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Surmary

To provide & rcpresentative sample of finu motor psychomotor skills

omphasizing precision, steadinoss, and equilibrium, a battory of eleven

loboratory instrumonts was devisod, all having automatic scoring on cloc-

tric counters. These tests provided a total of twenty-eix moasurcmonts

analyzing such factors as the offect of standing or sitting posturc; scnsu

modalitics or vision, audition or oquilidbrium; and movoments in two or

threo dimensions.

The instruments omploycd and tho functions mcasurod worc as follows:

Instrunont

Univorsal Photo-
olectric Ataxiamcter

Arn-hand
Ataxiameter
Photoulectric
Targot Rogistor
Straight Tracing

Curvod T:iecing

Rods and Rings (3)

Stylus Thrust

Miniaturc Airplanc

Tridimonsioncl
Balancing Chair

Functions

Control of body sway (static cquilibdrium), stand-
ing or sitting, with or without visual cues, for-
ward-back vs right-loft movemonts.

Controi of arm-hand stationary position, horigon-
tal and vortical moverents.

Arm-hand procision in aiming 2 becunm of light ot
a gtationary targct.

Procision in moving a stylus through a gradually
narrowing straight puth, toward the body.

Procisiun in moving 2 stylus over a curved path
from right to left.

Procision in moving a metal ring ovor 3 types of
rods (straight, sinc curve, and tridimensional
curve.)

Prccicion in thrunting a stylus through progreass-
ivoly semullcer uctal holes at a fixod rato.

Corrocting tridimensionsl moverments (turn, bank,
clizb) of a miniasturo airplanc so as to maintain
a straight, levol position. (Obscrver stationary).

Siriler to Miniaturo Airplanc Tost cxcopt obsorve
or controls turn, bank, and climb movemonte whilc
in a moving cockpit chair.



The two studios on this projoct report correlations from throc groups
of psychology otudonts (N e 39; 100; and 106 rospoctively) factorially anal-
Y2ed by sopurate groups with quito consistont identificaticn of sovon group
factors underlying procision of motor porformunces: Thesu factors are idon-
tifiod ue follows:

1. Control of body ewny, standing position, oyes opcn or closed, front-
back and right-loft diroctions.

2. Control of body sway, sitting position oyes opon or closed, eepuci-
ally front-back movomonts.

3. Control of srm-hand otationary steadiness and aiming, horizontal
and vertical movoronts.

4. Precision of arm-hand movements at slow or modiux spoed in a
rcetricted plane, e.8., stylus thrusting at a targot, or tracing
straight or curved paths.

5. Precision in control of a ring movod nlong the two or more dimon-
siono of a curved rod.

€. Procision in coordinction of both hands and right foot in control-
ling tridimensional movemonts of a niniature airplane with visual
aids,

7. Procision of both hands and right foot in controlling, cspecially

bunk and climb movements of a balancing choir cockpit with visunl
or auditory localization cues.

The instrumonts wore so dcsigned that the tosts having the highest load-
ing on factors 1 to 6 could later be combined into a portadblc battory of six
tests for uso in military projccts on'ships, planos, shorc stctions, or lad-
orctorics. Circuits fron iho balancing chair have been modified to pormit
thoir usc auv auxiliary cquipmung‘on 5 standcrd Link Trainer so that tney can
bo used to provide starndaordizod tests of dynanic coquilidbrium as well as
their normal useos as troining devices.

Suggestions for furthor rescarch outlino the following possiblo uses of
the instrumcnts:

l. Solcction of opurators for training in tho oporation of complox

i1



tools, wuapons or maochinus c2lling for procision, steadiness or
oquilidbrium. This battory choild supplem:nt peychcmotor rcasurcos of
spced and vrocision at high opced such as those employed by tho
A.A.F., in solccticn of 2ir crevw remberoc. Seloction of industrial
porsonnol for complox manual skills should also bo Investigatod.

Employmont of theose tests as one sct of criteria in detormining
the offects upon human worxing efficiency of factors such es
oxtromes of teriperatuve, hunidity, air conditioning, motivation,
fatigue, age, drugs, cnd aimilar factoro.

Vorying the prosent toets for more detniled analysis of tho cffocts

of cheaging sense modnlitics and stimulus pattorns; musculaturcs
ormployod; and patterns of action or work mothodo.
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FACTORIAL ANALYSES OF PRECISION, STEADINESS AND EQUILIBRIUM
IN FINE MOTOR SKILLS#*

Robert H. Seashore and Frank J. Dudek
Northwestern University
Psychomotor skills or sensorimotor coordinations may be classified with

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

The analyscs of motor skills emphasizing speed and precision at high speed
are ncw quite numerous ' ’ 8,9 and were of groat importance in the Army Air
Porce Air Crew Selection Program§’5 Measures emphasizing strength are
usually gross motor performances such as athletic skills and have been

studied very extensively by NnCloyu and othevr 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 emphesizing either speed or strength, but are

summarized by Sceashore and Adam56 and Seashore, Dudek and Holtzman%o

*This is the final report under ONR Contract 158-Task Order II (NR 151 132).
Tho opinions expressed are those of the writers and not necessarily those
of the Offico of Naval Rosearch.

