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NATIONAL RESKARCH COUNCIL

2101 Oonstitution Avenus, Washingtom, D. 0.
Division of Anthropology and Psychology

Commitise on Selection and Training of Alroraft Pllots

Ootober 19, 1944

Dr, Dean R, Brimhall, Director
Alrman Development Division
Civil Asronautics Administration
Washington 25, D, G,

Dear Dr. Brimhall: \
Attached is a report entitled A Rsvised %-Phnd Goordigguioe
by Rops A. MoFurland and Ralph C. Channeld, s report is sub-
mitted by the Committee on Seleoction and Training of Alroraft Filots

with the recoumendation that it be included in the series of Technioal
Reports issued by the Alrman Development Divislon, Civil Asronautias

" Adninistration,

This report, one of several devoted primarily to apparatus,
sontaing a desecription of the original and revised forms of the Two-Fand
Coordination Test, together with dlatributions of test ecores on both
forms of the equipment for subjoots differing in age and flylng experi-
ence. Earlier models of the Two-Hand Coordination Test have boen saployed
in industry for seleotion purposes. The utilisation of the revised appa-
ratus in the presont study represents an application of this devioce to
the selection of candidates for flight training. :

Cordially yours,

Mo 3 (T

Morris 3. Viteles, Chairman
Committes on 8slection and

HXBirm

Training of Alroraft Pilots
Hational Research Oounocil
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EDITORIAL FOREWORD

This report 1a one of a group describing the develcpment and
initial use of apparatus designed for researsh in the selestion
end training of siroraft pilote. It 1s, in a sense;, & companiocn
report to Tochnleal Report No. 34, which deaoribes the revieion
and modification of a Revised Serlal Reaction Time Test.

ldike the Reviged Serlal Reactilon Time Test, the Two<Hand Co=
ordination Test descrited in this report, is an outgrowth of the
extensive investigation, called tha Fensacola Stuly of Naval Avia-
tors, conducted in 1940-41 through tho cooperation of tha Unlted
States Navy, Experlience with the Farmer«Chamberg Ccordination Teast
during this study of Naval Cadets revenled ceriaim unsatisfactory
characterigtios of that apparatus and led to tha construciion of a
revised form (oalled ths Two-Hand Coordination Apparatus) which was
then used in testing groups of civillan pllicta.

The report is of valus by resson of the detailed desoription
of the apparatus and bsoause 1t preseants test resulta obimined on
the original and the revised forme with groupe ¢f sidbjeote differ—
ing in age, experience, and sucoces in flight trairing.
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SUMEARY

This report desoribes the developmenit and early uss of a peychomotor
tewt requiring coordinated movemonts of tne two hands in response to a
moving target, It is essentially an sdapiatlon of the lathe-type test
firet used in industrial solection programs.

Tho TwoeHand Coordination Tast, descrived in this report; is a re-
vislon of the Farmer-Chambers Coordination Test, madified sc s to olim~
inate certaln defects in apparatus and scoring, By means of o oconstant
epeed clectric motor a target disc 1s movsd in a standardlzed irregular
pattern, The subjeot, by revolving two crank handles {ono in each hamd),
controls the movement of anothsr dises in an attempt to keap the two dipos
together. Theo perceant of time per trial Jduring which tha two discs are in
eontact is recorded by means of a mloroswitch and slsectiric timer. For es:e
in oonstruction and maintonanoce the apparatus is eomgtructed of gtandard
parts obtainable from commsrcial manufacturars.

Inoluded in the roport eres deasoriptions of the apparutus, drawlags ¢
the component parts; and sjeciflcatlions as to the materlais and parte neecded
for 1ts oconstructlon,

Illuatrative test results on both tho original Farme»~Chambers model

and the Revised Two-Band Coordination Toai are presentod, based on sgors '

distributions obtained from 288 primary pllots im the Q.P.T, Frogrum 141
advanced pilots in training at Northeast :Arlines, 785 naval aviatlon ca-
dets and 83 flight ilnstrusctors at the Navnl Alr Station, Penszcula, Flori:a,
The groups differed widely in azo and flylng experieace,

Exploratory informtion on ths rolaticrahlp betwasn teol cscores ami suge~

cess in flight trainlng was obtained by csmparing ths teel score distridutioas

of Pensaoole naval oadets who passed veoregus those who wera washed out, and of
those who passed without Board Appearanssn versus “host who had Board Appoure
ances or wers washed out, Sipgnifioant diffsronces betwasos mezan soorea inll-
ocatad that tha poorsr cadets did worpe on the test than dld the better oaiiets.
The Pensacola flight instructors® scores were slmilar %o thosgo of the betier
sadets,

The teat also differentiated betwesn "good™ aad "poor” studeut pilot.
in the C.P,T, Program, the subjoots being clagaifled on the bupis of "$iu:
. to solo" and "time for ecertifiscation" for m privats pilot license.

