 
the fundbment&l component of the multivibrator and a 60-cycle component from 
the AC supply.) 

Control of the voltage from e&ch generating unit was attained by means of 
potentiometers pl£ced across the output or the r£:ndom-noise generator &nd &cross 
the input to the buffer ampl.ifier in the multivibrator circuit. ldjustment of 
the output power into the loud speaker system waij controlled with the !lll.Ster 
diEi.l on the 50-watt amplifier. 

The intensity level of the noise produced with the generating system was 
c , : measured with a General Radio SoU?d Level Meter, Type 759-A. The vuues obtained 

with this meter were checked against those secured with a more exactly calibrated 
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Floor plan of the main testing room (3) and control rooms 
land 2. A. loud speakers, B. Mashburn nrparatus, c. tilt 
perception apparatus, D. electrically shielded cage, E. 
audiometer, F. telephone booth, G. amplifiers for record­
ing EE&, H. Grass ink-writing oscillograph, J. polygraph, 
K. wave analyier, L. sound generator, M. noise meter, 
N. chronoscope, o. viewing window. 
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Fig. 2 

Photograph of one end of the main testing room. The 
speaker unit is in the foreground, the Mashburn apparatus 
in the center, the tilt apparatus in the far corner, and 
the shielded cage on the right. The vibration pickup 
is fastened to the boom directly above the head of the 
person sitting on the Mashburn apparatus. When the 
pickup 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 arrangement 
was to prevent vibration in the light panel. 
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Schematic diagram of 
airplane noise generator, 
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circuit. The spectrum of the noise was determined with a Generil futdio 
Wave Analyzer, Type 636-A, and· Wb.S made to c2nform in a general way to .the 
fre~uency characteristics of airplane noise.J 

The i1 .. shburn A ppga tus 

Two views of the modified ~!ashburn apparatus are shown in Figs. h and 5. 
The appsratus was basie&lly the Sbllle as th&t described in 1934 by Lt. Col. 
:.Jaallburn,4 the essential difference being in the way the platform wc,s sup­
ported. In the present instrument, the platform was mounted at the four C°',""" 
ners on heavy coil springs. This non-rigid construction made it possible to 
induce required amounts of vibration in the platform. 

Basically, the apparatus consisted of three double banks of smell pilot 
lights, and of s control stick and rudder bar. &.ch bank hs.d a row of 13 red 
stimulus lig,1ts lilld a corresponding row of 13 green response lights. Three­
we.y combinations of stimulus lightii v,ere flashed on autorootic"lly in random 
order, while the three rows of response lights were controlled separately by 
commuu.tors and brushes fssteneci on the stick and rudder bE,r and were lighted 
serially when the controls were moved. 

The three double banks of lights m.s.y be seen on the upright panel in 
Fig. 4, a~though the photograph does not show them as clearly as coulo be de­
sired. The response lights in the horizontal bli.llk (b.t the bottom) were con­
nected to the commuttitor on the rudder bar and lighted one after &nother, 
from left to right, as the rudder bar was pushed with the right foot. Ele­
vator i,.nd sileron controls were related to the response lights in the ver­
tical enci curved banks, respectively. 

\';hen a subject performed on the Mashburn apparr.tus, he wb.s presented with 
three randomly-chosen red lights, one in each of the three double banks. It 
was his task to manipulate the stick and rudder b&r until he got a green light 
opposite each of the three red lights. When this condition was attained, a 
stepping relay operated automatically to bring up a new combination of stimfus 
lights. The procedure continued until a total of 39 matches hr.d been ma<ie. 

3see pages 50 to 87, inclusive, of: 
Ber&nck, L. L. Materials anci Techniques for Sound Control in Aircr11ft, 

(Progress l:.epo.. t r;f Project I, l.!erch 31, 1941.) W&shington, D. C.: National. 
Research Council Committee on Sound Control in Vehicles, 1941. 

4i.!ashburn, N. C. Mashburn automatic serial action apparatus for detect­
ing flying aptitude, J. Avii:,t. ,~ed., 1934, 5, 155-160. 

5The original ~!ashburn apparatus provided for 40 matches in a series. It 
l'/as more convenient to use only 39 in the present set-up. A subject m~de 39 
metches. He could be asked to go through the same series of 111&.tches a second 
tir,e, or third time, or mi<ny times in a row. On the other lumd, he never he.d 
to go through eX&ctly the s&JI1e series twice; the apparatus w11s such that a dif­
ferent series of stiI:lulus light cowbinations could be used for successive runs. 
The =ount of learning of specific combinations wes negligible, a flict "hich 
mede it unnecessary to chant;e the 01·der of stimulus combinations. 



The recoi·d that v,us usually l'lanted of f'eri'ormr·.~ca on th, ii·•.;:;.;,';urn ~,,,.•:r 
z·e.tuis was a time score:. the total time t9.K m by tLe sul,ject to c~m,,l,st,r, It 

specified series of 39 consecutive matches. Howevsr, a more eJ.;;,borate record 
\\'e.s sometimes secur·ed Y.ith an ink-v,ritin,; JJ•JJ.yi;raph he.vin;; s,,"r<cn ,.riters, Sl.x 
of the writers wet·e simple signal magnets that ho.d been !llod.Hie,·. i'or th,3 pur­
pose;- the seventh "as w:1 ink-,,ritin,.; tambour. '.lha v.irin6 clrc1Ji t 011 the rnotii­
fied Mashburn was such that whenever a red sti!Dulus light Wt.(; co,Tectly ma~ched 
with a green reSJJonse light, a relay \\as clo:,ee1. 11\hen the I'E.la;r \\as cloe,ed, 
a corres~ndin6 ini; writer 1oas i.ctivated. There were three 5uch relays, indi­
vidually related to elevator, ailc;:-on, and ructder mar1iyulations. Tne three 
relays were connected in series und · .. ere inserted in one sict,i or the batter:, 
SU;.>ply to the solenoid on the ;;te,i,-,in6 relay, bhen ·the three rc;d stimulus 
lights for a .;iven match were simultaneously matched with ,;reen res]Jon;;e lights, 
the three relll.)"s were closed and their resyective inK v.rit0r,; v.e,re activated. 
At this ~ame time, :furthermore, current flm,ed throu6h the solenoid, and the 
solenoid drove the steppin6 relay one step ahead to bring u,:i the next· ;;timulus 
settin5• An ink 1·,riter was also connected in parallel with the solenoid so that 
an exact indication was given of the time of completinn of each match. Thus, 
the poly6raph record revealed to some extent how a subj£act coordinated his 
manipulations of the controls. 

A sample polyi;raph record is sho1m in Fig. 6, The three lines related 
to rudder, elevator, and aileron are designated, alon,; Td. th the line for the 
stepping relay. In addition, thore is a time line at the bottom of the re(!ord, 
the breathint. curve in the middle, and a record of heal't beat (EKG) at the top. 
The paper ran through the ,;olyi,;ra;Jh at a speed of one inch per ;.;ix seconds. 
Inasmuch i.s the speed v,u.s <,_Uite uniform, th" time .line was ot·dim,rily riot re­
quiI·ed, but it sometimes facilitated the measurement oi' h&ari; a.id bre:a.thing 
record.a. 

The polyi,rra;.>h record of Mashburn ;.>erform,mce was found ',o have a limitud 
usefulness mainly because it did not su,;yly enou5h information to revea.l tho 

- number and kind of errors made by a subject. But a satisl'o.ctory meusureoier-t 
of errors r,ould have re,.uireci the use of 39 inK 1~riters -- one connected in 
parallel v,ith each response light, 

Breathing and Heart hecordA 

The breathing and .heart recorCls v,ere taken uurln,; perfo,~mance ,m the 
Mashburn a;.>paratus. A pneumograph l',as placed on the subject :,.t a point on 
chest or upper abdomen where maximum deflection was obtained. A long tube 
led i'I'OID the pneumoi;ra;ih ( in the rnain testing room) to the poly '-'raph ( in 
control roolll l) v,hera it connected to an ink-i;riting tambour. 

For .c.KG, fu.t zinc electrodes about " by 3 inches v,ere fiI·~t cov,;red ,,i th 
EKG paste and wore then i'irmly fastened tr/ means of S;.>onge-rubbcr po.ds und a 
belt to points on the subject's chest which yielded maximum volta,;e, A stanuurd 
hi~-6ain low-frequency Wllplil'ier served to rai.se the volta,;e from the heW't 
to a value v,hich permitted the operation of a vacuum-tube-controlled relay. 
'i'his relay :..,erved to control the res;.>on:;e of one of the in.It r,ri tors on th,s 
poly6 rayh, 

The Vibrator Used ~ith the Mashburn Aooaratus 

A schematic diagram of the vibrator used with the Mashburn ayparatus is 
presented in Fig, 7. The vibrator consisted essentially of a motor-driven 
flyi,heel which was !lll.de eccentric through the attachment of a ;,eight to it, 
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Fig. 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 
details. The seat on the apparatus was adjustable for sub­
jects of different leg-length. 



Fig. 5 

View 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 coil springs. The 
box which housed the vibrator is beneath the platform toward 
the rear. 
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A sample polygraph record, .. 
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Fig. 7 

Schema.tic drawing of the vibrator used with the Mashburn 
apparatus. The counterbalanced flywheel (A) was mounted in 
ball bearings which were fastened to a heavy, iron base. 
The flywheel was made eccentric by a small weight (B} which 
was fastened firmly on a specified point on its periphery. 
The system was driven by a synchronous motor (C). Pulleys 
of different ratios provided for different speeds of rotat,.on 
of the flywheel, and thus for different frequencies of vibra­
tion. The vibrator proper was suspended at four corners to 
the platform, and was housed vdthin-a-box-with1n-a-box-wi thin­
a-box. At every revolution of the flywheel, the platform was 
given a sharp downward thrust. 

r 
', 



A flyv,i,eel, 1~.beJ.9d Pa in tho C'.iagr,,m. ,:as carefully counkrooJ.ru,ced as n 
means of avoidin,, spurious vibratory fn,quencies. The amount of vi,bration 
in the platform for a given n1ass ( v,Mght of platform aJ1d :;ubject) clcpc:1d$d 
U!)On the ;,eight of B, a small meto.l collar ;,hicli coulu be firmly attached _ .. 
a specifi0<1 ,>oint on the p,.riphery of the flywheel. 'J.'he 1'lywheel lleighed .30 
pounaa. The v,ei6ht of B coula be v.:.rleu. \\eights around ;.5 grwns v.ere typi­
cally used. A weight of t\,o or three grams 1,as sul'i'icient to iiroduce a 
faintly ;,erceived vibration. In c~ntrast, a ,,eight of SO i,r!lllls (about ~.5 
ounces) .,ave rhe to a. magnituae of vibz·ation which the avora.;e subject, seat-· 
ed in the usual ,iositiou on the ,ilatform, did not c..re to tolerate far more 
than a few seconds. 

The shaft of the flY'<>heel wus mouuted in ball beurin.,;s, tile beurin,;e 
bein,; attached to a heavy iron frame. The synchronous motor (l/8 h.p,; 
1800 r.p.m.) was also attached to the iron frwne. '!'he vibrator was com­
pletaly enclosed v.ithin a-box-witniu-a-box-within-a-box. It was not J.'astened 
ri.;idly to the vlatfarm of the "1ashburn; rat;h1;:r, l t hunt,; from the platform 
by f'aur strands of braiued cat ton rape 5/8 inch in diameter ( two ~ trands on 
each side of the ,ilatfarm about 1, iuche& apart; one strand at each of four 
earners oi' tlle vibrator L'1•ame). Once every revolution of the flywlleel (when· 
B v.as attached), the platform wi.s 6iveu a sharp tnrust do1mwurd, Becau~e the 
pli.tform w1<s mounted on coil s;,rin,,~, vibration v.as ~er, u.., in it, the fre­
quency of vibr.ttion depe!Ldine; Ul,IOn the rot..tional rate 01' the fly.heel. Th,e 
rate oi' rotation could be altei·ed by m"ans of pulleys attached to motor and 
flywheel. The most common.Ly u~ea rute ~as 1200 r,p,m, (20 cycles per second), 

The boxes enclasin6 the vibrator v.ere JDhde of 5/8 iuch ;Jlywood and ,.~re 
separ .. ted by 1-inch uir-i;avs. The outside box rested on the floor. (This ~-
box may be seen rastin[; on the floor beneatt. the seat in the 1Jhoto6raphs ill 
Fi,,<.:, 4 and 5.) '!'he inside boxes 1·estod 1a.t the bottom on small blacks of 
ozite. The rajJeS ;,hich suvpm·ted tho frame of the vibrator passed through 
small holes drilled in the to,is of the boxes. It is of some :interest to note 
that, ,,ith ri5id coupliug between ,;lutform ind vibrator i'rame, the ,.,latform 
appa1·ently acted r.s a :sow1d racliutor and emitted noise at an iutensity level 
of about 90 db. Yiith non-rigid cou,ilin.; and with the vibrator enclosed as 
indicated, thcre v.as a noise level from the vibrator oi' ,,_bout 4,J db - a 
level ,,hich vvaa bcarc; 'rJy a .;ubject ~cat,eci on the Mushburu us a •1av, hum,• I.he·· 
the synthetic airplane noi~"' v,as soundin.,, the nohe irom the vibrator ,.as 
completely l!L'.lSJ.ed - !ilia it v1as uuual:Ly com,,le tely mo,sked before the u,,ecial 
soundprooi'i.n,; devices ,.ere in~talled. It ~!mule be ,·emeombered, hov.ever, that 
an attem;:;t to balute the effects oi villrati,m 1'.rom tho;;e of t1oi~e rc~.ulred 
that vibr1<tion be .,rociucea v.i thout an a,-vreciuble amount of accompanying ncL;e. 

Measurement 01· Vibretion 

In the measureraent of magnitucie 01' vibrution, u~e v.ai, muue oi· a com,iari­
flOll technique. The circuit v,c.s one in Vihich a Brush fiezoelectric Vibr·ation 
Pickuv, ·ry.JJe DP-1, 1.as a,;ierated in series 1,ith a Genera! Radio Beat-:Fre-,uency 
01.1cillator, Type blJ-B, a.nu 111as fed into a v,;.cuum tube voltmeter. The vibra­
tion picku,i v,as calibrated in terms ai' valtt.6e output pc:r mil (O.OOlP) or 
displacement of the contact JJO:int. It m .. s un easy matter to make a reading 
on the vacuum tube valtmetor i'ar a s,;iecified ma,;nitude 01' vibration. 'lb.ill 
reaciln., w,.s .tr,en nu.tchee1 by adjustini; the .,;ain cliaJ. on the oscillator, The 
volta.,;e of the oacillator output unaer these circum:,tancee 'lliliS read on a 
microvalter, Thill va.1.ta;;e 1111,s taicen to be ec,uiv<i.lent to the output voltai;e 
of the viiJ,·atioo pickuii, and llu.S convert&-d iuto mils of displi.cement. The 
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• technique wo.s hii..>h.ly 1~elifJ.ble • 

'1'110 fre~uency cha:t'acter:isticH of We vibration :•;ere cf•~.· I-:-:-~ ; j -:;J1 E 
l.c6Ileral tladio Wave Analyzer, 'f:y,;,e 6Jo-A, th,3 output; r:f' th.a v: b.'.· , ... J.c-a p1c1.u11 
beinb fed ciirectly into tho analyzer. An analy,,is •,,:i.s c.,ui"1<-.y .. 1r,:;__ bemrns3 all 
of the com,)Ollents except the t'undnme:.tal ( the one v:hose frecyen -·o' correr,;o:11foc. 
to the rotational rate of' the .f.ly .. heel on tlie vibrc!.tc):c) 11crc· fo:o-:,1.se,1uential. 

One of the major ,;,rolilems v.us thut oi' ctete,rminin,.; the :,.,cou:'.lt (em,;,lituoe) 
_of vibratio~ actually ai'i'ectin,; a subject. A specii'ie<l hei;_;',t could be 
attached to the fly,.heeJ. of the viorc1tor. The result ·;,ould 1,e u measm·able 
and repeutable maguitua.e 01· vibratiun in the chair or on the ,,l,.;,tl'orm oI' the 
Mashburn apparatus. This amount of vibrution ~.us easily detc,rmiaect, and· 
it wus reasonably stable. llifi'iculties ,;_rose the moment a r.:1bjcc·~ .;otfot,a 
the chair, and the subject bec&me the object under;;oinl!, vib1·:,·tirm. l'li.th a. 
subject seated in t,;1e tyi,>ical. po~ition, it v,1..s ~till an ou:s;; tt.•,,k to CLekr­
mine the ·JJJ.a.,;ni tude or' vibr!i ti.on at acme s,-,ot on the cl1air oi· ,;,l,,:..foi·m. The 
f>l'Oblem ,,!ill one oi' deterilliliill,; the, mu,,nitucie of t.lrn vibraticn ,.,,tL11iJ..J.y a.J.fect­
ini; a particular ~ubjeet. 

When trained ,>ilote ,,ere as,cec. to pass ju'tlgment on the ""ibra·'.,fon (asKea, 
for example, to compure the vibration they expe,ricnced on th-; i,]s,shburn a,;~•ara­
tu11 with that 11hich they had encountered in l'light conditionG) 1, they 1.ould 
a6-ree falrly ;,ell on the frequency of' vibration but not. on m:,c:;n.i.1..uue, l t 
lxlcame cJ.ear that the perceived ma6'llitueia of vibration (i.n tLe »i·~tin,; pcai­
tion) depenued not 011.ly u,,on ,,hy~ical ma.,ni tuue of "ibration but, nJ.so, for 

__..- one important thine., upon the amount of flesh bet111s>ell thes ca ::cy-x ,,rd i,ho: seat 
of the pants. In other 11ords, subjec1B aiffered markwly in t,'.lG 1>JP,cr.mt of ui,­
holstery they carried '1.l"ound with them Dnu thus in their pc,r~optiotis of -..ri.­
bration in the sittin0 ,-,osi tion on the iv!ashb.irn. Furth0rmo1·,_,, li,e intc·r-­
reluted .t'actor·s oi' "rectness (or ~til'fne~s) of posture •md n. _,sc'.e t,,,wion 
( especial.1.y in tho back and n0cK) ,,ere of some i.m,-,ortance, 

Recourse was i'inw.ly made to the measurement of the amp!.it-L,ue of vibra,. 
tion on top oi' the subject• s skull. For this ty,;e of m<:asus·Amcnt, the v!,bra­
tion ;iicku;, ·v,as mounted on a boom, one end of which v,as hin,.,-,,d to a non­
vibratin.; structure ( to the li;;ht-,ianel of the Mashburn appcti·atus, l"or e.w.rnple), 
The boom with ,.,ickup attached (as used \,itil the Mashburn a,,p-1ro.tus) may ce seen 
in Fi.,, .:. 'liith a subject in JJOSition on the ~eut, the boom was lo· .. ered until 
the conw.ct .,oint 01· tho picll:Uf reLJteu firmly on his skull c,vei· the J21,ric;to­
occipi tal area. 'J.'he am;,li tude of vibration ,~as then detliirmiciea. '!'he ,,roceuure 
yielded reliable results for :any specified subject eo lone 2.s the subj ect 1 s 
posture was essentially constant and the subject retained e.1:-out the same amount 
(degree) of contact with the bacK of the seat. The chief d:.fficul ty v.:.s that 
durin6 performance on the Mashburn aJparatua, a subject did not retain ex~ctly 
the same .i;,osition und posture. lieverthele~s, measurements taken i'rom the top 
of a subject' a skull ~.ere 1·ound to ·oe the most meanin,;ful. A vibrution of 
from i'our to six mils on to,:i of the huad WuS typic&lly used. 



C,'ha Tilt Apparatus 

Two viaws 01· the tilt apparutus are shom in Fi1ts. 8 lilld 9. 'the appara­
tus oonsisttid basically o1' a ma.in ;,l1.,.t£orm, 5 feet squure, which v:as pivoted 
for tiltint; about a horizontcl. ID<is and whose angle of tilt was controlled 
with a hya:rnulio system; and or a small platf'orm, ;.; by 3 feet, which could 
be roti..ted omi 011 '1.hich were mounted. tt,e se1:o.t, ;the box which hou:.ed the vi­
b1·atoz•, amJ. the control stick. The main ;;latform could be ti.l.ted 1n only one 
;ilane { tlHt is, abo.it :.,. single me.is). ll.o,,evoiJr, because the am&JJ. plati"orin, 
al.on,; ;:ith th0 ce,.t .:i.nd cont.rel .3tick, could be rotated to Emy desired ,iosi­
ti;:;11, ,.;rovL,ion 1oas made for tilti.:.:1t, a subj act lon&i,tuc!J.nall/ (in the fon!U'd­
backr1,.;rd direction) or 19.teI•ally (sidewise) or sag!ttally, (In the eotual ex­
perilller,tal to;;ti;, the sagittal tlirect:lon was not u:.;ed.) 

fhe ,;hotcbr,:.phs in Fibs. B and 9 show the Bl!lail platform 1.tij1;c;ted for 
lm1c:j.tnctinc.l Ult, In b,n.i:I cu~e;;, the ag!)ar.;tus is shoim tilted (b!ecil:warct) 
5.5 c'.s;,;re0.,. r·:; v,:o., ,:,o:osible to til·I; thG mai!1 0Jlutfor.a (wi<:i v,h:.tevor wc.s on 
it) t ,s'(.m._;t, ,1 kt~l arc oi' ::Cu c<';,;reea -- 10 de,srees each way frOlll level, 
E..n~·~l(·.:.:> oi' <_.;::· ;ut·.;:r· :a~·-onituc.e cocl..i ha."'I'.:i! b~e;.1 obtained but t.:\i:~e not deemed 
.tJ.eC>L-':W7• ?:'LJ .. 8 shol 13;; i:.1 tho fors;;~rotm.d and w· the right, the dial and 
.1-10iv!.1 ~:l' t':J;;;c~1 t.c ... ·e u~od J.l:. roar .. d11.; ti:!l! ~iJJ.Cl of tilt. '[he dial "W~S con­
strc:: t,Ki 1,i ":.h e t::LviLlinb ca,.;in~, :11.c. it;, cd.vlsioris (5 minutes of t...rC 11,.;18.l't) 
~.erB •)robr.,:,J~r 3r.;ui.,.:::t/c.e "i..o utout one-fifth minute of arc. 1•:ea.L;in~s 1.ere 
u::.:.1::11 \y tt.l~c.L t·:i tt1.a i;.1eare/;)t division .. 

