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is’rw- AND -APPARAI~~ VARIAZIOE ~ PS!~~~VI~~ T~~ SO~~~
~ ~~~ ~~ 1CCIT~ % P~~0T ~~AD~~~

Psycheuotor apparatus tests were introduced into the experimental sel.c-
tic. battery for AZW helicopter pilot tra inees because of the d.e.onstrated
validity of sush tests in the selection of Air Force pilots for fixed-wing air-
craft. Incrensnts in validity gained from p.ychc.otor tests, however, wat be
be1an~ed against s.v.r~l. disadvantages inherent in their use. Among these
disadvantages are expense, need for centralised testing facilities , need for
continuing aaint~~~nc., possible lack of scars cc.çarability from en~hine to

cMn., and. score fluct~*tions when the same .cbine is used over a period
of time. Tb. study rsport.d here was concerned with score differences from
~~cbine to mechine sod with progressive score changes dining continuing sachine
isage. The sti* was a part ial replication of seveX.l World ~Mr II Air Force
tudie. (Melton , l9~7)~ j

The specific objectives of the present Ress~rch Mencrand~~ are to describe

“1.”) ,Pfffersnoes between mean scores derived fro, two copies of the
seas apparatus tests -

/
2. $sen score changes of four psychomet or tests administered to Ar~~r

helicopter classes over a two year period.

APPARAI~~
Following is a brief descrip tion of each of the four psychomotor tests

incluied in the stody. Diagrams, more ecoplete descriptions, sod validity
s—’ies mey be foumi in a recent ref erence (i1eis~~~n, 1956).

Rotary Pursuit Test. The exaainee is required to keep a prod-stylus
in contact with a ~~~~ 1 meta llic disk set into a larger disk revolving at
60 rpa. Testing consists of three 20-second. trials. Tb. ma of Contact
time over three trials was used. as the tota l score.

Rudder Control Test. The ~~~~~~~~~ sits in a mock coc~~it which i. thrown
off balance by his own weight *mless be applies the proper correction by

of foot pedals. His task i. to keep the coclq4t lined ~~ with one
of three target lights located on a panel before him. Testing consists at
one 90-secced trial with a center target, and. one 31s8-second. trial with
a tri ple targ et. Tb. stu of scores for both trials was used as the total
score .

Co~~lex Coordination Test. The ~~~~~~ 4ii is presented with a do~~1erow of lights (one red row, one green row) in the approxime te pstt rn
of en “H” on its side. ~~s red light in each row is lit. The ~~ —~‘~e
is required to ~~tch the position of a stimulus light in each of three
M~~neions by adjustments of the stick aud rudder controls. After each
matching, a new pattern of red lights is presented sod the #aain.e must
reproduce this pattern with the green lights. Testing tIme is 8 minutes.
The total score was used for analysis.

¼



Direction Control Test. The ~~~~~~ 4ii, eamt manipu late a cc~~Inaticn of
switchss and buttons as rapid ly as possible in resp ons. to a series of
visial patterns diffir i*g from one another with respect to the spatial
..rrang ~~~nt of their ecsponsnt parts . ~~~hasjs is placed on selecting am
appropriate response ‘where a co~~lex sequence of ~~vwam its must be made.
Testing tIme is 8 ain~4s.  The ni~~er of correct patterns achieved was
used as the total score.

OR~P

____nees were enlisted app licents for U. S. Ar~~ Pri ry Helicopter
School who àst the following pr eselection stand ards :

1. ~~ to 30 y.srs of age.

2. Aptitude ares GI’ score of 110 or above on the Ar~~r Classification
Battery.

3. Class I medical standards for flying.

All examinees who met the preceding three requiraments were tested .

~tree psychomotor tests--Cosplex Coordination, Rotary Pursuit , and
Rudder Control--vere a54 ’~ stared to 758 ~~~minees from 16 successive
classes. A fourth psychomotor t..t, Direction Control , was a~~4 Metered to
~~8 exeatnees, representative of the first seven consecutive classes. The
first nine classes were tested at Fort Bucker, Alabama; the last seven
classes were tested at ~~~ Woltsrs, Texas. Testing took place during 1956
.M 1957. The niaber of ~~~~~~ nees in consecutive classes varied from ~~to 72. With in asy one class, however, an equel n~aber of different ~~~~1~ees
was assigned at random to Apparatus A and B. This reqtdrmeen t led to the
r-o&,. elimination of some cases. AU ~‘~~4nees tested with Apparatus A
for any test were the same exaainees tested with Appa ra tus A for all other
tests; the sa.m is true for ~~~ 4nees tested with Apparatus I. In the case
of the Rotary Pursuit , Rudder Control end C’~~1’r Coordi nation t.iti , the
tot al nusber tested with each apparatus was 379. In the case of the Direction
Control Test, 11s4 men were tested with each apparatus.