Intercorrelations among tho six sugoussive trialsg given on the Revias:d
Two~Hand Coordimation Test durlng test adudnistratlon; in a study based cu
108 C,P,T.P, primary students, ranged f{rom .38 to .74. The meen of the alx
trials was fourd to correlate .78, .87, and .80 with Trials 4, 5, and &,
respostively.
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A REVIGED TWOSHAND COORDIHATION TEST

IRTALDICTION
L]

Bven & casunl analysip of the tusk of Ilying a plane puggeetes that
an isportant requirement for sudcessfil pilloting ie¢ the ability to mmke
smoothly coordinated movemente of both hands. The pllet, for axample,
wust move the control atiek in o Geslired paticrm wiith ons hand, while
adjusting other comirols, like the throttle, with the other. Aktempte’
have thus bsen mads to devalop ipstruasents and mesthods for measuring this
ability with the hope that relistls axd yalid tente, valusble for pelso=
tion of pllot traineces, would reauly,

This report presents a desoription of a two~hand coordimation test,
represonting sn outgrowih of wn iasprovenont over similar toeta proviously
developed for regearch in induatrial aelection. Thay reviged form is dae
agribed ip detall and comparative test rweulis are presented, bzsed on a
try-out admindetration of the original and reviged forms oan proups of pi-
lots 4in warious stages of f£light traiving, Prelladnsry deta on the rela-
tionshlp betwoon tast scores ond sucoess in pllot tralulng were also ob-
tained in this sxploratery gtudy.

SeALIER FORMB OF TW0<HAND QUORDINATION TESTS

As montionsd in the Introduction, lests requiring s sipultansously co-
ordimted petteru of movement of boti hends had alresady been devised for
use a8 aptitude teste in indusiriel selasction pgrograms: The twy from whiix
the present TwoeHand Coordination Togt hasz wost direotly developed ars the
Wisoonsin Epgine=lathe Test and the Farmar-~Chembers Ceordimtion Test.

Tpig teet "attampte to duplicate that ;:&r‘!z of an ongins=lathe whioh
gontrols the movement of the oubtting tool.”* As shown im Pigure 1, turniry
the orunks B and A" will result in govement of tho pin P over the plate X
and in & graphi¢ resord of ths movemend by means of & peneil siylus P*
meving over a papar pounted on plate ¥. The task of the sxubject is to
mowe the pin P around the ceriass of aiz alogtric comtacts shown on plate
X ag ropldiy and ms direstly us possible. When the pin teushez a oontact
point the electrio bell P rings to notify She subjeot tist hs nay proosed

to the next gonmtact. This was designsd as u "minlature test,” duplicating
thn hand positions and movement requirsments for ordimery bench lathe opers-
thiona.

A SPRIUNTE Jrnch §lh T Nidin m—rair + .

Wull, O L. Apbitude tepiine. Now Yorks World Book Go., 1928, po..
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i B. The Farmep-Chagbarg Coordination Togt?
Eu
o Tho Farmer-Chambers apparaius, developed in England ae part of an In-

dustrial Healih Research Board study of accident~pronenese, aleo required

i ogordinated rotutlion of two oranke by moens of whiah the mubject oontrels
o the movement of a polnter diac in an attempt to keep the pointer diso over

< & target diec moving in an irregular pattern. Since the present Two-Hand
Coordination Teut is essmentially an improved revision of the Farmer-Chambers
apparatus, a detaliled desoription of the latter is presented below:

v 1. As phown in the simplified diagram in Figure 2 and the photozraph
5 in Figure 3 the meohanlsm by which the target dimc is moved i» as
follows: & horizontal oircular metal plate A (Fig, 2), mounted on
a vertical sxig and rotated by a gramophone motor, has a small
curved mlit B through which rider C projeots, The rider, free to
move from end to end of the sllt, is kept pressed to the edge of a
" horizonta] plate cam D of irregular outline, by means of a spring E,
The rider is fitted with a wheel bearing so that 1t moves swoothly
along the sdge of {he cam. This cam ls fixed and does not move so
that #hon the plate A rotatss the rider C describes an irregular
path, the resultant of axoursiones of varylng lengihs towards and
N away from ths aenter of the plate imposed on a viroular orbit. The
. voelocity of thsse transverve excurslons also varies, depending on
L the angle of the irregularities in the cam, so that the rider has
also an irregular velocity pattern. The target dlac which the sub-
Ject 1s reqiired to follow ie fitted to a small brass cylinder and
gcrewed on the rider C.

G PP 47T

a 2. The part of the apparatus under ths subjeot's contrel coneiats of
: a graduated metal drmm, F, on a sarriage bearing a short metal arm

at the ond of which the pointer disc U is attached. As shown 1n
. Fig., 2, the ocarriage glidea to the right and loft along & guide
* bar H, The bar H iteslf, together with the carriage and drum,
; slides along two guide dars, J und J'. When the handle K im turned
. in & olrckwige direction the carriage bearing the drum is moved along
o the bar H towerds K, Silumilarly, when L is turmed, the bar H with the
o drum and carriage moves alorng the bars J and J°' towards or away from
: : L, dopending on whether the handle is turned clockwise or anti-clook-
: . . wine, Henee, when both handlsg are being turned at once the motion
oo of the polmter diec is the resultant of two motlioms at right angles
%o each other, so thet G san be moved ovor any part of the plate A
by proper turning of K and L. Also, the velooity of G 1m the result-
ant of two velooities ut right angles to each other, end can bs ocon-
S trolled by the subject. (Two departures from the original desorip-
; ) tiond should be noted here:r (1) the subjeats were insmiructed to
o operate the apparatus with thelir bodles parallei to H; ratlier Shaz with
B their bodles at right sngles to Hi {2) 1n the oripginail Farmer-Chanters
Lo apparasus The $¥o sorer spindles wore of dilferonmt piiohos, Thile in
a the rovised squipwent used im thic study $ho 190 gorev spindies wers
A of tho oeme pitch.) :

2ZParmor, Eric and Chambers, E. O. A _study of pergonal qualities in aceci-
A . Industrial Health Research Board, His Majesty’s

) Statiomary Offlce, London, 1929, Report No, 55.
: 31bsa.