'th:, t;;-:1,•:s<Jltc S/Stvm ;,;.,,~ eoJJjlO~cd of two 11,ukr--tight bra.is cylindera, 
e,;;;:;l1 J inci::;;s :L--1 diri;iet'w!" 2..rid l!,) i11.ch~;, long (hi;~), !:L!lo ~t.:.~h 11,ith u. p.i..~ton 
t-:nci ... i.nt1,:;v:r.· :::·:)t:~ 'i!1~ cyli!>.dcr8 tit.:rn each :Jouilt.bd on a cast i:t'Oil bur.e; anti 
;.-.s s~- :·c:i:; in -::.(~€.' li....,urts, t::ie;r -.,,e:::e p~.ti.c~<:. in an lllJX'iuht ,vaoit,ion bent:':ath tl,o 
:.J.ain ,.J.~" c·n<o vii sith:z· .;;ic.i,c: ,"">:;: U10 a:d.s ot rot:::.tion, ·,,lth the U,P1>or 
~:zYL.i ,;f the.: ;:-!l\'ttiG:!" r·.:cts ,:J1·i.ss111.~; :,.,;,"~"''' tJJ.t.: _;.·l~tforru .t'rot1 L·elo·;\'.. le.ch 
cylin·J.er, "'- t, i tL: Oa:;e ~ h:.-1 an iru:,d:t ,.--::~~~-3 ,~s !1.ell il.S a drain ,1dpo. ~fhG 
i1r;:f,.c.1. bU,.~.t•lJ a~d. u. ,;;JJ-.""Oi;S:JJ:'a of ~:H,uut ;;-c, .,;otJnt.::.n .t:Dr ::.'-.1.u;...re iuch. ken int3'.la:.e 
.t1i,LJe 84'4 ~ ... cli c1.-.:2in ,.~l:·1;.· -, <ifl O.t•e:udi :r:.d. ;::].;:;:..cd with a.n (~lectrical.ly--opa1·atetl 
(~01.,.:-uoid) ,.-c..1v- .. ~. The :;.i::c.ul.t '1:-$ ~~-c:~ <:.n.:~t one cy.Lindsr ...:::r·tt.in1:;d .;hile the 
o'd·,,;,:. r.a,:, f.ili;;,,i, :i:bis Cl.'c&ii,; of cour-,c, i,h,ct inta.lte y;,,lve .;,f 0118 
~yl.i!',t..vr Etnli th::.: i:,ir2.!.1• vn . .'.. t·e oi t}.:~ c;. ti:u:r v:e:t:'€: co:.".inoctea.- in _psro.llel. The 
:n,tt~ .. ; oi" ~L~J.l:iJ;. __ :.,:10. ci1:~1i.i.,i:1,_: 1;,e-1.:e ~:_;C .. ,d tv Cs \3.jSentiaLly the ~araer the 
.;.•t1;,u:~ t u..:...L~u :.J:·::.t t.: .. v :_ 1l:t~·.f',J!'ni t,t::: ;,.2_·.,;::,y:-; 1.u.1..:.t:r th<: it1!.luer3:.:o of the i'o:cces 
~1~0~~ ... _-..,,.,ed b ... : t: 1t1 .:.~ .. :":.1::·c.,:..~J.c ;:,y':tc:-1 .. 

'i!: ~-! i-J~.:.·, _:r-;:;. ·~·,;.:S ;.. j l :;·: ;, t.1,;.:,:~'),.J V .L,;:::.· ~ _i]L:., t:iT~Ct clicki:16 .:,,Jw:..o.p \,!.1ich 
a<.~V~ G::. ·t:it, o~_,:.:;.-.~1-=, an,:~ c:t-.)s;:nt..'. .:l :..::;; V!:i-11.fs:·r~. The.;e .uolu\-:1,s appro·· li•i".]~r 
!-::.t:.I':~ ,.0 L- 1.:.1;..~~1J1~ ( 1l"l ·uhu ;:...r"';::,Cfi-.::,:.~..; '1i.1 

,,. ~.:..:i"'...:,Jcct Qt!. the al.;,p£:.ra:t.n.a. • 

.. .J .... :Jr .. ;.:,, >;.:> _ .. ,J ~;-, ,, 

t.,"".' l).'.) t~.: (, ,,:. ,::., 
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', ,- ' :'. • ~· ~ .1 ';_, .; : _;,' 
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4
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ei1[;t:I:1l.e., 1:l.i.en lateral tilt r:&s bei.:.1i::; u:..:ecl., +...he 1)1.atform be.gcr t 1.1.t.i~1g t.o 't!:o 
.,,,,.,j,,~t.•s left i.f he moved the stic"' to the left; to the ri: .. :,t if he movea 
c;,~ , b.ck to the right. The JJlatform re1:u,.inoc.! stationury sc lo:'lc. us tho s·ciek 
--.,,;, in tbe normal (neut1•a]_) position. ?or lo.>1,;i.tud.inal tilt, a forward motion 
of the btick initiated for;.o.rd til tin_; of the platform, v1hil,, a oackwarrl motion 
initiatea backward tiltin,;. The circuit r.as automuticr,.l,ly broken, and the plai; 
f'orm stop.,:,ed movin,;, when the angle of tilt reachea 10 ae.,reus 5.n either c,:lrec­
tion, 

· llecause of some interuction between th-, two arain .,ipes as well as between 
the two intake .,iiJJeS and w.so because of ra11dom fluctuations in the u>ater pres­
aure from the Univorsity main, the ru.te of tilt \o'US not conc,tan+,. llm.evc,r, it 
wus sufficieutly uniform to meet ex~erimental rsquirements. The ucual rate 
was a little slov,er thb!I 1 dei,:ree ,,.,r cecond, Variations ov,,r a fairly \1ide 
re.n,:,e could be introduced for exploratory ,,iurposcs. The lack of uniformity 
in rate had the &.ovanta6e of rulin.; out the u~e of tem.,oral. cues by the sub­
jects, 

As may be seen in eithc,r Fi.,.. S or Fie;, 9, the subject ,;at on a sort of 
box, An orc,iru.ry heavy cnair llottom fomied the top oi' the box which housed 
the vibrator used with this ~et-up. The vibrator w:;.s similar to the one used 
with the Mashburn apparatus, and yet there was this difference: instead of 
having flyv.heel and motor mounted separ:..tely and connec\...,d by belt., it had a 
counterbalanced flywheel fastened directly on the shaft of a synchronous motor 
(1500 r,p.m,). The m~tor v,as rl.gidly attached to a frame v.eigh:L'l.6 about 15 
pounds. The frame waa suspended, inside the box, by four lengt!1S of braided 
rope (sash cord) which were fa:.tened to the underslde of 1,lw sr,at. '!he count:·r­
balancoo. flywheel could be mac.le eccentric through t.he attach":rnt of a r,ej_ght 
at a point on its peri.,:,hery, '!he ma,;nitucte of the · .. ei6ht tioterr1ined. thc,, 
amplitude of the vibration in the ~eat, The noise from the ·;·ib::ator v:@.J v:lr-­
tually inaudible to the subject; anu the vibration in the """t (,ma box) w~9 

isolated from the small platform and control stick by means of four ~ta.clcs of 
rubber washers, the non-rigid couplini; of box to s:na.11 ,>lati'orm heir,:; t1ith four 
snugly tightened strands of rope which vassed througl1 the wu;,her;;. 'lhe fre­
quency of vibration (:.C5 cycles pe,r second) ,;,as i'ixect by the notor :.,>eed. 

Those bein,; tested on the tilt llflp&rutus could be subjected to desired 
levels or the s;ynthetic airplane noi~e. 'i'he i11tenoity of the noi,,e t.i;_s det<>r­
mined in the usual manner, 1,he mic1·ophone of the noise meter tein6 ,9laced ne,.!.I' 
the ,iosition oCCUJJied b-J the subj ect1 11 he:act, 

The wnount oi' vLiration a subject underwent on this tilt a.,,iaratus \LS 

measured in terms of mils of disJJlacement at the toJ.J of his aku.U. :!'he vibra­
tion ,iickuJJ was mountea on u wooden boom which 1,as hin6 ed at one end. of a non­
vibr .. ting structure. 'l'he boom ;,as lo~.ered until the contact ,,ioiut or the 
picku.J ref)ted firml.7 u.;ainst the to,i of the skull; whereu,,0!1 the measurement 
was mude. 'l'he ll.nitations oi' th1o technique have already been stateti, 

An attempt Y<as made to construct equip,nent Y<ith v,hich 
instead of beint; blindfolded l'<hile they viore tested, could 
a special visual field which sometimes 11ould and sometimes 
with the ~latform -- a kind of •crazy house• arrangement, 

tne subjects, 
be pre~onted with 
would not rotate 
It v.us thought 
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Fig. 9 

A second view of the tilt apparatus. The small platf, ~mis 
adjusted for longitudinal tilt. This '\d.ew shows the two 
upright cylinders of the hydraulic system quite clearly, 
together with the water pipes and solenoid valves. 



Fig. 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 irltroductd.on o.t' anoroaJ ous cues lllight impair perception of upri{;ht­
ness. Unfortunately, a satisfactory method of controlling the visual field 
couJ.d not be aeveloped. · 

Bra;tn l'iaves 

The equipment . .:'or securing brain waves (EEG) consisted of a hilib-e:ain 
low-froc,_uency amplifier which fed into a Grass ink-,,riting oscUloi;ra;m. 'i'he 
electrode13 r,ere smalJ. lead discs and .. ere attached in the usual manner. 'lhe 
subJeet sat comfortahl.:; in an electrically-shielo.ed cage which wu placed in 
one co1"!ler oi' the main testil!g room. (See Fi,t. 10.) The 11ll!;)lifyin;,: equip­
ment and the oscillo~aph "kere located in control. room:;. where, as checks re­
vealed, they were not aisturbed by noise levels 1rl the main testing room up 
to 115 db. 

A si,.tisfactory method of recordin6 brain waves while t,"e subject was 
beill.., vibr,ated could not be worksid out. The difficulty arose because 0£ the 
,;trooG electric!il field induced by t.'1e motor needed £or producinj vibration, 
It seeme.d 1mnacessarily complicated to devise a means of conuucting vibl'ation 
to the subject 1'rom a vibrator ,;,Laced at a distance. 

The ex;ieriI,;ental procedure v,as to secure brain wave records !'rOlll subjects 
before and after stimulation by given levels and uurations of uoise and o: 
vibration. Headin,,;s ~,e1·e macie of the fre<;uenc,v of the aJ.pha rhythm. Also, 
a oareful watch was made for 6ross qualitative changes in the waves before and 
af~er stimulation. 

Audiometric Testa 

Fit;. ll gives a schema.tic diagram .:1 the circuit used to secure in!'ol'Dlation 
on hearing losses resultin6 from ;,rolon,;ed :;tiJilulation by hi,ib levels of air­
plane notse. '£he output of an o:,cillator (G. R,, Type 613-B) fed throu.ih two 
attenuators (G. R., TyJ?e ;;49-H and G, Ji,, Type .¾9-J) into Brush crystal 
phones. A vhoto~Taph of the oscillutor, the attenuators, and the voltmeter is 
shown in Fig, 12. It mi.;ht be said that a \'lestern Electric 2-A Audiometer was 
available for the measurements. Thi:i standard instrument 11a11 not ui;ed, however, 
because o!' its fixed frequencies ana relatively gross calibration. The special 
circuit, aside i'rom providing for any desired £re4.uency, had the advanta.:;e 
o!' bein,; calibrated in i:.teps of' one-half decibel. 

The subject sat in a tel.e;mone booth which v.a.s located in control room 2. 
Threshold data, i'or either monaural or binaural conditions of lii:,tenin6 , could 
be saoui·ect btifore Md at ..;,,ecified intervltla after the subjects h.,.d been bom­
baraed by noise at ;;iven inteHsH,y L,vels, for given lengths o!' time, 
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Performance on the Ma.shb1m1..kc1""'~-

The main par-ose of the experiments- •-;i th 'l;he Mnsht .,n ap;,.~r'!l.tus ,vas, 
of course, to determine whether or not perfonnance was a.fee:: :o t •. , any 
measurable extent by ·~ither noise or vii:>ration or bf the two in combination, 
Six experimental. conditions 111ere useo, i,s follo,~s: 

A Silence 
B Noi~e - 85 db 

Noille - llO db 
D Vibration - 4 to 6 mile 
E Noise - 85 db; vibration - 4 to 6 mils 
F Noise - llO db; vibration - 4 to 6 mils 

The design was such as to ;iermit an evaluation of the interaction effects 
(if any) of noise and vibration. 

In the first experiments, conducted mainly during June and July, 1941, 
three different groups or subjects ~ere run on the Mashburn apparatus. In 
all, there were 80 subjects in the three groups. The subjects within each 
group were assigned randomly to the six ex,ierimental conctiticns. 'l'he first 
t,TOU;J was composed oi' ..:4 male students from a class in beg:i.mlin,t psychology. 
They volunteered to serve. 'i'he second ,;roup consisted of 39 student pilots 
who ~era enrolled in c;P.T. courses at the University. All of them had co~­
pleted, or v.ere close to completin0;, the i->rimary c.our:;e, and all ,csre in 
trainin,; at the time. The third grou,> (N = 17) was made up cf .S.jlplicants for 
the summer {1941) C.P.T, primary course, The plan had been t.o huve at leat>t 
bO a;>p.licants in this thirci group, but the number 1,as reduceo. to 17 by, a sharp 
and unexpected reduction 1D the number of men applyin6• A.U available appli­
cants were te~ted. 

Each or the 80 subjects was ~iven five tr1als on the lfoshburn. A trial. 
consisted of ma.king 39 consecutive three-way matchin.;s of 6rcen and red li,;hts. 
The pre-trial procedures ,,ere about as follows. A subject, £cfter being seated 
in the chair, v,as instructed on the general nature of the task he was to 
perform. He v,as told thi,t a l'ed stimulus li.;ht would a,-,peur some place in 
each of the three banks of li,;hts; that it was his joh to match these thre3 
red lights with green response li6hts by movin.; the :;tick and rudder bar in 
appropriate liirections; . and that a new combination of stilnu:.us li,shts would 
a;>pcar aa soon as the three-way matching had been attained. He was to con­
tinue, striving always for .;reater speed end accuracy, until all oi' the li.,hts 
went off--i'or a total of 39 matches. '!'he instruction period usually li,sted 
from three to four minutes. An eJ.'fort waa mac.e to .;et the subjJect relaxed 
and-at ease. When the experimenter v.as certain thut the subject understood 
the task, he turned on the green response lii,)lts (but not th~ red libhts), 
and for a period of ~ minute allor,ed the subject to move the controls freely 
and observe how the green lights cwne on one attar Wlother in e1iCh row us the 
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Fig. 12 

Photograph of the audiometer. 



contX'ols r.•ere' move<!, i,t tho end of this one-minute interval, the subject 
v1E.,; told to e;et ready for the first trial, ~:hich ~ould begin imm"uit.tely. 
It .;;,101.1la be nottti th<- t th<J i:;u\Jje,c t be~ from t i.iori. tc.h' - th& t is, he We• 
biven no acti.&l ;,ri..otice in mhtchin0 t.he red r.ith the green ll~hts. The 
only thin;, tm. t ap;,ro1'.che<l pructice w ... s his lllc111Jula tion of the controls 
while the s;reen li,;;hts were turned on. 

J.s i..lreaciy indic .. teci, eLch suLjeot 1111..s 0iven fin trials. As a u-1, 
thin.,, tn .. re vr;;.s .. short rest interv...l of one minute between con.;eoutive · 
trio.ls. 1'he 11ubject renu.ined in the set.t but was told to re.la:,:. Occasionally, . 
there b£J.U to b" i;ome tWl.ount of devihtion from the one-minute intervo.l between · 
tria.la, to i,llow for adjustments of tile up,;ari,.tus (including the pneumogri,ph 
t.nci the electrodes for EKG). However, any 1U,.l'ked deviation in scheduled time 
lbu to thb ciisc&rding of the recor~s of the involvco subject. 

Time scores for the five trials of e.-ch of the 80 subjects in the three 
t)'oupe b.re presented in T.t>bles I, II, i.nd III, lll!, ae9t1;,s ure given ig minutes, 
Tnc results for the first group (labeled Non-Pilots) ere in Table I, In this 
t!i.ble, as well hS in ~he other two, the first column gives subjeet-nUJllber; the 
seconci col1ll!lll, the experimental condition; and the NIIU:lining five col1ll!llls, the 
sco:rea. All an example: subject l, a .Non-Pilot, performed under oonditi<>n F , 
(Noise - 110 db; vibrlltion - 4 to 6 mils). His score for trial l was 6 • .!8 min­
utes; for trial 2, 5.07 minutes; and so on. Tables II and III are easi'l_y inter­
preted, Table II being fo:r student pilots in training (labeled Trainees) lllld · 
T!i.ble III for applicants for training (labeled Applicants). Mean time scores 
for each trial are given at the bottom of the columns. 

A graph based on the five rueLn sco:res for each of the three groups is 
shown in Figure 1.3. In the figUI·e, time in minutes is represented £clang the 
ordiru;te tsnd trie.ls along the abscissa. It is obvious, from the three cu:rvea, 
that the treinEJes c.nd appJ.icU1ts were about equally proJ':c.t~nt in perfonnf&Zlee 
on ~he !'.wshburn apparatus and toot both of these groups r.ere superior to the· 
non-pilot group. Jl.ppli=tion of Fisher's t-test '3howeti tlui.t 11.l.l the cilffer­
ences between trainee &mi .:.pplicwit ooons lacked statistical sil,;111.fie&lee, 
but tMt all of the differences between trainee and non-pilot me~ns, and also 
between applicant &nct non-pilot me.:.ns, were sit,nificet at better tlulJ:i. the 1% 
level of confidence. 

r.aen t!l.e non-pilot 1,Toup wes seen to be so clearly inferior in Mashburn 
performance to the trE.inee f.llct eppllc1,nt groups, the thought was that the 
difference should be .. ttributed p:dm::ipally to differences in motiv-&tion. 
TrAinees es well es eppllc&nts were :reGuired to tcl!:e the tests by the local. 
C,.P,T. coordinator, i,no they were given to uncterstamd th8t their performance 
would be taken into account in deterraining their futllt'e status in the t::ain­
in& program. As t. consequence, with one or two e.xceptiollll they seemed to be 
tryini; hard·to do their best. The member., of the non-pilot group were not 
indifferent, but it seemed possible :t1gt they were less well motivated than 
either the 1:1pplic&nts or the trb.inees, . 

6:!.iis explanation in terms of motivation hns since been discarded as 
being 1.mlikely. In experiments not to be sUllllllE.l'ized in this report, moti­
v~tional concitions for l.lllselectea university men stuaents who volunteered 
to te.ke the test13 were such that they g;..ve indic .. tion o:f' tryin,.: aa hard es 
the trainees and applielints. And yet, the non-pilots as a group were still 
found to be mt.rkedly inferior in ;!ashbu:rn perf'ormanee to appli~nta i;_nd train­
ees. T'ne C.P,T. program appurently aerves as a selective f~ctor, attracting 
those young men, for the m:ist part, who lu:ve better than average ability to 
;.,erfol'm on the iJashburn .. p,Ja.retus. 
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Anal,Ysi11 2! Variance. To evaluate the ef."ects o.f noise c.nd vibr!ition 
on pe.rfol'!llallce on the Mashburn apparatus, analysis of variance techniques 
were employed.7 The original plan h&d been to combine the three groups 
(trainees, applicants Wld non-pilots) so as ~o hieve from 12 to 15 su,,jects 
in each of the six experimental conditions. !:!o-rever, combining the 6roups 
seeued inexpedient not only because the lllean scores for non-pi.lots on the 
five trials were signif'icantly lar"'er tlu-..n tl10se far trainees .,nd applic,mts, 
but b.lso beotiuse there was only one of the 17 &pplic,,nts who, by cbb!lce tcssi.;n­
.111ent, ~o. serve.ti in Condition F.8 It Wes d&cic.ed, therefore, ta make the 
~sis on the i-e..ul.ts for the trainees only. There 111ere .39 subjects in the 
triunee group. Three of them (Nos. ~, .30, and 50) were eliminated by nndom 
selection, let.viz:lg a total of .36 subjects - six in each of the six experi­
mental. conditions. The scores for tae five trials were treatco separately. 
The tathl variance of the scores for each trial w&s analyzed into conditions 
v~ii..nce Lnu. within groµg§ variance. The hypothesis to b<= tested v;as t™'t 
t,1e:11e v.ere no differences among conditions means wh.i.ch could not be b.ttri­
buted to So!llpling. The bypothesis was eV&.luated by &ppiyin6 the F-test, F 
being tek.en t:1.s the ratio of the conditions to the within groups vi,rfa,nce. 

For purposes of illustration, the scores involved in the analysis for 
trial l are presented in Table IV, elon:; vii th e sullW!&ry of t.h" resul ta. The 
subject-numbers &nd scores for the six conditions are arrani;ed in the columns. 
Totals and means for conditions are ~iven et the bottom af the columns. The 
grand mean was 6.l;fb. J..11 r.ill be seen at the bottom af the table, the conditions 
varil:.nce was 0.1'166, while the r:ithin ,.roups VEiriance Wll.B 1.4,,52. The F-value 
was 0.124, and provided no basis for rejecting the hypot~esis thli.t there v.ere 
no differences among conditions :aeans .:hich could not be attributed to rr,ndom 
s&mpling. It is clell.I' that the performance of these subjects on trial. l was 
not•affected to any measurable extent by either noise or vibration or by the 
two in combination. A difference of ebout 1.90 between any pbir of me!lns would 
h~ve been required.to give·a t-vuJ.ue that was si~nificant at the 1% level of 
confidence. Actually, there v:ere no ci.ifferences between meU1s greater than 0.4. 
Bec1.;ust the ·F-test f1.iled to reveal a significE,nt differ,mce bett;een the ·var­
iances, the use of the t-test was, of course, mBde unnecessary. Also because 
the F-value lacked signific .. nce, an analysis of tne to·u.l variance into t:nree 
components would have been superfluous, 

The results of the application of =lysis of variance techniques to the 
scores for tlie otner four tril.ls E..re pr.,sented in Tables V, VI, VII, 6.lld VIII. 
Only conditions m81llls, grb.D.d mean, snd the p•incipal 1•ee;ults of the analysis 
are ~iven in each table. As will be se&n, ..U of the F-v~lues w~re far from 
being significant. The obvious conclusion i;;, tm.t noise uid •ribi-ation had no 
measurable effect on the time scores !lib.de by the tl"ainees on the five trial.a 
on the Mashburn apparatus. 

7T.o.e statistical procedures employed in this report are described more 
fully inl 

Lindquist, E. F. Statistical Analysis in Educational Research. Boston, 
Haughton !Uffiin, 1940. 

8Ae indicated above, the plans for this group had called for an N of 60. 
Only one of the first 17 subjects was assi~ed to Condition F. 
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. . :~,~--. .:~-~~]}. ~\2~',.';J!. .:~L ~:1~\!-;~ Pc!~for •~o The ink-n-rit .. i.W:'l pol.yi:)'apht 
in uticlt:Lun ~o X'c-ccrciing EKG ;.no Lre-.tni.n& ;;1c.tterns, provided & record o.!' 
th" ti::ie t"'l,en for e&ch of the 39 inc:.ivid ,al itatchea in eny triel, .1.nd it uao 
guve gener&l infor~tion on tlls temporal ,;e..,_uence of the movements of the 
three controls (aileron, elev<itor, ,;nd r idi dr) tlu.t eu;.ch ,;ubject useci. How­
ever, mem!lurements obtained .from tile r, -1rc s served no useful ,ou:rpoae in inter­
pl.'et.irl.i, 1411..illburn per:f'or;i;er,ce. It was ·.1ot p ·ssible to get from them a su.te-

.1 ment of errors which was i...t all ede,:;P it,,. :·or this re&son, the polygraph 
records were used only &.s a ell.eek c,: 11ross ·.-ilne scores, except, of course, 
v.bere they were ralated to EKG a.no brnathir- ;. 

