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IHTRODUCTIOK 

Spatial ability has always been considered to be an 

important segment of the vast area of aptitudes. Many tests 

of this ability have been devised for use in education and 

industry. There are the various paper-and-p^noil, apparatus, 

and psychomotor tests of spatial ability. Surface develop­

ment, paper-and-penoil, apparatus, for® boards, rotated 

figures, mechanical movements, complex coordination, and 

paper folding are some of the swat familiar spatial tests. 

Whether a single unitary spatial ability or several 

different abilities are essential to describe the process of 

spatial perception is the question that has arisen persistent­

ly. Many researchers have grappled with the perplexing 

problem of how we orient ourselves geographically and 

spatially. A person might be considered to be located in a 

spatial-reference matrix with hiaself at the origin of the 

coordinates. As he moves about in space, he uses this 

matrix to locate objects and points within his spatial 

environs. 

The problem of orientation became more complicated 

as man took to the air and positions that deviated consis­

tently from the customary vertical occurred as, when in 

flight, his aircraft ascended, banked, and performed other 

unusual manoeuvres. Orientation with regard to the self is 

only one aspect of the spatial problem. ™'a have to deal 
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often with spatial relationships in which we are not located 

at the oentre, or that are not present and, therefore, have 

to be Imagined or visualized. When we design a structure 

that is not yet built, or analyse what is wrong with a oar 

engine from Its sputterlngs without opening it up and separa­

ting the parts, we visualize the spatial arrangement and 

movement of the parts relative to one another. We form a 

visual spatial pattern and exercise our imaginative powers 

to this unreal and yet useful visual pattern without which 

we could not have a concept of an architectural or meohanical 

structure before it existed. Without it, invention would be 

impossible. 

The tactualists held that we obtain our perception 

of the shape and arrangement of objects in space through the 

touch sensation and klnaesthesis. For the visualists, our 

percepts of spatial relations are obtained through sight. 

The other point of view which could be regarded as integra­

tive or ecclectic maintained that each of the senses is 

capable of space perception and that the senses are all 

involved in the process of space perception. 

The concept of a measurable spatial ability was 

brought to attention primarily as a result of factor analy­

ses of intellectual abilities. Like the other ooncepts born 

of factor analysis, the concept of spatial ability was 

developed through the inductive approach in which statistical 
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evidence is the basis of deriving a new psychological con­

cept. Factor analysis has, further, broken down the spatial 

ability into three specific and almost unitary factors, 

spatial relations and orientation, spatial visualizetion, 

end klnaesthetle imagery. British and American psychologists 

have tended generally to disagree about the number and signi­

ficance of the different spatial factors that can be iso­

lated in various graphic tests. The British point of view 

that there is only one spatial factor seems to be better 

supported by studies of the spatial abilities of children 

while the American ooncept of several spatial factors is 

borne out to a large extent by studies of adults. It has been 

established that spatial abilities are not yet fully mature 

before the age of fifteen years. The extent to which each 

of the several factors is related to a composite spatial 

aptitude has not yet been adequately assessed. 

This project is concerned with investigating rela­

tionships between two-dimensional and three-dimensional 

spatial aptitude and two spatial factors, spatial relations 

and orientation, and spatial visualization. Its importance 

lies in the practical implications that might accrue with 

respect to the application of spatial tests in prediction 

of success in industrial occupations and academic pursuit. 

It is essential that spatial ability should be fully mapped 
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out and spatial tests thoroughly analysed if they should be 

employed with success to measure appropriate functions. 

The first chapter surveys the literature «ith 

saphasis on those aspects which are relevant to the problem. 

An approximately chronological treatment of factor analyses 

of spatial tests is handled in this ohapter. The experi-

raental design of the study is presented in the second 

chapter. It eovers the presentation of the problem, the 

formulation of the hypothesis, and descriptions of the 

sample, the psychometric instruments and the procedures 

followed in the accumulation of data. The last chapter 

presents the results, discussion and interpretations of the 

findings. Areas of research and problems that might call 

for further investigation have been suggested in the 

summary and conclusions. The annotated bibliography at the 

end of this study #ives an inkling towards the major sources 

on which the review of the literature is based. Finally, 

the appendices present the distributions of the raw scores 

on the four tests, and the abstract of the thesis. 
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BEVirr OF TE? LIT5BATO3F. 

