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THE FACTORIAIL CCMPOSITION OF

THE KELATIVE MOVEMENT TEST
Abstract

The present study was undertaken to determine what abikities
are measured by the Relative Movement Test, which is a part of the
W, S. Navy Officer Classification Battery. Better understanding
of this tes* may lead to improverents which will result in more
effective selection and classificaetion of officer personnel, A
factor snalysis was performed based on the interrelationships of
the tests in the Officer Classification Batte.y, some new experi-
nental tests, tests of plotting, staudard tests of known abilities,
and three separate forms of the Relative Hovement Test -- (1) the
regular form, (2) the regular form counting only the first 20
items (which practically all candidates completed), and (3) the
pretest of a new parallel form which had a liberal time allowance.

The findings with respect to what is measured by the Relative
Movement Test were us follows:
1. Students who do well on Relative Movement tests
also are likely to do well on Mathematics Reascaiag
tesis, Verbal tests, and tests requiring ability to
deal with changes in distance and direction of ob-
Jects moving in two-dimensional space. This latter
ability was also found in plotting tests and may be
called Spatial Reference.
2. Mathematics Reasoning ability 1is mcst important
for success on both the regular form and the 20~
item form of Relative Movement. Verbal and Spatial
Reference abilities, having approximately equal |
weightings, are next in importance.
3. In addition to the abilities of Mathematics Rea-
soning, Spatial Reference, and Verhbal, the unspeeded
pretest of items for the new parallel foru of Rela-
tive Movement also appears to require the ability to
deal with complex ins*ructions or 4o grasps the =le-

meuts of a fairly complex problem situation.
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Mathematics Reasoning and Spatial Reference are the
mest important abilities required for anecasns on
this form; least important 1is Verbal ability.

It is recommended that a velidity study be performed of Spatial
Reference tests, similar to the plotiing tests, in order to establian
ibe utility of such tests for increasing the predictliveness of ihe
Officer Classiiication Battery.
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THE FACTORIAL COMPUSITION OF

THE PFELATIVE MOVEMENT TEST

Introduction

Chapter 7 of Stuit's book {4) indicates that an earlier form
of the Navy's Relative Movement Test was found to be a good pre-
dictor of success in training programs concerning radar, fighter
director, and sonar. Partly because of these findings and partly
because it was found not to correlate highly with other tests in
the bettery, the present form of ihe Relative Movement Test was
later incorporated into the U. S. Navy Officer Classification
Battery. This battery elso includes tests of mathematics, verbal
reasoning, mechanicsl comprehension, block assembly, and block
recogitiLu, The pressnt study wes underisken in order to secure
more adeguate informaticn concerning the psychological functions

megsured hy th2 Reiative Movement Test.

A fartor ansAivais of a battery of reference tests, including
Redatlve Movement and other tests in the Otficer Classification
Battery, was vhercfore verformed {0 oObtain more urecise knowledge
of what the 1e3l measures., Beilter uczsrstanding »f ths psycho-
logical functions measura< by the Reistive Movement Test would
ald in the develnvmawi =i selection and classification measures
which take full advantage of any abilitiez aeasured by Relative
Moveanent and which ars not represented in other tests of the
Officer Classification Battery.

Procedure

The faztor analysis was bassd or 30 teost scores ooteined for

55 ofiicer candid=tcs enrolled in Class 7 of the Officer Candildate
Sshool at the U., S, Neval Station, Newport, Rhode Isl==3, Inciuded

in the analysic wers Bcorec for the Reiatives Movemsnt fisst and Py

gL 84

other Officer Classiiicatlon Battery tesis. Also ircludea wars

scores for a teest in (uerstions which ie Zdwmialstered iving the

Operaticns aourae 51 e school., Scores for the remaining of lwsos
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used in the analysis were obtained from a speeial administration of

a battery consisting of standard factorisl refarence tests and several
newly developed tests.

Scoreg used 'n the analysis were obtained from the following
tests (variable numbers appear in parentheses):

(18) Relative Movement., The 50 iteme of this test consist of

statements about the maneuvers of one or more ships in terms of speed,
direction, distance, and time, Examinees are required to choose, with-
out the aid of plotting or calculating on paper, the correct answer
from the four alternatives presented. Altcrnatives are stated in

terms of a bearing, a course, or a reiative speed or distance. The
following serves to illustrate the general character of the items:

Snip A is steering northeast at 15 knots asgainst
a current of 3 knocts. At 5 c'clock a lookout on
Ship A sights Ship B 3 miles directly west. At
6 c¢'clock Ship A steers north. At 7 o'cleck Ship
B is dete ted 9 miles to the southeast, Ship B's
course is