Preliminary developmant of the tecsts was aaslistcd by grants-in-aid from
tho lorthwesterr "iniversity Rrseacch Courcil and from President Emeritus
Walter D111 Scott. Techalcnl assictance in tho design and construction of
the instrumants was given by Messcs. J.R. Zweizig, H. Coopmans, M.Aotrahan,
J. 2Zruharer, L.E. Neloon, ¥, -nowles, and by our faculty colleagues J.F.
Calvert, L.7. Wyley, A.A. Brrenwell and R.W. Jores in the Northwestern
Inatitute o7 Technology. M. R.D. Milm of Clayton Mark & Co. Stoel Mfg.,
(Zvranton) ~nd Mr. Fred Duer of Chicago were of great aseistance in the
tooular ool conavruc tica of che tridimensionsl baloncing chair. Sirce
the duvelcpuent of the inctrumonts was caerried on over 4 puriod of twenty
yoars it is possitle to rckruwledge only in a general way the assistance
cf many other co=-workers on earlicr related projects.

Thotographic cuts of the instrumonts used have boen loaned by courtesy o{

12 Editcr of the Northweetern Engineer, from en article by J.R. Zweizig.3



In order to determine the naturo and interrelations of factors in
motor skills emphaeizing precision the writers assembled a large battery of
motor tests for tho measurerent of steadinoss, equilidbrium and precision in
slov and medium spocd movements, including & considerable number of now
instruments designed to sample cach of tho principal types of precision found
in practical motor skills. Sinco those tests were too numerous to be admini-
stered convenionuily to a single group of subjects for factorial analysis
thoy were divided into two tatteries. Tho first of these battorios, con-
sisting of sevon tests measuring precision in arm-hand stcadiness, arm-hand
aiming, tracing a stylus through straight and curved pathways, ond moving a
ring along straight and curved rods, wae analyzod factorially by Seashore,
Dudek and Holtzman as the first study in this proJoct10 and found to bo
doscribadble in torms of throoc factors typified by (1) arm-hand stationary
steadiness, (2) precise muvoment in & single plane as in stylus tracing,
and (3) precise movement in two or more plancs us in moving a ring along
an irregularly curvod rod.

The present experiment includos each of tho tests having the highest
loading on one of the above-mentioncd factors, namcly arm-hand stoadiness,
straight path stylus tracing, and thrve dimonsional rod and ring menipu-
latior. 1In addition, represcntative samples of the remaining types of
precise motor skills were included as follows, (1) control of body sway,
eyos opcn and eyus closed, in both sitting and standing positions; (2)

a tridimonsional pursuit task, the Miniature Airplano Toot, c¢mphasizing
the coordination of modorato spoed movemonts (roughly comparable to thoso
of piloting a plane in rough air, oxcept that no standerd type of airplane
controls were usod); and (3) the balancing chair tridimonsioncl pursuit
task comparable to the Miniaturv Airplone Tost oxcopt thut the observor was

sceatcd in a chair which moved like tho cockpit of an airplane and was to
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be kept as nearly as possible on a level plane and pointed sti-aight ahead.
This was done first with eyes open and then with eyes closed, substituting
an auditory localization cue from a small loudspeaker directly in froant of
the chair.

The present battery thus included measures of controlling dbody sway
both standing and sitting, and with and without visual cues; arm-hand steadi-
ness in stationary position; arm-hand precision in relatively slov 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 with 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 Ataxiameter, the Arm-Hand Ataxiameter, the Straight
Tracing Test, the Rod-and-Ring Test. For each test there was a
practice trial followed by 6 triszls which were recorded. The
measures used for intercorrelations were the sum of the scores
on these six trials. The length of each trial was:

Universal Ataxiameter-- 15 sec.
Arm-Hand Ataxiameter--- 19 sec.
Straight Tracing Test-- 12 sec.
Rod-and-Ring Teste====- 17 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 35 seconds long. The scores used for interrela-
tione were the sum of the last three trials; (i.e., cycles 14,
15, and 16.)

Session 3: The Bealancing 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 intercorrelations. Each trial was 60 seconds long.



