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Division of Anthropology and Psychology
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+

December 26, 1945

Dr. Dean R, Brimhall

"Asat, to Administrator for Research

Civil Aercnautios Administratiocn
Room 5835, Commerce Building

' Washington 25, D, C.
Dear Dr. Brimhall:

Attached is a report entitled The Effect of Massing and Distpd-
S.A.M, Complex Coordingtlon Tesk, bty Kemmeth

'¥. Spences, Claude E, Buxton, and Artbur W, Melton, This report is sub-

mittsd by the Committee on Seleotlon and Treining of Alrcraft Pilots
with the recommendation that it be included in the series of technical
reporta i1ssued by the Division of Research, Civll Aeronautice Admin~
iétrationo '

The report is one of a series devcted to extensive ra-
search on psychomotor tests conducted at the State University of- lowa

“through the cooparation of the ,Comittes on Selection and Training of ,

Aircoraft Pilots and the staff of the AAF School of Aviation Medlcine.

As indicated in the Editorial Foreword, while the:Committee on Selec-
tion and Training of Aircraft Pilote has made but a minor contribution
to this study in the form of funds to facllitate the statlistical treat-
mont of results, 1t is included in the serize of Committee reports, with
the consent of the Air Surgeon,  AAF, in the intereat of presenting a
complete picture of research at the State University of lowa con psycho-
motor tests employed in the selection and clagsification of pllots.

Cordially yours,

Mo S

¥orris S, Viteles, Chairman

Comnittes on Selectlion and

Training of Alrcraft Pllots
MSV:ipd National Research Council

: \,Mq.&ﬁfﬁ

o am
A g R S

I

B T S
s g

.Wm:bmw i .',ﬁv‘wxfw;i—w‘-.‘ b

gk

-

Lt

e .
Wﬂaﬁw‘:wﬁ:"rﬁ‘-‘uv‘: L .

- s - . P I
ARy e ikl bl

RN R
B AT

- 4' " i x
B el g N e S SO B P e e
R R



s g
yTOA

H -

EDITORIAL FOREWORD

In 1943, the Committee on Seleacion and Training of Aircraft Pilots
with the ocooperatiorn of the Army Air Ferces and the U, S, Navy, undertcok
furthsr investigation of the reliabiliiy and relative validity of certain
of the psychomotor tests which were being currently eapioyed in the sa-
lection of applicants for flight training, These studies were urdertaken
with the view to determining (1) the effects of extending the time limits
(or increasing the number of triales} un the reliability and wvalidity of
these ingtruments; (2) the effeots of certain other modifications in the -
proocedures of adminletration on the reliability and validity; and (3) the
interrelationships of these psychomotor tests and certain psychomotor aud
paper-and-pencil tests which are not besing smployed in sslection batterios
at the present time. .

Prior to the initiatlion of the program aponsorsd by the Committes on
Selection and Training of Aireraft Pilots thy State University of Iowa
wae already cooperating with the Arwy Ai~ Forces in ar experimental anal-
ysls of certain paychomotor tasts used in the Aviatlon Paychclogy Program
of the Army Air Forces. Three reports of these inveatigations have ap-
peared in the CAA Division of Ressarch Serles as Reports Nos, 29, 44,
and 45. The present report desoribmsp snother study growing out of ‘this
earlier program. While the Cormittee on Salsction and Training of Alr-
oraft Pilots has made but s minor contribution to this study in the form
of funds to facilitate the statisti:al “rastasnt of results, 1t is In-
cluded in thiz series of Committes roports in the interest of presenting
a complete picturs of ressarch st the State University of Iows on psycho-
motor tests employed in the sslection and «dasaiflicatien of pllots.
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. STMMARY

This researoh was undertaken to determine the effects of four prac-
tice-rest conditiors en performance scores obtained with the School of
Aviation Msdlcine Complex Coordination Test. The investigation was di-
rected at studying (1) the nature of the learning curve in this test
situation’y (2) the effects of various combinations of length of work
period end rest period on the level of performance; (3) the reliability
of ecores after diffdirent lemgthe of practicey and (4) the intercorrela-
tions betwesen different lesyning segaents, gain scores, and totsl ecoras.