Figure 1
WISCOMSTY CMNINE-LATHE TEST

Subject®s poaition st bottow of figure (S), fur operation of E by right
hand and H® by left rand., Clockwise rotaition of H shifts P to left, and
of H* shifte P upward in tre fizure.

Firure 2

FARMER~-CHALEEAS COORDINATION TEST

The aubjsct’s poaition used in this study is mt the bettom of the
figure {3} for ths operation of X by the rient hand and L by the
left hand.
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Flguve 2

FARMZE-CHAMBERS COURDINATION TEST

Fipure 4

REVISED TWO-HAMD COORDINATION TEST

In thig study the subject always sjpernted the apparatus in the position
indicated at (S).
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The wubject®s ability td 'keep the potnbar dise over the target ons

i» measursd by means of the gradiated drum F. This drum ie in two
parts, both rotatable about a vertical axie and sonnected topether
by a fristion raiohet of the ball and inalined plane {ype. When

the lowsr part of the drum is rotated in en anti-alockwise direction
the upper part is prevented from f{urning by a second f{riotion ratchet

working on a fixsd axis. The lowor pert is fitted with a watoh spring

80 that anti-slockwies rotation 1a slwsys mads sgainat the actior of
the spring. Round a groove at the bottom of this lowsr part of the
drum passes a oord M, secured at one end %o the dirun and at the other,
after pussing through an eyehole in the pointer disc¢, to the target
ding. Hence, when the pointer and target disos are woved apart bhe
sord im pulled out and rotates the drum in an anti=clockwise direc-
tion, oasusing the graduations on the upper part of ths drum to o
pust a pointer, N, When the discs come togethor again the spring in

the drum automatically rotates the lower part in a olockwilss dirssuion,

thue taking up the slack in the cord but not moving the u.per part of

tha drum:. In this way the rotation of the wpper part of the dra sume

the wyarfous deviations of the pointer disc from the terget one. The
roading on the graduations thus gives & quantltstive measurs of ihe
subjeot's ability to keep the two dlees together. The drum is get
to szoro for sach subject by rotating the upper pert by hand in er
anti-clookwiae direction,

A simple mtopping device ig fixed to the gramophone motor ao that
when tho machine is started the plate A makes one revolution and
then stops automatically. In tlis way, each subject has precissly
the same task to perform and the various soores of the subjects treo
directly comparuble. One revolution of the plate takes 100 secouds,
The individual's soore is glven in tarme of the smount of deviation
reglstered ou the drum, ¥. The lowsr scorss thue indicats better
performance, i.e., a small amount of deviation between the two dlses,
¢ and B, during the test,

DESCRIPTION OF THE REVISED TWO~HAMD COORDINATICN TEST

Experiencs with the Farmer-Chashers version of the tvo-hand coordimation
test revealed ssveral defects and limitstionss (1) the phonograph motor
tendad to wvary in speed unlees tightly wound at the bagloning of emch teai,
(2) the subject could make A good séors Ly merely keeping the pointer dise
G relatively near to ths target dise B, ond {3) the string M {ess Figure 2)
tendsd to break or to stretoh, thue preventing constant calibratlon of the

acale,

Ir the present revision these defeotn were eliminated in the followlug

MRIneri

1.

A constant wpeed sleotric motor wam used to aotivate the dise to be
followed by the subject,
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2. Sccriﬁg of the performwance was obtained in terms of the t
during which the two disos were in sctg&l sontaol, by uses of
slectrical contacte activating an sleotrie closk.

Following is presented a detailed descriptiom of the Revised Two-
Hand Coordination Test, embodying these and cther minor improvements,

no A ’0 t

Figure 4 preaents a photograph of the aasembled apparatus with the timer
in the left foreground. Drawings in Figure 5 present the top, front, and
side views of ths newly designed mpparatus as seen by our subjects. 4 wir-
ing diagram 1s alsc shown in the upper right-hand side of the figure. Spe-
cial attention ashould ba given to the timer, syndbronous motor, and the small
m.eroawitck, which comprise the eseential innovations of the design., These
ars utagdnrd partes and may be obtained from the manufscturers listed in Ap-
pepndix B,

B, Datalled Plang for Conspiruction

Figures 6, 7, and 3 show further details of the upparltus. Drawings and
desoriptive .nforﬁnxio1 are pressnted for sach part.