Description of Instrumunte

1. Universal Photoelectric Ataxiameter. This instrument was designed by

Seashore to measure the total movement of either the body or hand in two
dimonsions simultaneounly. As shown in Figure 1, when used to measure body
sway in sitting position, the observer wears a light hoadgear to which
threads aro attached and run over small ball bearing pulleys at.cvach end of
the horizontal arm of the instrument to separate wheels inside the central
box. Each of these wheols consiste 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 coiled around a pulley on the shaft of the wheel so that
any movement of the obuorvor 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 & dark radial line of the wheel passes in front of
the s8lit, thus controlling impulscs of light to a photoelectric cell which
in turn controls electrical impulscs going to an amplifier, and thence to
a counter, as shown in the accompanying wiring diagram, (Fig. 7).

Since the threads are¢ all arranged at right angles, one of them regi-
sters all forward-back movermsnts while the othur measures all right-left
movexcnts on the counters. Thc hoight of the telescopling vertical stand-
ard 18 adjustadble for the vaerious heights of eithor standing or sitting
obsorvers. Calibration of the accuracy of the recording systom 1is easily
checked by placing the ring to which the two threeds are attacﬁed, on a
pin inserted on & smull crank wheel which is mounted on the central box
and which can bo moved through 360 degrscvs, thus providing & standard
amount of movement for euch throed to be chocked against each countor.

The horizontal arm of the Universal Ataxiameter may also be moved

45 degrees and the tall bearing pulleys rotated 90 dugrees so that the
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upper end of the rod registers all vertical movements of the hand while 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 taken to factories or military locationé such as ships
and planes. For use in the field, an alternative circuit employing a 6 voit
battery may be substituted for the 110 volt altermating current source em-
ployed in the labvoratory.*

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 Ataxiemeter (Sway Integrator). For extensive work in the

laboratory where it might not be convenient to change the Universal Ataxia-
meter from the body sway to the hand sway positions for each cycle of tests,
& specialized 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, & lever mounted on a universal Jjoint was
attached to two other levers inside the instrument, one registering verti-
cal and the other horizontal movements. Those light-weight levers having
spokes on photographic film at an angle of 0.33 degrees (between spokes)
constitute soctors of a spoked wheel, but greatly reduce the weight as
compared to a full circle. An amplifier and a Y-to-1 scaling circuit were
omployed to operate high speed electric countors. (See wiring diagram Fig. 8
of Sway Integrator.) An observer's hand movement of one centimeter pro-
duced a registration of 3 units on thc counter. Tho small ball and socket

Joint near the obeerver'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 pressure on thu finger tab.

3. Photoelectric Target Rogistor. This instrument, employed dbut not fully

described in our first studylo differs from the two ataxiameters proviously

doscribed in that it cum:lates the length of time at each degree of error

from a contral aiming point whercas the othor two devices mwusure only dis-

tanco moved. The basic mochanism shown in Fig. 3, consiats of a light

source projecting & beam of light to a mirror mounted on the ond of a light
tubular lever having a reduction of 2-to-l and mounted in a universal Joint
8o that it can move vertically and horizontally. The beam of light rcflected
from the mirror is approximately the samo size as an opening at tho luft of
the instrument which admits the light to a photoelectric cell inside the box.
As shown in tho wiring diagram of Fig.l0 tho photoclectric ccll is used as a
resistance unit to control the ratc of 2n oscillating circuit which varics
from slightly abovo zoro to ten per sccond, dopcnding upon the amount of
light ontering the opcning in front of theo photiccll. Calibration of the
instrument was accomplishcd by varying the intunsity of tho light source

(of wiring diagrem fig.10).

In addition to the universel Joint mounting of the lover at tho ond
nearest the instrumcnt a pin is inserted in thce o¢nd of the lever to permit
slight forward and back movcucnuts and 18 attachod to a bell and sockcet Joint
on tho fingor tadb which prevents the obsorvor from oxcrting pressure in any
direction as an aid to stcadinces. The longth of tho lover has also boen
varied in a study by Forsbcrglon the effect of increascd difficulty of a
task in relation to the reliability of moosurvmecnt of individual differ-
oncos In tho test. Tho actual sizcs of the light beam and tho leover wore
originclly choson so as to mekc tho average score of observers produce op-

proximately half tho maximum ratec of count.