The equipment conslisted of twe School of Aviation Eedicinas Complex -
Coordination Tests (AAF adaptations of the Eashburn Serlal Action Test)
arranged aso as to duplitate ss closely as pesaible the conditions em-
ployed in the AAF olassification ceafers, Tn the testing asituation “he
subject was confronted with a panel on which appesred three palred rowa
of Jewel signal lighte, one row in such palr containing red jJewels snd
the other, greem. The testee manipulsted the atick and rudder to match
the lighted green jewels i1h each row with the stimulus pattern msde by
the red jowel lights in esch corresponding row, The patterns of the
red 1lights werae presented automaticelly, and the number of matches rede
during suocessive 30 secord practice pariods were reccrded,

Two bhupdred men, 50 in each cf the four different work-rest condi-
tions, served as subjlects. A1l were members of the wvarlous Army Spooiel-

ized Training Programs at the State University of lowe, and rangsd in ege

from 17 to 39 yeare, None of the subjects had had previous axperisnce
with the test.

Four different combinations of work and rest were employed. UCGroup A
practiced oontinually for & minutea; Group B hud thres wozk periods of 120

ssconds, with rest intervele of €0 seconds: Group C had four practice nire

. iods, each 90 soconds in lepgtl with ivtorspersed rest perdods of 40 pez-
onds; and Group D had six work paricic of 60 sascnde with mlternste rest
perlods of 20 esconda. Falf of the subjosts In each group were mm on
one test unit and half on the othsr, 2nd the eorder of rumnipg the sub~
Jects wae counterbalanced smnng tho dilferont practice conditions.

A general summsry of the findingerof this study 18 as follows:

‘ 1. No obvioue dlffersncoc in lonrping batwesn the groups appnsred
mtil towerd the end of the practice period (270 to 30 seconds) when
all threa distributed practlce piovpe wure superlor to Group A. A com-
perison of the four groups of suijests ik terms of (1) total écore and
(2) finel stutus score by means of snelysis of variance indlcated that

the differences between the means cf the trtal score wera not significont,

while thease for the finzl status woor2 -#msre significant vetween tha one
snd five per cent levels. When the t test was applied to the differen-
cas betwacn Group A ard zach of the throe Alsiributed practice grours
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*’ . for ths final status score, only ans of the differences (A versus B) oy
{E;f*'.; . was significant beyond the cne psr cent level.

i - 2, A comparison of the performances on ths Rotsry Pursuit Test '

5 and the Two-Hand Coordination Test with the performance on the S.A.M,

FO Complex Coordination Test showed that for the two former tests the

P - most distributed practiocs condition, involving the shortest work per-

o “1od, was the only ane providing a significent inorease in performence

lovel over the condition of continuous practics, In this investiga-
ticn instoad of the differences between continuous and distributed °
practioe conditions increpsing with decrsase in length of work period
the tendency was for them to becoms smaller, It should be remeabered,
however, that for the S,A.M. Complex Coordination Test the rest periods
in the distributed groups decreased with decrsans in the length of the
work periods instead of inaressing as in the two earlier studles,

L P

, 3, Correlation coefficients between ecores mide an odd and even 30
second work periods for the four exparimental conditions varied from

84 to .90, The distridbution of work-rest, as in the case of Group B,
gave a reliability coefficient of ,90 which makes 1ts reliabllity as
satisfactory aa the SB-mimrte test suploying continuous practice.

4o A gain scors based on the difference between the first and last
thirds of the practice periocd tended to correlate negatively with the
firgt third {-.47 to -,20) and positively with the last third (.17 to
+34). The correlations of this gain scpre with the total soore ware
centered around gero (-.15 to .07).’
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THE EFFECT OF RASSIRG AND DISTRIBUTION OF PRACTICE
ON THE 5.A.M. COMPLEX COORDINATIOR TEST

IRTRODOCTION

This experiment is one of a series of investigatlions concerned with
studying the effects of varying the degree of massing snd distribution of
practice on performance scores on the various psychomotor teats employed
in the Army Alr Forces selection and clessification progrem. Two previous
investigations, one involving the School of Aviation Medicire Rotary Pur-
suit Testl and the other the School of Aviation Medicine Two-Hand Coordina-
tion Test,? have shown that the learning rate and level of performance at-
tained at the end of the practice period in the tests varied markedly with
the length of the prectice and reast periods, and that the level of perform-
ance attained under the stendard AAF conditions wes relatively low, approxi-
mating thet found under the most massed (continucus) prectice comdition,

As in the previcus experiments, investigetion was elso directed at
studying the nature of the lsarning curve in thls test situstion, the re-
liability of scores after different lengths of practice and the intercor-
relations between various types of scores, e.g., thaose representing differ«
ent learning segments, gsin scores, and total {or cumuletive) scores.l The
determination of the velidity of the scores of the practice-rest conditdona
for predicting suscess or feilure In £light Lraining was not undertaken in

this investigation.