(1) southeast (2) nportheast {3} north
(8) 1t is imposeible to tell from these dsta.

ixing tlsmn, 30 minvtag,

{32 Duistive Moverent (part-seors),

v -

In
R . 2= S b = y o 3% ST = aeil sy
N delstlve Fovomort Teat |5, pp. 3-4), there was =20 avidence

T bes 3N L nuves aggiinsa
5 vne tagi., ln lighi of this findliag, reri-score for the test,

2
12, wa= lncluded Lo The extent that 1t appeare
Ir s Runiz oof fest interecyrejaticns zad in the tables of factor
2. nowevsr, wes not used for the purpose of
factor cxtraction. It was included tc permit a comparison between
Qe

gcore vwith respect to faciorial composi-

(31) Relative Movemant (pretest of alternate Relative Movement
itemsj. In the course of developing an alternate form of Relative




Movement, an unspeeded pretest of new Relative Movement items nad

» edministered to the same Cfficer Candidate grour whi Luox tne
teats for the presant fecter study. The pretest was adminisztered

primexrily to obtain item-analysis data cnd was included in the pres-
ent analysis to the extent that it appears in the table of inter-

correlationys and in the tables of factor loadings. As in the cuse
of the part-scora of Relative Movement, this variable was not used
in extracting factors. It was included to permii a comparison be-
tween the operstional form of Relative Movement and the unspeeded

pretest of Relative Movement items. A comparison between the two

might reveal what effect, if any, specdedness has on the factorial
composition of Relative Movement,

(1) Mathematics. This test is part of the Officer Classifica-
tion Battery anC was included in the anaiysis es -. reference test
for the General Rezasoning factor. Its 50 items consist of problems
requiring arithmetic and =2lilgebraic operations and some knowledge of
geemetyy or trignometry. Examinees are required to solve each prob-
lem and then to indicate which one of the four given allermatives

reprensnts the correct solution. Working time, 50 minutes.

(2) Figure Analogics. This was included as a seccnd reference

test Tor the General Reusconing factor., In each of 30 items, examinees

are reculred to recomnize which sne of five drawings is related to
Draving © in the esme way that Dreawing B is relaested to Drewing A.

s

)
N

w
K

A8

B
)
>
o

Working time, 15 minutes,



(3) Letter Scts. Tnis test was included es a reference test
for the Inductive Reasoning factor. Dach o the 20 i1tems consigis
of five groups of letters. For each item examinees are required to
discover what characteristic four of the letter groups have in common
and to indicate the one group that does not fit the rule. Example:
(1) aBcD (2) 1MNe (3) MmoP (4) DEFT (5) UWWX
Working time, 10 minutes.

(4) Locations. This test was also included es a reference
test for the Inductive Reasoning factor., Eech of the 30 problems
consists of five lines of small deshes separated into groups of
dashes or "words" by blank spaces. In each of the first four lines
a dash 15 replaced by an "x"; in the £ifth line, five of the dashes
are replaced by numbers, IExaminees are required to discover the
rule governing the plecement of the "x" in each of the first four
lines =nd 1o apply the rule in deciding at which of the numbered
positicas the "x" should he in line 5, Example:

SO, PR W W W W

Yorking time. 1C minutes.

(5) Vouabulary. Included as & reference test for ke Verbsal
factor, this 60-item vocabulary iteet is identical with Fext I of
the Cooperative English Test C2, Reading Comprehension, Form ¥.

For each item examinees arc regquired to =2cicet cne word out of five
alternatives ihat corresponds ir meaning to a given word. Working
time, 15 minutes.

(6) Verbal Ress-uinzg. This test is pari of the Gfficer Classi-
fication Battery and was also included in the 2nalyszic as a raferencs
test for the Verval factor. The 75 items are of the verbsl analegy,
type. WVorking time, 35 minutes.




(7) Block Assembly. ‘A part of the Officer Classification Battery,

this test was included zs a reference 4tect for the Spatial Relations

factor. Each of the 30 items presents three-dimensional drawings of
three or more blocks and recuires the examinee to indicate which one
of four figures could be constructed from the given blocks, Working
time, 15 minutes,

(8) Block Recognition. This test is also a part of the Officer
Classification Battery. Each of the 60 items of this itest of the

Spatial Relat!~ne factor presents a drawing of a solid figure called
the "key block". The examinee is required to indicate which one of
five alternative drawings represents the "key block" turned to a new
position., Working time, 20 minutes,