4. Stylus Tracing Tcsts. As shown in Fig. 4 the straight path stylus trac-

ing tost 1s similar to the original device of Whipple in providing a slightly
V-shaped slot 12 inches long, varying in width 6 millimeters at the finishing
end. Small circular opaces are provided at each end to permit eary insertion
and withdrawal of the estylus. The device differs from the original Whipple
instrument in four important respvects: (1) the slot is constructed as the
top of a box so that the stylus does not rest on the bottom during movement,
thus eliminating an aid to steadiness; (2) the all-metal stylus is not wired
to the counter directly but instnad employs a low magnitude current passing
through the observer's body to the left hand which grasps another metel
handle leading to the 6-V 60 cycle source; (3) instead of measuring the
distance moved befors the first contact, our procedure employed 2 circuit
measuring the total time of contact diring the approximately 12 seconds pass-
age of the stylus through the slot. This was accomplishcd through the use
of 60-cycle current which operated a Potter electronic counter as a timing
devico; (L) a series of five lights spaccd at intervals along the slot are
turned on in sequence to set the standard rate at which the stylus should
move. Howevor, this featureo was doveloped after the conclusion of the expouri-
ment.

Another form of the test cmployed a curved pathway having a width of
O.4 centimeter. The width of this pathway is adjustable by mcans of screws
in case 1t should be desirable to make thc task easicr for youngor sublects.
Although c¢ither tho straight or curvod pathways could be used in eny dimen-
sion, in our ocxperiment both woro used for horizontal movements, the straight
path for movements toward thc body and the curved path for movements from

loft to right.
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4. The Rod and Ring Manipulation Tosts. Since Seashore, Buxton and McCollom?

had previously fc¢ d that measurcs of tupping in one plane represonted one
factor while measures of tapping in two plancs reprcsented anothor semi-
independent factor of speed skills, 1t soomed desirable to investigatu the
importance of using one, two or thrue dimensions for mcasurement of precision
in arm-hand movements. To accomplish this, three 3/8" diemeter brass rods
woro omploycd, one streaight, one having a vertical sinec wavc, and the third
having curves in both horizontal and vertical planos as wcll as movoments
from loft to right. The task consistod of manipulating a small knob on which
was mountod a ring 5/8" in diameter so that it did not touch thec rod whilc
being moved at a standard specd from loft to right. Scores were obtained
from @ Potter olcctronic counter operated from a 60-cycle, 110 volt, AC

sourcc Bo a8 to provide a cumulative time measure in units of 120 per second.

When it was shown by Seashore, Dudek and HoltzmanlO that scores on the
three dimensions were moderatcly correlatcd and constitutcd & oeparete fac-
tor emong steadincss tests, 2 now and smallor model of the tridimensionel
tcst was dcsigned for use in a porteble battery (cf. Fig. 4). In this, as
in the stylus path tracing test, no encumbering wire is attachod to the ring
since the low magnitudec passcs through the obsorver's body to another metal
handle hcld in the left hand.

5. Tho Tridimecnsional Pursuilt Test. This instrumcnt also known nes the Mini-

ature Alirplanc Tost wae originally dcsigncd by Scashore, Van Dusen and Brac-
kctt in order to combine tho optimal featurcs of an 1deal tost for the seolec-
tion of airplanc pllots. Thoso spccifications grew out of a conference at
Maxwell Ficld in Scptomber 1541, at which John Flanagan, Arthur Melton,

Robort Rock, Lawrence Shaffer and Seashorc reviewed the available motor skills
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tests which werc loter incorporatevd in tre *AF Pilot Selectlon Program. Theso
specifications included the following dotetls: (1) mtimulus cues chould 21l
coms from & aingle gcurco, 'n *his cise tr» miniatire steplone, npprexizatoly
“ inches long, instead of frem separate rows of lights as on tha Maslbun
test; (2) scorirg should be in degrees of arror, that ic, d.r:ticn wltiplied
by distance rather then en "el) or none”, or "on-of?" criterton. () The
rovements called for should be in three dimensi-ns dbut in ~rder to minimize
either positive or negetive tranafer from previni oxperinnze with nirplanes,
an entirely ditftferent tyje f controls was provided.

As shown {n Fig. 5, the left hand horizontal lever steers the minlature
airplane horizontally by meens of & ball-chain tonnected “u a pulley on the
centrul shaft supporting thc airplanc. The right hend vertloal lever slml-
arly controls banking movemcnts »f the plane ty & baull-chain which runs from
a pulley directly underncath the center of the hollow shaft supporting the
plane. Tho fact that the ball-chain can rctats as +¢ll a- turn in any direc-
tion permite banking movements of the wines indcpcendently _f and 3immlitan-
gously with thc herizontsl turning movoments and the -levation or dive-climb
movements on the head-tuil axis. Theass head-tail moverents are in turn con-
trolled by a pedal operat.d by the right feo%t. As or'ginzlly constructed a
substitute set of controyls employine an airplane stick 2.1d rudder and tar
could be attached t» the main apparatus tc study trenasfer frcm one type of
controls to the othur., Eviduncce for the validity of this instrumcent for the
selection of pilots are to bou putlished b Von Dusin. The originil instru-
ment was nlso used in A gtudy directed by Ivy and Seashore r'er the measure-
ment of thc effectivoncss of snaleptic drugs in relieving fatigue from pro-

