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THE FACTORIAL COMPOSITION OF 

THE RELATIVE MOVEMENT TEST 

Abstract 

The present stud> was undertaken to determine what abilities 

are measured by the Relative Movement Test, which is a part of the 

U, S. Havy Officer Classification Battery. Better understanding 

of this test may lead to improverients which will result in more 

effective selection and classification of officer personnel. A 

factor analysis was performed based on the interrelationships of 

the tests in the Officer Classification Battery, some new experi- 

mental tests, tests of plotting, standard tests of known abilities, 

and three separate forms of the Relative Movement Test — (l) 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 as follows: 

1. Students who do well on Relative Movement tests 

also are likely to do well on Mathematics Reasoning 

tests, 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 is most 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 Verbal, the unspeeded 

pretest of items for the new parallel form of Rela- 

tive Movement also appears to require the ability to 

deal with complex instructions or to grasp the ele- 

ments of a fairly complex problem situation. 
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Mathematics Reasoning and Spatial Reference are the 

most important abilities required, for success on 

this form; least important is Verbal ability. 

It is recommended that a validity study be performed of Spatial 

Reference tests, similar to the plotting tests, in order to establish 

the utility of such tests for increasing the predictiveness of the 

Officer Classification Battery. 
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THE FACTORIAL COMPOSITION OF 

THE RELATIVE MOVEMENT TEST 

Introduction 

Chapter 7 of Stuit's book (k)  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 the Relative Movement Test was 

later incorporated into the U, S. Navy Officer Classification 

Battery. This battery also includes tests of mathematics, verbal 

reasoning, mechanical comprehension, block assembly, and block 

recognition. The present study was undertaken in order to secure 

more adequate information concerning the psychological functions 

measured by the Relative Movement Test. 

A factor analysis of a battery of reference tests, including 

Relative Movement and other tests in th*» Officer Classification 

Battery, was therefore perform^ to obtain moro  precise knowledge 

of what the test iziaasureB. Better unaorstanding oi the psycho- 

logical functions measured by the re.;*civs Movement Test would 

aid in the dev«\ops»nt oi selection and classification measures 

which take full advantage of any abilities measured by Relative 

Movement and which are not represented in other tests of the 

Officer Classification Battery. 

Procedure 

The factor analysis vas based en 30 test scores obtained for 

666 officer candidates enrolled in Class 7 of **** Officer Candidate 

School at the u. S. Naval Station, Hevport, Rhode Isl^sd,    Inc~nv±ed 

in the analysis were scores, for the Rexatlvs Aovt*v^nt *v«st and f••-*><x 

other Officer Classification Battery tests.    Also in~lu&en wars 

seore;? for a test in G^erRtiatH? which in z£*<iJiLzt&-r<*v luriiig the 

Operatic-nts ^o'lrse at the school.    Scores for the regaining ?•',- t^sta 



used in the analysis were obtained from a special administration of 

a battery consisting of standard factorial reference tests and several 

nevly developed teats* 

Scores used n the analysis were obtained from the following 

tests (variable numbers appear in parentheses): 

(l8) Relative Movement. The 50 items 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. Alternatives are stated in 

terms of a bearing, a course, or a relative speed or distance. The 

following serves to illustrate the general character of the items: 

Ship A is steering northeast at 15 knots against 
a current of 3 knots. At 5 o'clock a lookout on 
Ship A sights Ship B 3 miles directly west. At 
6 o'clock Ship A steers north. At "(  o'clock Ship 
B is detected 9 miles to the southeast. Ship B's 
course is: 

(l) southeast (&) northeast (3) north 
(k)    it is impossible to tell from  these data. 

Working tljag, 30 minutee. 

;'.3S; 2£^tive Movai>ynt (part-scors). In a previous .study of 

the iieletir,. Htrra&spt ?sst (j, pp. 3-*0> there was soir-. evidence 

that the test in a speeded erasures the anewer-sha^ls msiicated that 

aost examinees did net get beyond Item-05 -^u  KV<» --r- i^umiies assi^ie«1 

to Lo.e t&sk, in iighr of this finding, a part-scors for the test, 

based on the ftxaa  20 Items, WHS  included bo the extent that it appears 

is •*." * cnbls »r test intercorrelations zdai  in the tables of factor 

I©«i?sg**< This variable, however, was aot used for the purpose of 

factor extraction. It was included to permit a comparison between 

tSsa ps,r^-«cc:« and the whole-score wiT,h respect to factorial composi- 

tion. 

(31) Relative Movement (pretest of alternate Relative Movement 

items). In the course of developing an alternate form of Relative 
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Movement, an unapeeded pretest of new Relative Movement Items had 

b?en administered tr the <?an«e Officer Candidate group who Lwoi fcne 

tests for the present factor study. The pretest was administered 

primarily to obtain item-analysis data uid was included in the pres- 

ent analysis to the extent that it appears in the table of inter- 

correlations and in tne tables of factor loadings. As in the case 

of the part-scora of Relative Movement, this variable was not used 

in extracting factors. It was included to permit a comparison be- 

tween the operational 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 anf was included in the analysis as -. reference test 

for the General Reasoning factor. Its 50 items consist of problems 

requiring arithmetic and algebraic operations and some knowledge of 

geometry or trignometry. Examinees are required to solve each prob- 

lem and then to indicate which one of the four given alternatives 

represents the correct solution* Working time, 50 minutes. 

