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Suanary 

To provide a rcproeentatlvo samplo of firxü motor psychonotor skills 

onphaslzlng precision, oteadinoss, and equilibrium, a battery of eleven 

loborotory instrumunts was devised, all having automatic scoring on elec- 

tric counters.    Those tests provided a total of twenty-six moasurements 

analysing such factors ao the effect of standing or sitting posture; sensu 

modnlitieo or vision, audition or equilibrium; and movements In two or 

three dlmcnoions. 

The Instruments employed and the functions measured wuro as follows: 

Inotrunont 

Universal Photo- 
slee trie Ataxiametor 

Am-hand 
Ataxiometer 

Photoelectric 
Tirgot Pegistor 

Straight Tracing 

Curved Tracing 

Rods ond Rings  (3) 

Stylus Thrust 

Miniature Alrplano 

Trldlnonsional 
Balancing Chair 

Functlono 

Control    of body away  (static equilibrium),  stand- 
ing or sitting, with or without vleunl cues, for- 
ward-back vo right-left movexnenta. 

Control of arm-hand atatlonnry poRltlon, horlton- 
tal and vertical mevenents. 

Am-hnnd proclolon in aiming a bourn of light at 
a stationary target. 

Pruclelon in moving a stylus through 0 gradually 
narrowing straight path,  toward the body. 

Proclsion In moving a stylus over a curved path 
from right to loft. 

Pruclaion In moving a metal ring ovor 3 types of 
rods (straight,  sine curve, and trldlnonsional 
c urvo.) 

Prcclalon in thrusting a stylus through progross- 
ivoly sn-illcr uctal holes at a flxod rate. 

Correcting trldinsunoicnal novuccnta (turn, bank, 
climb) of a nlnlaturo alrplano so a a to maintain 
a  stroight, level position.   (Obaorver atatlonory). 

Slmilcr to Miniature Airplane Toot except observ- 
or controls turn, bank, and climb movemontB while 
in a moving cockpit chair. 



Tho two studios on this project report correlations from throe groups 

of psychology otudonts (N • 39; 100; and lü6 rospoctlvoly) foctorlally onol- 

yzod Ly Boporoto groups with quite consistent Identification of seven group 

factors underlying proclslon of motor pcrformnces:    Those factors are Iden- 

tified ee follows: 

1. Control of body vway, standing position, eyes open or closed, front- 
bnck and right-left directions. 

2. Control of body sway, sitting position eyes open or closed, especi- 
ally front-back movoiaontB. 

3. Control of arm-hand otatlonary steadiness and aiming, horltontal 
and vertical movoconts. 

U.    Precision of arm-hand oovements at slow or modiun speed In a 
restricted plane, e.g., stylus thrusting at a target, or tracing 
straight or curved paths. 

5» Precision in control of o ring moved along the two or more dlmon- 
siono of a curved rod. 

6, Precision In coordinr.tlon of both hands and right foot In control- 
ling trldimcnslonal aovements of a nlnlaturo airplane with visual 
aids. 

7. Precision of both hands and right foot In controlling, ospecially 
bank and climb movononts of a balancing choir cockpit with visual 
or auditory localization cues. 

Tho instrumonts wore so designed that the tusto having the highest load- 

ing on factors 1 to 6 could later bo combined into a portable battery of six 

tests for use in military projects on ships, planes,  shore stations,  or lab- 

ore torlos.    Circuits fron tho balancing chair have been modified to pormlt 

their use as auxiliary equlpmunt on o atandcrd Link Trainer so that tnoy can 

bo used to provide standardizod tests of dynamic equilibrium as well as 

their normal uses as training devices. 

Suggestions for further research outllno the following possible uses of 

the Instrumonts: 

1.    Selection of oporotors for training in the operation of complex 

11 



tools, wc/spone or nmhlnos calllnß for proclolon, stoadlness or 
oqullltrlum. This bcttory «hoild Bupploo^nt pcychcnotor noasuros of 
speed and procielon ut high opooJ such as thoac ouployoä. "by the 
A.A.F.,  In solocticn of clr crew nonbero.    Selection of industrial 
porsonnol for coaplox manual skills should also te Invostigatod. 

2. Employnent of these testa as one set of criteria in detemlning 
the affects upon human vorging offlcioncy of factors such cs 
oxtromos cf tonporatuvo, hunldity, air conditioning, notivatlon, 
fatigue, 030, drugs, and similar factors. 

3. Varying the present tests for more detailed analysis of the effocts 
of changing sense oodalltics and stimulus patterns; musculaturos 
enployod; and patterns of action or work mothodo. 

Ill 



FACTORIAL ANALYSES OF PRECISION, STEADINESS AND EQUILIBRIUM 
DJ FINE MOTOR SKILLS* 

Eo"bert H. Seashore and Frank J. Dudek 
Ilortht/estem University 

Psychomotor skills or eensorlmotor coordinations nay be clasalfied with 

respect to their emphasis on three aspects,  speed, strength, and precision. 