The experimental design used for this study was not optimal. Zd1.Uy,
all subjects would have been pre-t.s ted on a third apparatus copy or a highly
correlated psychomotor paper-and-pencil test, thus eq~miing Oroi is A and B
as to initial psychomotor ability. Subsequent differences fow~ betvesn
scores on Apparatus A and B could then be attributed with more certainty to
true apparatus differences However, the present sti~~ was initiated 1cI~ after
data collection had beg~m for the helicopter pilot selection study when a
decrs.snt--sppsrentl3 pr gressive em mean score on the OrWiex Coordination
test was noted. Apparatus differences obtained were thus conto~~ md. with
init ial abilit y differences in the r ~~o.-po~~s design used.
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Since -It was i~ ,ossIble to exsrc ice adequate expei !Iaentsl controls , a
subsequent attempt was made - to test the 1~ pothesis of initial ability dif-
ferences among grc~~s. The Index of initial ability used was failure or
success in later helicopter tral’~i’1g. *11. thIs Index is admitted ly pose
and, contains c~~~onents other than psycb~~~tor ability, it was the only
appropriate measure readily available. Accordingly, the proportions passing
and fa4l tng helicopter tra4tdi~g were subjected to a chi-square analysis.
Pass-fail data are shown in Table A-i of the Appendix. The proportion tested
ui~~r Apparatus A, ‘who later passed the helicopter trailling pr~~ me, was. .b9--
for those tested ind.r Apparatus B, .50. The chi square, evaluated with ens
degree of freedom, was .08, whIch Is not statistically s$gnificant (P >70).
A 2 x 16 chi square was then computed to test for class differences . The cbi
square, evaluated with 15 degrees of freedom, was l6.2~, ‘which was also not
statistically sign4 ficent (P > 30). Comparable clii square analyses of pass-fail
data were de for the first seven classes on ‘which Direction Control scores
were ava ilable. ~d aquares of .12 (d fz i ;  P) .70) and .1e6 (df ~~6; P).99)
ware fotmd for apparatus aM class respectively, neither of ‘which were statisti-
call,y s4gn4ficant.

Results of these analyses, plus the fact that large n*abers were tested
with each appe,etua, suggested that the samples used in the present study ‘were
initially reasonably equated in ability to pass helicopter tra ining. It was
further aseused that the samples were at least grossly similar with respect to
initial psychomotor differences by virt ue of the keown psychomotor representation
in the helicopter training criteria . The Rota ry Pursuit, Rudder Control ,
Direction Control , and Complex Coordination Tests correlated .29, . U, .17, aM
28, respective ly, with performance in the pre -flight phase of helicopter pilot

tr aini ng, and .30, .39, .15, and. .~l. respectively with flight tra ining p.x
forman ce (Zeidner, Mertinek, and Anderson, 1958).

~PATIøflCAL ARALYSIS

Anelysee of variance were performed for each of the tour psychomoto r tests.
For each psychomotor test , one 2 x 16 analy sis was performed with two main
effects , a first-order interaction and a residual error teen within gro~~s.Differences between the means of two copies of the sans test were designated.
appa ratus effects. Variations in mean scores among successive classes (time
$r.nds) were designated class effects.

R~~~~~S

Values of 1’ obtain d In .11 analyses are presented in Table 2. Tren ds
in performance on each of the psychomotor tests (by apparatus ) over the sixteen
classes are shown in Figures 1 tbrough~~. Means and standard deviations for
each psychomotor t..t, by apparatus and class, are shown in Tables A-2 through
A-S of the Appendix. Individual analy ses of variance for each test are presented
In Tables A-6 thro ugh A~9 of the Append ix.
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Table l

~ 3I1AR! ~~ F-VALU~~ D~~lV~~ PR~ ( MIALY~~~ ~~~
‘ YARI*JICZ

Apparatus Diffsvences P ft

1. Rotary Pursuit; A vs. B 5.26’ 1/726

2. Ruddsr Control; A vs. 3 1.7S 1/726

3. Complex Coordinatica; A vs. 3 8.6O~’ 1/726

11. Direction control;Avs.B 0.117 1/2711

Class DIfferen~es

5. Rotary Pursuit; 1 through 16 0.67 15/726

6. Ri~ der Control; 1 through i6 ].U 1,1726

7. Complex Coordi nation ; 1 through 3.6 37•70b 15/726

8. Direction Control; 1 t!arcigh 7 2.6? 6/2711

Apparatus-by-Class InteractIon

9. Rotary Pursuit 0.66 15/726

10. Ruider Control 2.l&’ 15/726

11. Complex Coordination 1.51 1,/726

12. Direct ion Control 1.19 6/2711

‘Difference reliable beyond .05 point.
bDiff.2.enc. reliable beyond .01 point .