(2) Figure Analogies. This wad included as a second reference 

test for the General Reasoning factor. In each of 30 items, examinees 

are required to recognise which on= or rive drawings is related to 

Drawing C in the ease way that Driving E is related to Drawing A* 

V 

B 
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Working time,  15 minutes. 



(3) Letter Set3» This test was Included a« a reference test 

for the Inductive Reasoning factor. Each of the 20 items consists 

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: 

(l) ABCD (2) LMNO (3) MNOP (h)    DEFT (5) UVWX 

Working time, 10 minutes. 

(k)  Locations. This test vas also included as a reference 

test for the Inductive Reasoning factor. Each of the 30 problems 

consists of five lines of small dashes separated into groups of 

dashes or "words" by blank spaces. In each of the first four lines 

a dash is? replaced by an "x"; in the fifth line, five of the dashes 

are replaced by numbers. Examinees are required to discover the 

rule governing the placement of the "x" in each of the first four 

lines end to apply the rule in deciding at which of the numbered 

positions the "x" should be in HTM 5> Exaiupiet 

— — tx.i- — — — —— — *-—. ~~V  — —«—— 

— „„X' •-'  

-_=•_. •--.*;  -„« = „:-   __Y  _ .•,...- 

----- -_x-~-.- ---------- 

— — — — «?.*. J.A   -i=P — — "3_-   '-——*. 

forking time = 10 sujautes, 

(5) Vocabulary. Included as a reference test for the Verbal 

factor, this 60-item vocabulary test is identical with Feu-t I of 

the Cooperative English Test C2, Reading Comprehensions Form T* 

For each item examinees are repaired to select one word out of five 

alternatives that corresponds in nveaning to a given word. Working 

time, 15 minutes. 

(6) Verbal BB*^jiil5.&.    This test is part of the Officer Classi- 

fication Battery and was also included in the analysis as a reference 

test for the Verbal factor. The 75 items are of the verbal analogy 

type. Working time, 35 minutes. 

4» 



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

this test was included as a reference tecr, for the Spatial Relations 

factor. Each of the jQ item.3 presents three-dimensional drawings of 

three or more blocks and reckuir«s the examinee to indicate which o<ie 

of four figures could be constructed from the given blocks. Working 

time, 15 minutes. 

(8) Block Becognition. This test is also a part of the Officer 

Classification Battery. Each of the 60 items of this test of the 

Spatial Relate->ns 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 0 In this reference test for the Spatial 

Relations factor, each of the 80 items presents a set of four two- 

dimensional figuresa Three of the figures show the same design rotated 

into different positions and a fourth figure showB a similar design 

which is reversed or turned over. Examinees are required to indicate 

which figure does not belong zo  the set of four. Example: 

s^   !_ij   LsJ   m 
- • —: 

Working time,  six Tcinutas. 

(10) Audit-ion,    iiixij tcsii* was  included i«  t,ue auieu^sis as a ref- 

erence tsst Tor -che Number 1 actor.    Each item requires the examines 

to add three nvsSs^z^, primarily two-digit.    The score is the number 

of correct additions completed in three minute*. 



(^-) Division«. Also designed to measure the Number factor, this 

test is similar to the above test in that the score is the number of 

two= and three-digit numbers that have been correctly divided by une~ 

digit numbers in three minutes. 

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

the Number factor, this test requires the completion of as many sub- 

traction and multiplication problems as possible in three minutes. 

(13) Cancellation. 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* 

(ik)  Number Checking.  In this second test of Perceptual Speed, 

examinees 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 thi» 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 is required to decide 

how the figure in Drawing 1 was rotated to make Drawing 2, then to ro- 

tate Drawing 3 in 1 M  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) Paper 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 left indicate 

hov a square piece of paper 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  x'ive 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 oT.e of the five figures is 

the correct representation. 



Example: 
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Working tine, 10 minutes. 

(17) Surface Development. In this third test of the Visualiza- 

tion factor each problem is presented in tvo figures. One is a draving 

of an irregular solid and the other is a pattern vhich eea be cut out 

of a flat sheet of paper and folded on the dotted lines so that it 

matches the surface of the solid. Examinees are asked to identify 

the edges of the solid that correspond to given edges of thti pattern. 

The ^est inc. Mee five problems requiring a total of 20 answers. 

Working time, 15 minutes. 

(19) Operations. This is one of the tests administered during 

the Operations Course at the school. Scores were Included in the 

present analysis because the tasks involved appeared to be closely 

related to those required by the Relative Movement Test. The exam- 

inee is supplied with maneuvering *«?T^ *V"-»>?> dividers, parallel 

rulers, and scratch paper. The test form describes six different 

situations involving the maneuvers of uhips. The examinee is re- 

quired to answer 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. Ho credit is given for the plots them- 

selves . 

(20) Directional Plotting. This test was modeled after an Army 

Air Forces Classification Test of the same title (2, pp, 681-682) 

and adapted for experimental use in the present analysis. It was 

included partly because it involves tasks similar to those aspects 
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of the Relative ifoveaaeat Test which require the location of point* 

vithout the aid of plotting or calculating on paper, and part"/ be- 

cause a spatial function, not very clearly present in the Spatial 

Relations tests, appeared to be involved in both this test and In 

Relative Moverjent. This function had been isolated in Army Air 

Forees research and tentatively identified as the Spatial Reference 

factor. It was discovered in tests similar to this and the following 

one. For each of the 30 items of the Directional Plotting Test, the 

examinee 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 12-point eospass rose. Working time, 10 minutes. 