APPARATUS

Two School of Aviamtion Kedicine Complex Caourdination Tests, Modsi I,
provided by the Department of Psychelogy, School of Avliation Medicina,
were used. The Complex Coordination Test 1s the AAP sdapitation of the
Meshburn Serial Action Test.4 The two units were arranged.so &g to dupli-

1Spenca, K. ¥. Buxton, C. E., and Meltén, A. W. The effect of ragj.

ing and distribution of practica on rotery pursvit test scoreg. Washinzhon,
D. C.t CAA Division of Heseerch, Reoort No. 44, Xerch 19/5.

2Spence, K. ¥., Buxton, . E., e3¢ Melton, 4. W, The effeci of meqg-
dng end distribution of prectice on twe-hend soordinstion test acnres.
Washington, D. C.i CAA DPivislen of Research, Report No. 45, April 1345.

1n another preject cordneted e the State University of Jows under
Committee anspleeos the avthcrs studied the relationshipe emong certair com-
plex psychomotor performuuce tasts {the Rotery Pursult Test, the Two-Rand
Coordinatlon Test, ithe Couplux Couordinaticn Teast, ete.) and peper~and-pencil
tests of perceptual motzr ebility, with a1 svoluation of these inatrumants
as measures of flight perforaence. £ee: &pence, K. W., Buxton, C. E., end
Melton, 4. W. An enoredssl of certedn teats of pilov aniitude. (Fircal re-
go;ttsu;mitted to the FRT Comuittes on Selectlon wnd Training of Aircrsft
ilots.

ke names epplled to the dLfferent vevslons of this type of paychow
motor test may ve fourdé jr: XoFirlecd, R. 4., and Channell, E. €. A re~
vised gerisl reechion bim: zwcaralvy for use in awpraising flient sotitude.
Weshingtan, D. 7.3 C24 Divistog ¢f R iurch, Report Ns. 34, Saptemhé;vigzi,
pﬁgif T
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cate ap closely as pogsitle the experimerntsl condltiions employed in . the
AAF clagsification centers. Figure 1 shows the arrangement of the pair

¢f test units. Fach subject is confronted with a panel on which appear
three paired rows ol jewel signal lights.> One row in esch pair contains
rad jewels and the other green jewels. One red jewel in sach of the three
rows 18 automatically lighted, thus providing s stimulus pattern which

the subject 18 required to match by lighting the psired green jewel .in
ezch row. The mubject controls the lighting of the green jewels by mov-
ing the rudder and atick; the latter in two dimensions, forward and back-
ward, and left and right. W%hen the stick and rudder are moved into the
proper position and the edjoining red and green lightr are lit, the test
unit automatically flaghes on & different combination of three red lights
for the subject to mwatch, The subject's score ia the number of such J-way
matched in the experimental period. On the unite employsd this score was
recordad antomaticelly on a dial at the rear of the apparatus.

A special timing unit provided for automatic presentdtion of all com-.
binations of work &nd rest, including the condition under which practice
was continuous. This unit also provided a aignsal every 30 seconds, thus
permitting the recording of scoree for this length of period under all four
zonditions.

SUBJECTS

Two lumdrad men, fifty in eech of the four different work-rost condi-
tions, served se sublocts in the axporiment, All were members of the var-
jous Army Specialized Training Programs at the State University of Iowa,
Arrangements wsre made with the company officer in charge to scheduls the
men, and although imder some pressure to ssrve as subjects they seemed to
bo intarested in the task for ita own sake,

‘Their ages ranged from 17 to 39, with the median st 21,3. ¥Wone of the
subjects had previous experience with the test.
. ' N

1
EXPFRIMENTAL PROCEDURE

Four differsnt combinations of work and rest were employed, fifty sub-
jects being rum under esch condition, As may be sean from Table 1 which
sunmarizes the different worke-rest conditions, OGroup A practiced contin-

5The verticsl rows of lights on such side of the panel of the Mashhwn
Test have not been consistently wsed in the testing situmtion. An experi-
mental detormination of the effect of thess "distraction® lights on the per-
formance of the subjecta during the testing procedure is reported in: Kance,




FIGURE 1

THE SCHOOL OF AVIATION MEDICINE COMPLEX COORDINATION TEST
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ucusly for eight mimutes. As in the ocase of all four groups, however, the ‘l;}
number of ssttings completed during each thirty seconds of work was re-
corded ty the expexrimenter. — 31
DISTRIBUTION OF PRACTICE-REST CORDITIONS e