(9) Similar Figures, In this reference test for the Spatial
Relations factor, each of the 80 items presents a set of four two-

dimensicnal figures. Three of the figures show the same design rotated
into different positions and a fourth figure shows a similar design
which is reversasd or turned over. Examinees are required to indicate

‘hich figure does not belong to the set of four, Example:

1

Working time, six minzios,

{10} Addicion., Tuus tesi was Influded la e mnaliysis as a refl-
erence iest tor the Number {actor. Dach item requires the exumines
to add thres nwwh-rr, Lrimarily two-digit. The score is the number

of correct aldditions completed in three minutes,
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(11) Division. Also designed to measure the Number factor, this
test 1s similar to Lhe sbove test in that the score is the number of
twe- and three=digit numbers thait have Teen correciiy Givided vy one-

digit numbers in three minutes.

(12) Subtraction and Multiplication. A third reference test for

the Number factor, this test requires the completion of zs many sub-
traction and multiplication problems as posaible in three minutes,

(13) Csucellation. In this test for the Perceptual Speed factor,
examinees are required to cross out as many A's as possible on a page
of closely-spaced capital letters of the English alphabet. Working
time, three minutes.

(14) Number Checking., In this seconi test of Perceptual Speed,

exeminees are required to compare pairs of numbers and to mark those

that are not identical, The score is based on the number of pairs
correctly marked in three minutes,

(15) Similar Rotations. In this test of the Visualization factor,
each of the 35 problems consists of eight drawings. The first two are
drawings of the same solid figure in two different positions. Drawing 3
represents a different solid figure. The examinee 18 required to decide
how the figure in Drawing 1 was rotated to make Drawing 2, then to ro-
tate Drawing 3 in 1 <z same way, and finally to decide which one of the
last five drawings shows how Drawing 3 looks after it has been so ro-
tated, Working time, 10 minutes.

(16) Ppaper Folding. This test was also included as a reference

test for tne Visualization factor. It consists of 20 items of in-
creasing difficulty. In each problem two figures at the ieft indicate
hew a square piece of peper has been folded. A circle in the second
figure represents a hole that has been punched through all the thick-
nesses of paper. One of tr Jive figures at the right represents how
the paper will look when it is unfolded after the hole has been
punched, Examinees are to indicate which o.e of the five figures is

the correct representation.



————— e

Exanmple:

- ———— r—--—-—*

1
|
|
|
!
- 0 @ C; c S { s

Working time, 10 minutes,

(17) Surface Development. In this third test cf the Visualiza-
tion factor each problem is presented in two figures. Ome is A drawving
of an irregular solid and the other is a pattern which ce:: be cut out
of a flat sheet of paper and folded on *he dotted lines so that it
matches the surface of the solid. Examinees are asked to identify
the edges ¢f the solid that correspond to given edges of thu pattern,
The west inc. 'es five problems requiring a total of 20 answers,
Workirg time, 15 minutes,

(19) Operations. This is one of the tests administered durirg
the Operations Course at the school. Scores were included in the
preasnt analysis because the tasks involved appeared to be closely
related to those required by tre Relative Movement Test, The exam-
inee is supplied with maneuvering hoerd fayma.  Adividsrs, parallel
rulers, and scratch peper. The test form describes six different
situations involving the maneuvers of vhips. The examinee is re-
quired to snever several specific questions as to the bearing,
distance, course, or speed of one or more ships involved in the
described maneuvers., Five minutes are allowed to complete each of
the six sets of sub-answers, No credit is given for the plots thom-
selves.

(20) Directional Plotting, 7This test was modeled after an Aruy
Air Forces Classification Test cf the seme title (2, pp, 681-682)
and adapted for experimental use jn the present snalysis, It vas
included partly because it iavolves tesks similer to those aspects
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of the Ralative Movement Test which require the location ¢ points
without the aid of plotting or cajculating on paper, and part'y be-
cause a spatial function, not very cliearly present in the Spatisl
Relations tests, appscred to be involved in both this teat and 3a
Relative Moverent. This function had been isolated in Army Air
Forzes research and tentatively identifiad as the Spatial Reference
factor. It was discovered in tests similsr to this and the following
one, For each of the 30 items of the Directional Plotting Test, the
examinse is given the coordinates of two points which he is to locate
with the aid of the chart before him, but without marking it., He
then indicates the direction of the second point from the first in
terms of a l12-point compass rose, Working time, 10 minutes,

(21) Flotting. This test was also modeled after an Army Air
Forces Classification Test (2, pp. 684-686) and adspted for experi-
mental use, It was included in the present snalysis for the same
reasons ag the Directional Plotting Test. In each of the 25 items
of the test, the examinee is given the coordinates of a point. He
is to move the point {rom this starting position to first ome loca-
tion and then to others in consecutive order. The direction and
distance ¢f movemsnit 18 Indicated for each stage. All required
movements ars to be completed with the ﬁelp of a chart but with-
out actuel plotting. The examinee is to indicate the direction of
the final position from the starting position in terms of t{ihe eight
principal compass poirts. Working time, 15 minutes.