(21) Plotting. This test was also modeled after an Army Air 

Forces Classification Test (2, pp. 684-666) and adapted for experi- 

mental use. It was included in the present analysis for the same 

reasons as 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 from this starting position to first one loca- 

tion and then to others in consecutive order. The direction and 

distance cf movement is indicated for each stage. All required 

movements are to be completed with the help of a chart but with- 

out actual plotting. The examinee is to indicate the direction of 

the final position from the starting position in terms of the eight 

principal compass points. Working time, 15 minutes. 

The remaining nine tests were developed and included in the 

analysis in order to explore the existence of factors in toe cogni- 

tive area of integration-judgment-planning. 

(22) Alternating Operations. This experimental test was designed 

to measure an integration factor similar to those previously isolrtad 

in research by the Army Air Forces Aviation Psychology Program (2, «a, 10). 

A major caaraeteristic of -chis test, as well as of Tests (23) and (24), is 

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

the problems can be correctly &©Xw**&. Solution of the problems requires 
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the examinee to apply the given rules, to pay attention to a variaty 

of cues, and to change mental set vhen required. Examinees are pre- 

sented with a series of 6 to 12 numbers for each item. According to 

the directions, the following operations must he performed with each 

succeeding number in the given order «- add, divide, subtract, multiply, 

and so on, However, when the result equals the next number &iven, the 

order of operations is reversed, beginning with multiply. Another equal- 

ity restores the original order of the operations. Further, when a sero 

appears at the step requiring division, the zero i« omitted and division 

proceeds with the next number if It is even. But if the next number is 

odd, the division operation is omitted entirely and the series is con- 

tinued with the next operation. And finally, if division results in 

a fraction, the fraction is rounded up to next highest whole number 

before the following operation is performed. Examinees are required 

to read the directions, do each of the ten problems, and select the 

correct answer out of the five given choices. Working time, including 

the reading of directions, 20 minutes. 

(23) Spatial Rotation. This is another experimental test of an 

integration factor. It also includes a set of complex instructions. 

For a given item, examinees are presented with a two-dimensional figure 

having areas of black, white, and grey. The figure must be manipulated 

mentally according to given instructions such as 90 degree clockwise 

rotation (or counterclockwise), 180 degree rotation, right-left reversal, 

or up-down reversal. Two instructions are given for each problem and 

the examinees are to choose which of five drawings correctly represents 

t&s figure so manipulated. However, three additional rules are given 

governing the final shadings of the areas which may or may not be al- 

tered. These concern the position of the black portion after the 

first operation as well as the nature of the second operation. The 

test consists of 10 problems. Working time., including the reading of 

directions, 20 minutes. 

(2*0 Artificial Language. Tula  is a second form oi an ETS t^st 

of thss same title. It vas included as the third experimental test 

of an integration factor. The examinee is asked to translate English 

verb forms into artificial verb forms using a set of five rules governing 

- 
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tcnse, number, person, and selection of letters for verb endings. 

Ten problems are given. Working time, including direction and rule 

reading, 20 minutes. 

(25) Time and Distance Estimations. This test of 2k  items is 

very similar to the Army Air Forces Practical Estimations Test 

(2, pp. 133-135)• It vas included .in the present analysis as an 

experimental measure of a judgment factor. In each item examinees 

are asked to decide which of five objects, coasonly seen in day-to- 

day living, is either shortest (or longest) or vhich one of fi^a 

activities would take least (or most) time to accomplish. Working 

time, 15 minutes, 

(26) Practical Judgaent. This 15-ltem tes+ was included as a 

second experimental measure of a Judgment factor. Each item describes 

a reasonable problem situation involving social relationships or minor 

emergencies and then lists four alternatives for best action. Exam- 

inees are to Judge vhich one of the four suggested modes of action 

voulu be most satisfactory. Working time, 15 minutes. 

(27) Judgment of Persons. This third experimental test of a 

Judgment factor requires the examinee to Judge 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 one for the second, which are most 

typical for each and which also best- distinguish the one occupation 

from the other. Each of the 12 items list different pairs of occupa- 

tions and different sets of traits. A total of 2*v responses is pos- 

sible. Working time, 1J? minutes, 

(28) Skywriting. This test was modeled after an Army Air Forces 

Classification Test entitled Planning Air Maneuvers (2, pp. 170-17*0. 

It was altered and adapted for experimental use in this analysis as 

a measure of n planning factor. The examinee is to aeaume he is a 

skywriting pilot who mast plea the shortest, simplest, and most 

direct path a plane may take to write two adjecent letters, keeping 

in mind certain rules governing starting aad finishing positions, 

11 ,t 
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completion of the first letter before going on to thfc second, and 

maximum sharpness of turn. The examinee must select the best path 

of flight and indicate the direction of travel at several points on 

each letter-pair. The test consists of 1C pairs of letters and has 

32 score points. Working time, 15 -tinutes. 