Sroup Eractice-Rest Conditicn Bugber Work Periods 7

A (K & 50) Contimous practice for 8 mimrtes 1 ,

' : (30 second scores) e
B (K - 50) Work 120 secondsy Rest 60 seoonds ' 3 \
C (8§ z 50) Work 90 ssoonds; Regt 40 seconds 4 *
D (§F = 50) Pork 60 seconde; Rest 20 meoomds - 6 . "

In Group B three work periods of 120 seconds were aliernated with A
rest periodes of 60 ssconds, Group C had four prectico perieds, each 90 b
saconds in length with intorspersed rest pericis of 40 seconds. Finslly, -
the practice distribution for Group D consisted of €0 seconde of wark
alternated with 20 secondo of rest. In all these greurs, es i tha s~ S
tinuous wotk condition, the muber of setti.ngs motohed at tho ond of each o
30 seconds of work was rascorded.

It order to centrol for any difforenco !clusen the Lo couplox coors

dination test unites M€ of thoe subjsele im each group wsra on one tesd -
unit and half on the other. #4lso, the crder of running the aubjocte was i
counterbalanced arong the differant guoetles cendltions, ‘ é

The subjects, run in pairs, wars inctvuctcd in the operation of the ¥
apparatus by the experlienter and then riven a two minmute pracilsze perled =
prior to the test triels, The Jretrustions +nl dszomsirations glves ths b

subjecte ere presented ir Appendix A, 1In ti_ cass of goups B, 5, a2 &
additicual iInstructlona ware given to the aflect that they wero to relonze
the controls of the apparatus durlng the rest period and {o rewalin quiet :
until the penel lights z2amo ca agrln. The ssporimenter waa s graduats =
student in p3304310gy who kad bsan careTuldly tna?rtctaa in the cporatism ;
of the contro:i and test unita,

e
? (RTINS LA

FEIULYS ¥

LR

Learning Uata. Yigurs 2 end dpyeadlx 9 provide 8 couperison of ‘ T
the rete of learning and level of pr focman 2y etbtained unlder the fouvr ex~
perirzental condltlons, Tlhare &2t dgites ths vy warer of matchen aode Wy
each group durlag sveeczeivs 30 & _ord poebter nucdsds. Tazprebion of tha

N -



MEAN NUMBER OF MATCHIRGS
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FIGURE 2

THE PRACTICE CURVES UNDER THE
FQUR DIFFERENT EXPERIMENTAL COBDITIONS



curves in Figurs 2 reveals no obvicus Alfferences in learning betwsen the

groups except for the fact that towards the end of the practice. peried (270 =
to 360 asconds) all thres distributsi practice groupa were consistently
better than the group (A) which practiced contimuously. Table 2 presents
a further comparison of tho four grouns of subjects in terms of (1) the

total acors, and (2) the final statua seore, 1.s,, score for period 270 %o
360 seconds, A simple analysis of verianes into two components gave an ¥
ratio (between variance/within group wvarisnce) of 1,60 for the total seors
end an F of 2,88 for the final statur gsoore, Since an F valus of 2,65 1s,
with the appropriates number of degrees of freodom, significant at the five

iy

g

o
- ady
&

-4
G
S EE
- ‘"‘Y"
-

S

T

W

Gt

s
P

B

i
P

per cent level, ws may conclude that the differsmces betwosn the meams for - .-°%
the total score my be sxplainad in terma ol chance flustuations, wharesas nE
. those for the final status score are significant between the one and five e
per cent lsvel, | ' ) e
. The lower portion of Table 2, wiich provents the results of the appli- o
cation of the t-test to the difforenccs batwean the continucus group (R U
and each of the three distributed grvups for the finsl status scors, shows JE
only oiae of the differancas {A vs. B) to be significant beyond the one per .
eent leval, The difference betweem CGroups A and D just lacked being signife %
lcant at the five per cont level while that between Groups & and C was not e
aignificant at the ton per cent level. -
'."‘1-;;%
, TABLE 2 ;,’?f

MEAN TOTAL AND FINAL STATUS SCORES AHD STGNIFICANCE OF DIFFERENGES ¥
. , R

| Total Score - Fingl Stetus Score J:;
.Groups (R » 50) Ho3n gdls ¥oap adin ‘ )
A | 53,62 10,55 1876  3.69
B 57,00 - 12,63 21,00 4ebd A
c 53.84 8.92 15.98 3.30

D 57 .00 10.82 20,24, 3.82 Ed

Frotal scorss x 1,60 (T of 1 5 2,88) -

Ffinal scores & 2.38 {F of ,05 =z 2,65)