I Cgrrel.Ation Coefficients. Jf iJJ~iaental interest were some Pe&rson 
product10J11ent con-elation co,,it'icie:1 ~a obt&.ined by correlating Ille ihburn 
scores oo trials l and 2 M.d also thJ.:.;e on trhls l wi<l 5 for the whole group 
of 80 subjects. The correl:..i.ion for scores an trihJ.s l 6.lld 2 was .824, and 

1for scores on tri&ls land 5 it was ,307. For an N of' 80, these r•s were 
jbighly aignificant. A correlation o·' the ~cores for applicantB imd trainees 
\ alone yielded an r of' • TJ') for trials 1 and 2, and an r of • 720 for trials 
:1 Md 5. The lower coefficients can be thought of as resulting largely from 
jthe increase in tile homogeneity of the population which Cllllle with the exclu­
\sion of the scores for the non-pilots. 
: 
[ The r for scores on tri&ls land 2 wss the nearest thing available to 
ill reliability coefficient for Mashburn scores; and, of course, it was in no 
[true sense a measure of the reliability of scores on either of ~he trials 
ronsidered sepll.l'ately. 

[ Heart Rate 

* 
During c1ll of the time they were perforr.-.5.ng on the Mashburn i;pparatus, 

he subjects in the pilot and c.ppJ.icant groups wore electrodes for recording 
G. The electrodes were m<.de of flat o.ieces of zinc about 2 x 3 inches. 
ter being covered vrith Er..G paste, they were held firmly in pl&ce by sponge 

:itubber pads !-,lld a flexible belt. They r:e,·e loc&ted on t:ie subject• i:; chest at 
point:; which yielded 1~l volt.;,,6e. A typical rc;cord of heart beat is 
~hown in the top line of Fi.,"lll'e 6. 

I Greet difficulty r:as enc01.l..'!te1·:eci at first ln ;;ettin5 the EKG equipment 

! work properly. The chief tronble s.:eme,1 t0 be ln 'findi1:g a method to 
ield tili, subject and the elect.rcues fro:n the electrical field cet up around 

, e 1'1!,sb.burn !.p:()aratus ,:henevar th" vibrator -;,as opet·i.tir,g. Dif!'ieulty waii 

i 
Ii minimum durin.i; the experiLental conra.tione which clid not call for vibra­

on (Condi tiona A, B, wid G); but even iiere, the first records were ott.,,n 
satisfactory. For this renson, of ths 56 EKG record~ for trainteS and 
pliC«llts, only 35 were suitable for mcr,sure~eut, lald of t:1ese 35, several 
re incomplete in part. 

I 

I :!:able IX gives heart-rate vi,lues for each oi' 35 subjects during Mi!,.ehburn 
tz!ials l ruid 5. The first column i,ho-,,s subject-numbers (numbers which corres­
p~d. exactly to those for subjects in T&.ble.s II ,;nd III) while the he1.rt ri:tes 
arje given in the third end foul.'th columns. The values are in terms of beats 

gusrter minutf. E&ch value is t.n sverage of at least ten, and in some 
es of as many as twenty, indivitluul measurement~. The v-~lues may, there­
e, be regarded as fairly stable. 

] An&lzs1s 21. Variance. Ana.lysis of variance techniques were applied to 
th results of 30 of the 35 subjects. There were only five mea.sura):)le 

' . i 



records for Condition D, so the ana:.ysis was carrled out .ir, r;•.:;;, 0 ; d' i'h _ 
subjects in eE>ch of the' s:i.Jc' conditi,ins. Where thereo r,erz me-rec L,f.ln five :•!lb-• 
jecte for a condition, five. {'ere ch ,sen fro!ll the nwr;ber E..VEd.1£-.ble by 1:1e&n1, of 
random selection. The oat.a for sub, ects 31, 43, 49, 54, &nd t3 ,·,ere eliminated. 

The results of the analysis for tria:.. 1 are given in Table X, and those 
for tri6l 5 in Ti,ble XI. In neithe~· case coulC: ti1e F-value be regarded as 
significsnt. T'nerefore, differences betwe·en conditions means lacked signifi­
csnce; and it lllELY be concluded thi.t, at le,,st during trials 1 !lild 5, noise -
and vibration had no measurable effects on heart beat. 

The gr&nd me&n for trial. 1 was :C,3 ,658, while that for tri.al 5 was 21 998. 
The difference was 1.660 (or 6,640 bei.ts pe!.' minute), The application of 
Fisher's t-test showed that this difference was significant at the 1% level 
of confidence. Apparently, the subjects became less excited and more relaxed 
as time went on, with the result that heart beat was slower during the last 
Mashburn trial than during the first one. But the deceleration was seemingly 
independent of the experimental conditions. . . _ 

• • ' ) - -, • ' I ' ,, I ~ '/ ', [.:.'....::' 'J •\,t., ,:, j_} \ .. . : :: ... '::'°_•.I 

Correlation~ betwg Heart: l!ate and cMa~bu:rn~PerfbriblUl'c\. ·correia'ti~frs' c,~ 

were run between ;IJHrt. i:-~t.11 ::flnfi'. Mashburn i:,erfo:tiliiiA~e: fui>' ea'cl:l b:f'- it.he tvro: tr!hl.~~ 
The correlation for trial.· 1. wa111 .369; t.nd for ,tt'ial 5, · .ll2. ' '51\'ith: a.ri ·tf of' 35~ · • 
the r for trial 5 lacks signif.iCE,.nce, while tha.'t.· for trla1 1 iii ·significant · 
at about the 5% level. · 

Breathing 

During performance on the Mashburn apparatus, ~he trainees and applicants 
wore a special pneumograph that was adjusted on the chest or.upper abdomen so 
as to give & suitabl.e denection of the ink-writing tambour which traced the 
breathing curve on the polygraph record. A representi.tive curve is shown in 
Figure 6. Measurements were ·made of the .breathing rate of the trainees during 
trials 4 blld 5 of Mashburn performance. Aversge value.,;, in terms of number 
of respiratory movements per minute, are given in Table XII. The averages 
are each b&sed upon six separate measurements, 

Analysis ,.2!: Varian,,.,. Analysis of variance techniques ,mre ~pplied in 
order to determine whether the breathing rates of trainees were affected by 
noise and vibration. The average r&tea of 36 subjects were analyzed, those 
for subjects 29, 31, and 59 being eliminated by chance selection. The results 
are presented in Table XIII. As indicated~ the F-val.ua was 2.79.3. This value, 
for 5 &nd 30 degrees of freedom, was significant at almost the 2% level of con­
fidence. The standard error of the means was computed from the ,-ithin groups 
variance to be 1.3979--a value which yielded an estimated su.ndard error of 
differences between means of 1,9710, Applice+•~n of the t-test showed that 
the differences between means Band A, Band c, F and A, Md F :;.nd C were all 
significant at the 2% level or better, y;hile the difference between l!leans-'Ei 
and D was 'significant at abqut the . .3% level. :.All other '.di1'fer.imces ga'l/e''~ '. 
values wh.ich !'ell below the. 5% )Y"int. 

~Clise and vibration app~ar to have had an accelerative effect on rate,' 
of breathing, al.though the results are somewru::t paradoxical. Fqr some ree.soo, -_ - . _ 
that is not clear, the mean fur condition C (noise· - 110 ob}' vra~ · th~~ sam~ ~~·- . . ' 
the mean for A (quiet), even though the mean for B (noise -: ~5 il"?Y WS;s ,s,t~,. · s ~, , 
nificentl.y greater (1% level) than the mean for A. It_ is tti,Hrly1.ill:6iy that -

' . 
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noise would accelerate b1·ea1.hin;; u., to "' certain intewsity l!YV'el aml 1.nen 
cease to have an accelerative ei'fect. The uifi'erences mui,t all be iI1-r.c,r-
preted ~ith .;rc,u.-r. caution, The r·esults of a t-tcist are never concJ.u,;ive, 
es,iiscial.cy r'or mea..'l:s ba.;eu on small .sami,1les; anci. 'the F-value (4,i, level) v.as 
not lar.;;e enau6h in this case to .l.caa to sati.;i'actory confidence in the 
existence of true differences amon,; conditions means. 

Regularit~ of breathing, It ~as obvious from the .1,1olyGI"aph records of 
breathin.; that i,ome of the subj0cts bz·eathed smoothly ana regularly through­
out their performance on the Mashburn appai·atu:; whi.le other subjects v.ere 
very irre;,,ula.r 1lll.d erratic in breathin5 • As 11ould be ex.1,1ecteu, many of them 
sho~ed about an av~ra~e a.mount of re6ularity, 

No satisfactory ,·.ay of <;uantifyin,; regularity in terms of exuct measure­
ment could be l',orKed out,. It 1·;us ciecieled, therefore, to have the breathing 
patterns of th~ tra.ineea 1·anked by e1..ch of several observers, and to take 
the avcr·a~e ram: ;;s lill index ol' amount of re1,ularity. To facilitate the raruc­
inbs, six re,.;re~entative samples of ·Lhe breathin.; pi;.ttii!rn of each ol" J;. train•­
ees were cut from the iioly.;raiih reco:t·C!s anci .1,1asted on white caros oi' uniform 
size. &.ch zanple covered a time illt.erval of JO seconc.s, Because of low 
&1;>lituue, the iiatterns of subjects ;.9, JO, 31, 39, ,;1, 46, and 48 couldn't 
be re.nh:Gd alan,s Vii th the others. 'r,;ll/i 

The carus fo1· oh" vv.rioue subjects coulo be shu.t'flcci easily by the five 
obt.ervers, 1.mci urre.n.;ed in ap,-iropriate order. The observers 1,ere instructed 
to study carefully aJ.1 of' the samples on each card and to lllake the rarur.ings 
in t&rms of all of them. Th.i cu1·us ,·.iere to be ;ilaced in ra.nk-onier from the 
one having the most regulur bronthing patt.irn to the one having the most 
irreeular a.'ld erratic pattern, In their evuluation oi' regularity, the ob­
servers v.~re to.l.d to consioer both the frequency ano. the mabnituele of the 
respiratory chM;ses, 

Th.ire was i'~irly .;ood i;.,.;reement among the 1'ive sets al' rarucinLS• Rw.lk.­
difi\,rence coaelation t•,chni<,.ues v,ere em1:iloyeci. to 6 et au indicntion of the 
reliability of the ranld.n.;s. The inter-ob3ervt1r correlations ran.;eci from 
.79 to .93. One of' the ob.;crva·s M.s ab!.ed to make t1,o a.ets of judgownts, 
The correlation in this case 1ea& ,89. The avera.,e ranks for.two of the ob­
servers v.ere correlated 1,itil the avert.6 e ranks oi' two other ob;,ervers, the 
resultin6 correlation beinJ .9t,. All oi' thebe v~ues of rho v.ere satis­
factorily hi6h, 

The averaue ranks for 32 trainees are giv~n in Tuble XIV, 

Three sam,iles of· breathin;; pattern, each 1·e.,resenting a duration of 30 
sec., cJ.re shov,n in Fib• 14. The ,,at tern a.t the to,i (subject 44) was juo,,ed 
to have the i;,·eutest ret,uh.rlty and, us shm.n, recelveo. an nveru,;e :i•aiuc oi' l • .i 
(Actually, of cour~e, th~ ran.l(iu0 s ,,ere ma.de on the btisis of ~everal samples 
for eE.ch ~ubjcet.) The middle ;i.s.tfor11 (subject 36) v,as j1-1ugeo. to have about 
,m u'rerQ,;e a!'l::iunt cf l'Oti•lurity 1;llil.e th·a bottom patt0rn (subject 60) was 
jud~)Bd t,.) D·a i-1i0tJ.y j,Yl.'E:"_;tlla:c. 



He41:tla.ri ty o.t· b .. cef... thinb \1Li.s i.'oi.::_~_ct tl..1 b J u,!1r.,.,;lLJ.. t,ett to $){..t·' r3 111:sn~,i:.l co.< -
ditions, to hel:ll't rate, am! to bredhint; rut,,, ~id oaly ;.;li:gn'J.;;; reli.teti 
( i£ at all) to .,;ierformauce on the t.la~htuxn E,,J9aratus, 1'\"QI·t..,,"- rem!:e, on 1·.-;;_;"J•· 

larity for the Ji tl·ainees wi;,re co1rel:i.teti w':th time .sC,)l'eS t:•:•r tlw fifWl t;;ie.J. 
O!l the Mashburn apparatus. 'lhe correlation ·.11 .. s -,i54, ·,hich "or an N of J.:, 
was siglli.ficant at lesa than the a,. l,:,vel of confiaor.ce, '£be e::t,ierir.entera 
•gained the impres13ion, durint, the ex,>erimental nms, tllut tho,,e ~rru.nees who 
ap;:11,~ed to be most hi.;hly motivc;.ted ..nCL who seemed to .10rform in their 
trials on the Mashburn a;>;,1'I'atus ,.c,re tho.;e ,.,ho tenuec. to b,s n.ost irregula.r 
in tlleir breathing. l'his im;ireosion is oU;>yor·toa by the negut,ive correlati:m 

• between ro1,'Ularity and l1huihburn ,scores. l:!o.;ever, the corre.i.~tion is too 1011 
to Iii ve any cont'idence in tht:: rela tioushl;>, 

Tilt Perception 

Ia the ex.veriments on tilt ;3;,rception, the purpo~e was fo det-ermine whetb•.r 
or not noise or vibration or the two in combination impaired ability to return 
to level position 1'rom specified angles of tilt. The premise underlying the 
investigation Wll.S that hi~h levels of either noise or vibration might dierupt 
the nol'lllal functioning o! the receptor mechaniems in the vestibule anci se,ni­
cireula.r canals, end that vibration ,night interfere witn th..., functioning of 
cutaneous and kinesthetic receptor mechanisms--the m.ochan.isms presuu:,i>:l>Jir. opera­
ting wllea a··pilot •flies•·by 'the seat of his pants". The exact role played by 
the cl.U'i'erwt oense lllOd&lities in determining 1;erception 0£ upriJhtness is not 
known. In the airplane situation, the pilot might mllke u:,e J..,rim;i:dJ.y of ci.;es 
fl'0Jll the vestibule and semicircular canals, or he might depec.c:' import.ant.Ly upon 
cutaneous and Jdnei;thetic cues. In any event, it ls not in,1c:oeivr,.ble tllt<t 
high levels of noise and vibration could have a deleterious d'feot U.>on t,'.:e 
perception 0£ tilt. 

The aesii!;n of the first ex;.;eriment on tilt 1,erception 00lleo. for a .;rci::p 
of 60 subjects, all· males and a:Ll. student~ at the Univ"'r.;ity, 011.cl: or .1hom 
would make 4o jud.gm.ents-el;;ht jud6n:en1,0 unaer e:&.ch of ;six, ci:i',,rent expv;·i­
menta.l conuitions. J.Ile exieri.rr:u::n\ji!J. conaiticns .. ore the a9,:i1e ~s ttc.:,e '..A:::.cO 
in tn;, first Erx;,erilnmiti; on Mashburn p;;rtormllllce. They -,,0r.,, 

A Silence 
B ~oise - o5 ub 
C Noi~e - llO ob 
D Vibr4tiou - 4 too mils 
Ji: Noi.1e - d5 db; vibration - 4 tu o ttils 
F !Jol.ie :. 110 ab; vibratlon - 4 to ll mi.La 

or the eight juc.,:ment,;; (returns to leve.L ,;osition) maa., :J.( a i;ubje"t 
umier ei.ch or ti1ese six conc.itions, four """r" for tilt :L11 the lon;;i tuainal 
(forv.i.ra-backward) direction am: four for tilt in the laterli.l. (s:.c,ewise) 
dir.,ction. Two of the lon.;itucti.mi..l. i;rials callea for for1,ara tilt a.no two 
for baciewara. i.hlle tv,o af the laterru. trials ,.ere 1·or ri~ht,v,&ra i,r,ci t,.o for 
left1u,rci tilt. Six different a:n;;le~ of tilt mi0 ht be u.,eo for lilly s,;ecified 
juagment, 'l'hese anc.lei; .. ere o, ;;_, 4, b, 8, a:nd 10 degrees. 

The subjects were assi~ed to or<iers 01 experimental coi,uitions and to 
lllli;les of tilt )',ith the u~e of a table of rando!ll numbers. 1l1tt ri,c,uirement 
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vas that the Sfillle distribution of w.1.;les oi: tilt would be used in each •xperi­
mental condition ana that ill 41> trials, each subject would be a.:signed each 
angle of tilt eight times. Half of the subjects made judgments on longitudl,ila1, 
tilt first; the other half, ou latera.l. tilt i'iri,t, 

'.l'he total time spallt by each subject on the apparatus v,as a,iprold.matelf· 
bO minut&s. There 11,as SOl!le variation de,i)ell<iini, u.,;oIJ. the speed 'l>ith which the 
subJecti:: responded. 

T,r,.:,ically, ai'tcr a subject ""d mountea the .1tlat!orm and was comfortably 
seated, he was carefully blitld-folded with 11. dark cloth held securely over the 
eyes v,ith a ;.,air of blacJCened go._:;,les. If he ll'!l.ll to ll!Wte juc:gme.nts on lateral 
tilt fiI'1'lt, he was shoim t/mt movemo:1t of the c;o11trol t;t,icl> to the .Left r,ould 
,;rocmca a lei'tv,ard tilt v,hi.l.e !llovemGnt of the oticl.: to the right v.oula. ",z-oduce 
a z•ightw::.r·d tilt. A,i,iropriate instructions oi' a silililar tyiie were ,;iv<.'n if 
lon(!;itudilial juci,;ii.i;,uts v,ere to come fir·st. 'l'he subject u,s now told thu.t he 
would be tilteci to a t;;ieclfied ang.lo, the airection unaesii,,n;,.tea; that after 
a fe,, seconds1 time he would be told, by a ll;s:llt touch on the arm, to brillg 
hiJn:;elf to t.he level. J,JOSition; er.d thut he could take whatever time v.as 
needed anti could start !IJ.1.d sto;> the tilt platform us 'o.t't,en as he i,lleased.. As 
so::in i:,s he i'clt thc.t he ,,;;;s in a level. ,iosition, he was to 'si!lJlal the eXj,16~.,. ,ec;~ 
mant,r bf raisint his hand, '.l'he trials would then be i:;iven, the order ot ;,•, .. , 
e'"peri:l1e!'.l:~al condl tions to b3 U6eli i'or each subject havin6 been ;>redetermined 
alone;; with the order of liJ:l({l?-s and airections of.' tilt, As soon as a subject 
fi.uj_:,tiacl the lc.116i tudinel.l 01· the la tc,ral trials ( whichever came fir;;t}, the 
s,,pa:·atus would be adju.steid tor t.hc1 other variety. '..l'lle subjects were often 
e.,co·Jrac;od to try ha:racr, ana to mat,e their aujm;tmen ts wi t.h care and .ireci-
sion. 

Peirlla;,>s it ,;houl.ci be s u, ted t!u, t the ex,;ie:rimen ter, in set tin;,; the .,1a tror..i 
to a 1n·e::mr1be<l wig.le of tilt, di'l not ;;o oirectly to tht.t angle but first mow·ti 
tho ,ilr.tform i11 the o.iposi te clj_rection for a 1'ev. de.;rees bei'ore mak.:l.ng the 
con·Ect -Ajul'itment. l'his ,;rocedure was fo.J.lor.ed vrimli4'11y to precluue the 
possibility oi: the subJectis 1 usine; tempor.J. cues in jutii,:in;; the 1·etum to the 
leveJ. ,iositlon. 

After each judgment, v,hen the subject signaJ.ed th&.t he was in a level 
position, the ex1,eriin"nter ret:.d w1u i·acordad the 11.ll.:).e at 1>hic.il the .,1atiorm 
11,as staudin;i, 'fhe r0cor ... eci va.1,uas ;.ere in krras o!' deviation l'rom the lwvel 
position. 

'.table• IV ;,n•~"ut.s avei•a..;e deviations for l.Qli,,ituainal tilt, ex,iresaed 
ill 1njnuLe,; 01.· i;n,, for ei;ch oi' the oJ subj,.,:t,s ill eacll of the exJ,Jerime.ntal 
conditlom;, 'l'lcble XVI prssuit:.: sLniJ.J.l' u,,ta for .J.at .. ri&J, tilt, In eitller 
tabl,;, tli~ i'ii·;;t coluam siVscs subjer.;t-nu;nb:,r, l,hile Ule next ~ix columns 1;ive . 
valuus (,'lV~·r~.,,; c.ovlJ.tio!;g) fur tnG sL\: ex;,er-irneutal conuitions. Subject 
mea11;; at•-.;! ;~l::r,,n in thB la$t colu1.1r1.t i.nd cn::1uitio:.:11;:> means t:t.re ~iven e:t. the 
botto.:n .>f till3 ;;ix c~nte:r colt\i:.":J:.a~ 

.ef _y~,.1--:i !:'.r'D<?. An:;i. l,;tsi:3 01.· v~riuH.!C! t,t:.•chni~ue,:; ,.ere em,iJloied 
:-1ii'i~t:1·cncss b1;; t,;;0011 CC:;,!~i tl<JUs mGatJ.~ for l<,nui tudinal ~s ,.ell 

,1r~ f .·,\' lr:.l:<:r:.1 -;,11t... Th•-:: tot~l Vt: .. ct:J.-_-\:..ce ~f tho c.eviu,tion ;,C.Jrsa o.f ti11;J E,0 
L.~:--:j ::..·:c.; 'J :•.":,];_ cl' ·t ~a ;.:i:-t i:l::".::::d.L:. ,:rt,,_i ~,:,D;::l..!.t: .. <AlS t,'-1S ruit.:.l;rzed. into i>hr;,.:~~ 

,'.'',,·'.•, .:1 .. _".''l.', ,,',,\•.< ...• ' ,•.,} -,. ·, S ~,,., .. ,~' , . .,..,.. /)"'" ~-,-- '1!.l\'1~,-~ (CQ'1 r ·••~ - ,.~ ._.., .. ~ • ~····'· __ ,· "" -•"\~~,.,_ \j,,1, ...... ,..,,w,;.<·, ~ .,,....., .., ,1_ .. ,,.,_ l.,\C.,_ 1, l,V.,. 

,\ •.-"·~0 .. J·· ,. . ,,,~1 .. .J-- __ for :1::·•'~t:,it-1.:J.;LYiu.l t"lJ.L .:_·i7~ - .. ·,y .. 
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Table XV.[I, \l'lh.i.le tnose i'o:: lat2::::: Ult u',, ,0iver: 5r:c 'r,,b1<c 'V::,,, '.'.'tv,;, 
F-test was ap1Jliect, F' l..iein:.., aei'in,:,;;. in ·r.,lii.s cnse s":.: ih'~ r.s,·_:.1• 1~,. co 1L~i::L:111s 
to remainder variru1ce. FLJr both J C-Lc.,it1):jjJ,L;,}_ m:ri ---~,.t,L,;r~U- ,,,:i ·. t,~, i,J,•13 J!'m•\:C-lues 
were far from beinG si~nificu.nt, ~~,£-n for ;:...35 ar.6. 5 G.f·J;reaa ._.f /1·oedom. A 
few of the oifferences betv,een c~-.:1.ui t:i ens mrz:1l.na fo.-c lonJit,1K, :,na ... ti.Lt 1,.ere 
fairly lart,e (for example, the aiff5renc9 beotwc,en c~,;ans for -.on,,itions C a~d 
F W<tS 15.1331 but the lt,:t\,est of tiie c:iff"rencei, were litt.i.e, moi·e than t,;,ice 
th~ estimated stanciard error of uli'.ferences. 