(29) Square Completion. Also modeled after an Army Air Forces 

Classification Test (2, pp. 177-180), this test, originally entitled 

Competitive Planning, vas altered and adapted for experimental use 

as a second ireasure of a planning factor. For this test, based on 

the Completion~of-Squares geme, the examinee is to plan alternating 

moves for two contestants 00 that each completes as many squares 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 move after 

the completion of a square. The answer for each item is the number 

of squares "Blacl" can complete under the given conditions. Working 

time, 15 minutes. 

(30) Route Planning. This test was designed to be the third 

experimental, measure of a planning factor. A map of a hypothetical 

small 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 errands in connection with his job at a hardware store. Points 

of delivery and other 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 problems, the examinee must read the background material, con- 

sult the map for locations, and then choose the best one of the 

four alternative answers to the question. Working time, 15 minutes. 

Product^wpment intercorrelations were computed for all 32 var- 

iables and are given in Table 1. Ten reference factors ware ex- 

tracted by means of the grouping method described by Thurstone 

(5> cl . 5). Grouping was carried out without permitting variables 
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31 and 32 to influence the location of reference axes 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 factors 

seesad indicated as the residuals remaining were very small, the 

highest being .05*. The loadings of the 3^ variables on the ten 

orthogonal reference factors , coiBEuuialiti.es (h*-), means (M), and 

standard deviations (a) appear in 'fable 2. The reference factors 

were rotated to produce a simple structure with oblique axes by 

means of the electronic Matrix Rotator located in the Statistical 

Research and Analysis Section on the Personnel Research Branch of 

the Adjutant General's Office. 

Results and Discussion 

Table 3 gives the loadings on the rotated factors; Table k, 

the final transformation matrix, and Table 5,  the intercorrelations 

among the factors. The number of zero or near-zero loadings in each 

column of the rotated factor matrix indicates that a fair simple 

structure was obtained in the rotation. 

The communalities (Table 2) indicate that the common factor 

variance for several of the variables (20, 24, 25, 26, 27, 2£, 29, 30) 

in this study is very low. The low communalities may be due to low 

test reliability and consequent high error variance, or to high spec- 

ificity. Most of the communalities, however, are sufficiently high 

to indicate that the factors found in this study explain a reasonably 

good proportion 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 than; iu the discussion, Sach factor is interpreted as some func- 

tion involving the variables with underlined loadings. 

Factor t  is clearly the expected Number factor. The Mathematics 

Test has some loading on this Iactor. The Number factor is character- 

ized by an ability to use number's in siraple arithmetic operations. 
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Factor II is the expected Verbal factor. The tests of Rela- 

tive Movement and Artificial Language have some loading on this 

factor. It involves an understanding of vord meanings and the 

relations between words. 

Because the reference teats for both the Spatial Relations and 

Visualization factors did not emerge separately but cluet»T*ed to- 

gether to define Factor III, this factor can be tentatively iden- 

tified as Visualization-Spatial. It vould appear to be characterized 

by an ability both to comprehend the relative arrangeiaent of elements 

in a positionally altered pattern and to manipulate a visual image 

mentally. 

Army Air Force psychologists (2) as veil as other investigators 

have in the past, however, succeeded in isolating spatial relations 

and visualization as functions distinct from one another. According 

to recently proposed definitions (l), the Spatial Relations factor 

Involves the ability 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 ability to manipulate a visual image or pattern. 

The distinction between the two functions is oftentimes diffi- 

cult to control as far as test design, is concerned. The spatial 

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 

tests (8,9) by operations derined as ''visualization". If many of 

the examinees had in fact done the problems in these two tests by 

visualization operations, or all spatial relations and visualization 

tests primarily by visualization operations in combination with some 

spatial, one would expect these six tests to sTssrge together as a 

single factor which largely represents a visualization function. 

It is likely that additional test3 for each of these factors vould 

be needed to effect a satisfactory separation. 

Factor IV is the expected Perceptual Speed factor.  It is 
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Table  2 

Loadings on the uhrotuted Factors 

II III TV VI  VII VIII   IX 

1. Mathematics 

2. Figure Analogles 

3. Letter Sets 

4. Locations 

5. Vocabulary 

6. Verbal Reasoning 

7. D1 r\n"    A««~—VI.. 

8. Block Becognltlrn 

9. Similar Figures 

10. Addition 

11. Division 

12. Subtraction and 
Multiplication 

13. Cancellation 

14. Number Checking 

15. Similar Rotations 

16. Paper Folding 

17. Surface Development 

18. Relative Movement 

19. Operations 

20. Directional Plotting 

21. Plotting 

22. Alternating Operations 

23. Spatial Eoteiliun 

24. Artificial Language 

25. Time and Distance 
Estimations 

26. Practical Judgment 

27. Judgment of Persons 

28. Skywriting 

29. Square Completion 

30. Route Planning 

31. Relative Movement 
(Pretest form) 

Relative Movement 
^Part score) 