The remaining nine tests were developed and included in the
anslysis in order to explore the existence of factors in tue cogni-
tive area of integration-judgment-planning.

(22) Alternating Operations. This experimental tect was designed
to measure en integration factor similar to those previously iscl=ted
in research by the Army Air Yorces Avistlon Psychology Program {2, .n, i0).
£ major caerascteristic of this test, as welil as of Tests (23) and (2i4), is

the set of complex instructions that musi be read and understood before

the problems can be correctly aclwved, Soclution of the problems requires
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the examinee to arply the given rules, to pay attention to a varisty

of cues, and to change mental set when required. Examinees are pre-
sented with a series of 6 to 12 numbers for each item, According to

the directions, the following operations must be performed with each
succeeding number in the given order -- add, divide, sudbtract, multiply,
and 80 on, However, when the resuit egqusls the next number given, the
order of operations is reversed, beginning with multipily. Another equal-
ity restores the original order of the operetions. Further, when a zero
appears at the step requiring division, the zero is omitted end division
proceeds with the next number if it is even., But if the next number is
0dd, the division operation is omitied ertirely and the series 1s con-
tinued with the next operation. And finally, if division results in

a frection, the fraction 1s rounded up to next highest whole number
bvefore the folloving operation is performed. BExaminrees are required

to read the directions, do each of the ten problems, and select the
correct ansver out of the five given choices. Working time, including
the reading of directions, 2C minutes,

(23) Spatial Rotation. This is another experimental test of an
integration factor. Ii{ also includes a set of complex irstructions.
For a given item, examinees are presented with a two-dimensional figure
having areas of black, white, ard grey. The figure must be manipulated
mentelly asccording to given instructions such as 90 degroe clockwise
rotation (or counterclockwise), 180 degree rotation, right-left reversal,
or up-down reversal. Two instructions are given for each problem and

the exsminges are to choose which of five drawings correctly represents
the figure so manipulasted. However, three additionai riles are given
governing the final shadings of the areas which mey or may not be el-
tersd., These ccncern the position of the black portion after the
first operation as well as the nature of the second eperation. The
test consists of 10 problems. Working time, including the reading of
directions, 20 minutes,

(24) Artificial Lauguasge. This is e second form of an KIS test
of the same titls., It wus included as the third experimental test
of an integration factor. The examinee is asked to trenslate English

verb forme into artificial verb forms using & set of five rules governing
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tense, number, person, and selection of letters for verb endinga.
Ten problems sre given. Working time, including direction end rule
reading, 20 minutes,

(25) Time and Distance Estimations. This teat of 24 items is
very similar to the Army Air Forces Practical Estimations Test
(2, pp. 133-135). It was included in the present analysis as an
experimenial measure of & Jjudgmwent factor., In each item examinees
are asked to decide vhich of five objects, coxmonly seen in day-to-
day living, is either shortest {or longest) or which one of five
activities would take least (or most) time to accomplish, Working
time, 15 minutes,

(26) Practical Judmment. This 15-item test was included as a
second experimental measure of a judgment factor., Each ltem describes
a8 reasonable problem situation involving social relationships or minor
emersencies and then lists four alternatives for best action, Exam-
inees are to judge which one of the four .uggested modes of action
woulu be most satisfactory. Working time, 15 minutes,

(27) Judgment of Persons, This third experimental %est of a
Judgment factor requires the examinee to Jjudge what traits best dis-
tinguish between people engaged in certain types of occupations,

Each item presents two occupations together with a set of five per-
sonality traits or interests., The examinee is to pick two traits,
one for the first occupation and cne for the gsecond, which are most
typical for each anrd which also best distinguish {he one occupation
from the other, PEach of the 12 items iist different peirs of occupa-
tions and different sets of treits. A totsl of 2% reesponses is pos-
sible, Working time, 15 minutes.

(28) Skywriting. This test wes wmodeled after an Army Air Forces
Classification Test entitled Plemnirng Air Maneuvers (2, pp. 170-17h),
It wvas altered and adapted for experimental use In this analysis as
a meesure of a planning factor., The exsminee is to assume he is e
skywriting pilot who rast plsu the shortest, simpiest, eand most
direct path a plane may teke to write two adjacent letters, keeping
in mind certain rules governing siarting aad finishing vositions,
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completion of the first letter before going on to the second, end
maximum sharpness of turn., The examinee must select the best path
of flight and indizate the direction of travel at severpl poinits on
each letter-pair., The test consists of 1C pairs of letters snd has
32 score points. Working time, 15 ainutes.