The results of the analysis imiicate that there were no measurable el'I'ects 
of either noise or vibration or of the, t,10 in combination u;c,m the percoption 
of tilt under the conditions of the ex~eriment. 

Difference Bet"een LatersJ. and Longi t~Ull.!: 

The grend mean of the deviations for lon.;itudinal tilt ;,as 77,775 while 
that for 1:.teraJ. tilt was 68.400. In the evaluation of the difference between 
these t110 means, the remainder variance w~s used to estLnate the standard. 
errors of the two means. 'l'hese error ~erms v,ere usraci to cox,Jute the standard 
error of the difference, correction bein6 made for the cor-r.e.lation between 
subject means for lon.;i tudinal tilt and subject means for lateral t,il t. This 
correlation was ,:.J,. 'lbe e;tandartl error of the mean for lcm, .. itudinal til-l; Nas 
computed to be 4,768, while that for lateral tilt W'4S 2.8bi,. The uta.ndard error 
of the ciifference between means was estimated to be l+.893, The differenc.e 
was 9,375; enn the critical ratio wc.s 1.90:0. The size of t'.:,e CR shov,ed that 
the difference between means v.as si6nifican t at only the 6,6 .. cevel of confidence. 
Inasmuch t.s the results of another exjJeriment on tilt ;,ercep-,:-io;1 (which will 
be summarized later in the report) revealed a superiority of latcrP.J. oval" 
longitudinal tilt l'erception, and inasmuch as Burtt had. ;irevlously repor·~ed 
a similar superiority, the superiority of lateral over lont;1Judi,iel tilt in 
the ,>resent study may be accepted uith gre,:;.ter coni'iaence. 

• 
.Reliability 9..f subject !!!!LS!l-9..:. In viev. of the fact that conditions a,..,ai.13 

for lateral as well as for lon6 itudina.L tilt ,.ere found no"t to be signi1'icantly 
different, it was possible to compute a coefficir.nt of relia'oility .for subject 
means on,l.Ateral tilt by correlating subject means on condo.t.i.on~ b, & ana C 
with subject means on conditions D, E,and F. Silllilarly, 1> c-,efficlent -::ould 
be secured for longitudinal tilt, The t1,o r-values we:re found to be approxi­
mately the S8Jlle, the r for lateral tilt being .677 anci for J0n6it11c\in!il tilt, 
.683, These coefficients, ,,hen ;:,teppea u,i by means of the ,J_.,e1.crm1U1-Bro1m 
J:'rophecy Foruula, 1,ere .807 und .si.;:., resJ_.Jectivel.y. Obviouoly, _they .indicate 

_ the reliability of measures f'o1• direction 01' tilt snd nc t th, re Liability of 
measures for conditions. 

Direction SJ$ errors jJ! ~ perception. The values ,,resented thus far 
have been avera,;e deviations of the ,>lE<ti'orm from the level ,:,osition. In the 
computation of the avera;,;es, no account was taken of the direction oi' the 
deviation. It mit,ht be SU,>posed thut the errors of adjustment would be as 
often in one direction from level as in the other, ;iiv11ic,e.d. wi e,,ual number 
of trials was given in each direction. In other v,ords, it might be expected 
that the algebraic sum oi' a large number of deviations would be zero, Actually, 
when account was taken of the direction qf error~, the ll!l.:ifil Qf ~ubiective 



-19-

level wes found to be 45.7 minutes to tlle right of level for lt1.teral tilt, 
un<i 33.J minutes l>l,ck1,~rL1 from level for longituoim,l tilt. The tendency to . . 
1,.djust tne ,,1,. tform to u ,ooint bccckYmru from level ,,nd to the right of level> .. 
was quite .,euerul. On1.y two of t,1e subjects fhiled to snow "- ;>reponncr;,nce ,e · 

of errors to t,1e 1·i.,:1t in l<..ter1,.l tilt <..no 011.LJ t..'1.irteen foil.ad to show a 

J 

prepone1ert1.nce of errors in the Luckwaru uirectiot1. Of these t,1irteen, folll' ,I; 
revet.led no preference but u,justed on the c.verc.,:;e to paysical level. A to~ t 
of 1440 sln,;;le l:ajustments wees =•ie by L11e :Jixty subjects in tne l,,terc:l J?lEillitc' 
1,.nu "n e-,ual. number of judi;ments in tnc lon..,i tuaintl p1'..ne. Of t!lis tot.Ill · ·"· 1\' 
number, 79.4;: of the lt.ter1,l .. ujust:uents ende ... to the rit;i1t of center, while .,, 
63.7,: of the lon.;ituo.intl c.djustJO'.lents ended backr.w-a from cent.er. T,1e explana­
tion for tncdc r"~ul te. . ill ;>rob. .. bly bu found, for l.L tcrz,l tilt, ln tlte ri,;,1t­
lumdedness of ,cost ,;eo.,;le; .. nc. for lonc;itudim,l tilt, in the ui.ckwurc, tilt 
of one or more ilei;recs of 1Jost of the ch,.irs in which people c..1~tom&ril/ sit. 

In the atudy of the effects of noise on br,.in ,aves, the help of 
Dr. John h. Knott w"'s secm•e<.!. Eit!ler he or his chief 1,ssist,;nt <-tti,ched . 
the electropes ~nd =ne tne recordin6 ~, end <.. .,;r«im.te student truineo: by !lim · 
lllll.de the metsure:.ients of the records. 

1 

'.l'hirteen me:.le stucients "t t.:ie University serveci a;; sul>j ects. They were 
chosen becc ;.iae H ,...,.,s kno>:n the. t tne:1 t::2JiChlly i;i.ve 1ilpht rh;rUL~s, the tre­
qu,n:y of v.:.ich could be sc tisfactorily ciete1·minec:. This restric tinn in 
choice of subjects i;-rs,,, from the :,.ct t,,, t t:,e cJ1lef i.iJi of the investit,;«ti~n 
w;,s to ciet1;rruine :·.,1cttier or not noiJe c.f::ectcu tbe frequency of the til_olui rhythm, ~ 

The electroaes were small lei.d cii,;cs tnd v,ere 1·tkca'led in the cu,;tom~ry 
wty. One of the,u was fL:;teneu «it:O. collodion on t!le occi;,ut i,nci t,,e other on 
tne lob" of l.i1e e,.r. The subject Wk.S sa!.cteu cornfort..bl:, in Ln electrici,ll;)'­
onielacu Cq,e t.mi v,1,.3 tola to close his eyes ~nd roel.L.x but not to ,;o to sleep. 
rtecoruint,s were first 1:J<..de durin6 "' ten-uJ.nute period of silence. This v.as 
tne pre-noise ;,eriod-control period I. Next, tlle noise w1.1s turneu on at i,n 
intensit:; level of llu db. The .~eriod of noise stinul,:.tion V.LB 40 minutes 
in len,,tii.. 'l'he recorain6 111,s not continuous durin., this time, but >. lhl'6 e 
number of repre,sent<,tive scaipli.nt,s ,.us secured. ;'.t tho end of the noise per­
iod, "- ten-a,inuto period of silence ensuea durin., v.,iich recordin6s 1,ore a;tin 
m1.1ue. This Jost-noise period provided for additiontil control--control period II. 

The me.,sure1aents \,ere lllli.ae in relotion to stretc.1es of 100 cm., this 
distt1.nce representin.; " ti.,;ie intervo.l of 33.3 sec. The frequenc,v of the nlphi, 
rh;;·t!un over succ,;~sive 10-crJ. 5e(;ments of the tottl lenbth of 100 cm. w'-S first 
determined. The froquency vc.lues obt..ined in this "'":.' wore then uverr,0,ed to 
6ive the &vcn..ge frequency for euch 100-cm. length. With " few exceptions, 
five ,sver,.go Vlilues for e~ch subject ,,ere Sccureo: for ee.ch of tile tv;o control 
periods, "nd frou 15 to ~O ,.vor .. 0;e vd.ues wi:ro obt.E.ined for the noise period. 
Because there wc·s no systematic tendenc:1 for the~e averi,;e frequenci"s either 
to incre,.se or ciecreL~o ourin.; the three periods, till of the vtlues for e1,ch 
subject were everc.;:.ed for er.ch ;:,eriod. These fimsl bVerect,eS tire shown in 
Tc.ble XIX where the first column gives subject-number 1,.nd t:,e remi,ining colwr,ns 
;;ive t;ic i.,veragc :requenc;r of 1.lpho. rhyt_1n durin;; et.ch of the three pt-rts of 



the experimental period. Means for the three rcn·i•x,s a.re :;-; · ve,· ,,t +.h, 
bottom of the columns. It ~houlcL b8 l'e;nmni1e:r·Gd tl-1::,t sa.~h V,1J.uc .i.~\ the : •J.bJ,e 
is the mean of from about 50 to ai:Jout .:O'.l :'r,div:\.dll/J.l est:Lma·,'-,s or' the .f.\o,,, •• 
quency of the rhythm., 

As i'ound by the application of Fisher's t-te,,t, tl1ere ", ,re: n0 difi'Er­
ences among the means which could not L,e attributec. to samp:Lin;,. It follov.s, 
therefore, that noise, at the level and for the cmr«tion usea, l:.ad no measur­

. able effect upon the frequency of the alpha i·hythJll. Dr. Knctt maue a careful 
su1·vey oi' the various recoras and re,>orted thP-t, in his. opiu ion, nol~e <lid 
not sii,nil'icantly modify any feature of tue EEG 1 is. 

Hearin;; Loss 

In the investigation of the amount oi' hearin.; loss resulting from 
stimulation by noise and vibration, three conditions ,,ere used, us i'ollows: 

A Silence 
B Noibe - 110 ub 
C Noi~e - llO ub; vibration - 4 to b mils 

'l'welve university men students served as subjects and ~ere assie;ned at 
random to the three conditions, four to ea.ch condition, All of the subjects 
bad esi;entially normal hearing. 

Prior to the actual experimental runs, all of the subjE-cts were given 
practice in the audiometric tests, at ,,hich time their pre-tstirnulatlon thresh-
olds \\ere determineti, 14easui·emen ts \1ere macie for each of the following fre­

quencies: i:.o, ~50, 5J0, 1,000, 2,ouo, 4,000, 6,000, and 9,000. The two 
eare were tested separ·ately to .,ive monaural thresholds, Tbe typi<>al ,..iro­
cedure in determinini,: the threshola for a specified frequency l'i"-S to u,.;e the 
method of' limits ana to take four meai;uremente--two in dei;cencdnc; a.nu i;wo in 
ascendin.; oraer, '.l'he avera.-,e of these four readinc.s was ta.ken o.s the thresh­
old, It should be empru.sized thut th" :;ubjecti, were given enou;;h ,..,r .. ctice 
to uiake them reasonably proficient in the actual test situation, 

'Xhe experimental (stimulation) ;ieriod lai,ted for one hour. l.>urin;; this 
time, the subjects performed on the Mashburn apparatus, takin0 one trial ai'ter 
another with ouly short pauses b<ltween trials. They ,.e.re ~iven the impres;sion 
that the major purposs of the work was to test their skill on the Mashburn 
apparatu1a1, and that the hearint; tests, while rather impor·tant, 1,ere more or 
less incidental to the main purpose. This sli~ht subterfu6 e ¾as emyloyed to 
keep them from thinking tho.t their eurs mi;,;ht be uama.;ed by the loud noise. 

At the close of the ,:,erioa of "tiJnulatiou, the ciubjec;ts left the Mashburn 
apparatus and \.ent immediately to the listeniu;, booth for the hearini; measure­
ments. Tbe order of ,.ire0entin6 the eight ai1'ferent fre4uencies was varied from 
subject to subject, to provide for a counter-balancing for time differences, 
All of the measurements 1,ere mude on one ear before the other e:i.r was te~tea. 
It v.us l,)OSSible to Get sui tubl.e measurements on botn e«rs for each of the 
eight i'requencies in a little less thw. .30 minutes. Since there ,,eI·e four 
subjects in each of the experimental grou;,s and since the tests were made on 
the t~·o ears ise;.1arately1 the avera.,e threshold values ,.ere each based on an 
!{ of 8, 



'J?he results are .i,n;sen ted in Tr.ble XX. The tirst colWllll .i.ists the 
various fre~uencies, while the other columns ~ive the hea:rin6 losses or bains 
(in c.b} 1·or the three ex;>et·iment...t. conditions. Lo1,ses ore indicated by minu11 
SllG?lS anu c,l.l.llll> P'J ,ilus &l,.ns. 

The va.lu"s for conaition A (silence) are .:J.l quite emal..1. Most of tlla 
are ,iositive. 'i'hie a,.,pw.,mt shift tov.u.rd greuter acuity v,,..s ,,l·otabJ.y due to 
;>ractice, The hoarin,; losses for conditions Band C (noise,anu noise and 
vibration, reseocti'ts>.l;r, ,Here ;irinci;>ully !'or :f're<,uencies ootween l,O0O o.IJd 
6,000 cycles. So:ne of the lo,wes ,.ex·e clo~e to ;;:u db, For ex,..lilj)le, at 4,000 
cycles, ilie avcr,."e loss :for conuition B t1,as 19,l db anci i'or condition G M,B 

18.5 db, The difference:;, bet1reen the v,sJ,ues for co11uitions :e and C probably 
la.ck :'it,'lliticance, ir.Ciic:.till;; that vibration a.ddea. little 'to noiue in ,>ronuc­
inu a deci·eme!.1t b hs'-':r:i.nc; acu:t ty .. 

:·.:t :Jhould oa emJ:ll,asi~cd th,,t the vulues iA Tab.Le XX re;iresent her.r.igg 
lo!..se:, 0r ;{!Ii.~,; tct .;. ti.rile ubou·~ 1~ ,uinutes ai'tt:r the end of stimulation. 'i The 
losso:.; bcoGdb-Wly al'ter -,tiu.ul.ati<Jn 1,1.>re, liithout aoubt, cousiaerably .;.re1>ter. 

i'he resu! ts ruake it clear th:.t ~timulation i'or one hour by synthetic air­
plane nolse or by noii;e and vibration in combination at a .rather hi1£b. level· 
produ,::ed siwniricant losses in hearini; acuity l'or fre.:,,uencies bet,.ean l,000 
and 6,000 ·cycles. treswn""bly such .l.ossea 11.oul<i become pennanent in ears' whiGb 
were :Jti1J111lated &t hii;h J..eveJ.s for fairly J.ong ;,erioci.s at i'requent intervals. 

About .3u minutes 1,e.co i·e,,uin,u l'or ma11::l.n;; the mtl4.ilux·e,moot:s on each 
eubj0ct. l:kca1.we the oi·cier ol' ;>resentin,; the fre<,uencies vc.r.i.eu i·x·om 
subjecct tu subject Wlci fror.a eur to c;;.r, tJie uver",.,e tilll11 .,.t nhich the 
me:.suremEints ~ure mi.ue 1,,.1, about l;i 1oit1ut"1, ,.i"ter ~timu.l..a.tion ceu:.eu, 



THE SECOIID EXP:;.;:fJ:'..~ITS 

Introduction 

The results of the first experiments ino.ic,. ted tblit, under the pre-
scribed coruJ.itions, there were no import.,nt effects of noise &nd vibration on 
perfoI'!llE.JICe on the Uashburn apparatus, on the perception of body tilt, on hec:rt 
rate, or on the f:N,quency of the alphf. rhythm. Prolonged e:x.posure { one hour} 
to loud noise served to elew..te thresholds of audibiltty for fre<;uencies be­
tween 1,000 and e,ooo cyc1es; and there was some indication that bre;,thing rate 
was· accelercted during some of the experimental conditions. On the v1hole, how­
ever, the results were negati.ve--t.bat is, they revealed no important meaaurable 
effects of either noise or vibration alone, or of the two in combination. It 
should be empha.llized, however, that all of the durations of noise and vibration 
that were used we:re one hour or less. As an example, subjects performed on the 
l.lashburn apparatus for a totaJ. of five trials each. The typical length of time 
for these five trials was between 40 and 50 uinutes. In the tilt perception 
experiment, a subject seldom opent longer th6n about ten minutes in any one of 
the six experimental. c.,nditiollfl. There was the strong possibility that the neg­
ative character of the results depended upon the shortness of the expoaure time. 
It was thou,;ht that if subjects were exposed for considerably longer periods, 
noise Ulil vibri:..tion might be found to lwve deleterious effects. . The decision was 
therefore made to set up a series of experiments in order to evaluate the effects 
of longer e.-:posure. 

Thirty-six applicants for the C.P.T. Primary Course were ave.ilable for the 
experiments. Arrangements were made with the local coordinator whereby each 
applicant, before beginning flight training, would be required to spend a total 
of five hours in the testing situation, Although the results of the tests did 
not af'fect standing 1n the training course, each applicant wus told that the re­
sults would have a bearing on whether or not he ,.:as fina.lly aqcepted. This sub­
terfuge seemed desirable as a means of motive.ting the subjects, 

Other motivating devices included payment to the students for the time spent 
at the rate of 50 cents an hour and six cash av1..rda of f-5 each which were given 
for "&10st llldl.t'ul performance" and "greatest improvements in performance" on the 
llashburn apparatus. The subjects were to spend the greater portion of the time 
performing on the llfashburn apparatus, so the cash awards seemed most meaningful 
in terms of that experiment. 

The pl~ called for four experimental contlitions, as follows; 

J. S:Uence 
B Noise - 110 db 
C Vibr&tion - 4 to 6 r.Jils 
D Noise - 110 db; vibration - 4 to 6 mils 

lleaSUl:'ements were to be made of Eiashrurn perfonnance, heurt end brei:tbing rates, 
tilt perception, and brain waves. The five-bPur period was divided as follows, 



Ti1r.f' i·:1 
Minutes 

10 Att,ichin" EKG ,,mi EEG elec Lr·,u.es c.nd udjusting pneumo,,r.s,rh 
10 hecordinb brain v,aves (EEG) 

210 Continuous per1'ormence on Mashburn u;,paratus 
60 Tilt perception test~ 
lO ~ecording brain waves 

This time schedule was adhered to as strictly as ;,ossible. 

The .;eneral arrant.;em.ent lllfJ.de it ,,ossible to record brain waves under 
uniform conditions for all subjects ,Jrior to any exposure to eith"'r noise 
or vibration, and then to make recordings again near the end or the five-hour 
period. Decause suitable methods of 1·ecording brain waves while the subjects 
were undergoing vibration could not be worked out, the final recortis, like 
those at the be,;innin<>, ,,ere taken during silence and without vibration for 
all subj ec·ts. 

As soon as the prplimiuhry brain waves had been recorded, the subjects 
begen performing on the Mashburn a,>1Jaratus, end for ohe next .:lO minutes 
(3 1/, hrs.) they ,Jerformed continuously on the a;Jparatus exce,1Jt for brief 
perious between cbni;ecutive trials attd for occasional ,Jauses duriu~ which ... · 
necessary repairs v,ere lllb.de on the a_pparatus or adjuat.mwits made on the el.ec­
trodes and pneumograph. As a usuul thing, ;ierformance was vi:i.'tually continu­
ous. The 1·esults on two of thu 36 api,,licants had to ue dlscarued because 
of l;ireakdov.us in the a,,paratus snct T.he con:;equent aisruption in the tem;>orel. 
Sfllj,Uence of ex;,erimenta.L events. Ho,,evor, !'or the 34 subjects r'or llihom ae­
tailed data will be ,iresented, the five-hour .,uriod v,as uctequutely contro.Lled. 

Immediately following 'the ,>eriod spent on the M .. shburll api,,u-atus, the 
subjects .. ere cal'efully blinci-folcied and then seated on the tilt a,i,1Jaratus 
where they spent 60 minutes. As soon as the tilt juugments hu.d been com­
pletad, t.he subjects v,ere r·eudy for t,lw final bra:u1 .. ave recor<.s. 

Except for the firot .:iJ and last ten minutes, al.l of the five-hour period 
was s;ient under one of the four ex,-,erimental conclitions. for example, those 
subj cct.; v.ho r,er., a,;slgneu to cone.ii tion B (noii,e - 110 db) ""re ex.,o;;ed to 
noise at the s.,ecii'ied luvel for four hou1·s 1':lld 3J minutes. During thi., ti:,1e, 
they J-'el'f'urmed on the Musnburn a..,pe.ratus :.ClO minutes and made juti!9Ilents on 
the tilt ,>erce.,tion apparatus tJO minute~. As a furth~r "'"~mc,I "· ,;ubjects 
who ·servea in conw.tiou D (n8ise - 110 ub; vibi•4tior ·• 4-1 mill) ,,ere i;ub--­
jected to noise ana vibration for four hours w1u 30 minutes--1·or r.hree end 
one-half hours while they ,ierformed on the Mashburn a,ipars. tus aml for 60 · 
minutes while they made judgments on the tilt a9paratus, The hEeart and ·• 
breathing records were taKen durinJ ,>erformance on the Mashburn a;,paratus. 

The aim 01· the experiments \!ias to bet measurements while the subjects 
we1·e •under pres~ure•. 'J:he notion l\as that ii' subject~ could oe hit,;hl,>' moti­
vated and ii' they 1·,ere ke,;it ;:,erformin;; continuously iu some 11ay for almoi,t L'ive 
hou1•_,, dii'ferentiµ effects of tbe ex_llerimental conditions mi6 ht be present and 
detectable, heco1•d1, of heart rate anel bre..ethinJ 1-erti muae only d;.irin;;; v.hat 
were called crucial. trials on the 1fashburn S.,J,llaratua. 'lbe reason 1·or this end 
also the 1·eason 1·or u11in.: the cruci6.L trials will become eviuent. 



Performance on the Uashbun:l AI>parctll:! 

All indicated above, there were 56 applicants for the Primary C.P.T. Ccmrse 
who were available for testing. The experimental design wcs such 2s to provide 
for nine subjects in each of the four experiment2l conditions. The subjects were 
assigned to experimental conditions through the use of a tE.ble of rnnciom numbers. 
'l'he results on two of the subjects had to be discarded because of a serious dis­
ruption in the tests resulting from a breakdown in theapparatus. Further diffi­
cul:I~· arose when it was discovered that two of the subjEcts had had previous pr,:c­
tice on the Mashburn apparatus as volunteers in the first experments. This nec­
essitated an arbitrary deviation in one case from random assi6,unont of subjects 
to conditions. 

Just as in the first experiments with the Mashburn apparatus, each subject 
was given preliminary :instructions on the general nature of the task he was to 
perform. He was told that he would work continuously on 1:Jie apparatus, making 
one trial after another for a period of three and a half hours, (A single trial 
consisted, as usual, of completing 59 three-way matchings of the green and red 
lighte,) The subject m;,s told, further, that at specified times there would be 
crucial trials. The cash award.a were to be inade, he was told, in relation to 
acoree made on these crucial trials, He was told he would always be informed which 
trial.a were the Cl'llCial ones. 