longed military operation, 1nd give significant recults in this situation.
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The stimulus pattorn is provided by the standardized cyclo of movemunts
of the plane which are produced by two irreguler cams, one to control dive-
climb movemcnts and the other to control both turning and banking movcments,
sincu these are normnlly coordinatod in flying a plane. Actually, the manual
controls operatod by the observer counterocted thoe disturbing movements indu-
cod by the coms so nearly that a perfect score would moan that as soon 48 any
movement was induced by the cam it was corrccted by the appropriate manual or
foot control. Sincc most scores werc in betwoon random cnd perfoct and im-
proved with practice, tho actual movements of the planc seon by tho observer
were nover the same and henco did not become a routinc serics of rosponses
which could be anticipated. The original cycle of the cems lastod one and
one-half minutus bofore ropoating while thut of the rovisod model laste 95
seconds.

In order to moasure the dwrations of each dogree of error in controlling
one dimension of the plance's movement, a rotary switch plat. was dcvised as
shown in Fig. 10. Whenover tho plato was rotated 6 degrees the first dbrush
madc contact with the brass plate and completoed the circuit through a commuta-
tor which rogistercd two units por sccond. If the switch plate rotatod as
far as 12 dogroes from neutral, thc conter brush made contact and counted
anothcr two units per second on the counter while i1f tho error increascd as
far as 18 degroecs, thu third brush completud its circult to the commtator
for another two counts por sccond. In this way it was pcssiblo to reogistor
four dcgreos of orror, 0, 2, 4, or 6 counts pcr second for crrors in oithor
dircction. By this mcans, an intcgrated timec-error scorc was rocorded on
suparate counters for oach of thc threo dimcnsions of movement.

Calibration was providcd by locking the chains from the control lcvers

in neutral position and running the cams through tho completo cycle. This
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gave 0 scorc of maximum orror without the uso of manual controls as a chock

to insure¢ the proper functioning of the cntiro instrument.

€. The Tridimensional Baluncing Chair. In ordor to simulatc more nearly the

complox task of maintaining levol straight flight in an airplanuy during rough
weather conditions, 2 Tridimensional Balancing Chalir wns constructed (cf. Fig.
6). Thc rotational movermonts of this chair, in thrce dimecnsions, corrcspondcd
to turning, banking and diving or climbing movements in an airplanc cockpit
but, of courso, could not simulute horizontal or vertical movements of the
planc 28 a whole. This chair was designoed to add tho factor of changing
cquilidbrium to the tesk of three-dimensional controls prusented by the mini-
aturc alirplanc tcst.

Although the Link traincr providus a somewhat similar eituation, exccpt
that it 1s designed for tra.ning in blind flying by thc usc of instruments,
this trainer wes not availeble to us during tho war and also appearcd to be
a good doal moroe conmplicatcd than was nccessary for possible usc as an aptle
tudo tcst for the cclection of candidateos for pilot training. As shown in
Fig. 6, tho chalir is mountcd on a ccntral podcstal which is offsct to tho
tack in order to providc clenrunce for moverments of tho foot support. Thu
horizontal support at tho lovel of thu chair arm was mountud so 28 to permit
a benking movement while the axis on the chair arms permitted dive-climd
movemonts. As in an airplanc, 2ll three dimensions of movement could be
changed independently or simultancously.

Because of the greoater mess to nmoved, including tho obiorver's own body
wolght; olectrical controls (cf. Fig. 11) wero substituted for the mechanical
controls cmploycd on the miniztur: atrpline test. This w2g done in order to

ninimizo factual and kincethetlic cues which would te provided bty tho foul of
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the control levers i1f mochanical controls werc employed. This point however
is debatadle and it would be intcrosting to compare scores with mechanical
and eloctrical controls. The type of contrcl employud was that of & Scolsyn
motor pair, one unit on e€ach minual or pedal control and the othor unit of
the pair on the cams which controlled the reversible motors to tilt or turn
the chair. The Sclsyn orerated by the manual control could cithor neutral-
izc or revors. the diroction of the motor which actually moves the chair. As
in the miniature airplane task the instructions were to kecp the instrument
level and pointed straight. Under blindfold conditions, used to emphasize
the importance of cues from the sensc of equilibrium, a pure tone producod
by an oscillator and speaker mounted diroctly in front of the observer pro-

vided horizontal oricntation.