The analyses of motor skills emphasizing speed and precision at high speed 

are now quite numerous^' ö» ^ and were of groat Importance in the Amy Air 

Force Air Crew Selection Program. ^   Moasurea emphasizing strength are 

usually gross motor performances such as athletic skills and have been 

studied very extensively by torCloy^ and other specialists in physical educa- 

tion.   Measures emphasizing precision such as those of tremor, arm or body 

sway, equilibrium and accuracy in slow-speed movements have received far 

less attention than skills emphasizing either speed or strength, but are 

summarized by Seashore and Adams" and Seauhore, Dudek and Holtznan. 

♦This Is the final report under ONR Contract l^B-Task Order 11 (NR 151 132). 
The opinions expressed are thoße of the writers and not necessarily those 
of the Office of NQVUI Rosearch. 

Prolimlnary development of ihn tests was assisted "by grants-in-aid from 
the Northwestern Univoraity Eraearrh Courcil and from President Emeritus 
Walter Dill Scott.    Technical asaictance in tho dcslßn and construction of 
thu l.astruflHnts was given by Messrs. J.R.  Zwelzlg, H. Coopmans, M.Aatruhan, 
J. BruMkor, L.E. Neloon, V'u. Knowles,  and by our faculty colleagues J.F. 
Calvort, L.T. Wyley, A.A. Bronwell and R.W. Jones in the Northwestern 
Institute or TochnuD.ogy.    Mr. R.D. Malm of Clayton Mark & Co. Stoel Mfg., 
(E^'cnnton) ".'id Kr. Fred Pu^r of Chicago were of great aoeiatance in the 
t'ijuir.r .-n.ui CM.'.otructlcn of '.he trldlmcn^lonal balancing choir.    Since 
thu d^velcp^Kint of the-  inctrvanonts was carried on over a period of twenty 
yccirs it la possible to nckruwledge only in a general way tho assistance 
cf many other co-vorkcra on earlier related projects. 

Phototjraphic cuts of tho inatrumonts used have betn loaned by courtesy of 
t1    Editor of the Northwcctern Engineer, from en article by J.R.  ZwelzigT^ 



In order to determine the nature and Interrelations of factors In 

motor skills emphasizing precision the vrlters assembled a large battery of 

motor tests for the measuronent of steadiness! equilibrium and precision In 

slow and medium speed movcrnentB, Including a considerable number of now 

instruments designed to sanplo each of the principal types of precision found 

in practical motor skills.    Slnco those tests voro too numerous to bo odmlnl- 

stcred conveniently to a single group of subjects for factorial analysis 

they vere divided Into tvo rattorlos.    The first of these batterlos, con- 

sistlng of seven tests measuring precision In arm-hand steadiness, arm-hand 

aiming, tracing a stylus through straight and curved pothvays, and moving a 

ring along straight and curved rods, woe analyzed factorlally by Seashore, 

Dudek and Holtzman as the first study In this projoct10 and found to bo 

descrlbable in terms of throo factors typified by (l) arm-hand stationary 

steadiness,  (2) precise movooont in a single plane as In stylus tracing, 

und (3) precise movement In tvo or more planes us in moving a ring along 

on Irregularly curved rod. 

The present experiment Includes each of thu tests having the highest 

loading on one of the obove-mentioned factors, namely arm-hand steadiness, 

straight path stylus tracing, and three dimensional rod and ring manlpu- 

latlor.    In addition,    roprescntatlvo samples of tho remaining types of 

precise motor skills wore Included as follows,  (l) control of body sway, 

eyes open and eyes clooed.    In both sitting and standing positions;     (2) 

a tridlmonslonal pursuit task, tho Miniature Alrplnno Toot, emphasizing 

tho coordination of moderate spoed movomonts (roughly comparable to those 

of piloting a plane  In rough air, oxcopt that no standard type of airplane 

controls wore used);    and (3) the balancing chair tridlmonslonal pursuit 

task comparable to the Miniature Airplane Test except that the observer was 

seated In a chair which moved like tho cockpit of an airplane and was to 



bo kept as naarlor as possible on a level piano and pointed sti*algbt ahead. 

This vas done first vlth eyes open and then vlth eyes closed, tiuhstltutln^ 

an auditory localisation cue from a small loudspeaker directly In front of 

the chair« 

The present battery thus Included measures of controlling body sway 

both standing and sitting, and vlth and without visual cues; arm-hand steadi- 

ness In stationary position; arm-hand precision In relatively slow stylus 

and ring manipulations; moderate speed coordinations of both hands and the 

right foot In "piloting" the miniature plane, and the same type of piloting 

performance when changes In bodily equilibrium were superimposed. 

In order to minimize fatigue and to fit In vlth the available time 

schedules of student subjects the tests were administered over a period of 

three days according to the following plan. 

Administration of the Tests 

Session 1:    The Universal Ataxlameter,  the Arm-Hand Ataxlameter, the Straight 
Tracing Tent, the Rod-and-Blng Test.    For each test there vas a 
practice trial followed by 6 trials which were recorded.    The 
measures used for Intorcorrelatlons vere the sum of the scores 
on these six trials.    The length of each trial vas: 
Universal Ataxlameter--    1^ sec. 
Arm-Hand Ataxlamoter-—    1^ sec. 
Straight Tracing Test--    12 sec. 
Rod-and-Rlng Test     1? sec. 