'l'be·distribution of cru(".ial trials waa as follows: After the first trial 
waa completed, two crucial tl:'ials were given. These were designated as cruciala 
1 and 2. PoJ.Tgraph recol'.(111 of heart rate and breathir>,; were taken ,:.uring these 
and all subsec;.uent crucial trials. Following cruciala land 2, a subject took 
one trial after another until 50 minutes bad elapsed or until he had finished the 
trial which was nearest the end of a 50-minute period. He was then told that the 
next two trials wouJ.d be crucial ones-crucials 5 and 4. Again, at the end of 
another 50-mimlte interval of continuous practice, two crucial trials were intro­
ducad., crucials 5 and 6. This general procedure conti;cued until the end of the 
total period of three and a half hours 11hen the last two crucials ( crucials 15 
and 14) were given. 

Each subject was urged to strive on every trial for marlmal speed and pre­
ciaion, and to do this regardles~ of 11hether or not the trihl was a crucial one, 
It 11aa suggested that while the non-crucial trials were not related to determin­
ing the cash awards, attaimnent of skill on non-crucial trials would contribute 
to greater akill when the crucial trials came up. The experimenters tried in 
f!lleey way to keep the subjects hi[lhly motivlcted at all times towu-d attaininc: the 
best possible scores. 

The S"JMe(:ts sat in the seat of the M!ishburn~pparatus continuously for three 
and a half hours, and with the exception of brief pauses which were required for 
taking reedingi, or making slight repairs, they perfomed on the appar£,tus contin­
uously. No attempt was me.de to avoid fatigue in the subjects. The desire was for 
performance under conditions of 11 stres11" and fatigue. 

Time acoree, in seconds, for eech of ~4 eubjects'are given to Tables XXI to 
XXV, inclusive. As indicated in Table XXI, subjects l.to 7 served in conciition A 
(silence). '!he first column gives trial number, while the next seven columns give 
the scores for designated subjects. The last column gives the group or collQitions 
means. 



llome oi'· the subjects hod m.-wy rnor·a triaj.s than others. Fc1· exe,nple, 
as shov.1:1 in Table XXI, subject l had 3'1 trials while subject 4 had 57. Tho 
differences in number al' trials 1·esul tea from dii'fe1·enceb in the time ta!Cen to · · 
complete each trial., A subject v.ho ,;:,s very i,Jroficient in the task woulct com­
plete a trial. in a shorter time than a subject v.ho 1,as ineli'icient. '.l'he 
length of the total performance period I.as controlled and not the number of 
trials, 

Scores for the other subjects are ~iven in the other tables. As will 
be seen, subjects 8 to l4 .ere assi6ued to condition B (noise}, subjects 15 
to 21 to condition C (vibration), and subjQcts 22 to ,8 to condition D 
(noise and vibrE.tion). The~e "8 subjects ,.ere the ones who be sco1·es v,ere 
used in the detaileci analysis of tho results. Analysis of vw-iance tech­
ni<,ues v,ere to be ai,Jplied and a symuetricw. desi6,1 maae, the t1·eatment of 
1·esul ts easier. 'l'he scol'es for subjects ,9 to 34 are pre.sented in '!'able XXV. 
In this table, the letters in ,Jarentheses indicate the exi,Jerimental condi­
tions in which the subjects served, 

Analysis 52!, variance. It was deciaed to apply analysis of variance 
technic,ues to the 1,1cores on the crucial trials. The scores on these trials 
for subjects l to ,8, inclusive, ure ,;iven in Tables XXVI to XXIX. It should 
be borne in mind thut crucial trials l and .::. came imroedic.tely after a subJeot 
had completed the fir1,1t trial oi1 th<,> a,,parats.a,, thut cruciEJ.s J and 4 came 
a half-hour a:.·ter crucitl .:, th;;.t 5 and 6 cwne o. half-hour ,dt,,r 4, and so 
on, For purposes of the analysis, the scores on each pair of crucial. trial.a , 
aere avera,;ed. This· .t'Bsul·ted in seven aifferent analyses, one 1'or crucials 
land 2, another i'or crucials J and 4, another for 5 and 6, etc. 

The total variance oi' the scores was analyzed into two components: 
conditions vi.riw1ce a.'ld wlthin .;;roul's vD.riance. The results are given in 
1'abl"s XXX to XXXVI, inclusive. As r,ill be seen, aLL of the F-values are 
far !'rom being si1,'llificant. The conclusion mu.;t ue, thcreforu, tlu.t neither 
noise nor vibration nor the two in combination affected ,ierformance on the 
Mashburn a;:,pax·atus to &ny measurab.'le extent cJurin,; the crucial. trials. There 
seemed to be no reason for anul.yzing the scores on any of the o'tber trials. 

QorreJ,ations between certain M~shburn scores. Pearson product-momEllt 
correlation coefficients ~el'e run ootween scoI·es on t.11e ,>rclimim,ry (or t'irot) 
trial on the Mashburn apparatus and :;cores on certain other trial1:1. The 
corrw.ation between scores on the !'irst trial and tho first crucial.trial 
(actually, the first two trials) ;,us ,8"1., This r ;,us about the same us­
those secured in the firi;t experiments {seep • .:9), Othur r's ;,,sre "-S 

follows: betlleen the fir:;t trial and the third crucial. trial., .5J6; between 
the firl.lt trial liI!d the fifth crucial trlal, ,459; between the fir,;t trial 
&nd the best trial {the trial on .. hich the time score u.s minimal), ,4b8. 
It will be remembered that the thira crucial trial cwne al'for more than JO 
minutes and that the fifth crucial trial. came af'ter more than an hour of • 
practice. '.lhe best score v;a11 typically attained on a trial l'<hich 'came l' ... ir.Ly 
1.,_te in the whole series of tria.Ls. 

There was. a ~eneral Lend.ency i'or the size of the correlation coet'f:!.cient 
to dec1·ease as 'th" correlated trial became more remote from the first trial. 
Thia fr.ct incticates that initial performance on the Mashburn a;paratus 1.as 
not an entirely satisfactory index to later fJtil..l. in i,Jerformance, 



Performance curves. The six ,.;:re.phs in Fi~Ul't: 15 P.x·e )· .. ~h- .-";~,,~ ,. nc-. 
only to shov; the 1,seneral cou1·:;a of learnin"; to ,:,er·form on t-i" l-. -1:::nri, ·. "-,.,~,. 
tus but also to show that subjects 1rno · .. ere initia:i.l.y SU;Jest.,•li ~11 ,Y.rr'cor,,i .. 
ance di.d not necessarily maintain SU.i:Jcriori t; and thu.t Gor.:.-.-2 1{,-.: ••. ~~L'..J ir1i :,j~_lJ~Ly 
inferior became <tUite aciept. at t;w tasl~ as ;,ractic.•,, c-on-0inu, .,!. ::a :cLl ,, ·• tbo 
graphs, time in seconas is ,ilott,ed a 0 aJ.nst trisJ.s, Data fo, t,-c .. fL·st ;_,5 tria·· s 
are representea, 

Performance curves for three ~elected 6rou;1s or ,subj e<!' s ~.,_.,, ,shown in 
graph A, in the upper left-hand corner of the i'i.;ure, The , ;Jl'e1·io1· .,rou,J was 
BOmposed of subjects 3, 4, 13, 14, ;.c2, and ;.c7--the subject1, •.1·ho comple·~ed im 

unusually l.arge number of trials, The averabe number of tr~als for this 
group was about 56, The inferior 6 rou.i:, was com,;osed of subjects ,;;ho cor•­
pJ.eted a small number of trials--about 39 trials on the ave,,as:e, ln this 
group were subjects 5, 6, 10, 1.8, ;.c5, and ;.c&. The avera6e group (subjects 
2, 8, L<, 17, 24, and .:8) viere tho:;e who comvleted an in-bet~ei;n number of 
trials. The avera,,e number for this iroup was about 45, It is clear from 
these curves (graph A) that the superior .;rouii had a su,:,erio~ initial iier­
formance and maintained its superiority for the .:5 trials re()resented. On 
the other hand, the avera&e and inferior grou.i:,s be"an \\ith ~bout the same 
proficiency anci remained about equally ,;roficient t'or the first :oeven or 
eight trials; but the avera.;e grou,i then became more p1•oficient than the 
inferior .;roup, 

The fact that initial performance was not a certain index to later pro­
ficiency is shov,n, in particular, by 5raph:; B to J,'. '1'he inJ.i vidual curves 
in these -.Ta;lhs were first i;elected more or less at randolll .t'rom the whole 
group and were then ;iaired of1' to emphasize ciifftJi·ences in ,·ate oi' learning. 
'l'he two curves :ill gra,ih ll, for example, shoi, that subjects 6 enct ',,.7 had 
initial scores which were quite similar but that subject ;,.7 im.,rcved much 
moi·e than 6 did and v.as somewhat less variable, 'l'he initiel score of sub­
ject 14 (graph C) was far inferior to that of subject 4 and yet 14 showed 
very great improvement, the result being that al'ter trial. 4 his ;.,eri'ormance 
was about equal to that of subject 4. 'l'.he initial score of subject 8 
(.;raph D) was inferior to that of subject 10 and yet 8 was i:onsiistently 
better than 10 after trial 11. Subjects 18 and 13 (,;raph E) were about 
equal in skill at the out .. et but 13 11...d a higher rate of learnin5 and uas 
the superior performer after trial l, Subject 11 (braph F) was 6enera.lly 
superior to subject ;.c5 even though they had the same ini tia.l score. The 
variouii combinations of curves emphasize the fact that init.i.aJ. skill i.n 
performance was not· an ade<.juate index of the sl::ill to be attained later, 
and reveal the basis for the relatively low corre.i.ation coeH'icients which 
resultect from correlat:iJlg scores on the l'ir~t trial with scores obtained on 
trials arter (say) an hour's practice. 

As already ind.icateci, ,,olygraph recorus of heart beat ,·,ere maCie ciuri.ng 
0

Mashburn performance. Measurements were made, in 'terms oi' numlJGr of beats 
per quartur-minute, for the pre-trial ;icriod and al"o for each or' the 14 cru­
cial trials (if the record was complGte). The pre-trial pe:dod lauted two 
or three minutes. Durin0 this time, the subjects sat on the Mashburn appara­
tus and were told to sit quietly for a t·eYI minute~ 'bcf,;-:-o t!oc, t-:-c,°"l~ l.>egan, 
While it is true that the subjects .. ere not compl"te.Ly &t ease, t.heir h8art 
rates durini,; the J?l"e-trial 1,.,rioa ,.tore iirobably not .,reatly dil'ferent from 
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normal. In any evemt, all of the subjects v.ere put through the swne 
routine. '~he Jre-tria..l records \,ei·e made, of cour~e, bei'o1·e eitht.er noise 
or vibration had been ini:oroduced. 

The heart rates for th~ crucial trials were recorded dLlring perfoniance 
on the Mashburn apparatus. Because of one sort 01' difficulty or another, the 
heart rate records ,.ere not com;->lete on all .at' the sub;jects, i"or all of the 
crucial trial periotis, 1he chief difficulty related to keeping the elec~cies 
in proper contact v.ith the subject1 B bod;v, However, it was possible to make 
a satisfactory analysis of the results on selected subjects in each of the 
four experimental conditions. 

Analvsis oi' variance, Analysis of variance teclmiques were a;>plied to 
the hc,art rates (per quarter minute) o.i' five subjects in each of the four 
experimental conditions, during four different periods--the pre-trial .,eriod 
anti the periods of ci·ucial trials l and :C., 7 ana ~, and 1.3 end 14, The rates 
used in the analyses are ;;iven in Table XXXVII, Tables XXXVIII to XLI give 
the results of applying the variance techniques. 

The F-value for the pre-trial ,ierlod (Table XXXVIII) was 0,079, and was 
clearly inai5uificant, This value of F was anticipated and showed that there 
was no reason for suspecting that the subject~ in the four groups were not 
randomly s~lected from the same population, The F-value for rates 'dlJr,I.Dg'•: 
crucial triala 1 and 2 v,as 1.478, but this value, with .3 and lb degrees of· 
freedom, was not si.;ni1'icant at im.y satisfactory level of confidence, The 
means for conditions B, c, and D, durin5 crucial trials land 2, v.ere all 
greater than the maan for condition A (silence) but there was no basis for 
concludin6 that c.nything beyond chance factors 11&11,operating to vrod.uce the 
differences. FUrther, the F-values for crucial trials 7 and 8 (Table XL). 
and for crucial trials l.3 and 14 (Table XLI) lack si.,-nificance, again indicat­
ing that neither noise nor vibration nor the two in combination hau wiy 
measurable effect on heart rate, 

Heart rate was not 1·elated to ex,t?erimental conuitions, HO'.,evor, as com­
pared with its value duril1g the pre-trial p~riod, it ~as accelerated during the 
first part of Mashburn performance. As sho1.n in Table XXXIX, the .;rand mean 
during crucial trials l and 2 v,as :C.1,6 (beats per quarter-minute), In con·· 
trast, the gr:,~,d mean for the same subjects during the pre-trial ;>eriod \'oaS 

19,5, This difference of 2,1 \',as si;;nificant at better than the l per cent 
level ol' conf1Lience, It re1Jr0sented an acceleration of 8,4 beats per minute. 

This acceleration of heart beat did not last beyond crucial trials 5 and, 
6, as sho1.n in Tables LX end LXJ:. As shown, the grand means for cruoial trials 
7 and 8 and for crucial tricl.s 1.3 and 14 were exactly th'e same as the .:rand 

' mean for the pre-trial veriod. 

Breathing 

Records of ref;piratory moveuents ,,ere made on the polyt;raph durin& the 
pre-trial perioci arm e.lso aurinu the fir'3t trial anti all crucial trials on 
the Mashburn a,.1para tu~. be,veral of ·the records could not be measured i'or rate 
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of breathin~ mainly because of i1·r~
0
~ul~rI1.~L·s i.r•. ·U:<J 1-latt~:i.""1i~ 11 ·) ,[-•l'~X'-. 

satisfactory esti.ai.at,es:.<l;··r. rr .. te cvu.l·.:i be ,)-'...Jt.~i•-19.d _;·,-,r. at lt:a 0
: C, J ).!.) ~:U"t.l,!f":::·;t,!; 

in each of the ex;ierlmentul 0 roupr,. 

'!'able XLII ,iresents aver.agP brceathing rates ":or five diffe,re11t ,Hsriocts. 
The values in the table ar<0 in terms of number oi' n,s,,irato,".f rn0,reme11t& per 
minute. All but three of the vaJ.ues in the last .::our columt1s r.ere used in 
an application of analysis of variance technic1ues, the vru.ues for subjects 
7, 14, and 35 not being included for that ,:urpose. 'l'he am,iysis wus mude 
separately for trial l. and !'or crucial trials 1 and :c, 7 wo S, and 13 and l4. 
The principal results are presented in ·rables XLIII to XLVI. 

As shown in Table XLIII, the F-val.ue for the data on trial l .as ~.43;.:. 
This value ol' F, for 3 and lb de0Tees of freedom, is si1a;11ii'icant ut about 
the l.O per cent le.vel or conLidence. It may be seen that the r,ieans ,:or con­
ditions Band D, both invol.ving noise at high level, %ere 6reuter than the 
means for conditions A and C, ~hich invol.ved silence. The differences mey 
hav& been due entirely to ch8llce factors, althou6h it is not unlikely that 
breathin~ rate was slightly and temporarily accelerated as a result of noise. 

However, the fact that rate of breathing was probably not importantly 
affected by- either noise or vibration was indicated by the F-values for crucial 
trials l and .2, 7 and s, and 13 8lld l.4. All of these F-values ,:ere less than 
1 and thus v,ere far f'rom being significant. The evidence as a v:hole indi­
cated, therefore, that high levels of noise and vibration did not leau to 
measurable alterations in rate of breathing. 

Breathing rate was apparently faster, on the avera;;e, aurin,~ the ,;hole 
time of Mashburn performance than it was during the ,ire-trial ,;eriod. '!'he 
four grand means given ~ ,Tables XLIII to XLVI are all .,,2.4 or greuter. In 
contrast, the average r~ie of breathing for 18 ol' the Sl\bject;; durin,; the 
pre-trial i>eriod was 19.6. (See the third column of 'l'able XLII for the 
individual values.) Application of Fisher• s t-test to the c1j,ff0rences be­
tween the mean for the pre-trial and the means for crucial tricls'l Md;:;, 
7 and 8, and 13 and 14 sho,,ed the differences to be sit;"nif'icant o_t better than 

-the l ,ier cent level of confiC1ence, inaicatini; a sit.,nilicantly raster r,,te 
durin;, Mashburn performance than auring the pre-trial pc,riocl; Hor.eveer, rute 
did not vary si,;nii'ictintly from one experimental condition to a.'lother. 

Tilt Perception 

As soon as the subjects had finished their long "stretch" on the Mc.sh­
burn apparatus, they u101mted the tilt perception platform and, after being 
careful.ly blindfolded, ;,roceeded to make the required judgments. The 1Jro­
cedure was basically the same as it had been in the firo;t tilt experiment. 
The platform would be tilted by the experimenter to a ,ire;;cribed angle. 
After several seconds (up to .20), the subject woulti be told to brin,; him­
self to a l.evel position. One difference between the first'and second ex­
periments was that in the second one the subjects did not make judgments 
for all of the experimental. conaitions but each was assigned to a singl.e 
concli tion-the same condition as fo:r: Mashburn pel'i'orrnance. 

A total. of 24 judgments (returns to level position) ;,as made by each 
subject. Of these ;:;4, 12 were for longitudinal. tilt and l:C for lateral tilt. 
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Half of the lon,;i tudinal judi;m,nts 11ere made be;;innin,;; . .t:;:i,:,;:,µ a ba.c.\tv,,ard .tilt. 
position and the other half from a f'on:aru position. Simili:.rly, half of the 
lateral trials began with the ;Jlatform tilted to the right of level. and the 
other half to the left of level. '.!bree different angles of tilt 1,ere used: 
.3, 6,i and 9 degrees. There were two judgments on each angle for each of the 
four directions (backward-longitucunal, forward-longitudinal, right11nrd-
lateral, and leftward-lateral). 

The data are presented in Table XLVII, where two values a.re given .for 
each of the .35 subJects. '!'hel:le two values,. one 1'or lon,;itudinal und the other 
for lateral tilt, are avera.;;e deviations from the level J?C)sition, each avera~e 
being based on 12 juctgments. In the table, the data are cliviqed into five 
grouys. It was decided to a~ply analysis of variance techniques to the scores 
obtained by seven subjects in each of the four experimental con~itions. The 
values that entered into tho anal.yses are 0 iven in the four sub-tables at the 
top. Values for .,,e'l"en .uuditioual 5ubjects are at the bottom. 

Analysis ~ yw:ia.uge, The results of the ana.l.;rsis of v~ianoe for lont,;i­
tudinal tilt are 6iven in T!ihle XLVIII •hile the results for later&J. tilt ure 
given 1n Tab.le ALIX, Both of the F-values are very smi.ll ..,nu &.re, tlu,refore, 
entirelt without "i,;11i1·icsice. i,lu.tevi,r uiff.,rence5 Mire found betwuen conui­
tions meUl16 mui;t be attributed to ch~ce factor:;. It follo;.s tm.t noi:a.e and .. " 
vibration a;>parently had no measuraW.e efi'ect on ;>ttl'Ception ot: bo'!Y tU t, e:,1111 · , · 
a1'ter they had been t;.;>i:,l.ieu to 'tll1e subject;; for three anu a lu.J.i' hours and' 
loni;er, 

Lateral v,;,r§y§ lon,.ituginµl tilt, The .,r!illd lllean of the uevi .. tions for 
lo.ni.;itutiinttl tilt 1,u& 1-.0 • .l. 1uinutes of arc whUe the ,,ranu mean for lc1teral. 
tilt \\"8 l:l,.9 minutes. '.Chrou0h the Ube of the l,itl'!in .:rgµ,.,JS V!U'.j.;:.,1we<.,. the ~ 
st..nd1:1.rd error ol' thili ai1'1'erence v.""' com;>uted to be 1<.,b8. The tlifference 
i tsel.t' v,:.s .37. ';;. a.no. was ,:;. • 93 times its & tannarc! error. Con;;ec, uen tly, the 
dii'1'erence r.us si.;nil'icant at better th&n the J. ,-,ur cent leve.l. or coni'im.mce. 

The coefficient 0£ correlii<tion between avt;;ra1,e ueviutions for lont:itudinal 
tilt and tho:,e for luteral tilt v.111, -.171. Thi:; v!J.lu,:, 01· r, m.seci on E.Il N ofl 
35, 1.:.1:, too small to be re~urueu "'" sir,Ili.ficantly 11reat1,;r than zero. In the· 
fir11t ex.,.,riment, it v,ill be rec&llec., the coi·relution betv,c,ell uevi.,.tJ.ons for 
u;.teral and .l.ont1ituciJ.nal tilt ,.us founu to be .~. and thit. vll.lue, fox· the 
.le.ri;er ;_;roui:, of 60 subjects, v.1,1.s sic,Ilific..ntly ciifi\,rent .l.'rom zero i;.t the ;;,; 
leve.l ol conficie11ce ( see .,, 41). '!'he r"i,.:.on ior the0e loi, coefficient:; ii; not 
at 1111 clew.·. A po:,sible i.,nd wor<J or less obvious eX;)l!l.llation v,ould be that 
later&.!. and lon6itudi11w. tilt ;l"l'~eption de,.>end Uj,>Ol'.l a somewh«t C!il'f.,rent »et 
of receptor mechanisms, 

l.!1 the, fLi: .. t tilt ex;:ieriment, the subjects had a conatant error in their 
returns to level ,iosition (see ,i, 4.3). The j,>latt·orJl, instec.d of beinc, brought 
..in~ gverA.;e to _physical level, v,as :ito.,,ieu, in 111.tera.1. tUt, 49.8 minutes to 
the rii:;ht ol' level !ind, in .l.on,.:itudiruJ. tilt, 7).7 minutes backwu.ra from level. 
As all·saey ind.icuteu, th,>1,e constant error:, ~eu.•e .,rob..bly relattiu, in the lateral 
c .. se, to the right..-handedness oi' mo .. t of the :.ubjects anu, in the loni;:itucdru41 
case, to th" baclt;,.aru tilt of small wig.l.e .,hich cha1·act.irizes wo:;t of the ci:11.irs 
in t,hich ;1tt0ple orriin&.r.Uy sit, 

Tilt .r4'C@llt19P WlU Mia.Shbul'D ver1"'pJ7Ptf999, There 'M:..s no evluence to bhov, 
that ;;J£1.ll in ;1i.r£ormance on the hlashbu1u a,:,;,aratu1> IUlQ i..bility to ,,1erceive boc.y 
tilt · .. ere in any ,,.,,., relateo.. :!:he correlations 1,er11 all l.ackini; in si..,nii'icuuce. 
For eX8.lllp.l.e, · tne corre..Lc.tion between avera.,.e uevill.tioni; 1:~.I'. li!Lter~. t~lt £Jld 

i +• '• ~ + ' • • · - I"' · • 4 I \ • 1 • ~ 



the deviation for lout.,i tuciin~l \,i.t "t and r_cc-.'r·f' on st.t? .i':Lc,., t 
was -.OJ.:. Obviously, nsJ.t,10r 0.;' tile:se co,-.,'iicioTs,S l\RS 
ant from zero. 