1. The irregular cam, shewn in Figure 6, is an important featurs of
the apparatus slnoe it coverne the movement of the target to be
followed by the subject: Identical patierns of movement are pre-
sented on oach triml. NHo attempt has bDeen made to experiment with
differeat sypes of ocsme or with varylng apeeds of movement,

2. Figure 7 ghows the details of the frame, crosg~memberp, vertical
: suppoerts, and gulde rodn,. Ths axact sigs of each part im indiosted
and has been oarafuliy shesked, It should be noted that the frame
has besa greatly simplifiad over the model mhowm in Figure 4,

3. In Filgurs 8, the various parts of the movement ageemdbly are de-
sorited in detall, and measurements giveu. The lead-zcrews (Part
4~2) showm in the figurs are sextremely important and should be
purchased or munufastured Lo the exact detalls. These are right-
hand thread lead-ncrews which have been stamdard on all models of
the apparatuas. It 1s nsvessary to use this typs of lead-screw so
as to standardise the 4'.{ficulty of movement required im turning
the handles of the apparatua, In additlon, the direotion of this
movement is opposite frum that in almost all other pleces of squip-
ment such as lathes, miiling mashines, eto., in which olookwiee
motion 2f the hand adwaioes the tool or the work away from or to-
ward the left of tha subjeot, In the Two-Hand Coordination Test
apparatugs olookwiss motion of the subjeet's hand produces the op~
posite #z3alt, thug 1dcicizing the offaat of gpecialized exper-
fence with ordinary lathe equipment.

C. ZXgportant Featureg in Standardization of the Tegt

In the reviced eguipment the following featurse were insorporated so
ap to provide s highly atandurdl zad task and method of wooriag:
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1.

2o

3.

4.

D¢

In &ppeudix B the mares aud éescrip‘bions of the parte, the quantity required

Ths turntable, oparated by a synshromous. motor, mhea ons nmlﬂtion u:l‘
one minute duration ut conatant speed and is than sutomutleally stopped,

The dismeter of the target is of such a laugth that four revoljtions of

sither crank handle are rsquirad to carry the pointer moross fhe target
(along the diameter of the latter)} from the “make® to "bresk” positions
of the mloropwitoh sconteots, Thug, with the target stationary and the
peinter centered on it, two ¢omplete revclutions of eithsr crank hamlles
are required to break ths contect. Thig tolaprance mmy be deaipmated as
ths “operational mergin of safety.”

The resistance in turning the handles iu made uniforw by employing a
balanced handle whioh revolves with squal freedom ut any point in
%he arc., The gripe are lixed, but highly poliehed to glids easily in
tha operator’s hands.

A gtandard olook timer calibrated in hundredths of e winute gives &
score in direot percentsgs of tive on the farget. Theoretically, =
perfaot score would be 1007 and the poorsst soors UF, but in motual
practice the highest avors obtalnable is 98% since a short periocd of
time is iavolved in the etariing and stopping of ths turntabls motor.

for the construction of ths apparetus, and the npsmsz of the manufacturers hand-
Hng them are 1lated.

RESULPS OBTAINED WITH THE CRIGINAL AMD THE REVISED FORMS OF THE TEST

This section of the vepert prosents prelimirary regulis obtained on the
originalnrd revised models of the Two-Hund Coordimation Teat. As pointed ous,
scoring on the original test wae in terms of digtance off the targst, with a

low moore indleating superior performence, while in the revised form of the test

the goore was in terms of the mmount of time during which tha two discs were in
sontact, with a high score indicating surerier parformaucs. With the originu)
test, ihe "soore” wae the mean of four suacassive trimls, wiih the revised form
the mean of pix sucoessive trials. The dusmtion of each trial was alsc differ-
ent for sach form of the test. Jn ths original version one ravolution of the
turntable takes 100 eeconmdes in the revised tost, one rovelution of the turn-
table tekop 60 meconds, the timer, howsver, being calibrated in 100ths of a
pinute to give goores in direot pargentage of tige on the target. The posi~
tion of Lthe gubjecl was the saze for both forms of the ayparatus, i.,0., the
laft hand operated the orops feed, and the right hand operated the lateral

feed,

It 13 to be n&%ad ¢La% the subjects position differs from that used

by Tarmor and Chanbers® ond im more recsnt oxparimonts with this apparatus
by the A.AF.5

The subjeots, ranging in age from 13 to 317 years, coneisted of 258 student
pilets in the Civillan Pilot Training Program, 141 advancsd pllots in training
at Rorthoast Airlines, 786 ariation cadete ard 83 flight tnstructors at the
Yo 8, Naval Alr Station, Pensacols, Florida, With the excepilom of the Flight
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SMelton, . W, The selsction of pilots by means of puyohomotor tests. J.
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THE MEAN, STANDARD DEVIATION, AND AANGE IN THE TVO-HARD COORDINATION TEST
J} FOR VARIODS GROTPE OF PILOTS RANGING IN AGE FROM 18 ™0 3T (N s 1298}
i ' : Age TFlying
. fubjooty N Hange Houwrs  Mean 5.0, Hange
H' 1. Pensacola Cadets & Officers ; Original Apparatus¥
Clagsee 147-151 376 21=27 10 59,0 12,1 31-96
Classes 152164 410 2127 10 69.7 12,1 31-10%
R 2. Pensacols Ingtructor: 83 25-37 1,500 58,2 1‘1'.9 32-87
& 3o GoP.T.P, Btudont Pllots :
Yo Frimery, 1939-40 10 -32 0 61.1 13.0 1889
,; _ Revissd Apparatus®
S Primary, 1940-41 70 19=26 0 64,7 12,1  24-83
Primary, Fell 1941 108 18-22 0 - 53.3 11,3 21-T79

&, Flight Officers Tradning .
Sohool, Northesst Airilines 141 21-28 200 61.6 1l.4 28-86