.29 .21 .46 -.11 .27 .41 -.24 -.16 -.03 -.02 .68 29.7 6.9 

.06 .20 .56 .03 .34 .06 .03 .00 .12 -.05 .50 22.5 3.4 

.20 .26 .27 .08 . 12 .05 .07 .06 .31 .07 .31 14.2 2.3 

.15 .10 .34 .10 .05 .24 .06 .33 .05 -.04 .33 14,2 3.8 

.05 .85 -.11 -.02 -.03 -.07 .07 -.01 -.01 .08 .75 48.2 7.5 

.04 .85 .11 .02 .02 .07 -.08 .01 .01 -.04 .75 52.1 10=1 

.02 .21 .68 -.06 -.06 -.03 .08 -.15 .01 .02 .54 21.7 3.5 

.01 .12 .7e -.09 -.08 -.OS -.05 -.01 -.15 .07 .67 19.2 5.2 

.15 .09 .60 .06 -.14 .02 -.02 -.02 .16 .04 .44 22.3 9.1 

.88 -.03 -.04 .00 .04 -.09 .10 .02 .08 .03 .80 40.4 8.5 

.82 .03 .08 .00 .01 .11 -.12 -.04 -.02 .00 .71 41.1 10.7 

.88 .00 -.04 .00 -.05 -.02 .02 .03 -.04 -.02 .78 55.6 13.7 

.30 .13 .17 .57 -.01 .01 -.08 -.02 .03 .08 .48 32.9 7.8 

.52 -.04 .18 .57 .01 -.01 .08 .01 -.02 -.05 .64 49.8 10.8 

.10 .16 .59 .06 .02 .05 .06 .17 .00 -.02 .42 16.8 4,3 

.02 .12 .71 .02 .15 .02 -.06 .00 .08 -.03 .55 11.4 3,0 

.06 .10 .73 .00 .10 .00 .00 .02 -.16 .00 .58 13.0 5.4 

.17 .24 .48 .01 .06 .39 .04 -.10 .03 -.17 .51 24.5 5.7 

.14 .09 .36 .05 .18 .29 .08 -.10 -.03 .23 .35 31.2 6.3 

.22 .12 .29 -.01 .18 .07 .23 -.05 .00 .07 .24 20.7 6.6 

.30 .00 .36 .05 .21 .08 .32 -.07 .00 -.10 .39 13.9 4.1 

.15 .27 .22 .09 .38 .08 .00 .09 .00 .22 .36 5.2 2.4 

.12 .25 .40 -.01 .43 -.06 .03 -.06 .00 -.01 .43 6.0 2.4 

.05 .35 .14 .06 .33 -.02 -.03 -.03 -.01 -.18 .29 3.5 1.7 

.03 .13 .24 -.09 .00 .01 .10 -.01 -.06 -.06 .10 10.8 2.8 

.07 .10 -.02 -.06 .03 .05 .08 .28 .03 -.11 .12 8.1 1.6 

.10 .21 .02 -.03 .10 -.02 -.03 .19 -.10 .20 .15 15.4 c.a 

.06 .06 .23 -.04 .03 .08 .27 -.02 -.03 .00 .14 20.4 3.6 

.12 .01 .24 -.11 .03 .10 .00 .01 .22 .03 .15 11.6 3.7 

.08 .07 .24 .06 .21 .20 .14- .09 .22 -.05 .24 8.o 2.0 

.09 .26 .57 -.03 .30 .27 .16 -.IV -.06 -.14 .64 35.6 5.8 

.03 .29 .45 -.10 .14 .47 .07 -.08 -.10 -.21 .60 .15.2 2.9 
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Table 3 