- 1 1.
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R~~ART ?~~~~fl

A sIgmiI~tcs4t differenc, was found. between the m~~n~ of Rotary Pur*uit
Apparatus A and Apparatup B, with the mean of Apparatus B sign(fica*t13
higher (P <.05). Ro sjgniticsnt variation In me~~ was associated with
class or apparat us-class interaction. Tb. mean for Apparatus A was 15.90
and for Appara tus 1, omly 16.96--a -‘l absolute difference (Table * 2).
However, the sta~~~rd deviations aro~~~ the two a~a~° were sufficient ly
restricted to rspndIate the hypothesis of r~~~’~ asmpling tics a oo~~~n

Ho significant differences between apparatus aeen~ or dal i  ~~~~~~ (Table A-3)
were found for the Rndde r Contro l Test . However, a slg”if icsnt apparatus-clan
interaction was found. The reason for thi s int.racticn can be sea most cl arly
in Figure 2. There was a decided tendency for class means to “cross-Over”;
that is, when bait the class scored high on Apparatus A, the r~~~4~~ir cC the
class, tested on Apparatus B, tended to score low, and. vice-versa

~ *~L~C CO(*WIIIATICI

Highly significant differenc es between apparatus and. class a~ans wars
found for the Complex Coordination Test (Table A-li). Apparatus differences
were ma1 ~ in ~abeo1ute score terme • Means for scores on Apparatus A aM 3
were 36.31 aM 37.82, respectively. Class differences were much more drime tic
(Figure 3), the mean scores dropping fr om 1 5.2 for class 1 to 20.5 for class 16.

~h.se effects were consistent over both copies of the apparatus and for all
classes. Thus, me significant interaction was present.

BIRL’nal ccaI’1~0L

Mo significant differ ences were found associate d with appa ra tus or
apparatu s-class interaction for the Direction Control Test (Table *-5) . A
4ifference , significant at the .05 level, usa found for mean scores associated
with clsas. This difference was not caused by the more or Less progressive
decrement seen in the Complex Coordination Test, but a peculiar c~wvilInes”
effect whereby classes teste d in the middle of the interval scored 541plfj.

cantl,y lower than classes at the beginning and end of the interval.

DIPLICATIONS ~~ TEE RE~~~~S

APPARATUS D1PP~~~1CES

Two of the four psychomotor tests stulted, Rotary Pursuit and Complex
Coordination, were found to generate significantly different mean scores
between two copies of the same aClarat us. Statistical sigpif icsnce j~~•

attributable to the relatively smell within-group score dispersion and.
a lar ge nuaber of degrees of freedom for evaluation.
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These results are s~~i1.~ to those found by the U. B. Air Force
(Milton, 1917). The Air Foxes sti4ies clearly showed that apparatus vari-
ance use a function of the particular appa ratus test under considerati on.
The acre c~~~1ex the electro-mecbauicsl design of the apparatus , tb. more
marked were apparat us differe nces. ‘lbs Air Force u*ed two approaches to
correct apparatus variance. One approach involved the developamnt of rigorous
and uniform calibration procedures and standards. The other approach involved .
assa~~1ing a single standard score convers ion table for all testing stations.

Tb. Air Force also conducted a series cC stndies comparing the validity
of uncorrected raw scores and standard scores for prediction of graduation
vs. .l1~~’~ tion from pilot training. The results , based on tboussndi of cases,
indicated that very little atten uation of the biserial validit y coefficients
occurred as a consequence of the use of th. raw scores.

Where significant apparatus differences were found in the ~res.nt st~~~they indicated little practical significance. Considering this fact , and
influenced by the Air Force validity stnd.tes, ~ RB did met cone ide! necessary
a correction for appa ratus differences in the Rotary Pursuit and Comp lex
Coordination Tests.

CLASS DIPF~~~ CES

Two psychomotor tests , Complex Coordination and Direction Control, were
found to have significant ly different means associated with class, that is,
with passage of ti... The relative ly prog ressive decrement shown in the amen
scores of the Complex Coordination Test represents a seriou s psychometric
problem. If cutting scores are established during a time interval when mean
scores are high (or low), and future selection is ends w b n  mean scores are
becoming pr ogresslve].y lover (or higher), the ip~psct on input quotas aM
personnel quality amy be serious . With serious decrement , a disproportionate
n~~~er of personnel will be re3ected; with seriOus increment , personnel quality
nay drap.