While t h i s chapter wi l l be ievotod to u survey of 

relevant research In the domain of s p a t i a l a b i l i t i e s , i t 

i s e s sen t i a l t ha t the problem be announced a t once if the 

review of the l i t e r a t u r e should be appreciated In the 

l i g h t of the pr inoipa l concern of th i s inves t iga t ion . The 

problem of t h i s study i s to inves t iga te the difference 

between two-dimensional spa t i a l apt i tude and three-dimensional 

spa t i a l apt i tude in terms of the two cognitive f a c t o r s , 

s p a t i a l r e l a t i ons and o r i en t a t i on , and spa t i a l v i sua l i za t ion . 

This chapter i s divided Into five sec t ions . A more 

or l e s s chronological presentat ion i s followed, though not 

quite s t r i c t l y in some cases . Almost exclus ively , fac tor 

analysis has been the technique used in inves t iga t ions con­

cerning spa t i a l a b i l i t i e s . The f i r s t section deals with 

e a r l i e r fac tor analyses of spa t i a l t e s t s , the second reviews 

factor analyses of the Aviation Psychology Programme, the 

th i rd discusses the d i rec t iona l discrimination and continuum 

hypotheses, and the fourth summarises the findings of the 

Space and Visual izat ion Committee. TJhlaner's study on the 

differences between two-dimensional and three-dimensional 

s p a t i a l r e l a t i ons a b i l i t i e s was the only one of i t s nature 

t ha t the wr i t e r came across . In view of I t s extreme 
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importance for this Investigation, it has been treated as a 

distinct part of the review of the iit*rt*turo. It consti­

tutes the fifth seetion. 

1. Early I-'actor Analyses of Spatial Tests. 

Angell reporting for the Amerlc&n Psychological 

Association committee that was set up e»rly in this oentury 

for the purpose of recommending tests for practical applica­

tions, discussed the then objective tests of mental imagery. 

He held that tests of geometrical forms such as visualising 

what a cube or a geometrical figure would look like if it 

were cut up In certain specified ways, were peculiarly 

successful in throwing visual imagery into the foreground 

and that the tests possessed no significance other than the 

2 introspective evidence gained through them. Fernald 

attempted to measure imagery but did not find reliable mea­

sures for it. She concluded that there were several indepen­

dent variables determining the quality of imagery, and that 

the type of imagery used by a subject varies with the char­

acter of the test. Her other conclusion was that symbolic 

1 «T.R. Angell, et al. . "Report of the Cooaittee of 
the American Psyoholo*£cal Association on the Standardiza­
tion of Procedures in Experimental Tests", in Psy cholo^lcal 
Monographs. Vol. 13, Ho. 1, 1910. 

2 M.R. Fernald, "The Diagnosis of Mental Imagery", 
in Psychological Monographs. Vol. 14, 1912, p. 1-69. 
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imagery, especially verbal, is often effective in meeting 

the demands of a given form of test. Spelling backwards, 

memorization of homophones, end memorization of Roman and 

Arabic numerals were some of the objective tests of imagery 

that were suggested. 

The introduction of the factor analytic technique 

into the study of the relationships among tests has made it 

possible to isolate spatial factors in many studies. 

Spearman3 cited evidence in favour of and against the exis­

tence of a group factor connected with spatial relations. In 

his study of the abilities of man he reported a correlation 

of .79 between *gw and the relation of space. Spearman 

states, further, that "In this class of relations, then, we 

are examining the very basis of a person*s stimulation by 
4 

and reaction to his material environment". 