1 *On the original apparatus & low soore indioantss superior perforimace,
R the final score being basel on the meen of four trials, On the re-
o viged apparatus a high score indloates supsrior performance, the
5 final soore represeznting the mean of six trials.
,, Offiocers in the Horthoast Alrlines Schocl and the Pamnoia inatructors, the
. mesbera of the othsr groups had 1little experience as airoraft pilots. The
7. groups, the form of the apparatus usaed, and the mesans, standard deviations,
= and repges of eaach dlstribution ars given in Tmble 1,

. A. Aviation Cadsts and Instructors at Pensmsola
The results obtained for ths Ponsaooln aviation cadets on the original
£ ' modal of the apparatus ars divided into two parts, ae indiosted in Tables
i 2, 3, and 4, Part 1 ghows the troquonay dietributions for pilots who pacmed
o flight training { uoosssen), dompursd with pilote aliminated from flight
& tralning for poor aptitude {Washouts). Part 2 shows the freguency distrl-
o butions of sucoesainl pilots who novor had a Soard Appearance (Good Pilote),
B compured with Weshoute plug thods pllote who, beeause of difficuliles
’ durdng their fiight training; appeoared before’ the Commmndant‘®s Advisory
A Board but fimlly passed {Eoard ippeararsesg). The data in Table 2 were
i cbtainsd from olasses 1AT to 151 mnd the data in Table 3 from clasaes 152
& to 164, In Table 4 rosults of the entire group of Penpaocola Aviation Ca-
o dets (o&usea 147 to 164) have Ysen 3abulated on the basis of standard

oy soores.
i -
3 64 detailed desoription of 4he study from whlah thess data wers obtained
may be found in:t MNeFarland, R, A, and Fransen, Ro

The. Penapgola Gipdy of
Naval Aviators. Final Summary Report. (Te be issued shortly in the Techni-
oal Gerles REporta of tho Natlonnl Resesrch Counclil Somrdttee on Selaction

and Training of Airoraft Pilots.)

_#‘f“ -
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TABLE 2

THE DISTRIBUTLIONS OF RAW 5U0RES IN TFE TWO<HAND COORDINATZON TEST
FOR SUCCESSYUN, AND UNSUCORSSFUL PENSACOLA AVIATION CADETS
{Cloagas 147-151)

Bart 1 | Yart 2

Tuahouds

Plus Board

Rex Sgore® fSugoogges Waghouls Raw Score® Good Pilokp Appearances
2631 4 - 26=31 4 s
32«37 12 w 22=3" 9 3
38~43 19 e 18-43 19 @
A4-49 46 1 Al 28 g
50=55 Tl 4 W3] 8 7
5661 67 5 5EmbL 63 9
52-67 55 13 62267 48 20
68-73 34 v 6373 28 13
74=19 14 1 7479 12 7
80-85. 9 3 83-35 .9 3
86-91 4 ra 86-51 3 1
9297 2 2 3237 2 3
R 337 39 H 303 73

Mean 56.02 .. .65 67,3l 5T iean 57.93 o 68 63,36 1.41
Sipme  11.97 ., 47 976y 2011 Pigms 11.86 .48 12,06 1.00
Hange 31.5 = 95.0 44.5- 96.5 Fange 32.5 = 95.60 33,0 = 96.5

Oritical Ratlo }llu.n} 5.46 Gritioal Natio (Hemn) 3.48
Oritical Ratio (Sigms) 1.83 Cratical Ratio (5igmm) 0,18
Chi-Squared P w .01 M- Squared Pz 7,00

*low soore indicates supsrior porfarumnss; data are bugad on the
eriginal apparatus,

It should be noted thei the mesan caores fov Clasees J47=15), on whieh
Table 2 is based, are "beiter” than those cf Clamsws 1522164, as given in
Table 3. This may partially be accounted for by the faet that thers were
fewsr officers from ths Kaval Acadexy and a largsr muwbor of snlisted men
and oadets in the later slassss., The officers teaded to goore better on
all tests of the battery thon dil the cadets and enlisted mon. Another
poesitle onuse, however, for thls differsnce in the msan soores may have
besn the teating epparatus itpelf, sircs ths orighiml form, used in thiws
study, had the dafects noted above. 1o fact, it was dus to the diffioul~
ties experiemced in using the apparatws daring the testing of the Pensagols
groupe which led to the devslopaent of the revised model of the apparatua.
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TABIR 3

THE DISTRIBURTON OF RAW SCORES IN THZ TWO-HAND COORLINATION TEST
FOR SUCCRSSFUL AND UNSUCGESSPUL PENSACOLA AVIATION CADETS
t(Ulnsaas 152=164 }

Perk 2 Part 2
/
Washouts
Plus Board
Ray Soore™ 3uogegpeg Waphouty fow Sgors™ Good Filoty Appearwncesn
30-35 1 it 0D=35 1l -
36-41 3 it 36-41 3 -
4247 3 - 42-47 8 ~
48=-53 20 [ 48=-53 18 8
54-59 37 9 54=59 32 14
60=65 6L 12 60=65 51 25
66=-T1 64 9 6671 54 19
T2=-T7 @0 19 T2-77 _ AT 32
78-83 39 16 78-83 35 20
84~09 14 13 8a-89 1 16 %