(29) Square Completion., Also modeled sfter an Army Air Forces
Classification Test (2, pp. 1T77-180), this test, origirslly entitled
Competitive Plarming, was altered and adapted for experimental use
as a second reasure of a planning factor. For this test, based on

the Completion~of-Squares geme, the examinee is to plan alternating
moves for twc contestants so that each completes as many sguares as
possible for himself., The 20 items consist of groups of four squares
in various stages of completion. The rules require "Black" to make
the first move and each contestant to make one additional mcve after
the completion of a square. The answer for each item is the pumber
of squares "Blac." can complete under the given conditions. Working
time, 15 minutes,

(30) Route Planning. This ‘est was designed to be the third
experimental. measure of s planning factor. A map of a hypothetical
spall town is presented and the examinee is to assume he has to plan

best routes to take in order to complete a series of deliveries and
other errends in connection with his job at a hardware store. Points
of delivery and otbher reference points are indicated on the map.
Best route is defined as the one requiring a minimum of total dis-
tance to be travelled as well as the one that results in heavier
articles being transported a minimum of distance. For each of the
13 pﬁoblems, the examinee must read the background material, con-
sult the map for locatlons, and then chocgse the best one of the

four alternative answers to the question, Working time, 15 miautes,

Producte-ywoment intercorrelations were computed for all 32 var-
igbles and are given in Mable 1. Ten rcference factors ware ex-
trected by means of the grouping method describved by Thurstone

(5, cr. 5). Grouping was carried out without permitting varisbles
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31 and 32 to influence the location of reference axss although
loadings of these two variables on all factors were computed.
This procedure avoided the possible appearance of a doublet fac-
tor for Relative Movement., No further extraction of fectors
seemzd indicated ag the residuals remaining were very small; the
highest being 054, The loadings of the 32 verisbles on the ten
orthogoual referancs factors, comsmumnalities (h?), msane (M), and
standard deviations {o) appear in Tabie 2, ‘The reference factors
were rotated to produce a simple structure with obligue axes by
means of the electronic Matrix Rotator located in the Statistical
Research and Analysis Section on the Personnel Research Branch of
the AdJjutant General's Office.

Results snd Discussion

Table 3 gives the loadings on the rotated factors; Table k4,
the final transformation matrix, and Table 5, the irntercorrelatioms
among the factors. The number of zero or near-zero loadings in sach
column of the rotated factor matrix indicates that & fair simple
structure was obtained in the rotation,

The communalities (fable 2) indicate that the common factor
variance for several of the variasbles (20, 24, 25, 26, 27, 28, 29, 30)
in this study is very low, The iow communalities mey be due to low
test reliability and consequent high error varience, or to high spec-
ificity. Most of the commvnalities, however, are sufficiently high
to indicate tuat the factors found in this study explain a resscnably
good provortion of the total variances of most of the tests,

Interpretation of Factors. The relatively high loadings in each
column of Table 3 have been underlined to facilitate ready reference
to them iu the discussion, BZach factor is interpreted as some func-
tion involving the variables with underlined loadings.

Factor I is clsarly the expected Number factor. The Mathematics
Pest has scme'loading o1 this fector. The Bumber factor is cbharacter-

ized by an sbility to use numbers in eimple arithmetic operations.
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Factor II is the expected Verbal factor. The tests of Rela-~
tive Movement and Artificial lLanguagz have some loading on this
factor. It involvea an understandiing of word meanings and the
relations between words,

Baeceuse the reference tests for both the Spatial Relations and
¥isuglizetion factors did nct emerge separately but clustered to-
gether to define Factor III, this factor can be tentatively iden-
tified as Visualization-Spatisel, It would appear tc be characterized
by an ability both to comprehend the relative arrangemsnt of elements
in a positionally altered pattern and to manipulate a visual image
mentally.