Kelley reported having found in a number of studies 

a factor referred to as manipulation of spatial relations 

which was different from another factor that involved sensing 

and retention of visual forms. He concluded from his inves­

tigations with primary school pupils that there were two 

3 C. Spearman, The Abilities of Man. Macmillan and 
Company Limited, London, 1932. 

4 Ibid., p. 175. 

5 T.L. Kelley, Crossroads in the Mind of Man, 
Stanford University Press, 1928. 
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spatial factors, one involving a sensing and retention of 

geometric forms, and another involving manipulation of geo­

metric forms. He indicated that facility with verbal 

material, manipulation of spatial relationships, and memory 

are independent categories of mental life from very early 

age. On the basis of this finding he added: 

The manipulation of spatial relationships is 
clearly a large independent factor entitled to 
its own psychology. It probably does not play as 
large a part in school work as do the verbal, 
arithmetic and memory factors, but it may play even 
a greater part than these three in adult activity 
represented by trades and engineering.® 

Thurstone7 included among his seven primary mental 

abilities a factor that he labelled S, and characterized as 

"facility in spatial and visual Imagery**. He likened this 

factor to the spatial or visual group factor found by Kelley 

in an earlier investigation. Following the lead of Brown 

and Stephenson, SI Koussjr"0, set out to investigate the 

spatial factor by putting together a battery of twenty-eight 

6 Kelley, Qp. Pit.. p. 136. 

7 L.L. Thurstone, "Primary Mental A b i l i t i e s " , in 
Psychometric Monographs. Mo. 1 , Chicago University Press , 
1938. 

8 I b i d . . p . 80. 

9 Wm. Brown and Wm. Stephenson, "A Test of the 
Theory of Two Factors", In the British Journal of Psychology. 
Vol. 23, 1933, p. 352-370. 

10 II A.A. H.Koussy, "An Investigation Into the Factors 
in Tests Involving the Visual Perception of Space", in the 
British Journal of Psychology. Monograph Supplement, Vol. 7, 
No. 20, 1935. 
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variables consisting of eight reference tests, two of Cox's 

mechanioal tests, two so-called scholastic abilities tests 

and sixteen tests involving visual perception fundaments of 

a spatial nature. Whan "g" was partialled out, eight of the 

sixteen a priori spatial tests had an average specific corre­

lation of about .25. The specific correlations for the 

eight tests satisfied the tetrad criterion, indicating that 

there was in them over and above wg" one group factor. II 

Koussy called this factor the S factor. His description of 

K leaves no doubt about its visual-spatial content: 

The K factor reoeives a ready psychological 
explanation in terms of visual imagery. Observa­
tions as well as Introspection from adults as well 
as children show in those tests involving the K 
factor, it is necessary to obtain, manipulate and 
utilize visual spatial Imagery.11 

Wolfle12 summarized factorial results to 1940 and 

found that the spatial factor, second to the verbal factor 

only, was the most frequently identified factor. He 

stated that it appeared prominently in tests that required 

the subjeot to react to spatial relations, to read plans or 

blueprints, to distinguish or identify similarities between 

graphical representations of opposite or the same sides of 

such asymmetrical figures as flags. For him the same 

factor seemed to be Involved in dealing with both 

11 El Koussy, Op. Git. 

12 Dael Wolfle, "Factor Analysis to 1940", in the 
Psychometric Monographs. No. 3, 1940. 
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two-dimensional and three-dimensional space. This was in 

agreement with the current view thut there are no significant 

differences between two-dimensioned and three-dimensional 

spatial visualization abilities. The latter was said to be 

a gradual application of the former ability. Super and 

Crites*3 still support this view, with a reservation though: 

It may be that in working ̂ ith two-dimensions! 
objects, one actually works in three dimensions, 
©entally turning objects around and over, so that 
there is no real -2ifferenee between the two types 
of tests; but this has not yet been demonstrated 
to be the case.14 

15 
Using Thurstone's centrold method, Harrell analysed 

the interoorrelations between thirty-seven variables in-

eluding the Minnesota battery of mechanical ability tests, 

the seven MoQuarrie tests of mechanical ability, O'Connor's 

Giggly blocks, and the Stenqulst picture-matching test. 

Among the five factors that he isolated were the spatial and 

the perceptual, both of which were prominent In the so-called 

mechanical ability testa. The single significant weight of 

the spatial factor in the Minnesota form boards was .52. 