Session 2:    The Miniature Airplane Test.    This measure consisted of a prac- 
tice trial followed by sixteen test trials  (or cycles).    This 
was necessary because of learning apparent In the Initial trials. 
Each cycle was 9!? seconds long.    The scores used for Interrela- 
tions were the sum of the last three trials;   (i.e., cycles Ik, 
15, and 16.) 

Session 3:    The Balancing Chair Test.    The order of administration for this 
test was to have a practice trial followed by 9 test trials with 
the eyes open.    Following this there was a test trial with the 
eyes closed followed by 6 test runs with the eyes closed.    The 
sum of the last three trials for each condition were the scores 
used for Intorcorrelatlons.    lach trial was 60 seconds long. 



Description of Instrunfunts 

1.   Universal Photoelectric Ataxlaneter.    This Inatrunent vas designed by 

Seashore to measure the total movement of either the body or hand In two 

dlnonslons simultaneously.    As shown In Figure 1, when used to measuro body 

svay In sitting position, the observer wears a light hoadgcar to which 

threads are attached and run over small ball bearing pulleys at< each end of 

the horltontal arm of the instrument to separate wheels Inside the central 

box.   Each of these wheels consists of a thin celluloid disc on which are 

Inscribed radial lines at intervals of U degrees.    The thread from the ob- 

server's head is colled around a pulley on the shaft of the wheel so that 

any movement of the objorvor will rotate the wheel against a light spring 

tension.    A beam of light focused through a slit in front of the wheel is 

Interrupted whenever a dark radial line of the wheel passes In front of 

the slit, thus controlling impulsus of light to a photoelectric cell which 

in turn controls electrical impulsos going to an ompliflor, and thence to 

a counter, as shown in the accompanying wiring diagram,   (Fig.  ?)• 

Since the threads arc all arranged at right angles,  one of them regi- 

sters all forward-back moveratnts while the other measures all right-left 

movements on the countoro.    Thw height of the telescoping vortical stand- 

ard la adjustable for the various heighto of either standing or sitting 

observers.    Calibration of the accuracy of the recording system is easily 

checked by placing the ring to which the two throads are attached, on a 

pin inserted on a small crank wheel which la mounted on the central box 

and which can bo moved through 36O degrees, thus providing a standard 

amount of movoaaent for each thread to be checked against each counter. 

The horltontal arm of the Universal At-jxiameter may also be moved 

U> degrees and the boll bearing pulleys rotated 90 degrees so that the 
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upper end of the rod registers all vertical movemsnto of the hand vhlle the 

lower end of the rod measures all horizontal movements simultaneously.    These 

adjustable features of the Instrument adapt It for a variety of purposes at 

practically no extra cost.    The Instrument Is also designed for portability 

so that It can be token to factories or military locations such as ships 

and planes.    For use in the field, on alternative circuit employing a 6 volt 

battery may be substituted for the 110 volt alternating current source em- 

ployed In the laboratory.* 

The spoked disc was so constructed that a movement of one centimeter 

on a thread gives 25 units on the counter.    For finer movements a disc hav- 

ing a larger number of spokes could provide still finer units of measurement. 

2.    The Arm-Hand Ataxiameter (Sway Integrator).    For extensive work in the 

laboratory where It might not be convenient to change the Universal Ataxia- 

meter from the body eway to the hand sway positions for euch cycle of tests, 

a apeclaliied Instrument designed to measure only arm-hand movements was 

provided.    Instead of using a thread from the finger to the spoked wheel 

of the photoelectric mechanism, a lever mounted on a universal Joint was 

attached to two other levers inside the  Instrument, one registering verti- 

cal and the other horizontal movemonto.    Those light-weight levers having 

spokes on photographic film at an angle of O.33 degrees (between spokes) 

constitute sectors of a spoked wheel, but greatly reduce the weight as 

compared to a full circle.    An amplifier and a 4-to-l scaling circuit were 

employed to operate high speed electric counters.     (See wiring diagram Fig. 8 

of Sway Integrator.)    An observer's hand movement of one centimeter pro- 

duced a registration of 3 units on the counter.    The smell ball and socket 

Joint near the obeorver's finger tip prevents him from steadying himself by 

*   This Instrument was constructed by the Nelson Instrument Company of 
Chicago from the general specifications supplied by Seashore. 



placing preeflur© on thu flngör tab. 

3« Photoelectric Target Roglstor. Thla inetnoioent, ec^loyed but not fully 

described In our first study10 differs from the two ataxlametors previously 

duscrlbed In that It cumulates the length of time at each degree of error 

from a_ central aiming point whereas the other two devices muaeure only dis- 

tance moved. The basic mochanloa shown In Fig. 3> consists of a light 

source projecting a beam of light to a mirror mounted on the end of a light 

tubular lever having a reduction of 2-to-l and mounted In a universal Joint 

so that It can move vertically and horizontally. The beam of light reflected 

from the mirror Is approximately the same size as an opening at the loft of 

the Instrument which admits the light to a photoelectric cell Inside the box. 