90-95 1 3 90=95 1 3
96=101 8 2 96=-101 T 3
N 32, Bo N 290 1%

Moan  68.72 ; 0.66 73.31 , 1.27 semn 68,53 4 0.74 72,00 § 0.95

Sigen 11,88 ; 0.47 11.94 4 0.90 Sigm 12,24 g4 053 11.28 4 0,67
Range 31 - 105 50 = 98 Range 31 ~ 105 50 - 98

Critical Rautio {Memn) 3.21 Critioal Ratio (Mean) 2.89
Oritical Ratio {Bigma) 0,06 Critioal Ratio (Blgma) 1,13
Ohi-Squared Pw &0 " Chi-3quared Pa {04

¥low saore ludicates superior porformancey data are based on the origimal
apparatua,

The oritical ratiou bstween ths mesn soorea of pllots who passed the
flight ¢training courss at Ponaaoole (Sudcoeses) and those who fai leod are
showm in Part 1 of each Teble, 1In Part 2 both the Washoutis and Board Ap-
pearances ars oombined mnd sompared with the (Quod Pllots. All but ocas of
the sritical ratios between the means ars above 3.00,! indiocating that ths

A oritios) ratio of 3,00 inmdicates a highly sigmifieant differance
betwosn the measures of two dletributions, -

oS
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differences Yelvoun the moan scorss of the two groups were probably not
dus to chanve flugtuations in readom sampling., Idkewlse in all but one
inatance, the probadility as shomm by the shi-squarad test, 15 leas than
1l in 100 that the obtained differsnces in the two compared distributions =,
are dus to chamse. In other words, there is a strSlstloally signifiosnt ot
displacement ¢f the poor pilots toward the poorsr seeres, The sritieal s
ratios between the atandard deviations (variabllity) in the ocomparisons ;
gshowm in Tables 2 and 3 vwers not significant, In Teble 4 (all oclaswes Sy
combined) the oritical ratlcs between the memns of the suscessful snd un- i
successful cadets are ebove 3,00, indloating that the probability that the o
difference batween the mexne is dus %o chunce ils even loas than when the i
data were divided into groups masording to olasees, The differemce in - :
variability, however, is not signifiocant. .

TABLE 4

THE DISTRIBUTION OF STANDARD GCORES IN THE TWO-HAND GOORDINATION TEST S
FOR SICGRIAFUL AMD UNSUCGESIFUL PENIACOLA AVIATION CAIRTS o
{Clansen 147-164) e

: Part 1 Part.2

Waphoutse :
Standard Standard Plua Board
Soope Sucoessos Xashouts ~Score = food Piloks Appearances

3.0 | - 3.0 1 ~
2.5 T ek 2.5 7 - v
2,0 20 o 2,0 17 3l "
1.5 39 6 1.5 37 8 %
1.0 a3 10 L0 70 w3
o0 11 14 2 117 20 i

- 5 115 32 - oY ] 52 5
=1.0 13 23 =220 63 33 o
<105 28 18 wleS 23 23 3
-200 10 6 '3.0 10 6 ,
“"205 2 - 2 ""2027' 10 4 ;
30 & _1 3.0 4 1
| 658 128 g 573 213 3
Moan - l'05 P Q4 "346 e :0‘3 #earn :'-307 i G "329 & 001 }E‘:
Sipma 1,00 . .03 .96 ; .06 Shgme 1,01 4 003 ¢9T s 005
Oritical Ratio {Mesn) 5.67 Sritical Ratio (liean) 4.50 :
Critical Ratio (3igma} 057 "QOritisel Ratio {2igma) 0.67 . v
Chi~HBquared Pz {.01 Chi-Squared Pa <:01 =

Table 5 shows the distribution of goorss for 83 lnstructors at the
U, 8, Raval alr Station, Pensascla, Florida. Tho mean score for this
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group is similar to that of the puccesaful ocadets in Clamges 147-151, One
ml.ght sxpeot experienced instructore {c make higher socres than the oadets
who hed only a few hours of flight training. The average ags of the in-
siructors, however, was approximately 10 years groater than that of the
oadetg, and it in well known that age is an laportant wariable in tosts
of this pature. The advantagez which the older pilats have in experiemos
and jJudgment do riot seem to outwvelgh the guickness of the youngsr wen,

The cadets were ulso highly meiivated sinoe they belleved that their
#00rep would aonsribute to tholr genoral standing at thw Navsl AP Sta-
tion,

TABLE §

THE DISTHRIBULIONS. OF RA¥ SCOR:3 IN THE T770<HAMD GOORDIRATION
TEST OF THE PENSSQOLA INSTRUCTCRS

Raw Soore*

30-34
35-3%

40=44
45-49

50=54
55=59

60=b64
65-69

T0-74
15-79

80-84
85-89

—-"55 :‘: Lo AN

'ﬂnp o

M 58&22& 1«31
Sigma 1192 g <92
Renge 32 - 87

*low pooro indloutes suparior performamwe; date are based on
the originsl apparatus.