13 D.E. Super and J.O, Crites, Apr-raising Vocational 
Fitness. New York, Harper and Brothers, 1962, v-688 p. 

14 Ibid., p. 286. 

15 W. Harrell, "Factor Analysis of Meohanical 
Ability", in Psyohometrlka. Vol. 5, So. 1, issue of March, 
1940, p. 17-33. 
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16 

Wittenborn, in his investigations of the nature of the 

meohanical ability, found that the spatial factor v\ae a 

principal faotor. Twenty per cent of the variance of the 

Minnesota Spatial Relations test was due to this factor. 

Thirty-five per cent of the variance of the Paper Form Board 

test was attributable to the spatial faotor. The Assembly 

test was found to be largely a meaKure of spatial ability and 

called for the dexterity factor to a negligible degree. 

Contrary to its name, the Assembly test calls for the visuali­

zation of the relations of parts rather than the ability to 

excel in the manual process of assembling parts. Wittenborn 

concluded that the hypothesis that "a high order of spatial 

ability is necessary for personally gratifying performance In 
17 

any mechanical operation" may be offered. He hypothesized, 

further, that persons who are deficient in spatial ability 

may in general tend to avoid mechanical work or participate 

with littlo zeal and consequently neglect the development of 

many purely manual facilities with which they might have 

started in life. 

It is quite obvious already that spatial ability has 

occupied a very important position even in factorial studies 

16 J.a. Wittenborn, "Mechanioal Ability, Its Nature 
and Measurement 1. Analysis of the Variables ISmployed in 
the Preliminary Minnesota Experiment", in Fducational and 
Psychological Measurement. Vol. 5, Ho. 3, issue of Autumn, 
1945, p. 241-260. 

17 Ibid., p. 857, 
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of other ap t i tudes , in pa r t i cu l a r the mechanical apt i tuda and 

In t e l l i gence . I t coulu be mentioned in passing but as an 

important fact tha t naurly a l l the so-cal led non-verbal 

t e s t s of in te l l igence have always btsen measures of spa t i a l 

a b i l i t y in one way or another. 

Attention may now be directed towards analyses 

undertaken by the Army Air Force Psychological Program, now 

that a f a i r amount of «hat e a r l i e r research has accomplished 

has been pointed out and br ie f ly dlscuesed. 

2 . Factor Analyses of the Aviation Psychology Program. 

In a brief descript ion of the fac tors that were d i s ­

covered by the Army Air Force psychologists in the i r endea­

vour to develop procedures for the se lec t ion and c l a s s i f i c a ­

t ion of aircrew t ra inees and avia t ion personnel, Guilford 
18 

and Zimmerman indicate that factors similar to those that 

were Isolated by Thurstone were discovered. Space 1 «eas one 

of the factors that was discovered by the aviation psycholo­

gists. Thurstone had defined spatial ability, which he had 

listed as on© of his primaries, as if it were a visualiza­

tion factor. Ouilford and &immers§an suggest that their 

space 1, probably in combination with visualization, composes 

18 J.P. Guilford and w.s. Zimmerman, "Some A A F 
Findings Concerning Aptitude Factors", in Occupations. 
Vol. 26, Ko. 3, issue of December 1947, p. 154-159. 
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Thurstone's S factor. The factors seemed to explain the 

unexpected correlation between psychomotor and printed tests. 

Space 1 "seems to be an ability to perceive the spatial order 

19 

or relationships among objects". In several psychomotor 

tests, the decision of the subject as to which way to move 

- right or left, up or down, forward or backwards, depended 

on a correct appraisal of the visual stimulus arrangement. 

This ability, probably, outweighed all others in the pilot 

criterion. It may be a prominent prerequisite in many 

machine-operating jobs that require decisions as to direction 

of movement that depends on signals. 

On analysis of Thurstone's Hands, and a combination 

of Flags. Figures. and Cards. Guilford and &imaerman found 

a cleavage among these tests. A second factor, space 2, was 

discovered. It carried with it two tests which, although 

loaded with space 1, had an additional common variance. 