As shown In tho wiring diagram of Fig. 10 the photoelectric cell Is used as a 

resistance unit to control the rate of an oscillating circuit which varies 

from slightly abovo zero to ton per second, depending upon tho amount of 

light entering the opening in front of tho photocell. Calibration of tho 

instrument was accomplisht-d by varying the intensity of the light source 

(of wiring diagram fig. 10). 

In addition to the uriversel Joint mounting of the lover at the end 

nearest the instrument a pin is inserted in the end of the lover to permit 

slight forward and back movomenta and is attached to a ball and socket Joint 

on tho finger tab which prevents the obsorvor from exerting pressure In any 

direction as an aid to steadiness. The length of the lever has also been 

varied in a study by Foroborg-^on the effect of increased difficulty of a 

task in relation to the reliability of moaaurument of individual differ- 

ences in the test. The actual sizes of the light beam and tho lever wore 

originally chosen so as to make the average score of observers produce op- 

proxlnwtoly half tho maxlmun rate of count. 
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k.    StyluB Trocing ToetB. As shown In ?lg. k  the straight path stylus trac- 

ing tost Is similar to the original device of Whipple in providing a slightly 

V-shaped slot 12 Inches long, varying in width 6 milliiaeters at the finishing 

end. Small circular opacos are provided at each end to permit eacy Insertion 

and withdrawal of the stylus. The device differs from the original Whipple 

Instrument in four Important respects:  (l) the slot is constructed as the 

top of a "box so that the stylus does not rest on the bottom daring movement, 

thus eliminating an aid to steadiness; (£) the all-metal stylus la not wired 

to the counter directly but instead employs a low magnitude current passing 

through the observer's body to the left head which grasps another metal 

handle leading to the 6-V 60 cycle source; (3) instead of measuring the 

distance moved "before the first contact, our procedure employed a circuit 

measuring the total time of contact d iring the epproJinately 12 seconds pass- 

age of the stylus through the slot. This was accomplished through the use 

of 60-cycle current which operated a Potter oloctronic counter as a timing 

device; (U) a series of five lights spacud at intervals along the slot are 

turned on in sequence to set the standard rate at which tho stylus should 

move. However, this feature was dovolopod after the conclusion of the expori- 

msnt. 

Another form of the test employed a curved pathway having a width of 

O.U centimeter. The width of this pathway is adjustable by means of screws 

in case It should bo desirable to nake the task easier for youngur aubjects. 

Although cither tho straight or curved pathways could bo used in any dimen- 

sion, in our experiment both wore used for horizontal movements, the straight 

path for movements toward the body and tho curved path for movements from 

left to right. 



U.    The Rod and Ring Manipulation Toeta.    Since Seashore, Buxton and JfcCollonK 

had previously fc    d that meaeuros of tapping In one plane represented on» 

factor while measures of tapping In two pianos represented another scml- 

Indopcndcnt factor of speed skills,  it sooined desirahle to Investlgato the 

importance of using one, two or throe dinkjnslona for measurement of precision 

in arm-hand movements.    To accomplish this, three 3/8" diameter brass rods 

wore employed, one straight, one having a vertical sine wave, and the third 

having curves in hoth horizontal and vurtlcal planes as well as movements 

from loft to right.    The task consisted of manipulating a small knot on which 

was mounted a ring 5/8" in diameter so that it did not touch the rod while 

"being moved at a  standard speed from left to right.    Scores were obtained 

from a Potter electronic counter operated from a 60-cyclo,  110 volt, AC 

source so as to provide a cumulative time measure In units of 120 per second. 

When it was shown "by Seashore, Dudek and Holtzman1    that scores on the 

throe dimunslona wore moderately correlated and constituted a  uoparate fac- 

tor among eteadineaa testa, a now and smaller model of the tridimensional 

test was designed for use in a  portable battery (cf.  Fig. U).    In this, as 

in the stylus path tracing test,  no encumbering wire  is attached to the ring 

since the low magnitude passes through the obsorvor's body to another metal 

handle held in the loft hand. 

5.    Tho Tridimcnaional Pursuit Test.    This instrument also known as the Mlnl- 

ature Airplane Tost was originally designed by Seashore, Van Dusen and Brac- 

kett in order to combine tho optimal features of an Ideal tost for the seloc- 

tion of oirplano pilots.    Thoeo specifications grew out of a conference at 

Maxwell Field in Scptonber 19^1» at which John Flanagan, Arthur Melton, 

Robert Rock, Lawrence Shaffer and Seashore reviewed the available motor skills 
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tests which wer.,  later  Incorpcrntud  in tfc£   'AF Pilot Selection Program. Thenn 

apeclficatlonc Included the fcllowing dotalla:   (1) ntlmulis cues should •ill 

come from n  nincle scurco;   In this cine t':.* minl'Jtv.re «ilr-plone, approxlmatoly 

'  Inches  long^   instead of frrm separate rc-wr of lights oa  on tho Mi'ihbmn 

test;   (?)   scoring should ho  In degreeo of ^rror,   ihat   Is,   duration multiplied 

by distance rather than en "oil or none",  or "on-off"  criterion.   (3) Tht 

movemants called for should be In tha-ee dimensions but  in '^rdcr to nlniialzo 

either posltlvu or nogetive transfer fron proviou.   oxperlonce with nli'planes, 

an entirely different tyje if controls was provided. 