5 of the Civilian Pilot Tralning

Student pilois in the C.F.T. Program in the Hoston area for both the
academie years 1339~40 mnd 1940=41 were tested, the first group with the
original form and the later groups with the ravised apparatus. Table L
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inoludes the cummry data on theue groups. Table 6 prossnts distributions
for "Good" and "Foor® pllote from the 1939-40 group. Ths oriterie used in —
claseifying the pllots as good or poor were bumed on & sombipation of time
t0 solo and fime to gertificatior for & pilot s llcenss, The good pllots >
soloed in less than 8.5 heurs and the poor ones 9.5 hours or longer. The i
good pilots were cortified in less than 36.5 hours end the poor ones obe -
tained their ceriifloates 4n 39,0 or morw hours. The student pilote who A
£8ll batween thone two extromes cre nel ahown in the distributions. Ia
Tabla T, the oriteris for aptitude in flying were basud wpon imstrustors® CLE
ratings in fMght treining. The adility of wsoh pilot was net made known -t
to those glving the tests in the labara’ory. In fast, ths resulis cbiained AR
from the airport in resurd to the flicht %ests and {he dats from the lebors~ IR
tory wore not ocoupared until the ond of tha etudy. T
TABIE 6 L
THE DISTRIBUTIONS OF RA¥ SCOARZS IN THE TWO-BAND GOORDINATION TEST L
FOR THE O.P.T. STUDENT PILOTS IN THE BOSTON AREA
{1939-40) : Lo
Bax_Zecrg* good Pilote Poor Tiloty 5
15-19 1
20-24 o -
25-29 0 f::,
30-34 0 o
3539 2 e
A
4044 2 "
45-4% T 1 =
5054 . 4 o e
55=59 4 2 -
60=t04 2 6 5
6569 3 3
TO~T4 1 6
1519 L 3
B0-B4 1 2 >
45«89 i 3
E3) I
Mean  55.09 4 3.69 68,37 5, 1.76
Sigea 19,85 4 2.61 8.43 . 1.24
Range 8.0 - 8900 48,2 - 8335 1'52
Critical Ratic (Mown) 3.25
Gritioal Ratio (Sdgmx)} 3.95

*{ow goore indieates superior performaace; dats ars based on original
apparatus. -
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it THE DISTRIBUTIONS OF RAW SCORES IN THE TWO-HAND COORDIRATION TEST
13 FOR THE O.P«T, STUDINT PILOTS IN THE BOSTON AREA
3 ! (Spring 1941)
80-84+ 6 : -
15-19 5 -
3 T0=74 B 4
2 65-69 10 1
60=64 10 2
55-59 3 11
& 50-54 1 3
x 4549 1 1
X 40-44 - 2
35-39 o~ 1
n 30.34 -~
5. 25-29 - -
e 20-24 1 -
45 25
Y
I Mean 57495 & 1,61 5775 o 1,82
2, Bigma 10,77 g l.14 9.1 ¢ 1029
e Range  2£.0 = 82.1 38,4 - T4.2
- Oritdcal Ratio (Mean) %20
T Critionl Ratio (8igma) 0.96
¥ Chi-3quared Pa (.01 :
b *High score indicaten superior performancej deita are based on the
,} . Tovised apparatus.
i The oritical ratics of the differences between the mean scorse shown in
w7 Tables 6 and 7 are 3.2F and 4,20 respectively. The ohi squared test also
: showsd that the differences in thes distributions are not due to chanse. 1In
5 Table 6 the eritical ratio between the standard deviations {wvariability) is
signifiocant, {3.95), but this is not true for the data pressmted in Table 7.
The correlations between the different trials of the test are showm ln
A Table 8 for ths Fall 1941 group of C.F.T.P. students in the Boston Area.
" 8br. P, 8, lawrence alded in the analysis of the date in Tables 2 %o 7
P inolusive, and Dr. Jaok W. Dunlap in the analysis of the data in Tuble 8,
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The reliabillty of the tsst, Lz Yorms of the gerrelation between trials, is
not a¢ high as might be deasired for & test of this kind. This mey be due ‘
to the fact that thers 1s & considersbls smount of leamming Anvelved in the
test, ns indivated by the gradusl inereass in the scores from the first trial
to the sixth one, It is possibls that the fairly low intercorrelaticns be~
tween trials might indioste that the apead of the movement of the target is
too wlew, Ineressing the number of trials might give n highsr reliabllity
to the toat a3 a whole,?

TABLE 8

THIBRCORRCLATIONS OF TEST SCORES OBTAINED FROM THE REVISED
TEO-HAND COORDIRATION TEST

0.P. TP Primary Studente (Fall 1341)
(% s 108}

Triel Trial Trial Trisl Trial Trial Mean Lowest Highest

1 2 3 3 5 6 -6

Yean 413 48.7 54,3 56.3 58.0 60.8 533 364  6b.b
o 13.9 14,7 14,2 14,2 142 W4 13 123 12.2
Trial 1 A9 46 .38 49 3T ST .T9 52
¢ 55 ~46 51 253 017 <70 o7
3 69 JJ0 55 B4 W67 15
4 b3 58 I8 .65 67
5 T4 o871 66 85
6 B0 .52 .88
1-6 +34 92
Lowest 67

LT A fg‘«-"«,” P PV
(RSt i T VI S P

7Sditor's E_gigg In studies gubsequent to the ons desoribed in this
report test-rotest sorrelations were cbtaimsd, using groups of C.P.T. etu~
dents in the Boaton arem. The test-reiest correlations, based on the mean
of six trisls, wera .J5 and .50, with N's of 98 and 88, reapectively. Ad~
ditional data on the relimblity of this fest will be available in the near
future when the results of curreant research by K. W. Spence and O. E. Buxton
at the State University of lowa are prosented. In this later study (1944)
the Two-Hend Coordimetion Test [(revised form) hss been glven for 30 sucsossive
triale 1# ordar to determine the oharacheristics of the lsarning curve snd $5¢
maximum relisbility of the tost. ‘
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s {Rortheast Alrlines)