loadings on the Rotated Factors 

III      IV VI VII    VIII       DC 

1. Mathematics .18 - .01 .01 -.20 .18 ^50 .00 -.05 .02 .08 

2. Figure Analogies -.06 -.02 .16 .05 .29 .05 .01 .03 .11 .00 

3. Letter Sets .04 .13 .08 .05 .03 -.07 -.04 -.01 .31 .03 

4. Locations -.01 .01 .00 .15 -.01 .12 -.01 .37 .08 .03 

5 . Vocabulary .02 .77 -.02 -.04 -.06 -.09 .05 -.04 -.01 .06 

G. Verbal Reasoning -.02 .70 .03 .03 .04 .09 -.05 .03 .02 -.02 

7. Block Assembly .00 .12 .43 -.02 .00 .00 .11 -.08 .06 -.02 

8. Block Recognition .08 -.01 .57 -.03 .05 .02 .00 .10 -.05 .06 

9. Similar Figures .08 .01 .39 .08 -.07 .01 -.06 .00 .23 -.03 

10. Addition .67 -.02 .01 -.02 -01 -.12 .02 -.03 .07 .01 

11. Division .62 -.01 .00 .00 .02 .18 -.04 -.01 .01 .02 

12. Subtraction and Multiplication • 68 .03 -.01 .02 -.03 .01 .01 .03 -.03 -.02 

13. Cancellation -.06 .06 .02 .53 -.03 -.01 -.05 -.01 .I/O .06 

14. Number Checking .10 -.04 -.02 • 57 .00 -.05 .07 .05 -.02 -.04 

15. Similar Rotations .02 .04 .29 .12 .06 .00 .01 .23 .04 .01 

16. Paper Folding -.05 -.07 .38 .06 .21 .05 -.08 .05 .12 -.02 

17. Surface Development -.05 -.06 .41 .06 .17 .05 .05 .14 -.11 .05 

18. Relative Movement -.01 .17 -.02 .07 .00 .38 .15 .02 .06 -.11 

19. Operations -.04 -.04 -.02 -.01 -.04 .21 .23 -.06 .04 .28 

20. Directional Plotting .09 .04 .03 -.03 .05 -.01 .23 -.02 .00 .11 

21. Plotting .09 -.02 .00 .07 .11 - 01 .29 -.01 -.03 -.05 

22. Alternating Operations -.01 .02 -.01 .04 • 21 .00 .03 .06 .01 ^30 

25. Spatial Rotation .04 .02 .14 -.01 .40 -.04 .02 -.04 -.03 .05 

24. Arti.icial Language -.04 .20 -.03 .09 .35 .03 -.04 .00 -.07 -.11 

25. Time and Distance Estimations .05 .12 .11 -.05 .02 .02 .10 .04 -.05 -.04 

26. Practical Judgment .06 .09 -.07 -.01 -.03 -.03 -.03 .27 .00 -.06 

27. Judgment of tersons .10 .06 .05 -.06 .04 -.06 -.03 .17 -.07 • 26 

26. Skywriting -.01 .08 .01 -.03 -.05 .00 .26 .02 -.02 .02 

29. Square Completion .10 -.07 .11 -.13 -.03 .04 -.04 -.03 .25 .05 

30. Route Planning -.09 -.02 -.09 .06 .08 .06 .06 .07 .20 -.02 

51. Relative Movement (Pretest form) -.06 .12 .02 .01 .20 .26 .28 -.05 -.06 -.04 

32. Rolacive Movement (Part score) -.09 .21 -.11 -.02 .05 .47 .24 .08 -.07 -.09 
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Table 4 

Final Transformation Matrix 

II  III   IV   V    VI  VII VIII   IX 

1. • 77 .00 .00 .00 .00 .03 .00 .00 .01 .00 

2. -.04 .87 .00 .00 .00 .00 .00 .00 .00 .00 

3. .00 -.16 .60 .07 .11 .03 .00 .11 .03 -.01 

k. -.52 .00 -.19 .96 -.05 -.08 .01 .00 -.01 .00 

5. -.12 -.34 -.29 -.06 .78 -.03 .01 -.05 -.13 .20 

6. -   °7 .02 -.65 -.01 = 12 .08 .15 

7- -.19 .24 -.26 .00 -.29 -,36 .80 .00 -.07 .00 

8, .OU -.10 .03 .11 .04 -.22 -.33 .94 .01 .13 

9- -.09 -.05 .02 -.07 -.06 -.22 -.36 -.27 .93 -.23 

10. -.01 -.18 .14 -.25 -.37 -.17 .13 -.15 .16 .93 
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i rable 5 

Interf correlations of Factors 

I II III IV V VI VII VIII IX X 

I. .0U -=15 • 53 .lU • 07 .23 .00 .27 .18 

,0k .10 .08 .36 .16 .01 .06 .19 .37 

III. -.15 .10 .Ik .27 .53 .1*6 .19 .26 .05 

IV. • 53 .08 .Ik .21 .22 .26 -.06 .30 .31 

.Ik .36 .27 .21 • 37 • 55 .25 .58 .32 

VI. .07 .16 • 53 .22 .37 .34 .16 .36 .16 

VII. .23 .01 .46 .26 .55 .34 .1+0 .61* .00 

VIII. .00 .06 .19 -.06 .25 .16 • ^\J .1*1 -s05 

IX. .27 .19 .26 .30 .58 .36 .6k .1+1 .20 

X. .18 • 37 .05 .31 .32 .16 .00 -.05 .20 
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charaeterized by speed of picking out a given symbol wherever it is 

found among a mass of other symbols, and by speed of discriminating 

differences between symbol patterns. This factor is most highly 

correlated (,^3) 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 tests of Integration. It is characterized by an 

ability to assimilate complex instructions in a limited time and to 

apply them successfully. Tests obtaining the relatively high load- 

ings on this factor are the three Integration Tests, Figure Analogies, 

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 this factor and the Verbal factor (Table 5), and 

the verbal nature of the function held in common by the tests defin- 

ing this factor suggest that it may be closely related 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 characterized by the tasks required in the 

Officer Classification Battery «*thematics Test. Relative Movement, 

which also involves the use of mathematics, obtains a relatively 

high loading on this factor,, Tests of Operations and Division also 

have some loading on this factor. 

Factor VII appears to be a spatial factor characterized by an 

ability to determine movement and/or final position cf points in two- 

dimensional space within the framework of instructions specifying 

location, distance, direction, or other conditions. It appears to 

be the Spatial Reference factor previ ^ily isolated and tentatively 

identified by Army Air Force psychologists (2). It is defined by 

the tests of Operations, Directional Plotting, Plotting, and Sky- 

writing. Common to three fomaar tests is the ability to 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 tz*ace the movements of points in space 

along paths involving a series of sxxscified changes in direction. 
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It should be noted that the Spatial Reference factor had been 

isolates by Anay Air Force psychologists (?) in the course of an 

analysis of a battery that did not include the Skywriting Test or 

any of the other Planning Tests, and further that Army Air Fores 

Planning Batteries did not contain any of the Plotting Tests. The 

present analysis Indicates that the Plotting Tests have some func- 

lon in common with the Skywriting Test. 