EVALUATION OF DIFFERENGES BRTREEN CORTINGOUS (A) ARD B
DISTRIBTIED, GORDITIONS (B, ¢, D) POR FPINAL STATUS SCORE i

" ‘

o b D [ Confidence Jevel P

A 8 2.2, 2.90 <1 A

. g

A o 1.2 1.58 , 20% - 0% "

A D 1.48 1.9 0% - 5% ;
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groups is the present study with the Complex Coordination Test ware as large
as comparable scors differences obtained betwaen the contimous practice
\grmég and the pogt distributed group in the studies using the Rotary Pur-
suit® snd Two-Fand Coordination Tests.”7 Table 3 presents data whish pro-
vide a comparative pilocture of the results obtained with the different psy-
chomotor tests. : : . -

e BRSPS ‘*J S *’ e o #Hj?ﬁ*{;f{'\,"g;mg IR
Tt T e "

o Measured in tarms of thoir standard deviations nome of ths differences

& between the final status scoras of the distributed and continmious practice

A8 my be seen, three differsnt combinations of work and rast in addi-
tion to the continuoms practicé conditlion were employed in the Rotary Pure
eult Test, while in the study with tha Two-Hand Coordination apparatus two
diffarent distrituted mork~rest conditions wore compared with the comtin-
ucus practice condition. In the Rotary Pursuit Test performance botwesn
200 and 240 esconds of practioce (200 end 350 seconds in the cass of Group
B) provides the scores thet are camparsd,® It will be seen that Group B
actually performed less well than the con*inuous group (A) and that Group
C wae only slightly, if at all, supericr to Group A, The most distributed
condition, involving the shortest work period (Oroup D), was the only e
that provided a significant increaso in performance level over the contirs
-1ous practice eondition., . . ‘

In the case of the Two-Hand Coordinstion Test, tho scores compared in
Table 3 are for the last 120 seoonde of practice (360-490 seconds), It .
will be ssen that the differences beatween the continuous and distributed
conditions again Increass with reduction of lomgth of the work perilod.
Turning, finally to the results of the pressnt investigation we see an
‘apparently different trend in the differsnces., Instead of hecoming larger
and rore significant with decreasme in the length of the work period they
tend to become smaller, The explumation of the difference ia probably to-
be found in the fact that im the Complex Coordination Test the rest periods:
in the distributed groups decreased with decrease in the length of the work
periods instead of increasing as ir the two earlier stnudies. This differ-
ence 1s elso revealed by the different trerd in the W/R ratios in the pres-
ent study. Attention should also be oalled to ths faot that the sise of
the difference varies fairly consistently (:lmarm%) with this ¥/R ratio,
It ia also interesting to note thet tha smllest W/R ratio in the present
experimsnt was not as small ag those that producad the vary large, signifi-
cant diffsrences in the two earlier studies, '

Baldability of Measures. Correlation cosfficients bstwsen scores made

on odd and even 30 socond work periode for the four different experimental

- 6spence, K. W., Buxton, C, B., and Melton, A, W. Qp, git.
7spence, K. W., Buxton, C, E., and Melton, A, W. Qp, odt.

* 'BGroup D hed only 240 esconds of prastipe, Thers were no significant
differences among Groups A, D, and C at any later stages of praoctice,

L
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TABLE 3

COMPARISON OF EFFECTS OF DISTRIBUTION OF PRACTICE
IN THESE EXPERIMENTS INVOLVING PSYCHOMOTOR TESTS

. S el By
L T F o 1t
ST B ST A ey A

&

E
:
g
E

MR el
; e

F IR
TR

Cemtinuous; Work 8 min, o ——

A g
B Work 25 seo; Rest 5 sec. 50 =003 min, -8
C  Work 20 seo; Neet 10 sec. 2.0 .005 win, .30
D ¥ork 10 secy Reaat 20 sec. o +120 min, 6.90 E
A Contimious; Work 8 min, ® S 4
B Work 60 sea; Poet 15 sec, 4.0 11 min, 1,89 B
C ° Tork 30 soc; Rest X0 ssa. 1.0 .316 min, 5,63 4
SOMFIEX GQORDT WITCH SEST (N o 50)

A Continuous; Wirk & min, @ _ | mwe. ‘:
B Work 120 sec; Bast 60 ssc, 2.0 2.24 2.713 i
€ - Work 90 escy Rest 40 sec, 2,25 1,22 1.72
D  Work 60 sacy Rest 20 sec, 5.0 148 1.95 o