Army Air Force psychologists {2) =s well as other investigators
have in the pasi, however, succeeded in isolating spatial relations
and visualization as functions distinct from one another. According
to recently proposed definitions (1), the Spatisl Relations factor
involves the abllity to comprehend the relative arrangement of
elements comprising a visual pattern after it has been turned,
twisted, inverted, or otherwise changed in orientation with respect
to the observer, The Visualization factor, on the other hand, in-
volves the abilit{y to manipulaste a visual image or pattern.,

The distinction between the two functions is oftentimes diffi-
cuit to control es far as test design is concerred, The spatisl
relations tests used in this study appear to be measures of ability
to recognize patterns when viewed in changed positions. It is
entirely possible, however, to do the problems in two of these
teets (8,9) by operations ferined as "visualization". If many of
the examinees had in fact done the problems in these tun tests by
‘ visualization operations, or all spatial relations and visuallzation
tests primarily by visualization operatione in combination with some
spatial, one would exmect these six tests G emerge together as a
single factor which largely represents a visualization functiom,

It is lik.ly that additional tests for cach of these factors wculd

be needed to effect a satisfactory separation,

Factor 1V is the expected Perceptusl Speed factor. 1t is
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characterized by speed of picking out a given symbol wherever it is
found among & mass of other symbols, and by speed of discriminating
differencea between symbol psti=rms, Thie factor is most highly
correleted (,53) with the Number factor. Speed of perception is
quite likely involved in both,

Factor V appears to be an integration factor as defined by the
three experimental testis of Integration. It is characterized by an
ability to assimilate complex instirvetions in a limited time and to
apply them successfully. Tesis obtaining the relatively high load-
ings on this factor are tne three Integrstion Tests, Figure Amalogies,
and Paper Folding. The Mathematics Test also has some loading on this
factor. All have complex instructions in common. Both the correla-
tion of .36 between thie factor and the Verbal fsctor (Table 5), and
the verbal nature of the function held in common by the tests defin-
ing this factor suggest thet it may be closely relsted to reading
comprehension, The absence, in this analysis, of reading compre-
hension tests, however, has left this possibility unexplored.

Factor VI is apparently the General Reasoning or Mathematics
Reasoning factor as cheracterized by the tasks required in the
Officer Classification Battery athematics Test. Relative Movement,
which also involves the use of mathematics, otteins a relatively
high loading on this factor. Tests of Operations and Division also
have some loading on this factor.

Factor VII gppears to be o gpetiel fector characterized by an
ability to determine movement and/or final positicn cf points in two-
dimensional space within the framework of instructicns specifying
iocation, distance, direction, or other conditions. It appears to
be the Spatial Reference factor prev: .sly isolated and tentatively
identified by Army Air Force psychologists (2). It is defined by
the tests of Crerations, Directicnal Plotting, Plotiing. and Sky-
writing. Common to three former tests is the ability tc determine,
on the basis of relevant information, the final location of points in
space relative to each other. Common to Operations, Plotting,and Sky-
writing is the ability to trace the movements of points in space

along paths involving a series of specified changes in direction.
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I# should be noted that the Spatial Reference factor had been
isolatel by Army Air Force psyshclogists {2) in the course of an
analyeis of e battery that did not include the Skywriting Test or
eny of the other Planning Tests, and further that Army Alr ¥orce
Planning Batteries did not contain any of the Piotting Tests. The
present anslysis indicates that thea Plotting Tests have some func-

lcn in common with the Skywriting Test.

Table 5 shows a correlation of .U6 between this factor and
the Visualization-Spatial factor (III). Both are characterized by
an ability to comprehend relationships among elements in a spatial
pattern and to manipulate the pattern. For Factor III, however,
the pattern as a vhole is spatially shifted but other wise essen-
t1ally unaltered, wkhereas in Factor VII the final character of the
pattern depends on the location of elements or the moving about of
the elements. Also shown in Table 5 is a correlation of .55 between
this factor and the tent . ~.veiy identified Integration factor.:
(Complex Tmstructions). The reason for this may be that of the
nine tests which have reiatively high loadings on one or the other
of these fectors, all but one also involve problems of a spatial
or visualization nature,

Yactor VIII is defined by Locations, Fimilar Rotations, and
Practical Judgment. Its correlation of .40 with Factor VII {Spatial
Refercnce) suggests thet it is some kind of space factor. This is
supported by the presence of Similsr Rotations and Locations (if
locations is considered to involve judigment of spatial patterning).
Communalities awd loadings for all fowr defining tests are not
very high, however. Respective communalities are .33, .42, .12,
and ,15. Xad botk ilvadlngs and communalitles been higher it
might have been possible tc identify this factor as a judgment
factor. Sineca the avidence is not clear, it scems bhest toc leave
it unintarpreted.