Space 3 appeared in one analysis only. As very little is 

known of it, it Is mentioned with reluctance. Visualization 

was verified in a number of analyses. The tests most 

heavily saturated with It seemed to involve a visual manipu­

lative ability. It would appear that the ever-present 

danger of introducing reasoning variance makes it difficult 

to construct a pure measure of the visualization ability. 

Many mechanioal tests such as mechanical movements and 

mechanical principles of the Bennett type have loadings 

19 Guilford and Zimmerman, Op. Cit. , p. 157. 
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on it, but also even higher loadings on another faotor, 

mechanical experience. Guilford and Zimmerman express this 

uncertainty as to the number of spatial factors thus: 

I...) it would appear that either there are 
several factors or, if only one, it ia this 
special manipulative type (...). The inventor 
of mechanical devices probably depends heavily 
upon it, but the extent is still to be determined.20 

British psychologists have Isolated a factor that 

they called "practical". This factor loads meohanical and 

spatial tests. In addition to the "g" factor postulated by 

Spearaan, The "practical" faotor is needed to account for the 

common variance when mechanical and spatial tests are in­

cluded in a battery. Burt21 divided the "practical" factor 

into two sub-faotors: mechanical and spatial. He defined 

the space sub-factor as the ability to perceive, interpret 

or mentally rearrange objects as spatially related. A 

further distinction was made between two space sub-factors: 

a faetor for static spatial relations and a factor for 

kinetic spatial relations. The static-relations factor was 

subdivided further into the abilities to perceive and 

visualize objects in two dimensions only, and in three 

dimensions. Whether or not there are real differences between 

20 Guilford and Zli&j&erman, On. Git. . p. 157. 

21 0. Burt, "The Structure of the Hind: A Review 
of the Results of Factor Analysis", in the British Journal 
of Educational Psychology. Vol. 19, 1949, p. 176-199. 
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the two abilities, as Burt implied, has not yet been con­

clusively demonstrated. 

Several spatial factors were isolated in the Aviation 

Psychology Program.^ Spatial relations ©nd vlsublimation 

were the two that were best established. The visualization 

factor was described as Involving visual itanlpuletiv® ability. 

In solving the problems that tested for this, it was neces­

sary for the examinee to aove, turn, twist, or rotate an 

object or objects and to recognize a new pittern or position 

after the prescribed manipulation has been effected. Surface 

development, mechanical comprehension, paper folding and 

verbal cubes were the types of teet that had loadings on this 

factor. Ko certainty of the nature of the spatial-relations 

factor was established. One speculation was th?*t it repre­

sented the ability to determine &M understand a systematic 

relationship between spatial order In the stimulus and spa­

tial order in the response. Tests such as a paper-end-pencil 

test in which the direction of flight and altitude of an 

airplane must be determined from a set of instrument dial 

readings, and a psychomotor test in which a pattern of lights 

must be matched to another pattern by knowing in which dir­

ections to move a stick ©nd rudder exemplify tests that were 

loaded with this factor. 

22 J.P. Guilford, Printed Classification Teats, 
A A F Report Ho. 5, rashington, t,C. , United States Govern-
ment Printing Office, 1947, Hi-919 p. 
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The Army Air Force p sycho log i s t s r epo r t ed repeated 

ana lyses In which two f a c t o r s v.ere found, one having t o do 

wi th swareness of a p p r e c i a t i o n of s p a t i a l r e l a t i o n s and the 

o ther wi th a e n t a l manipula t ion of ob j ec t s in space . This 
23 

was later verified by Thurstone In his study on visual 

thinking. The third factor was Ill-defined and infrequent 

in the examined studies. In their analysis of the /».J,F. 

Sheppard Field Battery of thirty-nine experimentel printed 

aptitude tests and seven reference tests t̂ .ken from the 

A.A.F. Air Classification Battery. Fructer, Guilford and 

Zimmerman24 identified two factors as spatial relations and 

visualization, and visual imagery, 7,imaerman25 re-analysed 

Thurstone's Primary Mental Abilities and designated spatial 

relations and visualization as two distinct factors. Of 

greater importance, however, was Thurstone's isolation of 

three factors26 that he claimed were connected with visual 

orientation in space. He labelled them S^, Sg, and 85. The 

23 L.L. Thurstone, Some Primary Abilities in Visual 
Thinking. Chicago, University of Chicago Psychometric Labora-
tory Report No. 59, 1950. 