, , - 4

conditicns are jwresested in Table 4. Thess values fall between corperable :
measures obtained on the Rotary Pursult and Two-Hend Coordination Tests, E
being lower than those on the former and slizhtly higher than those on the 3
latter. The differences betweon the different conditions in the present
exparimant are not cignificant. P
Ae in the case of the other two peyshomotor tests ths reliability of

a socore is dependent upcn the length ‘of the prectice perled involvwed, Thue, &
Flgure 3 shows how tiie odd versus evan correlations urnder each experimental v
condition increases with the length of the practice period, About the only e
striking difference tetwezan tha results ehown in this graph and comparable '

datea from the othor two psychcmotor tests ls the fact that the continuous
condition (Group A) did mot producs the highest rellabllity for the shorteat =
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practice segment =8 was the cmse with the Rotary Purguit and Two-Hand
Ccordipation Tests. In fact, Just tlLc oppopite result was obtained with
the continuous practice group conaistently exhibiting the lowesat reliabil~
ity for all three practice lengths.

TABIE §

RELIABILITY COEFFICIENTS )

0dd vs. Even

Sroups Rork Periods Soetliclonty
A (1-15) va. (2-16) .84
B {1-11) vs, (2-'12) .90
¢ (1-11) ve. (2-22) 86
Y (1-11) vs. (2-12) o84

- So far as rellebllity and level of performance are concerned, the above
results indicate that e five-mirute test on the Complex Coordination Test
involving a total of four minutes of work and one minute rest, diatributed
s in the case of Group.B, would be just as satisfactory as the present
eight-minute test omploying continucus practice, Kot only was the relia-
bility of thie curtailed test slightly higher than the longer one (.90 ver-

sus .84), but the level of practice attained was almost as great.

mmmmumxlmm_ﬂm
tico Segmenia and Total Soore., Figure 4 shows how the gain soors (determined

by svbtracting the score on the first 120 seconds of work from the score ob~
tainad between 240 and 360 seconds of practice) sorrelated with succesaive
work periods of 120 seconds and the total scors.’ It will be seen that the
correlations with the initial segment were all negative and that they show

"a consistent shif't through sero to positive valuea by the third segment of

practice. The gain measures showed little or mo correlation with total
scores, the coefficients ranging from ~,15 to .07. This ploture parallels
very closely that obtained with the Two-Hand Coordination Test,

SUMMARY
This study investigated the effects of different practice-rest condi-

' tlons on scores obtained with the School of Aviation Medicine Complex Coe

%Editor's Note. It should be poted that the gl.in scores are derived

. from poores on one segment of practice {120 seconds) and scores om later

sogments of practica (240 ssconda and 360 seconds). The gain scores are
then correlated with these segment scoree, It has been pointesd out that
these gain scores are not astatistically independent of the scores based on
‘snocessive proctice segments, and that it 1s neceasary to use as a measure
of rate of learning a score not determined by the initial and terainel
points, Sush sn analysis ig at present being uda of rate of learning on
tha S.AM, Complex Coordination Test,

. e -
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ordination Teat, Tha subjects, 200 students in the Army Specialised Traln-
ing Program at the State University of lows, were dlvided into four groups,
A, B, C, and D, each of which wag run under a different combinatiom of work
and raat periodso The followirg statements briefly summerisze the main find-

inga of the study:

1, Differences in learning between the four groups were not obvious
until towards the end of the practice period when all three of the distrl-
- buted practice groups were conaistently better than Group A, A simple
analysis of varisnce irto two components gave en F value of 1.60 for the
total score: and an F value of 2,88 for the final status soore (the scors
for the period 270 to 360 aeconda) The diffesrences between ths means for
the total score did not approach an acceptable level of significance, whoreas
those for the final status score were significant between tha one and five
‘per cent levels, Whea tha t test was applied to the differences batween
Group A and each of the distributed practice groups for the final gtatus
gcore, only the differsnce-between Groups A and B was found to be signif-
icant bayond the ons per cent laevel,

2, 'The effect of diatributing the practice periods was found to be
less marked in ths present experiment with the Complex Coordination Test
than in the Rotary Pursuit and Two-Hand Coordination Testa, It should be
noted, however, that the ratio of the work perlod to the rest periocd waas
not as low in any of the practice conditiong used in the present experlment
as those used in the experiments with ths other psychomotor tests,

- 3. Reliability coefficients betwoen odd-zven work pericds for the
full test period varied from .84 to .90. Similar cosfficlente for suc-
cegsively longer practlice segments exhlbited consistent increases as the
length of the practice increzsed.