J ,.__; :.. 

._. i-··r•;;:r-

The brain waves of the subjects ·.,ere reco:n,eu for a sh,.rt time before 
they begen performin6 on the mashburn "1'1''-'ratus w1d ,,ere re,ortie◊ a~1.iu LS 1>oon 
as the tilt perception judgments ,,are com;;,l<;ted. 'fhe envir,mmen taJ. conoi tion 
of silence during the two ,-,e,riocts of recoroins;; ,,aE the SEillle • 

. Dr. John R. Knott and his re .. earch assistant dealt with the, recorcs .:ind 
;;,aid ,_>articular attention to th0 frti><,.uency of the alphs v.aves, to the ;ieroent...,;e 
of time the alph<> v.aves ,.ere ,;resent ("1.pha inoex), anu to the pc,rcenta6e of 
time frequencies or less than b ,>er second ,.ere ,.,resent l th;; slov. 11ave index). 
Th!:iy se...rched curefully f'or wodifications 11hich .ii,;llt huve been int.1icative 
of ctwn1,es in th" 1'u!lctioning: of orain ,,·.:.ructures l'ollo.,.in.; ,>rolon.;ea :;timula­
tiou by high .Leve.la of noise ,mo vibration, but they ,.,:,re unuble to ·fl.no such 
modit'icatiou, In fact, the difl't;rences ,,hich they found ootv.een i,.,re-stlmula.­
tion lllld poi;t-stimula.tion features of th" ,,aves ,,ere so clearly l~ckin., in 
ideillificll.llOe th«t the Ui>e of otu.tistical. techni<;ues ,,ns not l'el{uired. in orcu,r 
to evaJ.uste them. As in the first experiment on brain ><aves, Dr. Knott con­
cluded tru,.t noise and vibration had no c.etectable influence on P-lectroence­
.pllal:oi:;raphic patterns. 

The re8Ults of the fir~t experiment,; sho1.ed that 11oi,1e ciua vibri:.tion, 
simili.r in :;tructure and m"-gnitude to tho5e e,ncountorea i.n ,uilit .. ry uil'cral't, 
v.hen a,ii>lied to collei;e men i,.t hi..,h leovels ~·or reh.tive.Ly short ..,eri.ods of 
time ( one hour or le,;::), had no mea;,ur&ble, ef1'e.cti, on ,Ji;ri'or:nsnce 011 t.'le loash­
burn a;;iparatus, ri,.te ol hisart be,..t, or ,>erception of body ttlt. A hi6h .Level 
of noise, ;iz·e.iented. for. e.bout 40 .uinut .. s, hi.lo no measurable el';'eot on the fre­
t,,uency of the al,-,ba rhythm. A hi.;h level of noL,e, ,Jrese11teci J.'oi· ,one hour, 
ill!paired hearing ucuity, e,;;iecitlly l'or l'rec,.uencies between 1.,JOu ·ano o,000 
cycles. '.L'he effects of noise and vibration on bre!i,thine: r"-t.e could not be 
se.tisri:.ctoril,y ev.,.luated t>ecc.use 01· inconsistencies in ;,he ,,.e tu.. C.srti,.in other 
findin.;s r.hich were not '1irectl.y rel;;.teu to the main .,urpose of tile invosti,;;ation 
have been incluu.ed in the re.i?ort. 

The results of the .,econd exJJerilllent:,,efoz• ,,hicti the ,.,.e,i•iod of ~t.imulu.tion 
by hi.;h levels 01' uoii>e a.110 vibration r,ns .four a.nd a half hours in length, shcn.ed 
that neither noille nor vibration nor th~ t~o in combiuation hua wiy me&suruble 
effects on ,-,erfo:rmance on the Mashburn n,>JJar£.tus, heart r,,,:;e, breathin.; r,H,e, 
perception or body tilt, or brain v.aves. 

In .:;cneral., the results of the investi.;ation ,.ere m,~ativ<.:. Exce,,t for 
their illl.,i:.irm.mt of hearin.; ucuity, noi!.e r,nu vibration \ierc, fauna to have no 
measurable eff,scti, an the variou!l ,,sychoiuotor 1·es;1om,es unuer t>Crlltiny. 
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".1:&!Ll!: I 

Time Scores in Minutes for Performance on the ,oashburn A,>paratus 

NON-J:'ILUTS 

Sub- Con- Trial.s 
iect dition 

1 1 .l ii, 

l F 6.88 5.07 4.80 4.40 3,78 

' F 6.58 5.75 L,.07 4.07 4.30 
3 E 6.0,; 5.08 I+,. 75 4-85 4.,0 
4 A 7,38 5.98 4.77 4.88 4-63 
5 A 8.1.,.c 5.37 4.88 4.48 4.55 
6 E 6.18 5.05 5.05 4.58 4.75 
7 B 6.33 5.6, 4.57 4.4, 3.93 
8 D 6.37 5.0, 5.08 4.50 4.35 
9 C 14.3, 7-J.7 5.45 5,58 5,88 

10 E 7.4" 6.:CJ 5 rr •"-' 4,90 4.87 
ll C 7.88 b.l.7 4.77 5,30 4,45 
u E ll,35 9.55 8.,7 8.15 7,68 
13 A 8.,8 6.75 4.9a 5 .;;.;;. 4.48 
14 A 7,35 5,63 4.30 4.,0 3,97 
15 F 8.13 6.15 6.18 4.37 4.5, 
16 B 8.57 ').67 5.17 5.13 4.50 
17 A 9.38 7,;;_3 6.3, 5,b7 6.3;;. 
18 C 7 .,7 5.00 5.3:c: 4,33 4,b5 
19 ll 6.67 5.,5 5,9;;_ 4.88 4.97 
,O D 6.77 6.3.3 5.18 5.00 4.60 
a D 8.b5 6.00 5.0;;. 5.0:c: 4.57 
~~ jJ 7.bJ 5,58 5.33 4.tl8 4.58 
,3 B b.38 5,17 5 .08 4.05 4,03 
"4 .r' 1.3.90 10.,8 8.70 7.78 7,7, 

Mean:. 8.ll b.13 5.41 5.05 4.85 



,, 
f--~ '.,,,, 
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TiUiLll. II 

Tillie Scores in i.11nutes 1·or f>ei-.t'or:nunce on the t.laahburn Apparatuii 

l'ltAill.b:ES 

Sub- Con- '.!:'.tl!Y.i 
Ject dition l i. .l 1,,. ~ 

,;5 E 7.50 4.37 4,,;8 3,8,; J.89 
;,.6 13 8.lJ 6.35 6.00 5 • .:;s 5,bS 
;,.7 F 5.07 4.15 3.53 J.48 J.o.: 
28 A 5.36 4.47 4.;,.3 3.55 3.53 
29 B 6,44 5,0,3 4.40 4.18 .3.95 
30 B 9.0.3 5.37 5.00 4.73 4,46 
31 B 7,63 5.,;3 4.93 5,0o 5.07 

"' E 6.3() 4,o3 4.3;;,; 3.45 ;;a.90 
33 D 7,27 5,33 4.77 4,88 4,72 
34 A 6.90 4,;;:7 J,d5 .3.95 3,76 
35 C 9.45 5.88 5.88 5,61:1 5,6:c. 
36 A 6 • .34 5.a;,. 4.45 4.57 4.06 
37 B 7,:J9 5,78 5,08 4.9;: 4.51 
38 A 6,58 4,97 4.05 4.33 4,58 
39 B 5,.37 4.s;,. 4.63 4,18 3,58 
40 C 4.6.:. 3.97 J.4,; .<:,98 ;,..93 
41 D 5.63 4.45 J,85 3,63 3,85 
¥ E 5.43 4-45 4,,;0 4.10 .3.41 
4.3 A. 5,67 4.17 4.07 3.53 J,.:l 
44 E 5.47 J.88 4.03 3,b.5 J.45 
45 F 7.00 5.03 4.:;o 4.33 4.00 
46 F' 4.94 4.53 3.:,.1 3 • .35 3,i28 
47 F 6.50 5,bJ 4.65 4,78 4,87 
48 F 9.00 5,82 5,1:!8 4.77 3.93 
49 E 7,88 4.88 5,17 4,.38 4.00 
50 D 6.0.3 4,55 4.13 4.07 4,;,.o 
51 D 4.9;,. 4.0:.: 3-78 3,1:,3 3-BO 
5:;. F 6.46 5.0d 4.93 4.37 4 • .:.1 
53 D 5.83 4.75 l«!',0 4.03 , 4.15 
54 C 6.91 5.4,; 5.25 5.00 4.67 
55 C 5,77 4.9.:. 4.:,0 3.75 3.75 
56 B 5-"4 3.35 3.a, J.oa 3,78 
57 D 7,b6 5.95 6.53 5.40 5.0.3 
58 A 6.45 6.45 5.58 ;.;;o 4.7') 
59 D 5.31 4.47 4.45 3 • .:.3 3.53 
60 C 6.oo 4.63 4.55 4,ll 3.93 
61 E 5.74 5.:,0 4.90 4.70 4,10 
~ C 6,b7 4.37 4.47 4.00 4.40 
63 B 7.40 4.77 4.6:.. 4.50 4.oa 

i4eans b.51 4.9;,. 4.58 4.;,.5 4.07 
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TAELE III. 

Ti.l!le Scores in Minutes for Performance on the Mashbvn AJ,J.i/aratus 

.i.t'PLICaiiTS 

Sub- Con-
ject dition Trial.a 

l £:. J lz. .i 

b4 A 6,15 4.35 4.15 4.J.: 3.30 
65 B 5.48 4.60 3.8~ 3.t,3 3-9~ 
ti6 D 9,68 7.0;,, b.07 5.30 5~ t,;,_ 

67 E 5.07 4.;,,o ,,.97 4.08 4.08 
68 C 4. ;_.;: 4,37 J,90 3.c3 3.13 
69 C 5,77 4.73 4,70 3,73 J.82 
70 A 7,;,_5 4,,-;7 4,85 4.50 3.98 
71 D 4.93 3,98 3.bO 4.05 3.70 
72 C 5.35 4.15 3,37 3.30 3.;,,5 
73 E 5.78 5,J0 4-48 4,:CJ 3.70 
74 F b.O.: 5.03 4,.:8 .3-9~ 3.93 
75 C 7.90 5,0Z 4.93 4.1;;. 3,87 
76 E 7.35 5,30 5,b3 '~· '77 4.68 
77 B 7-~ :j.b8 5.48 4.J~ 3.85 
78 E 9.95 b,10 5.b5 4,;5 4.97 
79 D b,77 5,ci7 4.55 4.,.d 3.97 
80 A 6.70 5.10 4.47 3,78 Lr,..(.5 

Means 6-58 5.06 4.b4 4.14 4.00 



TABLE IV 

Analysis of Varfance of Time-Scores made by 'l'rainees "•· ..i:IE "1a!!hburn A_p,iaratus - Trial l 

Conditions 

! !! £ 

Sub- Sub- Sub-
Ject Score ject Score iect Score 

28 5.36 .i.9 6,44 35 9,45 
34 6.90 31 7.63 if) 4.t,;, 
36 6,34 37 7.39 54 6,91 
.38 6.58 39 5,37 55 5.11 
43 5,67 56 ; ... 4 t:,Q 6.00 
58 6,45 b3 7.40 °" b,o7 

Totals 37-30 39.47 39.4,:, 

Means 6 ... 17 6,578 b,570 

_G_i:-anci Mean = 6.406 

Conditions 
Vii thin Grou,is 
Total 

d.f. 

5 
JO 
35 

F = O. 1766 
l.4,:,5i 

Sunruu;rx 

Su1-0 01' 
Syua.res 

0.80-<8 
/;:,:.,7574 
43.t,40 .. 

= a.1 .. 4 

!! 

Sub-
iect .:,core 

)3 7 • .:.7 
41 5.t,3 
51 4,9-< 
53 5-83 
57 1,bb 
59 ~.dl 

31.1 .. 

b,ld7 

Vr,riwce 

0.17b6 
l,4"5i 

/:).i~~ 

• 

ii 

Sub-
ject ::Ocore 

.:.5 1.50 
3-< 6.30 
4" 5.43 
44 5.41 
49 7,d8 
bl 5,74 

Jd.3" 

b,Jd7 

l. 

Sub-
iect Score 

;,7 5,07 
45 . 7.00 
46 4.94 
47 6.50 
48 9.00 
5,:, b,46 

38.97 I 
'-" \JI 

6,4:i5 i 

1? 

l
·w,:::· . 
. 

' 
-~~ ' 

ii 
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TABLE V 

Analysis of V i,r fonce of Tim:a-;;co:!'es rn1;.cie by 1'rai.'1 :as oa the 

MaG!lburn A;i,>aratus 

A _g .£ 

5.0:.:5 4,913 4.d';il:l 

Grand mean= 4.882 

d.f. 

Conditions 5 
Y,i thin Grou;is JQ. 
Total. .35 

11 

4.8:C:8 

Sum of 
Sgw:.res· 

O.?b8 
14-~ 
15 ,Ob:C: 

4-5il5 

Cl.1536 
0,47b5 
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TABLE VI 

Analysis of V&riMce of Time-Scores made by Trainees on the 

Mashburn Apparatus 

Trial 3 

Conditions Means 

A 1t ~ .12 .! ! 

4.472 4-585 4.645 4.647 4°483 4.427 

Grand mean• 4.543 

Sum of 
..9.:1.:. Squares Variance 

Conditions 5 0.2797 0.0559 
Within Groups .JQ 16.9396 0.5647 
Total 35 17.2193 

F = 0.0990 
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TABLE VII 

.Analysis of Vari81lce of Time-Scores made by Traineec: on the 

Mashburn Apparatus 

A 

4.188 

.R 

4.457 

Grand mean"' 4,205 

Conditions 
Within Groups 
Total 

Trial .',. 

Conditions Means 

Q 

4.255 

s&. 

5 
JQ 
35 

] 

4.133 

Sum.of 
Suuares 

0,644 
l4.27Q 
14.914 

F = 0.2708 

! 

4,017 

0.12i.:8 
0,47:,7 
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TABLE VIII 

Analysis of Variance of '!'iiae-Scores maae by ·1·:ra:l.nees on the 

Trial. 5 

ll. 

Condi tiona Means 

Q 

llrand mean "' 4,025 

d.f, 

Conaitions 5 
l\ithi.n GroUJ?I! ,JQ 
'L'otal 35 

4,ll:10 

Sum of 
Sc,uure;, 

1.4545 
11.5647 
13.0192 

F = 0,754 

0,.:909 
0,.3855 

l. 

3.91:15 



-40-

J 

TABLE IX 

Hee.rt Rates Per Quarter-minute for Certain Trainees 

and Applicants During Specified Trials 

~ 
Subject Condition Trial l Trial~ 

26 B 28.0 24.2 
27 F 24.8 21.5 
29 B 25.5 2,3.8 
31 B 2.3.2 22.9 
36 A 19.0 19.2 
37 B 27.0 27.8 
43 A 2.3,9 2.3.4 
44 E 2,3.8 2.3.0 
45 F 21.6 22.0 
47 F 20.8 19.7 
49 E 26,l 27,4 
50 D 21.5 22 • .3 
52 F. 17.5 18.,3 
54 C 20.9 20.9 
57 D 21 • .3 20.8 
61 E 21.2 20.0 
62 C 2,3.2 22.1 
6.3 B 26.5 2,3.1 
64 A 2.3.l 22.1 
65 B 22.6 21.6 
66 D 28.0 22.8 
67 E 19,8 18.,3 
68 C 24.9 21,6 
69 C 25.8 22.7 
70 A 19.5 17.8 
71 D 2.3.2 22.1 
72 C 1.9.6 17,4 
7.3 ~~~ 27.9 22.5 
';'4 F 2,3.l 22.9 
75 C ,30. '! 26.2 
'.'6 E 2.3,5 20.0 
77 B 21 • .3 20.6 
~28 E 26.9 25.0 
?9 D 25,.3 25,4 
81 F 2.3.5 22.4 



ll 

• 

!, 

Total 



1~J- .,_ j-;',_; 

Su,_J •Jf 
Cl~ f !.. ~½UL!'ei:) V,..,,r1~ ... ce 

4 .:9 • .;,:3 7-456 

~ _.Q.l,_~ 5.474 

;cg lbl.ld3 

F l.Jb,: 
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TABLE XII 

Average Rates of Breathing of Trainees 

during Trials 4 and 5 

Sublect Condition Rate 
·, 
. ' . • 

25 E 2h.7 
26 B Jl.8 
27 F .<4.8 
28 A 17.4 
29 B 22.4 
30 B 24.9 
31 B 30,l 
32 E 26.3 
33 D 22.0 
34 A .:2.4 ' 

35 C :28.6 ~:~:~~· ~ . .:_:. 

.36 A 22.0 . ' 

37 B 31.0 , 

38 A .c.5.0 
39 B 23.9 
40 C 21,5 
41 D 27.6 
42 E 28.6 
43 A 27.0 
44 E :23.6 
45 F 29.8 
4b F 30.2 
47 F 21.8 " 43 .F 35.1 r 

49 E 29.6 
50 D 29.2 
51 D 22.9 
52 F 28.3 
53 D 22.3 
54 C 22.0 
55 C 24.7 
56 B 31.7 
57 D 23.l 
58 A 26.6 
59 D 19,0 
60 C 21.1 
61 E 28.9 
62 C 22.2 
63 B 31,4 



ll 11 

,3.4 ;;,,9.1 

Grand me1-..n "' ,a.O 

f~ 

~-3-4 

Sum 01' 
§.g_l!.f;.:r§..§ 

3.355 

ll. 

;_4. 5 

,,, .E 

.-7 .3 .~e .. : 

37.346 



'1'ruinoes 

Subject Com,it.ion hunk 

.:5 J,; ;,3.0 

.:b B i7.0 
;_7 l' .1..:,.,:. 

~" " ~-",. 0 

3;,_ 1 .Lo.;; 
3.3 D 8.4 
.34 A 31.4 
35 C .LJ.b 
36 A 15.4 
.37 B ;..:;:;.6 
Jd A 11.6 
40 C .:0.0 
I;,. E :i::~.6 
43 A 27 • .: 
44 E 1.2 
45 F .:G .4 
47 F 11.6 
49 E 13,6 
50 D 3.0 
51 JJ 6.6 
5~ ~" 15.0 
53 D 4,.4 
54 C ll.~ 
55 C .:J.6 
56 B ,l.8 
57 D 17.0 
58 A b-.i.,, 
5') D Jl.6 
6J C :i9.4 
vl E .:il. 8 
u;~ C 5.;,. 
o3 B ,.0 
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'.i:.an1~ 1 V 

Deviations from the le •IGl ,JO s-1 tio11 J b}'..J?r,:~f>f.i0(1 ~ll .1Jr ·, lU -,1;--;. 0 t' e-; ·,,,...,:, 

for slx liif.f' 1.:re.:.1 t ex..--,bri.me.i.1 tr~l CO!lt.i '. i.:r. th 

LO.ll, l'l'U!Jl1,,i..L 'lILT 

Conciitlons 
Subject 

Subject A B C D E <' Ueans "'--
1 104 186 47 3;;; 4) .35 74.8 
2 37 ¥ 46 <>4 50 5"- 4d.5 
3 l,:6 79 114 46 ,:L)U 71 ].06.0 
4 6b 155 66 160 94 l.U, 109.1 
5 91 131 89 107 115 ,30 ll!Ll 
6 44 54 35 ;,_4 39 ·_y 

-·" 43.0 
7 d9 34 ?b 5l) 69 57 62.5 
8 35 47 1+9 65 92 36 54.0 
9 11 51 61 106 79 36 57.J 

10 192 55 lbb 85 72 u6 lOb.O 
ll 159 87 74 70 1:,.4 .:5 d9.8 
12 21 91 1.::9 39 81 67 '71.3 
13 71 ~ ~2 ~9 34 27 37.5 

. ' 14 145 1.::6 17.: 141 l5~ 75 135.1 
15 87 61 97 l" •'-'- 9.: 7b 39.l 
16 100 47 35 b7 .31 55 55.8 
17 75 41 £~ 21 ;;;1, 37 ,37.0 
18 a ~, 161 91 104 64 77 .J. 
19 78 39 41 47 ;,_4 .:.9 4.3.0 
:..o 85 10;;; 94 106 10"' 35 87.3 
.:1 ;;;5 d4 ;;;9 70 1;,; ,-,, 

"" 48_.6 

"~ 61 ;,;13 .206 l4b 37 1:i~ , ., 1,,3. 8 
;,;3 b7 81 95 139 b4 ';10 ;:;9.3 
;;;4 .14 ;;;5 59 49 34 J, 35.5 
;,_5 82 tlO 76 o5 l.:o 91 d6.6 
,:6 ;;;1 35 107 17 1.: ~~ 35.6 
;,;7 46 34 30 Jl 40 ~ 37ll 
.:C:8 75 .21 )6 70 Jb ~4 47.0. 
.29 35 37 90 7 57 51, 46.6 
30 ;;;5 71 75 10 44 37 43.6 
31 3;;; 61 60 1.47 61 81 73.6 
32 45 130 40 3:C: 100 44 b5,l 
33 31 96 51 149 29 <'4 b3.3 
34 56 32 57 57 37 ~~ 43.5 
35 10.:C: 191 195 76 127 50 1;:.:3.5 
36 65 127 125 91 195 35 l0b.3 
37 89 64 49 llb 142 56 86.0 
38 82 170 100 l<i> 187 .1.29 129.0 
39 67 81 25 ill 102 51 72,8 
40 4 75 65 37 50 42 1.,5. 5 
41 127 196 55 47 105 85 10;;;.5 
42 70 102 37 25 21 107 60.;a 
43 136 32 5.2 5;a 67 70 68.1 
44 76 55 89 94 136 146 99.3 
45 159 80 90 1;.;5 61 d9 100,6 
46 64 15 .56 d4 76 30 5' .. l 
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TAIU IV (Continued) 

· lbject Subject 
A !. lt .12 Ji .I Meane 

47 <>5 <37 104 69 65 87 79.5 
48 161 7-;. 217 79 126 64 119,8 ,.9 37 86 22 35 4 ti, 45.5 
50 36 36 29 .30 19 60 35.0 
51 104 50 l4l 27 21 49 65.3 
52 110 65 ll9 2,f/, 82 124 127,6 
53 74 89 94 14 lJ,l 129 108,5 
54 50 42 91 76 67 41 61,l 
55 97 92 25 · 106 109 40 78,l 

l 56 156 J.S;i ~6 250 212 262 215,l 
57 81 86 109 54 79 67 79.3 
58 oO 92 141 141 57 132 107,1 
59 42 31 41 60 o9 75 5;.o ·, -:'.-. ~ 
6a 55 J.07 95 152 81 ')7 91,l 

, Condi-
1. tions 

78:917 • !,leans 74.017 80.0dJ 83,650 131,567 68,417 



-· ~ j ,_,~ 
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'i'~'o.bl,,~ AV 1 