As shown  In Fig.  5;  the  left hand horizontal lever steers the miniat'ore 

airplane horizontally by moonn  cf a ball-chain connected to a  pulley on the 

central shaft supporting the airplane.    Tht   right hnnd vertical lever ainul- 

arly controls banlcing movemente  of the plane by a ball-chain which runs from 

a  pulley directly underneath the center of the hollow shaft supporting the 

plane.    Tho  fact that the ball-chain can rotate co veil aj  turn In any direc- 

tion permits banking movoments  of the win^s  independently  cf and simultan- 

eously with the horizontal turning novjments and the elevation or dive-climb 

jnovemtnts  on the head-tail axis.    These head-tail mover.enta ore in turn con- 

trolled by a  pedal operated by   the  right foot.    As originally constructed a 

substitute  set of controls employing an airplane  stick and rudder and bar 

could be attached  to the main apparatus to study transfer from one  type of 

controls  to the othur.    Evidences  for thu validity of this  instrument for the 

selection of pilots are  to bu publinhed by Van Pus. n.    The  original  instru- 

ment was also used in a   study directed by Ivy and Seashore  fcr the measure- 

ment of the  effectlvonuss of analeptlc  drugj  In relieving fatigue from pro- 

longed military operation,  and  give  significant results  In this situation. 
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The stimulus pdtturn la provided by the standardized cyclo of movwraunts 

of the plane which are produced by two Irregular cams, one to control dive- 

climb movements and the other to control both turning and banking movements, 

since  these are norrr/illy coordlnatod In flying a plane.    Actually,  the manual 

controls operated by the observer countbrocted thu disturbing movements indu- 

ced by the corns so nearly that a perfect score would moan that as soon as uny 

movement was Induced by the cam it was corrected by the appropriate manual or 

foot control.    Since most scores were in between random end perfect and im- 

proved with practice, thu actual movements of the plane soon by the observer 

were never the same and hence did not become a routine series of roaponees 

which could be anticipated.    The original cycle of the cams lasted one and 

one-half minutes before repeating while that of the revised model lasts 95 

sec ends. 

In order to measure  the durations of each degree of error in controlling 

one dimension of the piano's movement, a rotary switch plate was devised as 

shown in Fig. 10.    Whenever thu plate was rotated 6 degrees the first brush 

made contact with the brass plate and completed the circuit through a commuta- 

tor which registered two units per second.    If the switch plate rotated as 

far as 12 degrees from neutral, the center brush made contact and counted 

another two units per second on the counter while if the error increaeod as 

far as 18 degrees,  the third brush completed its circuit to the commutator 

for another two counts per second.    In this way it was possible to register 

four degrees of error, 0, 2,  k, or 6 co'ints per second for errors in olthur 

direction.    By this means,  an Integrated time-error score was recorded on 

separate counters for each of the three dincnslons of movement. 

Calibration was provided by locking the chains from the control levera 

in neutral position and running the cams through the complete cycle.    This 
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gave Q  score of nexlmum orror without tho ueo of manual controls QS a chuck 

to inouro tho proper functioning of th^ entire  Instrument. 

6.    Tlo Tr'dimensional Bnlancln^ Chair.    In order to olraulatc more nearly the 

complex taok of Mlntalnlng lovel straight flight  In an airplane daring rough 

weather conditions, a Trldlmonaienal Balancing Chair wns constructod (cf. Fig. 

6).    The rotational movenunta of this chair,  in three dinjenaions, corresponded 

to turning, "banking and diving or climbing movunonts in on airplane cockpit 

but,  of courso, could net simulate horizontal or vertical movoments of the 

plane as a whole.    Thio chair wos designed to add the factor of changing 

equilibrium to the task of three-dimonDional controls prusonted by thu mini- 

ature airplane test. 

Although the Link troincr providea a somewhat  similar situation,  except 

that it  is designed for training in blind flying by the use of instruments, 

this trainer wss not available to ua during tho war and alao appeared to bo 

a good deal moro corplicatod than waa neceasary for possiblo use as an apti- 

tude test for tho  selection of candidates for pilot  training.    As ahown  in 

Fig. 6,   tho chair la mounted on a central pedestal which la offset to the 

back in ordor to provide clearance  for movenents of the foot support.    Th>j 

horizontal support at the level of tho chair arm was mounted ao as to permit 

a banking movement while thu axis on the chair arras permitted dive-climb 

movemonts.    As  in an airplane,  all throe dinenslons  of movement could be 

changed  independently or slraultaneoualy. 