Rosults
Twonty-ono variablos werc measured utiiizlng the instruments previously
deocribed. These measures werc thoen intercorrclated and Poarsonian product
moment r's were dotermincd. The tatrix of intercorrelations is prusontcd
in Taeblo 1. The numbcrs identifying the varieblos aro chown tolow.
No. Tyvc of Test ! Instrumcnt

|
Body Sway---

1. Standing, oycs open, right-left componcnt
20 Standing, eycs open, front-back component
3. Standing, cycvs closecd, right-lceft coaponent
4., Standing, oyos closcd, front-back component Univorsal
5. Sitting, cyos open, right-left component Ataxiamcter
6. Sitting cyce open, front-back ccmponent
fif o Sitting, oyes closcd, right-left componont
8. Sitting, cyes closcd, front-back componcnt

Arm-Hand Stcadiness
9. Horizontul motion Arm-Hand
10. Vertical motion Ataxiameter

Slow Movoments

11. Straight-tracing Straight Tracing Tust
12. Rod-a2nd ring, thrce dimcnsionsl trocing Rod 2nd Ring Apparatus

Conmplex Motor Coordinntion

135. Eyes open, turn
14. Eycs open, climd

5. Eyes opon, bharnk Tridimensional
1€. Eyus closecd, turn Balancing Chair
17. Eyes closcd, climb

18. Eyos closcd, benk

19, Turn
20. Climb Minicture Airplnno
2l. Bank
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The intorcorrelations in this matrix are noarly all positive or zoro.
The few negative coofficiunts noted do not seem to differ approciably from
zero (tho N's on which the intercecrrelations are based vary from 103 to 106,
college students in Peycheology, 80 men and 27 womon). This mitrix of intcr-
ccrrelations was factorially annlyzed utilizing the ceontrold mothod as dus-
cribed by Guilfordg Tablc 2 presonts the centreid and rotated factor locd-
ings for tho various varisbles, and the cstimited and couputed cormunalitiovs.
The comminalities cro cstimates of the common factor variance associated with
cach variablo. Thc fact thrt the communulities are, in goncral, fairly high
tcnds to indicate that thesu measuros can be considered cs fairly relindble
indiccs. Previous invcstigationslo tcnd to support the conclusion that theso
rnoasures have no more than about 20% "error variance”, dopending on the man-
rer In which onu chooses to inturpret degrec of orror involved. Sincc the
pz2in problem of this study is not to demonstrate the intrinsic rcliabilitics
¢f the various moasures, most of this having becn done olsovhere}e but
rathor to show the interrclutionships and "communality" among tho various
meisures, the reliabilitlcs cre not pruscntcd per se. Howcvor, there scems
1{ttle doubt that most of the melsurcs arc vufficicntly consistent indiccs
frow which to dctormine factorial pattcrns which might be prssent in theso
data.

Six foctors wero extracted from the mitrix bofore tho rosiduals and
factor loadings werc consldecred to show no rore common factor variance. Theso
six factors wore then rotatcd with critoria of simplc structure and poasitive
minifold in nind. The rotations werc carried out miintainir_, orthogonal

nxo8 ard were dono graphically utilizing tho mothod descripcd by Zimmorman%o
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Tiscusslion

The rosults of this study tend Lo coniiru, In general, provious rcuultslo

which indiccoted thet the intcrcorrelsations among tcots of "stcadin.ss” cun-
not br oxplaincd ndcquotcly by pastulating 2 singlo underlying "stendineas”
frctor. From the matrix cf intercorrelntions resulting for this battury of
me2sures six factors were cextracted. FExaninntien of the ret-wted factor lood-
ings suggeots what these frctors nre nnd {ndicates further that the factors
arc corrclated to some extent. Boforo discuseing the rol-tionships :nong

tl¢ factors cach will be ceonsiderod seperctely in terms of the variladbles
2uaocintcd with it.

Factor T. The variables with the highest lozdings In this factor are
thc rcasurcs of standing body sway, with or without vicual cuce, (Veriables
1, 2, 2, and 4.) Sorcwhat smeller loodinge arc found for the mecsurcs ~f
Jitting vody swar, 2nd while tho meusures of sitting Leody swry have high
comrminalitics, thelr variznce 13 essociatcd with 2 soparat. factor (Factor 11)
to 1 great oxtent. Factor I, then, might tontatively be 1d ntificd s

.sgocizted wlth contrel of standing body ctwry.

Foctor II. This factor includcs th. t.sto of tody swiy whilc scuted,
with or without visual cuce, (Varistles 5, O, 7, nd 8.) It ic intercsting
to notc that thc two variables having thc highcest loadings in this factor
are th: onca conccrnod with the forward-bnckward components. The right-loft
romponents of sitting body swey emcrae with subctantinl lcadings on Factor III.
Vhy only the right-lcft measurce should huve thodr variance oo divided s
not irmediately epporcnt. Howcvor, there 8cens no doubt that Factors T und
TT aro corrolated to sor~ c¢xcent. Factor 1L muy bou identified as contr-l

of aitting body sway.