Factor YX is correlmted .64 with Factor ¥IT (Spatial Reference)
and .58 with Factor V (Ferceptual Speed), It is defined by Letter

Sets, Bimilar Plgures, Squarec Completion; and Route Planning. The
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prasence of two of the experimental Planning Teasts suggests that
this might be a plenning factor. The presence of Similar Pigures
(Spatial) further suggests a planning-in-space function scmewhat
related to Spatial Relaticans, As with Factor VIII, loadings and
commupsalities tend 4o be low and no clear evidence is avallable
for interpreting this factor.

Factor X correlates wost highly with the Verbal factor (.37)
and is defined by Operations, Alternating Operations, and Judgment
of Peracns, all of which involve a certain degree of verbsl com-
prehension ability. It may be some kind of verbal factor but it
is best left uninterpreted.

Further information about the rotated factors cen be obtained
from Table 5 which shows their intercorrelations. Many of these
coefficients are quite high, These intercorrelations could be
factor-analyzaed to yield second-order factors. Inspection of the
table indicates that Factors III, V, VI, VII, VIII, and IX tend
to be fairly highly intercorrelated. Since 2Z2 of the 25 ta:is
baving high loadings on one or ancther ¢f these intercorrelatsd
factors involve mathematical or spatially-related tasks, a second-
ordar factor characterized by spatisl ard mathematics ability
suggests ltself as a pocsibility. A ssacornd-order speed facior
may poeeibly explain the correlation of .53 between the Number
factor (I) and the Perceptual Speed factor (IV). And finally,
the correlation between Factors I and X uight be explainable by
a second-crder verbei factor.

Factorial Compcsition of the Relatlve Movement Test. Inspec-
tion of Table 3, vhich shows the losdings for the tests on ths 10
factors, indicates that the Relutive Movement Test {variable 18)
obtains lcadings on thrae of the factora isolated in the present
study. 1Its highest loading (.38) is on the Methematics Raasoning
factor (Vi). It obtains a loading of ,17 on ths Varbal factor
{1X) and a loading of .15 ca the Spatial Reference or Plotting
factor (VII).

The pattern of loadings for Relahive Movement when scorsd so



a8 to include only those items completad by a majority of examinees
(variable 32) is very similar except that the loadings tend %o he
higher. Althcugh partiy scoring the Ralstive Movement Test elimi-
nates the effect of speed in e restricied ssnse, it doas not remove
the attitude of speed that was present during the testing, Relative
Movement, partly svored, has loadings of .47 on the Mathematics
Reasoning factor, .21 on the Verbal factor, snd .24 on the Spatial
Reference or Plotting factor. Scorsqg om itie first 20 items re-
sulted in almost doubling the loading on Mazihematics and increasing
the loadings on Verbal and Spatial Referenu<. It also resulted in

decreasing the loading on Perceptusl Jpeed from .07 to -.02.

It is in*sresting to note that the findings with rsspect to
the presence in @ operaticnal Pslative Movement Test of a spatial
function and a general rzasoning or mathemeiics function are con-
sistent with tk: results of an earlier analysis of Relstive Move-
ment by a difforent spproach {3). The earlier study involved the
enzlysis of the rouponses of i sample of individuals whe had taken
the test and who vere loter asked individusliy to do the problems
aloud in an interiew situation.

The pretes: of new Relative Movement items (variable 31),
administered under condition: that minimized the necessity of
working rapidly, obtained loadings ou four factors: .28 on
Spatial Refercuce, .26 on Mathematics Resscuing, .20 on the ten-
tatively identified Integration or Complex instruciions factor (V),
and .12 on Verbal.

Unlike the speeded Belative Movement measures, the unspeedzd
measure has g loading on Factor ¥ even though the complexity of
test instructicns snd iterm-stalements appesr 10 be a2t sssentially
+he sane level for agll thise tests., Like the Tretest of Relative
Movament itemz, the Mzthematics Test is also relatively uaspeeded
{thie wes cne of the findirgs of an earlier study, 3, pp. 3-4)
and it haz 2 loeding (.18) on the Complex Instructions factor
(Panlz 3), Aré finally, the items of ihe Mutbematics Tost are
similer to those of Relative Movemmnt to the artent that they
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present fairly complex problem situations which must first be

comprehended before answers can be formulated,

One hypothesis to account for the appearance ¢f Factor V in
the unspeeded Reletive Hovement measure might te that thic factor
which appears to involve an ability to integrate msaningfully the
glemants of a verbally-given problem situation, emsrges when speed
of work does not snter into the total score.