Table 5 shows a correlation of ,k6 between this factor and 

the Visualization-Spatial factor (ill). 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 whole is spatially shifted hut other wise essen- 

tially unaltered, whereas 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. we".y identified Integration factor. 

(Complex Instructions). The reason for this may be that of the 

nine tests which have relatively high loadings on one or the other 

of these factors, all but one also involve problems of a spatial 

or visualization nature, 

Factor VIII is defined by Locations, Fimilar Rotations, and 

Practical Judgment. Its correlation of .40 with Factor VII (Spatial 

Reference) suggests that it is some kind of space factor. This is 

supported by the presence of Similar Rotations and Locations (if 

Locations is considered to involve judgment of spatial patterning). 

Cossiuaallties ai-d loadings for all lour defining tests are not 

very hlgh> however. Respective communalities are .33, .^2, =12, 

and .15. Had both loadings and coasmuiialities been higher it 

might have been possible to identify this factor as a judgment 

factorz    Since the evidence is not clear, it seems best to leave 

it uninterpreted. 

Factor IX is correlated. «64 with Factor VII (Spatial Reference) 

and .58 with Factor V (Perceptual Speed), It is defined by Letter 

Sets, Similar Figures, Square Completion, and Route Planning. The 
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presence of two of the experimental Planning Tests suggests that 

this might be a planning factor. The presence of Similar Figures 

(Spatial) further suggests a planning-in-space function sostewhat 

related to Spatial Relations. As with Factor VIII, loadings and 

eeasnuB&lities tend to be lov and no clear evidence is available 

for interpreting this factor. 

Factor X correlates moiit highly with the Verbal factor (.37) 

and is defined by Operations, Alternating Operations, and Judgment 

of Perse ns, all of which Involve a certain degree of verbal com- 

prehension ability. It may be some kind of verbal factor but it 

is best left uninterpreted. 

Further information about the rotated factors can be obtained 

from Table 5 which shows their intercorrelations. Many of these 

coefficients are quite high. These intercorrelations could be 

factor-analyzad to yield second-order factors. Inspection of the 

table indicates that Factors III, V, VI, VII, VIII, and EC tend 

to be fairly highly. Inter correlated. Since 22 of the ?5 tests 

having high loadings on one or another of these intercorrelated 

factors involve mathematical or spatially-related tasks, a second- 

ordar factor characterized by spatial and mathematics ability 

suggests itself as a possibility. A second-order speed factor 

may possibly explain the correlatioo of .53 between the Number 

factor (l) and the Perceptual Speed factor (IV). And finally, 

the correlation between Factors I and X ulght be explainable by 

a second-order verbal factor. 

Factorial CombosItion of the Relative Movement Test. Inspec- 

tion of Table 3> vhicn shows the loadings for the tests on the 10 

factors, indicates that the Relative Movement Test (variable 18) 

obtains loadings on three of tha factors isolated in the present 

study.  Its highest loading (.3^) la on the Mathematics Reasoning 

factor (Vl)« It obtains a loading of ,17 on tha Verbal factor 

(ll) and a loading of .15 on the Spatial Reference or Plotting 

factor (VII). 

The pattern of loadings for Relative Movement when scored so 

i 
5 
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as to include only those Items completed by a majority of examinees 

(variable 32) is very similar except that the loadings tend to be 

higher. Although partly scoring the Relative Movement Test elimi- 

nates the effect of speed in a restricted sense, it does not remove 

the attitude of speed that was present during the testing* Relative 

Movement, partly scamd,, has loadings of .k"{  on the Mathematics 

Reasoning factor, .21 on the Verbal factor,, and .2k  on the Spatial 

Reference or Plotting factor. Scoring 01s the first 20 items re- 

sulted in almost doubling the loading en Mathematics and increasing 

the loadings on Verbal and Spatial Ref ereru;'..., It also resulted in 

decreasing the loading on Perceptual Speed from .07 to -.02. 

It is interesting to note that the findings vith respect to 

the presence in .«.« operational Relative Movement Test of a spatial 

function and a general reasoning or mathematics function are con- 

sistent vith th- results of an earlier analysis of Relative Move- 

ment by a different approach (3). The earlier study involved the 

analysis of the responses of .1  sample of individuals vhc had taken 

the test and vho vere Ir.ter asked individually to do the problems 

aloud in an interview situation. 

The pretest, of nev Relative Movement iteass (variable 31)* 

administered under conditions that minimized the necessity of 

vorking rapidly, obtained loadings on four factors? .28 on 

Spatial Reference, .26 on Mathematics Reasoning, ,20 on the ten- 

tatively identified Integration or Complex Instructions factor (•), 

and .12 on Verbal• 

Unlike the speeded Relative Movement laeasures, the unspeeded 

measure has a loading on Factor V even thovi?h the complexity of 

test instructions snd item-statements appear to be at essentially 

tie seise level for all three tests. Like the pretest of Relative 

Movement items, the Mathematics Test is also relatively uaspeeded 

(this was one of th«> findings of an earlier study, 3, pp. 3-4) 

and it ha* a loading (.18) on the Complex lutstructions factor 

(Table 3). And finally, the items of the Mathematics Test are 

similar to those of Relative Movement to the extent that they 
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pr*aent fairly complex problem situations which must first be 

comprehended before answers can be formulated. 