Factor III. This factor has its m:jJor loadings in thu horizontal and

vertical measurcs of arm-hand stendincss, (Voriables 9 and 10.) Theso vari-



1blus were Includ.d in thu preuunt dbattury bocausu thuy scemud to ldontify

nogt clearly : factor of involuntary novaixnts in = previous battory%o That
they uroe rolotively "pure” meugures would tond to be confirmed here aince the
lurg. propurtion of thcir viriance is accounted for by this factor. Nonu of

the othur tests in tho curront bottery have cny but inoidentcl loidings in

this factor. Factor III may bu identificd with contr-ol of involuntary move-

mnts of tiie .rm and hand. This mcasuro {8 prob:bly thc type of thing most

comonly associatcd with the torm "stuudincss”.

Factor IV. This factor 18 not wcll definud in theo prusont battery, the
only mJjor projuction dbuing that of the Straight Tracing Test (Variable 11).
Vairiables 11 and 12 were included in this battory becausc thuy sevoed tho
best moasurcd of two factors found in thu pruvious analysis, precision in onc
planc of slow movement, or sovercl plines, reospcctivoly. In tho previous
study thcuoce varisbtles scomed associated with stvadiness during movement.
Variadle 12, as it turns out hcru, shows very little comimn.lity in this bat-
tery 1nd one night infur that the opatial component it wis hypothesized to
nesoure doc s not appcar in this proscnt battery to uny grest oxtunt. The
fact that what smnll common factor varilance 1t docs have in this battery is
wssociated with tcsts thit have somx gspaticl clomonts suggoots that it is
6t1ll modosuring this factor, howcver. Thoe minor loadings of variablos 2 and
4 in this factor do not 3ccm very rwaningful and the significance, if any, of
this fact 18 not ilmmediatcly cpparent. This factor may be considorcd is
gtcadiness during nmovement, 28 in the proevious 2nalysis, largely becausu cf
tho significant loading of vuriable 11, aud the pruviously isolated factor
of precision in nmulti-plone noverent ie shown to be largely indepondont of
the newor factors lsolatod in this study.

Factor V. Factor V has high loudings in thu measurcs associated with
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the Balanc.rg Chair (Veriables 1k, 15, 17, and 1E). It {& significant, how-
over, *thna% veriscies 13 and 16 (1eprescntin~ orrors made in "Turn" i.e.,
keepirg th: choir uointing in the same hoil’ -tal direction) do not have any

aporec thi. Lonilres on tiis fotor. It aloo scems significant that measures

frou t2e Muirminture Alrplane Test, compars®le to thuse on thu chair, do not

heve au-rir 14l le lecedings on this factor, but coms out as a separate factor
(Fartor V. 7%t 13 with the messures deterw . ¢ Jrom the Miniature Airplane
Test t.:t va-~iables 13 and 16 are acsocicte:d. A reascnatle hypothesis would

sesm to be that thioc fector V ie one whicli dvponds upon the static sensses,
1.0, equilibriiva as tre key to responses rauther than visual cucs as the key.
Thus, the cp-ration of the airplane was dependent upon primarily visuel cues;
whereas 1in the Balancirg Chair Test the individual hilmself moved in space
and the cues as to the proper operations to perform in order to maintain the
chair in a level position wore primarily static, rather than visual. This
inturpretation is given additional weight when it is noted that the variabdbles
which involve no visual cues (17 and 18) alco have most of thelr variance
accounted for by this factor. For thise reason it seems reasonadble tc
identify this factor as onec associated with equilitrium and the static genses.

Factor VI. This fector hLis highicst loadings on the variables derived
from the Miniature Alirploce Test. It will be recalled that in this test the
subject had to mointain an airplane in levcl "flight" by making proper udjust-
ments of three controls. As suggested atove, 8 reasongdble explanation with
regord to this test i3 that it is primarily visuil in nature so for cs the
spatinl element is concerned. The fact thut varinble 13 has 1ts highest
locding in this factor would tend to confirm this hypothesis.

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

suggusts some correlation among the various factors. These intercorrelations



Fy

21

can be emtimated 1'ronm graphic rl.ots of the factor loadings by determining
the coaine of the angle between thLe vecrors representing the factors. This
wi8 done for the factoriel matrix of these dnta and the estimates of the

correlavicony arong fuctors are shown in Teble 5.

TABLE 3.

estimites of the intercorre..ctions among
factors determined from cosines of angles
between vectors reprousenting factors.