A related hypothesis to sccount for the lower Mathematics
loading of the unspseded Relative Movement measure, as compared
to the speeded measure (.26 as compered to .38), and the additional
loading on Factor V, might be that with ample time those individuals
having low mathematiss facility succesd by using non-mathematical
wethods. The total score would then depend less on mathema ics
ebility than when cond.tions are speecded enough to make these non-

mathemetical methods too slow to contribute very much to the total
score.,

Summary of the Factorial Composition of the Relative Movement
Test. Table 6 gives the loadings above .10 for the three separate
measures of Relatlve Movement on the four factors found to be in-
volved,

Table 6
Summary of the Factorial Composition of
the Relative Mcvement Test

Ver- Complex Mathe - Spatial

bal Direc- matics Ref-
tions erence
X v Vi VII
Relative Movement k] .38 .15
Relative Movement 21 ST 24
(pert ecore)

Relative Movement JA2 .20 .20 .28

{Pretest form)

The present Relative Movement test was found to be primarily s
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measure of mathematics ability. Also measurad by this test is verbal
ability and a function identified as Spatial Reference or sbility to
deal with changes in digtance and direction of objects moviug in two-
dirsensional space.

Scoring the Relative Movement Test on only the first 20 items
vesulted in making it a slightly stronger test of Verbal; Mathematics,
and Spatisl Reference than when all 50 items were scored.

The prestnst of a nev parallel form of Relative Moverment, admin-
igtered under essentially unspeecded conditions, was algo found tc be
a msasure of the Mathematics, Spatial Reference, and Yerbal factors.
This measurs of Relative Movement was found to differ from the opera-
tional form to the extent of having lower loadings on Mathematics and
Verbal and having a loading on one additionel factor (Integration or
Complex Instructions) which appears to involve an ability to deal
with the details of verbally-given ingtructions or to grasp the els-
ments of verbelly-given problem situations.

Summary and Recommendations

Summary., “he vresent study was updertaker to identify the psycho-
logical functions measured by the Relative Movement Test, which is a
part of the U, S, Navy Officer Classification Battery. A factor znaly-
3is was performed based on a correlation matrix containing 30 test
scores. Anong these scores vere those cf stendard factorial reference
teats and other experimental tests. All tests had been administered
to 666 officer candidates at the U, S, Navy Officer Candidate £chool.

Ten factors were extracted and loadings wera obtained for three
separete measures of Relative Movement -- (1) the regular forz of the
test, {2) the regular form scored on the first 20 items, and (3) an
unspcedad pretest of new Relative Movement items,

The findings were as follows:
1, All three measures of Relstive Movement obtained
relatively hish loedings on the following factors:
Mathematics, Verbal, and a spatial factor which is
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found in plotting tests and which was tentatively
identifisd o8 Spatial Reference. It is charac-
terized by ea ability to dsal with chenges in dis-
tance and direction of obj2cts moving in two-
dirensional space.

2. The Mathematics factor was found to be most
important, both in thre regular form of Relative
Movement and in the partly-scored regular form,

The Verbal and Spatial Reference factors were of
approximately sgusl importance.

3. All three messures of Relative Movemert ob-
tained zero or near-zero loadings on the Visualization=
Spatial factor as characterized by standard spatial
and visualization tesis.

k, The unspeeded pretest of a new parallel form of
Relative Movement differed from the other two forms
to the extent of having lower loadings on the Mathe-~
matics and Verbal factors and having 2 loading on
one other factor. This additional factor is charac-
terized by an ability to deal with ccmplex instrue-
tions or to grasp the elements of a fairly complex
problem situation. Highest loadings were cbtained
on both Mathematics and Spatial Reference, snd the
lowest of Verbal.

Recommendations. Since the Relative Movement Test would appear

tc Be a measure of two factors already represented by tests in the
Officer Classification Battery (Mathematics Reasoning and Verbal),
and since the unique function measured by Relative Movement was
found to be the Spatial Reference factor as defined by the plotting
tests, (which obiained zero or near-zero loadings on both Mathematics
Ressoning and Verbal), it is recommended that a validity study of
tests of the Spatial Reference factor be performed. Such a study
should provide for a ccmparison of validitiss for the Relative Move-
ment Test and tests similar to the plotting tests. A validity study
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would provide evidence of whether a Spatial Reference test would
increass the predictiveness of the Oificer Classification Battery
encugh to varrant its inclusion in the battery together with or in
place of the Releative Movemeni test.

Further research is needed in order to gein a cleagrer under-
stending of the nature of Factor V., The inclusiocn cf ecores for
reading comprehension %ssis in en intercorrelation matrix of the
tests found to havs leoadings ¢z Fector V might indicate whether
this facior can be more poeitively identified as ar integration
factor or vhather it is more releted tn verbal comprebension.
Furtaer research is 3lso needed in orﬁer to axplore the nature
of Factora VIII, X, end X,
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