Ls. A gain score based on the difference between the first and last
thirds of the practice periocd tended to corrolate negatively with the first
third (.47 to =.20) and positively with the last third (.17 to .34). The
correlations of this gain score with the totel acore were centered around
sero (-015 tO QW)U
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APPENDIX A

DIRECTIONS FOR THE ADMINISTRATION CF THME SCHOOL OF
AVIATION EEDICINE COMFLEX COURDIRATION TEST
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DIRECTIONS FOR THE ADMINISTRATIOR OF THE SCHOOL OF , §$

AVIATION MEDICINE COMPLEX COORDINATION TESTZC .z

e

I, "This is & coordination test. (1) Your task wfll be to line up R

a gresn light with each of the three red lighta., Moving the atick from a
gide to side (2) moves the top greem light, DMoving the stick forward and 3
backward (3) moves the middle green light; and moving ths rudder bar (4) .
moves the bottom green light." f

II. “Move the stick sideways (5) to match the top green light with'
the top red light, Gst in directly underneath, If it is off to one side

I

o R .

(1) Before the subject comes into the room the atepping evitch bar of the
demonstration apparatus should be set at Ko, 18, The other apparatuses
should be at Fo, 19, The lights should be on bafore commencing to give

instructions. As the subjects come into tho test room, ask them to stend ¥
on their letters on the floor, iy
, ;If,g;{w‘

As the examiner begirs giving the instructions, he should take a seat in L2
the demonstration apparatus, Sincs the subjecte ere partially behind and 4
ars on each slde of the examiner in thin situation, he should make a aspe~ ST R
clal effort to spesk oclearly and to distxribute his attention equidly among . B
the subjeots when he spesks "up" to them, ) e
. ‘ 7

T

(2) Move the stick to the extreme richt and them to tho extreme laft and
then back to neutral. Move the stick eiowly snough so that there is a e
perceptusl discretensss in the illuminntion of each succeaslve green light. b
The apeed of movement alsu appiies to (3}, (4), (5), (7), and (8) below. Bt
(3) ¥ove the stick to the extrene dlstsl position and then to the extreme . f?
proximl position snd then hack +o neurral, ‘ S
‘ ' TR
(4} Press the right foot forward -on the rigder ter as far am possible and 3
then the left feot.  Come back to netwitral, In carrylng out (2?: (3), and
{(4) coordimate ths oontrol movsments with thz approprimte parts of the in- 4
structions, e.g., start woving the stick forward while you say, "Moving. i
the stick forward. . .," and then pause wtil tha stick is at the extreme 3
forward position before raying, "and backuard,® ) b
-t

{5) ¥atch the %op pair of lights. {{
- - N v e e “E
‘Mhoae ars otundard 4AF clapsificetics =it dustructions, *

il

R S
C R R e
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3 (6) 1ike this, 1t will not work. Then hold the stick in position to keep
ot the top lights matched while.you move it formird or backward (7) to matoh
Mo the middle lights. Then hold the stick steady while you matoh the bottom
B lights with the rudder bar., (8) When you have matched all thres lights,
st a new petting of red lights will appear. (9) Go right ahesd and match
T ?m)m setting of red lights without bothering to come back to neutral.”
B - {10

TII, "If & green light goes off altogether, as in ths top row at

®, pressnt (11) move the con n 1ittle and the light will coms on again,
i (12)Ifyoumanyorthecnntrolsufaruitﬂllgo(13)t.hm'd.ll
b be no green lipht., You must ease back a bit to find the end greeam light.
o (14). Do you have any questions?” (15) -

g (6) Demomstrate a redis) (disgonal) matching with the top greem light,
B Coas beck to the ocorrect mtching position before proceeding with th.

5 ' next sentence, |

e (7) Batoh the widdle peir of lights,

el

P - - (8) Matoh the bottom pair of lights. |

Eak! - ' ]

éﬁrj:“ff {9) Hold the controls steady after the lights have changed, to give each
B subject opportunity to notice that the red lights have changed positions,
i (10) Matoh the new top light while meintaining the elevator and rudder bar
S positions. Pause a noment and then allow all controls to come back to
PAC neutral, ' - )

F o - . .

S (11) Move the control just far enough from neutral to cause the top green
Byt lights to go off,

(12) Move the control to the right to bring on ome light. Then move it to
@ " the left to turn on the adjacent light.