/-·:·~-
Deviations from the level 1JOEJ.-L,ii.:h~, a::-:x.t-a-e'-,'.SE:U in mitiutEJH -:it h. r c- s fo:-' 

six different a::.1:>E-l'L-!lii:;:C,tHl co.odi·:.,:.ona 

!:f/i'.bKAL 'l~l:I-~I 

Conctitiono 

Subject A B C D E F Subject 
,\lesfil11 

l 107 lJO 81 167 ll? 80 llJ,6 
2 JS 44 51 31 36 15 35.s 
3 76 115 76 k'' 86 'J21 86.8 
4 77 121 54 51 72 79 75,6 
5 41 25 105 59 80 29 56.5 
6 42 62 31 90 37 87 58.1 
7 61 80 47 27 29 l.2 4,:.6 
8 45 95 52 22 79 65 59.6 
9 64 35 57 7l 41 i;2 51.6 

10 80 50 86 89 56 29 65.0 
ll 67 117 54 112 100 70 86.6 
12 57 46 22 29 70 1,2. 44,3 
lJ 19 42 81 ll 32 " 34, 5 
l4 91 125 86 91 70 130 98,8 
15 241 290 205 167 165 1.39 201.l 
16 126 106 100 106 79 162 llJ.l 
17 40 15 10 36 ;;:6. 19 ;;:4.3 
18 10 7 35 3;;: £4,, 45 ;;:5.5 
19 35 25 6 30 .C:b 55 2':!,5 
20 15 46 66 64 62 87 56,7 
21 15 37 ),9 66 65 55 47. 7 
22 59 57 .35 l4 44 30 3';1,8 
23 35 64 76 8.L 105 66 71:,2 
~ JO 80 26 4l 39 04 50,0 
25 49 J6 25 32 40 25 34.5 
26 41 b4 50 b5 ll+ 41 . 45.8 
27 46 34 14 51 40 31 36.0 
28 SJ 104 102 100 44 72 84,2 
29 .:5 15 61 J.4 s:t 41 34.5 
JO 74 44 n 35 81 65 61.8 
Jl 61 86 44 85 66 65 67,8 
32 40 72 96 32 67 84 65,2 
33 JO JO 35 97. 71 144 67.8 
34 44 67 49 74 50 56 56,7 
35 61 101 52 84 50 121 78,2 
36 9 5 11 19 bJ 27 ;;,2.3 
37 122 a 61 46 122 112 80,7 
JS 104 84 65 85 112 131. 97,3 
39 67 66 39 JO 39 44 47.5 
40 86 59 1.:2 ll4 ,39 >37 92,8 
41 137 95 41 97 51 66 7:~118 
42 61 65 65 25 39 81. 56.0 
43 130 89 112 1:19 86 109 102.5 
44 124 106 61 69 81 97 ,39,7 
45 75 36 46 50 56 64 54.5 
46 4l 101 87 49 39 134 75,2 
47 47 95 56 55 o5 ,36 59,0 
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TA.1:1,U:; XVI {Continued) 

Subject 
Subject .! J Q .n I .! Maang 

48 /41 w 15, 9 27 55 51.2 
49 82 4b 69 72 71 l..3:?: 7'd,7 
50 1:14 100 35 56 54 6:?: 0;.2 
51 15;5 37 3~ 6o 47 59 oo.o 
5~ 36 32 129 95 !!,7 96 79.2·, ·. 
~? 
✓--

8:2 114 ;37 187 ).;:l 132 .;.20., 
54 71 57 12 45 75 77 56.2 
55 

, .,, 
~ ......... 14(.1 ilG 147 150 70 124.7 

56 67 49 <35 72 ll4 40 71.2 
57 "l, 79 12.6 64 46 57 '/3. 5 
r,n 65 llZ 7';, 117 32.2 65 92 .. 7 
59 70 51 34 55 50 25 i,7.5 
60 !JC 92 J.05 1:;1 176 1-26 l.'::6. ·7 

CCJ!.'•i-i -

tio,Ja 
llea;.1a :::/i .. 6s:- lU._300 65.1e.3 b7.3:50 63.266 71,oJ.7 



Qgnaj. ti0i:, S 

n 
74.017 80.083 

Grand ~oan = 77.775 

C<:>nci.i tions l C) 

SubJects (S) 

Remal.ndar (C x S) 

5 

59 

;.:95 

359 

F= 

Sum of 
.fuil.l.!¥'11..!! 

lj ~--{3.3 f G55 

)~9~13.b !;! 

1, 30 J. 909 
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TABLE XVIII 

Analysis of Variance of h.esults on Tilt P;,rception 

MeanB 67,6',J 70,3G0 

Gr&nd mean= 68,397 

d,f. 

Conditions ( C) 5 

Subjects (S) 59 

t1ema.inder (C x S) 295 

Total (T) 359 

F = 

Lateral 'flit 

Conditions 

.Q 

b5.loJ 

D. 

67,350 

Ao.aJ.ysis or' Vuriance 

Surr, of 
Sguur·ea 

1,556.26 

401,695,70. 

145,416,44 

548,670,40 

-..1, .~~ ---"'~ 0.6Jl 
492,92 

t,8,250 

V~rlunce 

311,;;5 

6,70b,ll 

49:,,94 

l 

71,617 



'r.!lBLk. XIX 

.i!.,rcrEL:,;:, l"re0.·J-c"iCJ of ilpha nhyth01 

D.ii·:L"l,., h:.0:1 of :!:hree Periodi, 

!~uil.lier Pre-nois<1 l~Oii,& .i'o0t-l).Ohe 
P0oriod .Period Period 

(Control I) Uoi~e llO ab) (Gontrol II) 

1 10. t,;c l0.~8 9,o4 

2 l0u3✓. ll.04 l.1.20 

.3 11.20 11.25 l0.82 

4 9.59 10,00 9.95 

5 10.02 l0.13 l0,28 

6 9~83 10.34 l0,10 

7 12,48 1.0.72 10,77 

8 9.u 9.54 9.59 

9 10.61 l.O.Jl:l l0,29 

10 10.45 10.88 ll.06 

ll .. 11 ll,23 l.0,70 

l.2 10 .. 6L-,, ],0.08 9.92 

.l.3 10.:::,6 10.44 10.43 --·-- --
i:1~ans 10 .. L:,3C! 10,485 10,Jdl 
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Changes in Threshold ef Auaibility 

Follo~inb ~ti.mulation by Noi~e and Vibration 

Conditions 

Ereguency _!_ B _Q__ 

1,0 - 0.3 - 3,1 - 0,4 

250 - 3.1 - 4,4 - 5,0 

500 +- l.1 - 8,3 - 5,4 

1000 t 2,8 - 8,3 - 6,6 

21.100 f 3.7 -11+.1 -13,7 

,4000 -t- 5,8 -19,l -18,5 

6000 + 3,0 -10.6 -19.J 

9000 - 0.5 - 5,3 -;, 0.8 r --._ L 
. ; 



~ 
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' 

I\; :_,;, Ji,,;-1 
l 
! 

Ti..t...e Scores for Perf'orrr,ar.1.c2 on tne !110.shbur~~ AiJp.--n·a~·tw 

.§lL},lJC~ 

Sul.J,incts 
Trial l i 2 ----1, ____ 5 -----6 7. __ Ur•, ,u..1L ________ 

L 362 386 330 ~9l L,:2~ 334 L,bb 3'0 
2 ;,,79 ;;94 304 ;;50 ;,,86 ';,.68 3b5 272 
3 ;;46 314 251 ,:.17 26.: 267 299 2·,5 
4 266 293 243 216 231 -;;.57 .:SJ. ~)5 
5 292 301 257 218 ..:b';,. ';;.67 ';,.'7!, ;,,67 
6 271 311 210 224 250 2'Jl 2~.-~ 2/49 
7 261 310 214 223 235 258 241 2,,9 
3 281 302 235 184 ,,23 245 -.09 ~1.0 
9 256 240 219 163 243 249 ;;;,,9 ,:.;28 

10 .:48 273 ;;04 193- 231 .:33 .:08 -;~:;:? 

ll 255 297 .:34 17.: .:23 .:67 197 ~35 
12 230 257 181 190 ,:.0,:. -.26 .:06 ;;13 
13 251 ,:.49 207 178 .:19 "6 200 .:19 
14 ';,:;J~ ;;3;,, 201 170 259 '26.: 203 2;,3 
15 ,.79 ~o~ 196 168 3;;_0 ;;34 .:37 ·;;:34 
16 218 .c38 ;,,10 163 ';,.60 .:14 .:l'J ~17 
17 ~ 279 197 171 ;,,30 .:54 ;,,09 ~-~~ 

18 236 .c57 180 155 ,:.'.)J .:31 193 ~15 
19 .c22 .c34 .:00 173 ~05 285 .:15 ~19 
20 .:04 ;,30 18tl i74 .-10 ',.,/0 .~, "l.;·1 :,;ccl 

:.cl 24.< i:206 1'34 l::.D .:lb ;,,40 .:lb ;-,•y3 
.. '"·" ,<'JJ_ ~OL 173 .164 -2-.(.G ' - .:31 ~U5 "-'" ..a..-;J 

;,,3 ;;53 .:50 ~~o 141 ltl6 240 L0J :::13 
.:4 .:bl ~?';,:; lob 162 2.:4 ;,,1::, ;,,30 ~~J 

.c5 ':c.b7 .:51 19.: 167 ~~~ ':c.b3 245 ~30 
26 ;,,34 2~1 lo6 158 178 .:71 239 ~·,.:_2; 

27 .:04 .c43 183 141 176 .:38 231 ;;::02 
28 .:90 18';,. 179 152 198 195 :::o::: ;,no 
.c9 259 199 184 156 :::05 218 207 204 
30 .:44 173 lb9 147 1'}7 :C.,:5 218 196 

31 270 -231 170 lb6 199 ';:.Q;; ,c0d 215 
32 2;,,o 183 163 150 186 ,:8';,. ;,,03 l'-)c 

33 248 193 19;,, 146 179 .:bl ;,,56 ;,,11 
34 251 19cl 186 176 154 .:49 196 201 
35 .:37 175 ;?.00 150 157 230 .:76 204 
36 a5 197 177 150 184 2;,,5 .'d,';,. ;,,04 

,37 249 195 196 141 ;,,;,,o ;,,72 273 2;;_1 
38 189 2,:0 174 136 ltl,c ;,,77 .:84 209 
39 19.: 2.:3 175 181 197 .:b3 .:2';1 .:09 
40 19.: .:03 167 175 300 276 

41 213 160 157 214 ,c30 ;,,51 
¥ 200 185 155 148 .:46 234 
43 169 196 lbl 189 .:58 
44 184 211 150 289 
45 184 173 .:61 
46 154 155 .:54 



TABLE m (Continued) 

:tlial l 2 l "' ' 6 z 9£gya 
..,7 l . .. U,:. lbb 
,,J l'-Jl. l;.,5 
l;f) l,;d 135 

,,_ \ 

50 ,;08 150 ;< 
) . 

51 193 131 
5;:; ;:;07 159 
53 ;.17 144 
54 165 144 
55 Ul::C 141 
5b 141 
57 144 

,, .. 

' • 



; '1' •• ,1, 
i 

7·)..rne ~cores fnr .ft:rfo~.~-1Rn.:>: - - t -.(· l.~L' {·1·~;':\: . (1'13Y;Jl,t\·. 

lit!ll?.f 

Suhj,.cts 
Trial 8 9 J.O L1-~ i✓• ___ u._ ___ lt,.. ___ 

l 505 419 391 475 4bo 40J 4'" ), .:,./:,:; 

" 375 ;,.99 105 375 306 :C.76 ,;-}8 
3 279 254 289 :.::i2 :C56 ';;./,7 443 ~~t.4 
4 ;;.96 ;,.75 ~68 .:.35 Lb~ ,:,:,3 ;;34 2'Y1 
5 271 ':1.31 266 220 293 ~05 191 240 
6 271 234 238 19.: .:50 ~00 ,:.ll ;:.35 
7 ;;:36 21.: 337 213 £~b ;;oo 189 2JC> 
8 245 214 295 195 255 169 186 ~~3 

9 ;;_33 191 266 201 ~bl+ 177 .204 :219 
10 223 2.:0 :«.9 188 .:36 195 204 ,:.l.4 

11 244 210 247 201 228 173 19;;. .:14 
~ 2ll 130 ._47 178 :.::.:5 170 11.57 200 
13 .:07 190, 288 208 ,, ' 1'7!.> lo3 .-.08 ,:.,:,,<. 

l4 229 190 276 '201 ,.36 153 173 ;i;U8 

15 ~ll: 171 305 193 235 190 186 213 
16 207 224 ;;_94 175 2i<-') 11.9 loo ;.06 
17 203 163 319 174 ""1 171 19'7 ;<)7 
18 2.;.b 195 291 lb6 ;;,_33 ldO 171 ::: lio 
19 2.18 171 ~6~ 166 230 15~- 176 
:co 185 201 261 159 .:01 l',i.;: 187 1s1;J 

:Cl 196 178 .:61 18:- 209 163 lb3 ~, 203 178 301 164 204 175 .:00 ;;.01 .. 
:CJ "~ 178 249 176 " ' , .... 1'9:.! 1'79 ~Olr 

', 24 21b 18,:. 251 174 .:14 lutl 1134 1'),;l 

' i . 25 2:,.7 167 .:b9 172 21;,; 194 ldl, 206 
26 .-.lJ 176 ~38 173 .:16 173 161 l.'/b 
.:7 199 · 171 2)~ 194 ~:c_~ 19~ 16:. l':19 
:.d 196 l6J 259 lbJ ~1.~ 159 170 190 
;.;9 19.: 168 ... 9.3 17b :CO') 17b lbl l':itl 
30 199 170 2 ... 9 178 .:10 l'i'6 159 lo9 

31 193 179 :Col 18:C . 2J2 .:09 ld5 :C06 
32 .:OJ 215 .:65 163 ;;:05 108 1:,5 196 
33 2~5 196 ;;,.51 172 192 133 l-56 196 
34 218 163 :.:33 ::,_7; ,;;43 ;;:JJ 15 ... 199 
35 214 166 .t68 157 ;;,_37 174 179 199 
36 171 180 265 lb£ ;;;44 183 164 196 
37 184 171 25.: 165 .:55 lol 161 193 
38 19.3 168 241 167 ~~6 156 168 188 
.39 191 lSJ 251 167 231 100 170 193 
40 2a 153 17.3 :C:15 ld3 155 

41 ll:18 .::04 183 2.:4 167 189 
4'i- ~ 151 174 ;:_35 191 175 
4.3 211 143 151 a4 171 186 
44 199 171 lbl :C:36 185 201 



TABLE XIII (Continued) 

1£H'l -~ '1 10 11 12 ]1. M Grou;e 
!.,b ;_?J 1'10 :COl 1'13 159 
L,-7 .:Tl 161, 170 17« 
/413 .o.:,. 179 lb6 176 
/ Cl 11,'0 163 176 173 4/ 

50 ' . ' 176 177 .<00 (_:,,..,. 

5.1- :, l'l_l~ 113~ 174 1';10 s:, - .:.:j lb3 194 
5j 177 lS,4 
C' 

181 157 .,.-.: 
~~ 

174 · 



,;t---- ,,; ,, 
-=~-

'<!-i.-: ~(':I._L,L - ,, 'J. 

t~~- .L-rn-k, ~'Lu-~~ 

Si1L__j-:➔ Ctf) 

.J)j._al 15 lb l'.L.- .... l3 __ l.:l __ ,~ __ ~~; ______ ;.:l __ ~ ·---~IJ;_lJ_b! 

1 375 355 33;:_ ,,;:_:, J,)J 4.}t) ·r 
t;,,(_,) _i _, '/ 

2 ;.c5;;: :C40 :cc19 345 ;;.7"7 ~?) , -, .J. 
~Ol., 2~.'.. 

3 ;.c56 ';.67 ';.i,t, 337 ';.ol ;,t,() .<-u;;: ~?t. 
4 ';.JO ';.JO JL,5 2d8 ,,70 :C70 ';.'.,6 ,:7l 
5 .:2¥ 2';.3 3 .. 1 :C-,5 .:58 .:40 ;;,1.3 260 
6 229 240 305 :Col 2';.9 ~/4::. ';.58 ;·55 
7 ;,34 2.:8 .:b5 249 2;;:7 '';.,4,7 207 .,37 
8 ~~6 199 217 :CJl 2oc1 217 ,:';.4 217 
9 2'i:7 193 .:40 ;:5.: 197 LJ6 216 ;:_;::3 

10 ·a4 198 2" 290 ';.J6 ;:::-:6 ~Jl ;:,31 

11 174 218 ..:08 265 211 ;;,40 ;:_13 ,;,13 
12 185 198 «:13 265 177 180 194 ~02 
13 171 185 201 229 187 168 205 192 
14 193 189 «:19 ';.60 .<.LO 17';. 1or 

'" 
;;:(i, 

15 197 182 226 ;;:.30 196 174 -,,,44 ';,07 
16 216 191 ;;;;:_9 259 195 158 191 206 
17 214 185 «:Od 2d7 ld5 lo9 197 :::06 
18 181 18«: -:46 -:76 ld6 ';.04 ~,o 214 
19 186 198 2..:3 ';.JO ..:11 164 -:1:, ;.(J7 
20 185 180 217 :C:Cl 173 195 208 1,:7 

;:_1 187 177 ~:r:.3 43;;_ 173 1·:16 .. 31 ;.:_03 
~~ ;:09 155 .:31 :Cbd lo8 1';)5 193 ~~UJ 
,23 181 164 .:oo :.bO 16.: 13/, 18:, l';'l 
£4 174 167 .:.:1 :CSl 179 «::C7 177 ~t)-~ 

25 lo8 167 ;;30 ;:_57 1J7 17';. l)O 1•}0 
~6 152 ld9 206 ,.,40 165 lG7 .:08 19'.J 
-:7 19-: 192 209 -:38 Lib ,Ji.) 177 ;u~ 
.:8 181 195 207 .:l:l!l .:01 .cll9 179 ;:us, 
.:9 198 191 190 :::05 177 17.c 174 196 
30 170 158 .:l:, 217 19:C lSJO lob li:l7 

.31 ll:l5 156 20') ;:_41 l')l 17:C 174 190 
3:C 199 lbl ;.c:co :cos 17b 176 19<1 191 
.3.3 16.3 173 180 ~~9 ~u~ 198 178 ld';/ 
.:,4 l~ lo~ -:..,-: 29.:. i29 7 --~ j . --- 2.31' ~-.; J.' ~ 

35 l'' I l.'.'7 2ll 293 - , - 1'7~ l~ ';_'')'! ,. .!.I.:;:) 

)6 159 178 ;:,35 -2..'.t-4 .cJ4 19J ld7 ,::(;0 
.37 168 169 ldl -;.49 181 2:C4 195 195 
38 170 166 170 l')l 183 178 198 179 
39 18.3 lol 18«: 211 l8i 181 191 184 
40 160 171 ~o;:: ld8 179 183 

41 217 175 187 135 159 1';12 
/42 144 173 .'l.3 203 ;201 171 
4.3 15;-;, 173 ~15 203 1,.;. 1,)o 

:.J. lo) .i~~ i_ --1 ~ j ::_1·? J.'.1"7 l~/j 



TABLE IlXIII ( Con t.inued) 

Trial 12 16 1'7 ___ 18 12 20 gJ. Grou2 
1,5 157 l71 1 ,) l 

.L,•J..;.. 185 ;,:09 :.:.07 
46 19: .i.10 lc9 18& 195 .208 
47 lBi 1:,5 ldl lo9 149 
413 lt/~; 190 ldJ 159 
4'} 1;0 lti,1 ;.:05 ,o ll.lJ 170 1';15 

51 1:):. 19:C 190 
5;;, 168 159 
5" ldl 178 



-60--

T,JJ,,;, i.J.I V 

Time Scores i'or Performance on the ,Aushburn A;>paratus 

NOI&i:. ,,ND VIblu,.'iIOU 

Subjects 
Trial, ~~- 23 .:4 25 .c6 .:7 ;28 Group 

l 304 346 3dl 476 4'17 Jl.'.. 413 J',10 

" ;234 .:70 .:56 JjJ 457 257 J':;7 312 
J 199 247 284 J" "'' 369 .:56 335 ,87 
4 23, .:JJ 23 .. 304 J40 -.17 309 .:67 
5 .:06 25.: 2d5 JU':/ 375 .c04 ""'" ,75 
6 1'17 ;211 ,67 ,dO Jb'-) 195 ';,.?J .:56 
7 181 .:.:5 181 ,61 JOB ,05 .:61 ;;;3, 
8 ldO .:44 .:07 .:54 .:93 179 -;,_49 2.:9 
9 159 197 ld5 .:33 JOU 134 25-;,_ 216 

10 185 198 ";:.49 <C':/8 JOO l6i:l -;,.4c ;;;34 

11 170 207 .:18 ;;;49 '<.73 170 ;..,c') ,16 
12 166 2~~ -'"'6 .'.:bl JOl 168 ,33 ~~5 

lJ 189 215 2;;;3 ;;;91 3')5 158 ~51 .'.:47 
14 158 lb? 193 .:01 319 loo 2~~ ,04 
15 177 185 188 ;;;36 L?b 17'/ ';..10 ,07 
16 163 1'17 .:01 .:tlJ .c64 lb.: .clJ :Cl.: 
17 154 179 1'18 .cd4 <C'/7 157 .:35 ;;;15 
18 166 lb9 215 ;;:~;;.., Jul lb':i .:08 ,:.07 
19 174 ld9 ;;;ob ,b5 397 l;,d ,3.3 232 
.:0 171 lob a4 .:31 J';;4 150 ,a ,ld 

.'.:l 151 .c02 .'.:10 l'/9 .'.:30 15d lo? 1'11 ,~ 158 lb5 183 .:.'.:6 276 145 239 199 

.:3 ld.: 185 169 ,49 Jlo 154 .:17 ,11 
24 16.: 197 lS,l ,08 Jb8 1';;5 .:.:4 .:15 
.:5 158 196 21.: .:68 ~()L 15b ,:06 21] 
;26 151 ld9 ,:18 ,:J,; 3.c,;__ 14b ';:.17 211 
27 101 186 .cJl ,lJ :.:40 lbl ld9 l':/ts 
.:8 147 .:04 .:03 ,07 ,?8 lub l'}d :coo 
,:9 154 .:08 190 23.: JLl 157 179 206 
JO lb8 ld9 ldO ,39 ;:.85 151 198 ,01 

31 149 186 lb? , " Jo, 149 1';10 ,05 .. ~ .. 
3, 165 177 ,16 199 210 150 l';/d 168 
33 168 ,10 175 21d ,;';;l 15':i l'J':! 197 
34 148 170 178 2bd 163 ,;llb 
35 159 190 195 1';17 157 205 
36 154 184 207 197 151 ld9 
'J,7 14';:. 112 ~a, 231 178 2.'..l 
38 158 11, .'..14 ,:40 15b ~l~ 

39 156 19.: 170 24';:. 14b .:Oil 
40 154 lt16 179 ,';7 140 .'..24 
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mLE mv (Continued) 

T-r-ia] 22 23 24 25 26 27 28 Group 

4l lol 1.34 151 .:l'/ 140 .:ll 
l,;,t. 15.3 192 "~~ ;;;1;: 159 175 
4.3 147 ;?,~Q 181 149 :200 

44 lJ.3 .:11 ;;.;;;3 147 l?b 
45 lo4 191 ld5 14.3-
4b lb.: lo4 lo9 151 
47 17.3 loo 178 lb4 
48 15:C 1)9 
49 1:,5 162 
50 lt,9 155 

51 15d 163 
5il 160 170 
53 149 159 
54 11+6 11+5 
55 158 
56 1.39 
57 168 
5d 15;: 
;;,') 148 
60 140 
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TaBLE llV 

Ti,ue i:icord:..> L;r J.'erformance on the Mashburn Apparatus 

Subjects 

Trial ;_ ' L'il ---1Q ( IJ) 31 ( IJ) 32(b) 33(0) 34(D) 

l 4].J ~71 291 338 433 339 
2 JlO 177 25.c .c7]. 341 238 
3 JJ'.:i 166 .c35 2W 2o4 196 
4 , ' , 

,:_'{.,_;.- 157 ~;~5 3'.)8 294 200 
5 ~1:: 163 ;;.33 ;;.91 ;_79 196 
t, ' .•.::'. : -. 154 20'7 273 2o4 .c06 
7 ~-.. --: 15b Z·.3 ',.47 ',.b7 .:08 
s lil lb~ 193 .216 .253 208 
9 l~t''l lb3 l~l 205 ',.06 .213 

20 }'7J 170 168 ',.45 ,;l':, l'-J7 

:Cl l)C lbl 1;;9 236 191 189 
1;,; l', lJd 179 238 190 Hl5 
lJ l,l ' I , 

.J.l~ 179 ,.30 ""6 .203 
J L, 1 , ),_ 13,, -i,·,.. 