The Air Force also encountered usage variance in their apparatus tests.
Even a relatively simple t..t , Finger Dexterit y, shoved usage variance dam
to the roundi ng off of pegs and boles . Tb. more sophisticated Complex Coordi-
nation t..t provided particular probisam because of the veering of the contact
plates which light the response lamps. This proble, was also met by acre
effective calibration and maintenance standards.

Maintemanc. sports were not avai lable for the machines used in the
present sti~~ . To obscure the interpretation even fur ther , the machines were
moved from Port Rucher, Alabama, to Camp Walters, T~~~s, after the first
nine classes was tested. Recalibrat icn may have been accomplished before
the ninth class was tested , a circt tence which may account for the tempo-
rary increase in mean scores shown for classes 9, 10, and 11. To test the
hypothesis that the move itself or a~~ factor associated with the move--
bndd.i ty or maintena nce, for example--was related to score variations, analyses
Cf varia nce were computed which compared the a~ans of the first nine classes
tested at Fort Rucker with the remaining seven tested at Cs~p Wolters.
84gn4’icant installation differences were found ool.y for the O~~~1ex Coordi-
natioc Test. However, Figure 3 shows that prog ressive decrease in mean scores
occurred within the nine .class Ruoker interva l and within the seven-clan

/
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Wolters interval. It wee oon’~lndM that class and apparatus differ ence, were
independent of the particular installat ion where testing was done.

Reasons for the curvilinsarity of the Direction Control scores over
classes are ~i~ 4 lkrly un~~~.n. Even though the total ntwhsr of cases used
in the .i~ lysis was less than the n~~ er used in the other three tests, the
n*~~er was s~~ticisnt1~r high to yield stsbl. variance estinates. With little
first-band keowledge of the testing or maintenance conditions, these results
could not be interpreted.

In the Helicopter research program of the R * n  Factors Research Hranch,
the usage problem was met statistically by correcting Complex Coordination raw
scores to stenti*~d T-score. for each class. No correction was considered neces-
sary for the Direction Control Test.

0ct,Cw8I~ Is

Results of the sti4y reemphasized the need for caution in th. use of
apparatus tests. Tb. stuly reaffirmed the fact that individual differences
in machines do occur and that scores tend to fluctuate sigr ificant ly with
continued use of the seas machine. A statistical solution may be the onl.y
feasible ~~~~~~~ of completely neutralizing apparatus differences. Id~s1ly,
however , score fluctuations through continui ng machine use should be ) ..141.d
by proper maintenance and not by statistical conversion.

Rn~~~~~ES
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App~~DDr

• Table A-l

PR~~~TI~H pAasmG THE H~~ICCeT~~ THADIThG PRO~~AK

~pparatus A Apparatus B
Class N P U~~~~~~~~~~~~~~~~~ P

1 20 .6s 20 .3~
2 19 .47 19 .42

3 24 .42 24 .58

25 .40 25 .56
.56 18 .44

6 27 .4]. 27 .52
4

7 U .45 U .55

8 13 .46 15 .77

9 12 .50 12 .67

10 28 .64 54

U 33 .48 33 .59

12 36 .44 36 .39

13 35 .54 3, .54
14 20 .50 20 .40

15 27 .35 27 .41

16 31 .58 31 .68

TOTAL 379 .49 379 .50

“I .11.
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Table A-2

AND 9PAIW*ND D,EVIATICIIS FOR THE ROTARY ~ msurr T1~’

Appara tus A Appara tus B
Class )~ an S.D. Mean S.D.

1 
- 

15.00 6.55 15.85 3.47

2 14.37 6.7]. 14.47 5.09

• 3 15.29 6.4~ 1.6.62 • . 4.30

• 4 i6.i6 5.00 17.1*0 7.32

• 5 15.50 5.75 17.~~ 6.36

6 17.41 6.76 17.70 648

7 17.09 4.23 16.64 3.14

8 16.511 ~.8y 16.23 3.1*2

• 9 .3.5.75 6.23 18.00 5.05

10 17.43 6.39 i6.o4 6.09

11 14.85 6.70 3.7.97 6.36

12 15.47 4.78 16.72 7.25

13 14.31 5.77 i8.34 8.02

14 17.35 6.37 17.75 5.18

15 i,.48 6.l, 16.11 6.99

16 17.39 645 16.97 8.18

• TOTAL 15.90 6.18 16.96 6.1*4

.12 -

4.
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Table A-S

1~ AES AND 8TA1~~3D DEVIATIC~S ~~ THE R~~~~ O~~~ 0L TH$T

Apparatus A Apparatus B -
Class Mean S.D. Mean SD.