(13) Move the stick to the extreme right,

; (M)huhckmnﬁhtommtheondgremughttomon."

i :

£y (15) Twn off the lights, UGet up frem the chair and face the pubjects to
j; AnSyer sny questions they my have, Whenever possible, anawer questions
E : bynputingwuprtsotprooedmginstrmﬂm If any subject
3 asks whether he may match the 1ights in any but the prescribed ander, say

i "Matoh the top light first. Then hold thout tlntfaronrt.othoaidt
I~ while you match the middle light. Then hold the stiock steady while you.
W n‘l‘-ﬂhthobottulightﬂththor\ﬂdor bar,"” '
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IV. "Now take seats 15 the apparatus and put your feet on the rud-
der bar,* {16) ‘

V. "Whon the test starts, you may use either your right or left
lnndanthestick,bntmm,yomhnﬂthroughoutthotest. (17) Kaep
Your heele off the floor. (18) Match as many settings,of the lights as
you ocan until I tell you to stop, If the red lighta ever fail to come on,
lst I? k?ow immediately. We will now have a practice periocd. BReady. . .
Go." (19 . ‘

-

{16) A1l seats should be at the middle adjustment, Occasionally, it will
be necesssry to move a chair btoekward or forwvard. The eeat position need
be moved only for extremely tall or short subjects. This should be done
by the opermtor,

(17) Pause a second, and look at each subject in turn to gee that he has
only one hand on the stick. Do not psrmit btracing of one hand with the
other, - .

(18) Pause a second, =nd Jook gt each zubjact in turn to ses that his heels
ara off the flcor, ‘

(13) Turn on the lights and start the stop wateh as you say "Go." Allow
two minutes for prectice, ' .

Let a3 a proctor tiwoughout the practice peried, dividing your attention
between subjeocta as equally as possibio, Correct misunderstandinga and
answer justifistle gusstious, repeating appropriate parts of the instrue-
tions for this purpose wheansver thils rrocsduwrs 1s auitable. Do not coach
any subject unlaos it becomss appara;:, 30 tc 40 seconds after practice
has begun, that he dcess net compreherd tha-mechod by which matehings are
to be mccomplishad, F¥hen coaching 'g watessery, 1usd this standsrd proce-
dure, - |

a. Point to the top light awd say. "Bove the stick sideways to match this
light "

b, When the tep 1ight bu3 Laan satehsd, weint to the middle red light and
say, "Now hold tiw astiek Hlwt Ular cver to the side ahile you move it for-
ward or beck to mateh thidis Ilght.”

¢, FWhen ths top and mlddlv M1-LUs Lays toen-watebed; say, "New hold the
stick stesdy iu thet poritios whlis v rwith the bottom oma R

d, When tho paw savtlng appsave, nv. "hew mateh tho nsw setting in the
Berme WAy 85 quickly nr rosglble ®
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VI, "Stop. (20) Put yow hands in your lap." In Conditiona B, C,
and-D the following additional instrustlons were given, "Yon will be
given several trizls with short rast periede betwaen each trinl, When
the lights go on begin woerk. When the lights go off relsx and walt for
the next trial, About three #econde before each frial I will swy 'Ready.!
At the ready sigmal put your feet on the bar and hand on +he stick., When
the lights go on Etart mking the matohings "

VII. "We are now raady to begin the test, Your score will be the
mmber of matehings you can make in the tima allowed, Iork as rapidly
as you can, Ready. . . Go." {21)

, ';rxn. -'Stop.' Put your hands in your lap, That is the end of the test.”
22 ‘ : -

(20) Turn off the lights. Record the practice meores and set the atapp:!.ng
switch bers at Ko. 40, Do not contimue with the inatructions 'until
~ manipulations have been couplatcd

(21) Twrn on the lights. Record scores at, every flash of the 30 second
signal. Observe subjects olosely for at least ane mlmute to make sure
,they are adhering \to regulations and working at the task, _ e

{22) Check thve scores before dismissing the aubjeats. Note machine number,
handedness, and age of each subject,

aFw,
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Cur. Seec.
Praotice

3 2 %8

MEAN NUWREL COF MATCHEG AND
CUMITATIVE AMOGWT OF PRACTICR

=

3.64
430
4,40
4,78
436
462
4.50
476
4,68
466
4.76

466

4,90
4.66
4,88
5,22

AVTEITTX B

3,90
sedi2
4420
o3

454
5.14

4.78
4,66
5.20
5.3
5.28
5.16

4
3.64
3.9
3,88
4.2%
L3R
448
472
462
4.82

5,02

.78
5.%

3.92
4226
4,38
4,70
4.86

472

4,88
5.04 -
4.9,
4,90
5,18
5022
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