;_')<. 255 169 199 
]5 l )/~ 13~- 17/, 211 193 195 
lb l:·•:i 131+ 17') 211 209 ldO 
l " , I 11;,_ 139 178 ',:.~7 . ld4 153 
~i G l:,t 151 lb5 ~~l 210 154 
J9 l'' ,,,_ 14'.1 lol ~1;_ l '7~ -· .. 7 3J 
: .. (J lJ4 136 170 .:16 1:;o 141 

;.1 11 · ¥· lL,3 lb5 210 1')0 144 
l2 140 139 lc:J ;;o;, ,;;,'1 148 
::C.3 li,5 l.:J lbtl .210 .:07 131 
, , 

147 110 170 ~10 206 139 ... ,. 
.:5 135 l' C ... _, 177 .20tl lcll 151 
,.6 lJ), 1,.J. lbb 190 .:14 149 
;:7 L.,O 128 16.: 219 197 137 
:C8 Lil llb l)~ 204 19.2 137 
;9 J /_,.\' 11.J l':,7 179 2.:6 1;,;9 
.:co I . , 

l ,. , l:C9 le,':) lSb 211 134 

:-a l ., 
.J,' 

7 ,., I 
..L•--~+ 17d :;:03 1.:9 

.. , _L_'· -,. l ]t~ 170 :;:09 · 136 .)"-

3.3 ] ~I- ',, ~.t:'.,,:.. lb5 193 141 
J/4 1 I . 

- j • ' 

·, 7 I .L...,.,.. l'/1 183 134 
J5 1)' ~-;~j lf.~ -196 l/45 
')f:, ] :, ' • :·.O 1::,t 191 134 
)'i l ~·.J_f_ li .. ? lGO 139 

' . , l')l 141 ··-,_-,.., 
,,, .1.. '"!t. 1-:-J~ 132 

~-u'/ }_,}Q ]52 
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fAU XXV ( Continued) 

TriE.l &2(,.l ~,Bl ll(Bl l2[il llU2l l&(Rl 71 124 124 173 212 142 
4'' ,, 136 126 171 l.'i6 127 
4., ;, 139 l.34 165 159 1.39 
,41,,. 136 140 164 147 ,. ....... 129 l23 143 l4l 
46 139 1"5 151 140 
!,? .l 1,0 116 157 15:i:. 
48 1:.9 108 16':. 156 
49 150 110 J.70 145 
50 134 llO l'/3 14,.: 

51 139 132 l. 78 143 
52 133 130 18:.C 145 
53 14:5 u;;; 17,: 145 
54 144 J.;:.O l.77 14" 
··~ ,_ 140 1,\4 ;;;07 135 
5b 140 124 149 130 
51"1 141 ll';/ 144 136 
~,; 149 ill 143 
59 13';1 l:c6 137 
llO 133 ill 13b 

bl 1:..5 i;;,4 139 
6~ 1¥ ll5 142 
63 132 ll? l3b 
64 13, ~6 138 
65 13;;; 131 141 
o6 130 122 134 
67 1..:9 14,: 
68 135 134 
b9 w l<:2 
70 132 124 

71 133 
7;,, 135 
73 1...9 
74 129 
75 138 
76 134 



l 

C 
. ;,8 

:'..,9 
1,,? 

._ .,.__ 

.~5 , .. 
~').1\ 
--,·1 
_ _,_,,. 

21.~i 
'?'?'';i 
~1:, -__ 
-~-·3-J 
;:.:}.~ 
:;o' 
182 
199 
J.75 
l9r' 
169 
113/:, 

. '~' ·\ 
:-.:.~1l 
_',~ l. ~ 

')1_:.? 

\ -- l 
--•-~ ' -\',; -~ 
• :~ I ··-- ... 
J'i? 
; ':i--, ,;,_,.-j 

' ' ) ·'-· ... ' ... t, 
' ",-., 
,'.,()' 

11,5 
l '''/ h,,:,~ 

! 
., . _.2_. ') 

-~:, -- • .. L-
• ;:.~6 ;,t;3 3tJ5 ~- .,, -· 

:~ J ~,' :2b'.<. 267 ~,99 
16] 23:) u.9 ?.08 
! ';1 <_;· ~;-,.3 233 197 

-, I. .n~.., ··n,-_-.:, Dr::: ~l./4. 20') 
i ~?l 219 ;;:~9 193 
2,38 205 196 ;,45 
.., ;-1 
.J1..,.J 210 :utJ 239 
J 'i '; .173 :Cl8 .:03 
1/4,1 J.76 ~~.5 256 
155 ',:::,,7 -'- ... ,. 2JO "9 
l h'-...... -.. J_,JL, 225 :i:7o 
3.L,l 148 230 261 
li):. ld9 246 :i:5L, 



T.alJLl!. XXV ll 

Time Scores, in ~econtia, for "Crucial Trials" 

on the Mashburn A;)pa.ratus 

llOfSE 

Subjects 

Crucial 
Trial_ ..!L ...2... .J.Q. ....ll ...J.6 ...ll ...u. 

l 375 299 .305 375 306 2.76 298 
2 -;_79 254 289 282 256 247 .:48 
3 236 l9l 295 195 228 170 192 
4 245 220 2co .:'.01 225 176 ld7 
5 Zi:9 16.3 276 175 283 152 176 
6 212 195 305 174 2.30 193 187 
7 196 167 2bl 172 212 159 176 
8 203 176 26l. 173 216 176 16l. 
9 196 l6J 2.38 172 ..,05 l.83 l6l 

10 19.:'. 166 252 l~ 19..: 161 168 
ll l7l 151 2b5 174 226 l85 159 
l2 184 143 251 151 231 159 172 
lJ 199 16l 2.41 176 a6 177 ~57 
14 203 11:15 251 ld2 201 lSl. 174 
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Ti.BL,, ll VIII 

'J:i!11e Scores, in ::ieconcis, for •crucial Triv.ls" 

on the ,11.,shburn A,iparatus 

VIDRA1'lON 

Subj~cts 

Cl':.lCi,sl 
_1ria.L'L _).'1 ___lg J.1 _Jl)_ -1:i -6.Q -2). 

l ~y:~ 240 ?.89 345 279 275 288 
2 

~-, 
<,t'.,'.)1) 267 286 337 261 2b0 262 

3 2J. .. ~/ 199 217 249 177 217 2.:4 
ll, 174 193 240 231 ld7 236 a6 
5 

, <)'1 

~-l.1J.. 139 226 229 173 169 191 
6 ldO 1132 2<'.9 260 173 204 197 
" "16'3 155 231 .:30 165 172 177 
8 1.r::~; 

✓" 164 200 221 186 167 190 
'-1 J.63 158 215 240 165 141 178 

J..O 166 156 209 238 204 178 178 
J.1 144 1.o6 170 205 217 1.42 192 
J,,: 152 161 182 :2:29 ld5 137 171 
1.3 li,O 138 181 191 16d 159 149 
-14 152 155 1d9 211 lSl 178 159 

• 
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'.l.'ABL£ XXIX 

Time Scores, in ~econds, for •crucial Trials" 

on the Mashburn ~~paratus 

NOL~,~ AND V lbli.ATION 

~ubjects 

Crucial. 
Trials ~ ..ii ...u ~ ~ _J!,1_ A 

l 2.34 270 256 .35.3 457 257 .357 
2 199 247 284 .32" .369 256 .3.35 
.3 · 181 197 207 2:54 369 168 261 
4 180 198 185 2.3.3 .)08 170 249 
5 16.3 197 19.3 201 27.3 158 "~ 6 154 179 ldS 2.36 301 150 ao 
7 158 185 18.3 2.31 264 157 2.21 
8 151 197 , 169 199 297 151 187 
9 148 186 180 ,2]'..3 2.30 146 ld9 

10 159 177 167 2.07 Z7b 140 198 
ll 147 192 2.14 197 ~6 l.39 205 
u l.3.3 186 l'/0 197 278 lb2 189 
l.3 149 164 169 217 210 148 200 
l4 146 166 178 a2 ;;;51 140 176 
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'Ul3Lt. XXX 

Results of Analysis of va:riance of avera.:,e :icores on 

C:rt1::J.,u '.!';,ie.1Ji l and " on the ;Jashburn hpparatus 

Gonditions Means 

B C D 

'..::91.71 276.93 285,57 

Granci. mean = 28,:, 16 

27 

F = 0,lt176 

1078,95 
...£8.Qll. 7;,_ 

470C)O,67 

359.65 
1917,lb 



tABW. XXXI 

Results of AnaJ.ysis of' Variance of Avera,,e :-cores on 

Crucial TriaJ.a .l .l!!!5! l,, on the i~ashburn Avparatus 

COhDl TlOiH, .w.NS 

ll C 
2lb.07 

Grand mean= 21;.43 

Conditions 
Within Groups 

Total 

d.f. sum of ~qua.res 

3 452,17 
24 21(~.J:Z 
27 23516,74 

F = 0,1568 

Variance 

150,72 
961,02 
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3 

. ' 

CoilcLi.·~ ·.oa.-~ 

27 

G '~ .., 
----- ------
2..c;s,,. ;~1 20L'19 

S,.un of S<, uares 
54..:.-58 

3;;;736.6t, 

Y ;ir·i ~11£11 

180.86 
1364,Ci) 



I 
j 
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Results ol' Analysis of V1,,rilll1ce of' ... ver.,_;e Scores on 

Crµeiaj. 'J:rials 2 1;IOlj. J;i. ot1 the MushblJrn ""l?Plll'atue 

C0ULtiT.l.0t1l:> lili!Ju~S 

l:l C 
1&4.14 

d.f, Sum of SwYa.res vt+riance 

Conditions J l.858.08 619.36 
l'lithin Grou,;s 24 26ZJ.:~36 lOS5 .. 0G 

Tow.1 'i.7 'i.6090. 44 

Ji' :: Q.5667 
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TAl:iLL jJlXIV 

Ras1:l ts or J\nalysi.s of V'"riance of Averuse Scorils on 

Cr,.1c,J.al Tri2.ls £. .~'16. 10 on the, M<.lshburn A;)paratua 

COl'i!Jl '!.ION::; Mi.ANS 

B C D 
lti6.d6 

d.f. Sum Qf !:iguares Variance 
Conditions J 407,20 155,73 
V,i t'.1:LU Grou,,a 24 24071,36 1002.97 

Total 27 24538,56 

F = 0.1553 
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TABLl!: mv 

YL11c:i1j.l TricgJ.Ji ll ldlQ l,;. on tnc Mashburn A,;l'aratus 

,. 

G,·m1u mean - ldJ.07 

d,.f.,. 
ConC:.i tlons 3 
Wi thia Gi:oups .id, 

Total ;;_7 

, 

C D 
175,;;.1 

Sum oi' Syuµres 
;;.165.45 

319.1,7.93 
3/.,!.J.3. 38 

V;.;riW)Ce 
721.132 

1331.16 



. --if ri•l" 
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TJ<liL,, XXXVI 

Result~ of Analysls of V...riance of Averu~e Scor~s on 

Crucial TrinJ.!l ll .mlfi. J./,, on the .iashburn J<,;>paratus 

C0ND1Ti0ii8 Ml1.i.H8 

B C D 
193.14 lt>7 .':/3 ld0.79 

Graud mean·= loJ.56 

~i'. Sum of pc, uare1i Variance 

Conditions 3 .:.':115.77 971.9;,. 
¥,.i. t11.i11 Groups _g 4063:C..ll lt>':/J.005 

Total ',;.7 43547.dS 

F = 0.5'/4 
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TAl.iLL XUVII 

Heart hates p&r (,,uarter ,idnute for :Oelectect :Oubjects 

durin6 ";>ecifiect llfashburn 'l'rillls 

Crucial Cruciiu. Crucial 
Subject Ccr!..clJ-ti..Qll i're- Trials Trials Trials 

'!'rla,l l ana. ;;. 'l und § 13 all<i l~ 
1 A 19.9 ;;.0.9 17.9 17.4 
2 A 19.1 ;;.o.6 17.8 16.0 
4 A 19..3 ;,.3.s ;;.3.2 25.6 
6 A 15.6 17.3 15,l 14.9 
7 A 20.4 20.5 18.6 18.6 

8 B :a.o 24.5 ;;.1.9 ,2 . .3 
9 B 19.0 20.1 ;;.o.o 19.8 

10 B .:1.6 24.0 20.4 ~~-0 
ll B 19.0 .c0.6 ,:0.1 19.4 
13 B 16.5 ;;.0.7 17.;;. 17.8 

17 C 21.5 ;;.1.9 ;;.0.5 21.7 
18 C :c~.6 ~~-3 20.9 ,:2,2 
19 C 2:.:.6 .c3.4 21.0 ;:;1.1 
;;.o C .:0.0 2;;..o :.C0.8 ,0.2 
21 C 15,7 18.6 16,9 16.4 

.'22 D 20,9 25.9 ;,.3.9 ;.:3.4 
;;;5 D 19.1 20.9 18.7 17.l 
27 J 14.1 10.0 17,7 16.6 
.:8 D 19.3 a.6 .l.9.1 19.5 
34 D 4'.~g :5 ;:;4.3 18.6 17,8 



Conai tiotu-; 
Within Grou,-,s 

'l'otEJ. 

·-?6-

F:: 0.079 

_JL 

.fullil of' <:ig uar,;1, 
1.54 

103.38 
104.9:.: 

V(l.riance 
0.513 
6.461 
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·rABw,, xxxrx 

Results of Analysis of Varii;.i1ce of Heart Rates ;.>Or 

t;;uarter ,.:inu te Durin6 Cruci",l ~rials ). .lill.d .& 

GONVI'.i'IOlH:l i.11!.ANS 

...1L. 

Grand mean = ~l. 6 

Co11ditions 
fii thin lil'OU!)S 

Total 

d • .f. 

.3 
16 

19 

F = 1.478 

.JL 

§um of S!::iuares 

;,.3.10 
s.3 • .37 

106.47 

. -
', • t 

:7 . 
> 



' 

;-!f? ' 
~t~~~,:'. 

B 

19.9 
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Grand mean 19.5 

d.f. 

Condition,; 3 
V,i thin li:-:uups 16 

Tctal 19 

F - 0.440 

C 

;,.o.o 

Sum 

D 

19.6 

of b9ue.res 

1;;.94 
156.80 

ltf-).74 

Vt.ri!l!lce 

4.313 
9.aoo 



i 
I 
I 

I. 
I 
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TAl:lL.E XLI 

Results of Analysis of Variance o:C Heurt &.t .. s ;,er 

',;uurter minute During Crucial '.l.'rj aJ,, )..1 .!l.l1ll. U,. 

-11.. 
18,5 

Conuitions 
ftithin Groups 

Total 

d.£. 

J 
..J,g_ 

19 

F - 0,802 

.JL_ 

19.0 

Sum 01· Sguaree 

.:0.JO 
13/4,96 
155,.:C6 

V.::.:ri;qqe 

6.767 
8,435 

-1·,_ 
-

.-



.. ' 

jff· 
.cL,a'-~ 

. ),_:;_j•; ~-., · 

;;· 
/t. 

" 

·'· I, 
~. ' ,. 

~" 
" ~ 

' •eJC 

Subject 

l 
2 
3 
5 
6 
7 

8 
10 
11 
12 
13 
14 
35 

15 
16 
19 
20 
21 

22 
23 
24 
25 
27 
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TABLE XLII 

Breathing Rates for Selected Subjects 

During Specified Periods 

Crucial Crucial Crucial 
Pre- Trials Trials Trials 

Condition Trial. Trial l land 2 7 t.nd 8 13 and ll 

A 17.2 19.8 19.3 19.l 19.l 
A 21.7 22.9 21.6 19.9 18.3 
A 23.l 23.7 22.0 22.9 23.5 
A 20.3 28.5 28.3 25.7 25.l 
A 14.3 22.1 19.9 20.8 17.5 
A 22.3 20.9 

B 17.3 21.9 19.0 21.2 23.2 
B 23,l 28.5 28,1 :26,9 27.5 
B 20.3 21.5 22.5 21.3 20.3 
B 22.1 22.4 19,0 18.6 
B 22.7 28.9 30,1 27.6 25,5 
B 14.0 19,7 
B 18.8 21.3 

C 17.4 24.2 25.4 24,3 23,4 
C 22.3 27.3 :n.8 23.8 22.9 
C 19.0 18,8 18.7 16.6 16.6 
C 20,8 23.8 22,7 22.2 
C 17.3 20.0 21.9 22.5 22.2 

D 37.9 33.1 30.1 -34.6 
D :26.7 29.4 28.3 24.9 
D 24.2 24,0 22,2 21,2 
D 19,2 21,9 20.l 17.1 18,3 
D 21.9 36,8 22,7 24.0 23,2 



I 
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'i'....BLi XLl II 

Eesults o~· Maly.sis of Vccriance of Breathing Rates 

.i>"r hlinu te durine; •iashbu:rn ',l'.riQ11 

OOi<J.)IHON/:l 1cl.l!J1.tl.S 

i.irand .ueru.1 = :.:4. 9 

Conditions 
l'iithin l.iroups 

'J:otaJ. 

.<!..L. 
J 

...12.-
19 

Su111 of Afsuru:es 
165.9;. 
363.76 
5;:.9.t:>8 

ya1•ian11e 

55.Jl 
,a.74 



/ .. 

TABLl:. XLIV 

Results of Analysis of Variance of lireathing Rutes 

pe,r Minute Durin6 Crucial Trials .l .ooi;l. .6. 

CotWITIONS 1Vli!Jll~S 

P. B C D 

d.f. §um of §suares 

Conditions 3 54-28, 
\',ithin Groups _J&_ 30~-59 

Total 19 356.i\7 

F = 0.'157 

)l4riance 

18.09 
18.91 



l'AllLL XLV 

......A.. • ..JL . ..L 

Grand mewi : ... bS 

d .. f. Sum of !?<,ua.res Vu-1,anca 

Conditions J ~2-~9 7,4)0 
Yiithin liroups 16 .:JO.;i!~ 14.434 

Total 19 ,:5.3.:,:4 

F: 0.515 



i, ,_ 

' 
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TAl:lLE XLVI 

hesult,s of Analysis of Ve-riru1ce of Bn,,.,_thin6 llates 

per winute Durin6 Crucial 'frie.ls 11 ~ M 

Conditions 
l'iithin Groups 

Totru. 

COi!DITION8 sWINS 

F = 0.827 

§..,L_ 
3 

16 
19 

Sma of u<,uares 
43-84 

.:8.:.b7 
J.:6.51 

Vt..riu1ce 
14.613 
l?.6b7 



Tiu3L1 XLVII 

Deviations from the level ,-osi tion, expressed in minute,; 

of urc, for secona tilt ~~rception experiment 

C0NDlTI0W·A CQ!d:JI'.ilON,~ 

Subjec;!i L&!Pi: Lat. 1211!"!1 !a!!.t L12nis, .l&:h. 
]. 219.2 140.4 10 130.4 .t.4.6 
2 89.2 105.4 13 215.8 165,4 
3 lll.7 88.J 14 177,5 49.f:, 
4 13).) J7.5 :28 82.l ll2.l 
5 77,5 w.o 30 llJ.8 85.8 
6 80.4 1.25,8 32 ll4.6 :i:7.1 

29 61.7 76.3 35 -:,8.J 7l.J 

CO,UJITi!,)H C C0l~JJIT!0li p 

ilub_jec:I;, Lgn~• ~ Sul;!j~ct. l.s:Mlg, J&h 
15 121!.8 77.5 ;;_3 77.1 71.3 
16 lJ0.8 137,9 ;;_4 177 .l . 47.9 
17 45.s lb0.8 25 65.a 109.6 
18 101.3 89.6 26 115.0 o0.0 
19 257.9 70.4 ;:-.7 179.6 48.J 
.20 128.8 60.0 33 80.0 70.O 
21 67.l 72.5 34 8:2.5 86.J 

ADDI'l'lOk1<l, SUl:JJ ~GTS 

::!ybj §C:!i !,ond! tign 1Qll~• w.... ,, ... A 85.0 62.9 
8 B l.70.0 ll7.5 
9 B 8B.J 57.9 

11 B 140.3 6J.8 
12 B 41.7 159.6 
22 D 47.9 bJ.8 
31 B 34,:0 170,4 
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Tal:JL.c. Y.LVIII 

Results of A;1r.lysis of Vur·iance or Avera~e Deviation ~cores 

for Lon.;itudinal Tilt 

C0iiDI'.i'I0as ~u::.UiS 

_B_ 
133.2 

C 

Grand mean= 1 .. 0.1 

Con.ii tions 
\Hthin Grou;)s 

Total 

_d.f. 
3 

..1:.4_ 
27 

F = 0.,68 

D 
106.7 

Sum of Sfu uures 
;;.59;;..3 

77411.5 
80003.B 

Vr.riwice 
864.1 

3;;_25. 6 
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TJJJLJ;; :xLLX 

Results of Analysis of Vi.riunce of Averi,.,;e Deviation ocores 

for Lateral Tilt 

Concdtions 

...:.L 
90.5 

l'li thin tlroups 
Total 

~· 

COl,.lJITICldS lllb.ANS 

.JL .JL 
?J.J 79.4 

d.f. 
J 

...M 
:,,7 

I<'= o.3sa 

Sum of S!,U!l,+'es 
lJ!ll.,3 

30874,9 
J.:256,2 

Vurience 
J,f;,O. f.;,. 

1286,45 