One hypothesis to account for the appearance of Factor V in 

the unapecded Relative Movement measure might be that this factor, 

vhich appears to involve an ability to integrate meaningfully the 

eleirants of a verbally-given problem situation, emerges when speed 

of work does not enter into the total score. 

A related hypothesis to account for the lover Mathematics 

loading of the unspeeded Relative Movement measure, as compared 

to the speeded measure (.26 as compared to .33), and the additional 

loading on Factor Y, might be that vith ample time those individuals 

having lov mathematics facility succeed by using non-mathematical 

methods. The total score vould then depend less on mathema ics 

ability than when conditions are speeded enough to make these non- 

scat hornet leal method* too slow to contribute very much to the total 

Bcore. 

Summary of the Factorial Composition of the Relative Movement 

Test. Table 6 gives the loadings above .10 for the three separate 

measures of Relative Movement on the four factors found to be in- 

volved. 

Table 6 

Summary of the Factorial Composition of 

the Relative Movement Test 

Ver- 
bal 

Complex 
Direc- 
tions 

Mathe- 
matics 

»3Ma,V.J-&JL 

Ref- 
erence 

II V VI VII 

Relative Movement .17 .38 .15 

Relative Movement 
(part score) 

.21 M .21* 

Relative Movement 
(Pretest form) 

.12 .20 ,26 .28 

The present Relative Movement test was found to be primarily a 
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meaeure of mathematics ability. Also measured by this test Is verbal 

ability and a function identified as Spatial Reference or ability to 

deal vith changes in distance and direction of objects moving in tvo- 

d.iMsnsional space. 

Scoring the Relative Movement Test on only the first 20 items 

resulted in making it a slightly stronger test of Verbal* Mathematics, 

and Spatial Reference than when all 30 items vere scored. 

The pretest of a new parallel forni of Relative Movement, admin- 

istered under essentially unspeeded conditions, was also found tc be 

a measure of the Mathematics, Spatial Reference, and Verbal factors. 

This measure of Relative Movement was found to differ from the opera- 

tional form to the extent of having lover loadings on Mathematics and 

Verbal and having a loading on one additional factor (integration or 

Complex Instructions) vhich appears to involve an ability to deal 

vith the details of verbally-given instructions or to grasp the ele- 

ments of verbally-given problem situations. 

Summary and Recommendations 

Singgary, •*»>!© present study vas undertaken to identify the psycho- 

logical functions measured by the Relative Movement Test, vhich is a 

part of the U. S. Navy Officer Classification Battery. A factor analy- 

sis vas performed based on a correlation matrix containing 30 test 

scores. Among these scores vnre those cf standard factorial reference 

tests and other experimental tests. All tests had been administered 

to 666 officer candidates at the U. S. Navy Officer Candidate Pchool. 

Ten factors vere extracted and loadings vere obtained for three 

separate measures of Relative Movement — (l) the regular form of the 

test, (2) the regular form scored on the first 20 items, and (3) an 

unspeeded pretest of nev Relative Movement items. 

The findings vere as follows; 

1. All three measures of Relative Movement obtained 

relatively hi;& loadings on -che following factors: 

Mathematics, Verbal, and a spatial factor vhich is 
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found in plotting tests and vhich vas tentatively 

identified as Spatial Reference. It is charac- 

terized by en ability to daal with changes in dis- 

tance and direction of objects moving in two- 

dimensional space. 

2. The Mathematics factor vas found to be most 

important, both in the regular form of Relative 

Movement and in the partly-scored regular form. 

The Verbal snd Spatial Reference factors were of 

approximately equal importance. 

3. Ail three measures of Relative Movement ob- 

tained zero or near-zero loadings on the Visualization- 

Spatial factor as characterized by standard spatial 

and visualization tests. 

k.    The unspeeded pretest of a nev parallel form of 

Relative Movement differed from the other two forms 

to the extent of having lover loadings on the Mathe- 

matics and Verbal factors and having a loading on 

one other factor. This additional factor is charac- 

terized by an ability to da*!, vith complex instruc- 

tions or to grasp the elements of a fairly complex 

problem situation. Highest loadings were obtained 

on both Mathematics and Spatial Reference, and the 

lowest of Verbal. 

Recommendations. Since the Relative Movement Test vould appear 

to be a measure of tvo factors already represented by tests in the 

Officer Classification Battery (Mathematics Reasoning and Verbal), 

and since the unique function measured by Relative Movement vas 

found to be the Spatial Reference factor as defined by the plotting 

tests, (vhich obtained zero or near-zero loadings on both Mathematics 

Reasoning 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 comparison of validities for the Relative Move• 

ment Test and tests similar to the plotting tests. A validity study 
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vould provide evidence of vhether a Spatial Reference test vould 

increase the predictiveness of the Officer Classification Battery 

enough to warrant its inclusion in the battery together vith or in 

place of tha Relative Movement test. 

Further research is needed in order to gain a clearer under-' 

standing of the nature of Factor V. 5?he inclusion of Bcors3 for 

reading comprehension tests in p-n intercorrelation Ev?.trix of the 

tests found to havs loadings on Factor V might indicate vhether 

this factor can he more positively identified as ar. integration 

factor or vh-sther it is more related to verbal caapreheiifiion* 

Further research is also needed in order to explore the nature 

of Factors VIII, IX, and I# 
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