1 1*6.25 11.911 37.55 10.71

2 37.00 10.43 1*4.o~
3 45.25 3.1 29 *4.00 10.23

4 45.76 8.59 40.52 13.9?

5 42.61 8.4~ 43.89 13.24

6 45.93 10.29 48.19 9.17

7 45.73 11.35 46.45 12.36

8 37.15 9.90 47.15 9.31.

9 
• 

39.67 11.89 43.17 13.53

10 b,.6i 10.91 1*0.04 u.6o

11 39.70 12.31 45.03 9.85

12 38.19 11.62 1*4.64 10.38

33 43.37 9.05 45.37 9.52

14 44.7, 9.74 40.85 7.03

15 1*0.96 12.71 42.70 10.01

16 40.87 12.60 42.65 13.59

TOTAL 42.42 11.41 43.49 11.35

..13-
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Table A-4
---.~~ Mm 92ANDARO DEVIATIORS FOR THE C~~ L~ C C0~~~DMTIW T1~~

Apparatus A Apparatus B
Class Mean S.D.

F: 2. 47.1*0 8.1*8 43.05 7.45

2 1*4.74 7.59 1*6.89 9.76

3 41.54 11.41 47.7]. 7.52

4 1~4•44 9.88 43.72 7.29

5 38.28 ~~~ 38.06 6.50
6 55.89 6.26 36.78 6.39

7 35.73 5. 72. 33.64 y.8o

8 30.23 8.37 38.92 ~.8i

9 39.58 8.60 42.42 9.10

10 4i.54 6.62 41.82

2.1 37.58 8.92 39.76 8.90

12 34.08 9.45 37.64 7.65

13 35.43 6.38 36. 71* 8.27

14 ~,.4o 9.51* 37.55 5.90

15 26.70 6.63. 25.81 6.57

16 18.16 ~.1e8 22.87 7.75

TOTAL 36.11 10.87 37.82 10.22

£
1~. 
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Arrawfl .

Table A-S

h EARS AND ~~A~~~RD ~~VIAT1ORS ~~ THE D~~W2IOR O~~flIOL TH~~

A~peratus A 

- 

~~~~*p~~ratus B
8~~ 4

1 14.10 6.17 12.1S 5.50

2 10.89 4.99 io.~8 5.83

3 u.38 ~.85 12.75 6.19

4 9.41* 6.16 8.60 4.90

5 8.50 ~.,6 11.67 S.93

6 11.00 5.30 10.93 5.05

7 10.58 3.06 11.32 ,.69

TQI~AL 10.86 5.77 11.32 5.79

.35 .
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Table A-6

ANALYSIS ~~ VARIANCE ~ ROTARY PI~8Ufl’ TRSI~ DATA

Soince d.f. K.S. 
• 

I’ P

Apparatus 1 213.20 5.26 < .0,

Class 15 27.17 ---- v.8.
• A X  C 15 26.92 ---- LB.

~~ror 726 1*0.50

TOTAL 757

1”

1 .16 .
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Arr~~~IZ

Table A-?

ANALISIS ~~~
‘ VARIANCE ~ R1~F~~ 0~~~~L T~~~ ~~T&

Scnzrc. d.t. 14.8. P P 4

Apparatus 1. 220.68 1.75 L8.

Clams 15 139.96 1.11 14.8.

A X C  1, 276.02 2.18 (.01

~~ror 726 126.42

~~~AL 7,7

- 17-
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APP~ IDU

T&bls Al

ANALYSIS 41 VARIANCE 41 0~~~L~ ( O0ORD~~ATIOR T~~~ DATA

Soin’ce d.f. LB. P P

• Apparatus 1 552.24 8.60 ( .03.

Class 15 1*22.11* 37.70 (.03.

A X C  15 96.92 3.~]. LB.

• &r or 726 64.24 j
TOTAL 757

I 

- 

_ _



--

• Tabl.e A-9

ANALYSIS 41 VARIANCE 41 DISIOTIOR 0OR’~~~.. tIe’ DATA

So c. d.f. 14.8. P P

Apparatus 1 15.12 ---- LB.

Class 6 85.78 2.65 <.05

A x C 6 38.6~ 1.19 u.s.
Error 274 32.39

TOTAL 28y

- 39 - .