Because  of the greater neos  to oovod,   including tho obcorvcr's own body 

weight;   electrical controls   (cf.  Fig.  11) were  substituted for the mechanical 

controls employed on the miniature airplane  teat.     This was done  In order to 

minimize tactual and klncethotlc euea which would td provided by tho fool &f 
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the control levors If mochanlcal controls wcru employod.    This point hovevor 

ia dobotablo and It would be Intcroatlng to compare acores with nechonlcal 

and electrical controls.    The typo of control (nployod vas that of a Solsyn 

motor pair, one unit on each manual or pedal control and the other unit of 

the pair on the cams which controlled the reversible motors to tilt or turn 

the chair.    The Selsyn operatud by the manual control could either neutral- 

ize or reversj the direction of the motor which actually moves the chair. As 

in the miniature airplane task the instructions were to keep the  instrument 

level and pointed straight.    Under blindfold conditions, used to omphasire 

the importance of cues from the sense of equilibrium, a pure tone produced 

by an oscillator and speaker mounted directly in front of the observer pro- 

vided horizontal orientation. 
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Poeults 

Tvonty-ono varlatloe woro rnoaBurtd utilizing the instrumonts previously 

doocrlted.    Thuso meaaurea were, then intcrcorrolatod and Pcarsonlan product 

moment r'o were determined.    The c-atrlx of Intcrcorrelatlona lo pruauntcd 

In Tohlo 1.    The numhoro Identifying tho variables aro shovn bolow. 

No. 

1. 
2. 
3. 
k. 
5. 
6. 
J. 
8. 

Typo of Tost 

Body Sway— 

Standing,  eyes open, right-left component 
Standing, eyes opon,  front-back component 
Standing, eyes cloucd, right-left component 
Standing, eyes closed,  front-back component 
Sitting,  eyes open, right-loft component 
Sitting eyes open,  front-back component 
Sitting, eyes cloned, right-loft componont 
Sitting, eyes closed,  front-back component 

Instrument 

Univorsal 
Ataxlamuter 

Arm-Hand Steadiness 

9. Horizontal motion 
10. Vortical motion 

Arm-Hand 
Ataxlametor 

Slov Movements 

11.    Straight-tracing Straight Tracing Tost 

12,    Bod-and ring,  threo dimensional tracing Rod and Ring Apparatus 

Conploi Motor Coordination 

13. Eyes opon,  turn 
Ik. Eyea open,  climb 
15. Eyes open, bank 
16. Eyes closed,  torn 
ly. Eyes closed, climb 
16. Eyes closed, bank 

Tridlmensional 
Balancing Chair 

19. Turn 
20. Climb 
21. Bank 

Miniature Airplane 
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The  Intorcorrelationa In this notrlx are> noarljr all positive or toro. 

The few negative coofflclunta nutcd do not aoem to differ appreciably from 

ztiro (the N's on which the IntercorrelatlonB are based vary from 1Ü3 to 106, 

college students  in Psychology, 80 men and 27 women).    This matrix of inUr- 

cerrelations was foctorlnlly analyzed utilizing the ccntroid method as des- 

2 
cribed by Gullford.    Table 2 prusonta the controld and rotated feetor lood- 

inga for the various variables, and the estimated and computed cornmunalities. 

The cornmunalities are estimates of the common factor vuriaaco associated with 

each variable.    The fact that the communolltlos are,  in general, fairly high 

tends to indicate  that these measures can be considered os fairly reliable 

Indices.    Pruvioue  investigations      tend to support the conclusion that these 

measures have no more than about 20^ "error variance", depending on the man- 

ner in which one chooses to interpret degree of error involved.    Since the 

main problem of this study is not to demonstrate the intrinsic reliabilities 

cf the various measures, most of this having been done elsewhere,    but 

rather to show the   interrelationships and "comnunality" among the various 

monsures,  the reliabilities are not presented per se.    However,  there seems 

little doubt that moat of the measures arc eufficiently consiatunt indices 

from which to determine factorial patterna which might be present in theao 

data. 

Six factore wcru extracted from th<- matrix before the roaiduala and 

factor loadings were conaiderod to show no more common factor variance. These 

aix factors were  then rotated with criteria  of simple  structure and positive 

manifold in mind.    The rotations were carried out nnintal-^r.^    orthogonal 

■-.xea and were done graphically utilizing the method dcacriDod by Zimmerman. 
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liacuaaion 

Tho roBulte of this study toad lo conflru,  in gen..ml,  previous rcaulte 

which Indicated thct tho  Intcrcorrolstlons inon^ toots of "ßtcodln^ae" can- 

not tK   oxplnlnod ndequrtcly ty postulating 3  nlnglo underlying "etodlucos" 

factor.    Fron the matrix cf interccrrclrtionj result inn; for thlc Mttjry of 

zxasuros six factors were extracted.    Exanlmtlcn of the rotated factor load- 

ings suggosts what  these  f^ctorj? ^ro and  indicates further that the  fictors 

arc correlated to some extent.    Boforo dlacuspiug the rol'tl^nohips  jnong 

the   factors each will be consjd^rod ü^perotol^'  in terns of tho  variables 

aonoclatcd with  it. 