B _ These subjeats had complsted the Frimary, Secondary, Crosp Country,
and Ingtructor's Courses of the C,F.T, Frogram of the Civil Aeronautioal
fa Administration., They averaged 200 houra of flying time, The test was

given as one of a series of aptitude iezta as o basis for enrollment in
B the Flight 0ffigers Training Course at iho Northeast Airiines. None of

w the pilote had taken the toat praviocusly, end they understood that the

ey results had some bearing on thelr belng selected for the course, The

i mean seore for this group on the revised apparatue was 6l.6 (sge Table

T;‘" 1) Twenty-nine pilots who epplied for this course were disqualified

5 both 4n flight tosts and in aptitude and medioal exwmminations, The mean

37 score for this group wae 55:3, or 6.3 polnty poorer than for the mean of

ii ths;,mup in traindng. The eritical ratio betwsen thess two means was -

: 2.09.

g0 ‘ SUMMARY

g; A brief desoription has besn given of the developmont of & revised Two-~
s Rand Coordination Test. The originel Farmer-Chambers spparatus was modi-

b fied by the introduotion of a synohronous motor, a timer, and a mioreswltch
R in order to standardigze the performsnce of ths apparatus and to provide a

‘;C more reliable sooring procedurs.

o The original and the revised forms wore given to sample groups of sub«
S Jjects reyresentative of various levels of training anl! experience. The msans
P and standard deviations of these groups are presemted. In comparisons where
oriteria of flight performence wers avallable, statistically signifioant dif-

ferences in test performanos were exhibited by groups slassified sccording
AT to sucoess in flight training programe.

Coefficients of imtercorrelation emong ths aix trislo on the rovised ap-
parutus ranged from .38 to .74, and the mean goors of the six trials eorrelatsd
«78, 07, and .80 witk the roures of Triale 4; 5, and &, respestively.
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AFFENDIX &

TWTRUGTIONS FOR GIVIEG THE TWO-RAND COORDINATION TEST

The following instructione ard procadures should be followed very
olosely in order to obiwin the most satisfaotory resulie with the test.
The sxperimenter should sither mamorisze the imptructions or read sach
step froma 3 2 5 insh sard held in the pelm of the hand. Thig will
make certain that each pandidates recsives the game standard instruetions.

1, A small ripfd teble and ndjustadle atobl should be included an a
part of the sgulpuont for this test. Adjust ths stool 4o the sonfort of the
oubject as ho plates hip hands ou the handles of the magilas, The pub-
Joot should be zezted at right angles to the tebls wit: the ajparatus
;rli.chitly digplaced to his left so that he can manipulate the handles

esely.

2. (ive the following instruotionss “Thls machine is deslgned %o
masure a subjects ability to make acourate and rapid cocordinated move-
pents with both hands simu)tanscualy. You will netdoe that this machine
pontaing two discs, an uppor one znd a lower ons (poinmt g them)., Move=
mants of the upper oms gan be sontrelled by turning tho two hondles, The
right handls movee it t¢ the right and laft, and the loft hanile moves it
to and from you, depouding n which direotion the handlea are turnsd
{deconstrate for the subjeet). Tou pee that by coordinaiing the movements
of your two hands ths upper diss can bs looated in any desired poaition above
this cirgulal platform. When tho maohins is started the lowor diso will move
around on the oiroular platform Iin sn irrsgular pattern and at verylng rutes
of speed., You ore to turn the handles in such a way as $o kesp tho top diss:
over the lower one ag mach of the tims ne pospibdle. Notles the ollek betwesn
the contaots. This will indloate whother or not you are abovs the lower ddnc.
You are scored on the porcent of time thai you wmedntaln conizot between the
two dison. The higher the mscors, the batier it isg."

3. Allow the nubjest to pee how ths Randles operate without turning on
the maohine. Thie should take about 30 seconds. Then suy, "Howv set the up~
per dipu direoctly in the center of ths lower one, Do you understand the in-
strustions?™

&, “Are you ready?® Stert the machine.

5. At the end of the firat trial say; ™That tims you rsmained on the
lower diso __ pervemt of the tlwe. Ve are goling to give you asveral iriale
on this test so try to better ths ascors whioh you jJust made.”

6. Glve the subject oix trials, tolling him his ecore each time and
briefly enscureging him to 4o betier oa ausoseding trinls,
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AFFENDIX B

TABLE OF STANDARD PARTS AWD MANUFACTURERS

Bamo and Addresp of Mfy,

Gtardard Elsctrio Time Co.
Springfisld, Mass.

Holtzer=Cabot Electirie Qo.
hmn, h.ﬂn

Boston Goar Works
Boston, Mass.

Moreo Switch Corporation
Freeport, Illinois

Catalog
-0

Quantity

Por Unit

one

Hamo and Dascription
of Fart

60-se0, timer
Dlal-faosd, callbrated .
in 100ths of a winute

Synaohronouvs Motor ona

One pair miter
goars

Woro Switch,
open

Moro Switoh,
¢losed »
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