_ 1 2 3 L 5 6
g .60

3. W41 .56

L., .21 -.09 .53

. 19 .00 -.09 .27

G, =2 .09 .09 -.23 ks

While this matrix suggest appreciatle irntercorrelationc arong some of
the factors there is still no suggestion that one single underlying factor
would explein the obtained factor matrix. It is poagihie that there arc
fewer than six factors, and present indications suggest that there are at
least three underlying foctors which would appear to be relatively independ-
vnt. The first of thesu underlying broader group fict 13 1s rclated to
the body swny measures; another 18 one nssociztud with thu arm-hend steadi-
ness and tracing tests, snd finally a third factor might underly the threo-
dimeneional tests (Balancing Chair und Airplane). A knowledge of both the
narrower group factors and the bdbroader undierlying foctors should be of con-

slderable ugsistance in sclecting tosts most promising for further investi-

Zation.



Sugz.stions for Further Ruscarch

From crxporlonce with previous factorial cnilyses of tests omphasizing
8pc.d ar suroasth facters it is ralrly cortein that scvertl subocquent steps,
such a3 the iollowing, arc likely to bo significant for the cdvancument of
both purc ard applied scicnce in the arcc of psychomotor precision:

1. Rcdosigning conch tost hnving the highost loading on cuch of gix

factors isclat.d in this study so a3 to provide a portible unit of

psychomotor prucision tests for expuriments in other 1:boratorius and

in military shalp, alr 2nd shore locations. Since the teste were orlglu-

ally dcsigned with portability as an ¢ventutl gogl, tac roccssary nodi-

fications would b¢ primurily for tho purposc of rcducing size and weignt,
aud ineuring case of calidrution and maint.n2nco outeldo of ladboratorices;

2. The Selsyn clrcuits developed for ithe thrrce dimerniicas of movement on

tho tridimensionzl Baloncing Cheir huve now beern ndipted for use as

auxiliary equipment on a standard Link Trr:r 1. This weuld provide
standordized stimulus pattorn of movements tuw.bhos witl automatic scor -
ing in using the Link Trainer o8 a scluction dovice as well as in its
presunt function 28 a trainer. It 1s thc intentlion of the proJect
dirsctor to apprly for & follow-up proJjuct ¢ hoth “he portzble bnttery
ard the auxiliary Link Trainor dovelopmente in tho relatively near
future;

3. Tousting such n battery of psychomotor precision teste for posasibleu

usc, 1in tho seloction of military and irduc*rinl tr inces for thc opcera-

tion of complux tools, machinos, and weapons calling primarily for pro-
cislon in slow to modium spcod coordinations rathor than for high spoed

or strcngth,
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L. Toets for a numbur of the principal factors of mochanical abilitios
isclated by L.L. Thurstonc have kindly been supplied ty him in ordor

to determine their interrclations with our own battery. Funds for thic
gupplement-ry cxperimental work wore supplicd undor ¢ grant from the

J. McKoon Cattcll Fund of tho Psychological Corporation. The expuri-
mental and prcliminary statistical work on 50 additionel scubjucts ha
now been complcted and arc buing fictorially analyzed by the writcrs.
5. Using . battery cuch ao our portablc psychomotor tcsts as onc sct
of critcria,for ncasuring the offoct or. human cfficicncy, of various
vrivironmental and physilologicel varizbles such as changes in tomporature,
humidity, prcessarc, air conditioning, drugs, age, wmotiverlon, fatigue,
.nd t&ny eimilar factors. OSuch uscs of tho tosts arc indopendont of
thoir uscfulness 23 sclection devices and h.ve beun showi. to bc sig-
niricant with othor psychomotor tciats;

€. Devising batterics of sub-tusts differing from oach of the prescnt
factor tusts &8 to ccnsc modelity or cucoe crploycd, musculitures in-
volved, and work methods or patterns of uction cz21lud for, as has becn
donc¢ by Scashore, on spoeod ekills? Such furthcr cnolysis would pormit
8ti11l more accuratc identification of the noturc cnd significance of
thosc variables underlying cach prcscut factor, both as to individucl
differcnces at tho same stage of learning, cnd the changes within an
individual at succcssive stagoes of lccraning;

7. The tralning of cngincers and psychologiscts in dcsign and construc-
tion of psychologicecl instrumcnts could 1tscll bu made = projoct of
gr.at importance to both thc scionce of psychology and our military
forces. It would bo rcadily possiblo to sct up 2 treining course and
procticum faciliti{cs to train specinlists in instrumcntction 80 as to

remove onc of the ma Jor "bottlenucks" which existced 211 thrcugh World

Wiar II and s8till oxiste at the presont time.
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