Factor I.    The  varlahlos with the highest loadings  in  this factor are 

the noasurrs of standing tody sway, with  or without vlcual cues,   (Variables 

1, 2,  3, and h.)    Sorewhst snallcr loadings are fo'ind for the ncasuroa of 

fitting body r.way,   and while the cvesures  of sitting body sway have high 

comnunalltles,  their variance  is associated with a  auparat^  fictor   (Factor II) 

to   i  great extent.     Factor T,  then, might  tentatively be  id ntlfled    s 

.Bsoclated with control  of standing body iwiy. 

Factor II.    This factor includes the   t.-stj cf b Ddy sway while seated, 

with or without visual cues,   (Variables 5,  6,   7,   md 8.)    It  is   interesting 

to note that the  two variables having the  highest loadings  in  this factor 

are the ones concernod with the forward-backward conpon^nto.    The right-left 

conpononts of sitting body awoy eaerge with subrtantial le^dincs  on Factor III. 

Why only the right-loft ncasuree should have  their variance  so divided  Is 

not  inncdlatoly apparent.    However,  there   seeno no doubt thnt Factors I and 

TI ire correlated to aor^ er.cent.    Factor  TI rxiy be  identified as control 

uf sitting body swey. 

Factor III.    This  factor has  its mijor loadings in the horizontal and 

vertical aeasures of arm-hand steadiness,   (Variables 9 and 10.)     Those varl- 



^bluo wor^  Included in tbo prc/Ount battery bocaueo thuy s^oniod to Idontlfy 

noot clearly  3 factor of Involuntary novuxnts In a provlous battory.      That 

thoy uro relatively "piaru" Du-SMrca would tend to be confimed her«, 3lnce  th».. 

l-rgv^ proportion of their variance  la accounted for by this factor.    Non^ of 

the  othur tests in the current battery have any but  Incidental loidlnge  in 

thij factor.     Factor III nay bu   identified with cont "ol of  involuntary movo- 

Dents of the ^ru and hand.  This neasuro  is probably  the  type of thing moot 

comonly asaociated with the tern "Bteadineaa". 

Factor IV.    This factor la not well defined In the preaent buttery,  tho 

only najor projection being that of tho Straight Tracing Teat  (Variable 11). 

Viriablcs 11 and 12 wore  included in this battery because they eejixd the 

beat moaaurea of two fr.ctora found in thu prevluua analyula,  preciaion  in one 

plane of slow moveoent,  or severe 1 pl-inea,  roapectivoly.     In the previoua 

Jtudy theae  variablea seoined associated with stuodincaa during raovenent. 

Variabl«- 12,  a a it turna out her<j,  ahowa very little corom^llty In this bat- 

tery ind one night infer  that  thu  apatial component  it wae hypothesized to 

neasuro dots not appear in thia present battery to uny great extent.    The 

fact thnt what anall common factor variance It doea have In this battery la 

-.saocinted with teata that h^ve sou«,  apatial elononta eugg^ata that it Is 

utill noaaurlng this factor, however.    The minor loadings of variablea 2 and 

k in thia factor do not aeem very Duaningful and the significance,  if any,  of 

thia foct la not loaediately apparent.    Thia factor may be considered as 

uteadiness during aovoment, as in the previous analysis,  largely because of 

the  significant loading of variable  11,  and the previously  isolated factor 

af precision  in nultl-planj nov^nent is shown tu be  largely  independent of 

the newer factors Isolated In this study. 

Factor V.    Factor V has high loadings in the measuree associated with 
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the Balanc-irg Chair (Variables Ik,  15, 17, and 18). It le significant, how- 

over, that verlabjes 13 and 16 (lepreaontir-' orrors made in "T-uirn" I.e., 

üoepiT-g Ihc  c^.clr :;ointin/5 In the mr/i  h^i-*'.;;">tal direction) do not have any 

aj.nr€C^.Vi- 1> vlir-^j on Llns factor.  It aljo aoems significant that meaaures 

frou tht Miniature Airplane Test, comrar'r. le to th',se on thu chair, do not 

heve a^f-^ljl le Icedingo on this factor, hut com-» out as a separate factor 

(Factor 71).  It la vith the measures deteru' A-C Troia the Miniature Airplane 

Teat, t:r\i  •vuriahleD 13 and lo are arsocirt-jd.  A roasonalle hypothesis would 

seem to be that thin factor V lo one which expends upon the static senses, 

l.u., equllibrlun as the key to responses rather than visual cuea as the key. 

Thus, the operation of the airplane was dependent upon priaarily visual cues; 

whereas In the Balancing Chair Test the individual himself moved in space 

and the cues as to the proper operations to perform in order to nBintain the 

chair in a level position wore primarily static, rather than visual. This 

Interpretation is given ac'ditional weight when it is noted that the variables 

which Involve no visual cues (17 and 18) alco have most of their variance 

accounted for by this factor. For this reason it seems reasonable to 

identify this factor as one associated with equilltrlum and the static senses. 

Factor VI. This factor lias hif.host loadings on the variables derived 

from the Miniature Airplooe Test.  It will be recalled that in this test the 

subject had to maintain an airplane in lev^l "flight" by making proper adjust- 

ments of thi-ee controls. As suggestod alovc, a ruasonable explanation with 

regard to this test Is that it is primarily visuil In nature so far as the 

spatial element is concerned. The fact that nriiblc 13 has its highest 

loading in this factor would tend to confirm this hypothesis. 

As stated above, the structure of the rotated factor loadings matrix 

suggests some correlation among the various factors. These intorcorrelations 
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can be estluntcd froa graphic  pl.-te of the factor loadings by dütermliiln^ 

the coalne of the angle between the vecioro representing the  factors.    This 

was done for the factorial matrix of the^e dTta and the estimatee of the 

correlatlcnu among factors are shown in Tablu  3« 

TABLE 3- 

Estimates of the intercorrelutions among 
factors determined from cosines uf angles 

between vectors representing factors. 

1. 
2. .60 
3. .hi .56 
k. .21 -.09 .53 
rj. .19 .CO -.09    .27 
6. -.22 .09 .09  -.33 33      M> 

While  this matrix suggest appreciable   Intercorrelatlonr a^ong Sumo  of 

the factors there  is still no  suggestion that one  single underlying factor 

would explain  ehe obtained factor matrix.     It  Is possible t.Vnt   there art 

fewer than six factors,  and present  indications suggest that thure are at 

least three underlying factors which would appear to be relatively  indepond- 

ent.    The  first of these underlying broader gruup  fact'-ra  is related to 

the body sway measures;  another  is one nssüci::tud with the arm-hand steedi- 

noss and   tricing tests,  and  finally 0 third factor might undorly the  three- 

dimeneional tests  (Balancing Chair .and Airplane).    A knowledge of both the 

mrrower group factors and the broader underlying fict^rs should be of con- 

siderable   jssistancu  la selecting tests most promising for further investi- 

3a t ion. 
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Sua^atlona  for Further Ro so arch 

Fror: cxporlonce with previous factorial aailyses of tests emphasizing 

ep^^r*   or otrencsth factors  it  is  fairly certain that several subnuquent  sUpa, 

such as the  following, or-  likely  to be Qignlflcant for the advanccmeat of 

both pore and applied science  in the area of psychomotor precision: 

1. Bcdesignins each test having the highust loading on L>;ch of oix 

factors  Isolated in this  study so as to provide a  portable unit of 

psychomotor precision tests for expurink.ntn  in other 1 .boratorius and 

in military ship,  air and shore locations.    Gince  the   tests were  origin- 

ally designed with portability as an ovuntual goal,   the neconeary nodi- 

flcatlon.s would be primarily for the purpose of reducing size and weignt, 

und insuring oaee of calibration and moint^nanco outsldo of laboratories; 

2. The Celsyn circuits developed for  the  throe dlmensioas  of movement on 

the trldlnaensional Balancing Chclr have now been adapted for use as 

auxiliary üquipment on a  standard Link TrMr.-ü .    This wculd provide  'i 

stcndardlztid stimulus pattern of movements  tog^thei." -wiih automatic  ucoi- 

Ing in using the Link Trainer as a  selection duvice as well as  in its 

presunt function as a  trainer.     It is the  intention of the project 

director to apply for a follow-up project  ra "both  '-.he portable battery 

and the auxiliary Link Trainer devolcpmentr  in the relatively near 

future; 

3«    Testing such a battery of psychomotor precision teste» for possible 

use,   in the selection of military  md irductrlal tr  Intas for the  opera- 

tion of complex tools, machines,  and weapons calling primorily for pre- 

cision In slow to medium speed ceordinatlens rather than for high speed 

or strength; 



k.  Toets for a nunbor of tno principal factoro of ouchanlcal nbllltloa 

Isolated by L.L. Thurstono have kindly been supplied by hin In order 

to dotcnalnc their Interrelations vlth oar own battery. Funds for thk1 

suppl^mont^^y experimental work were supplied under a grant fron the 

J. McKoon Cottell Fund of the Psychological Corporation. The experi- 

mcntil and prellnlnnry statistical work on 50 additional subjects ha 

now been completed and are being factorlally analyzed by the writers. 

i?. Using - battery euch as our portable psychomotor tests as one set 

of criteria,for neasurlng the effect on humon efficiency, of various 

environmental and physiological variables such as changes in tonporature, 

humidity, pressure, air conditioning, drugs, oge, motivation, fatlguw, 

and many similar factors. Such uses of the tests are Independent of 

their usefulness as selection devices and h .ve been ahown to be sig- 

nificant with othur psychomotor tests; 

6. Devising batteries of sub-tests differing fron each uf the present 

factor tests as to sense modality ar cues employed; Liuce^lstures in- 

volved, and work methods or patterns of action called for, as has been 

7 
done by Seashore, on speed ükills. Such farther analysis would pornit 

still more accurate identification of the nature and significance of 

those variables underlying each present factor, both os to individual 

differences at the same stige of learning, and the changes within an 

individual at successive stages of learning; 

7. The training of engineers and psychologists in design and construc- 

tion of psychological instruments could Itself be made □ project of 

great importance to both the science of psychology and our military 

forces. It would be readily possible to Set up a training courso and 

practicum ficilities to train specialists in instrumentation ao as tj 

remove one of the major "bottlenecks" which existed all through World 

War II and still exists at the present time. 
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