24 J.P. Guilford, et al. . "Factor Analysis of the 
A.A. Forces Sheppard Field Bettery of Experimental Aptitude 
Tests", in Psychoaetrika. Vol. 17, No, 1, issue of March, 
1952, p. 45-68. 

25 W.S. Zimmerman, "A Revised Orthogonal Rotational 
Solution for Thurstone*s Original Primary Mental Abilities 
Test Battery", in Psychomctrika.Vol. 18, No. 1, if-sue of 
March, 1953, p. 77-93. 

26 Thurstone, Some Primary Abilities in Visual 
Thinking. Op. Pit. 
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f i r s t , SJL, was said to represent the a b i l i t y to recognize 

the iden t i ty of an object i hen i t I s seen from di f ferent 

angles. I t i s , fur ther , the a b i l i t y to v isual ize & rivf,id 

configuration when i t has bum movsd in to difl 'erent pos i t ions . 

Sg represented the a b i l i t y to Imagine the movement or in te rna l 

displacement among the pa r t s of a configuration tha t one i s 

thinking about. I t was ae&aured by Mechanical Movements and 

Surface Developments. Obviously, t h i s was the same factor 

that he had spoken of In 1938. "The apace faotor i s found in 

t e s t s which require the subject to manipulate an object ima­

ginat ively in two or three dimensions."2 7 S^ was said to 

represent the a b i l i t y to think about those spa t i a l re la t ions 

in which the body or ien ta t ion of the observer i s an essen­

t i a l par t of the problem. Thurstone did not mention speci f ic 

t e s t s for t h i s faotor . Ee, however, indicated tha t i t was 

not l imited to t e s t s in which there i s gross bodily movement 

in re la t ion to the object or the environment. I t was also 

involved in t^sks In which there i s hand-and-eye coordina­

t ion with a moving object , and In tasks in which the subject 

must locate a point in a coordinate system or in reading 

Instruments. He surmised tha t k ines the t ic imagery might be 

27 L.L. Thurstone, "The Perceptual Faotor", in 
Psychometrika. Vol. &» Ho. 1, in sue of March, 19313, p . 1-17. 
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88 
involved In S3 . In a l a t e r a tudy , a f o u r t h f a c t o r which 

Thurstone i d e n t i f i e d J.S a k i n e s t h e t i c imagery fao tor was 

i s o l a t e d . I t w s lae^uured oy t h e ^anus* and the Bol t s t e s t s . 

Three r&o&oro, s p a c e , s p a t i a l orient&'&ion, and 

v i s u a l i s a t i o n wore l i s t e d by i r e n c a " m a compila t ion and 

s u m a r y of t h e r e s u l t s of & number of s t u d i e s . He desc r ibed 

the space f a c t o r as th© a b i l i t y to pe r ce ive s p a t i a l p a t t e r n s 

a c c u r a t e l y and to compare th@a wi th aaoh o t h e r . I t was sa id 

to Include the pe r cep t i on of two-d laens iona l as wel l as 

thre©-diffisnsional space . According t o t r e n c h , th© o r i e n t a ­

t i o n f a c t o r seemed to Involve a p e r s o n ' s a b i l i t y t o remain 

unconfussd by the changing o r i e n t a t i o n s In which a s p a t i a l 

p a t t s r n may be p r e s e n t e d . The v i s u a l i s a t i o n f a o t o r was con­

s ide red t o be the a b i l i t y to comprehend imaginary movement® 

i n t h r ee -d imens iona l s p a c e , o r t h e a b i l i t y to manipulate 

ob j ec t s In imag ina t ion . 

To t e s t th© v a l i d i t y of two appa ren t ly c o r r e l a t e d 

hypotheses t h a t purpor ted t o r e p r e s e n t t he d i f f e r e n c e s i n 

the psycho log ica l a t t r i b u t e s of t he s p a t i a l r e l a t i o n s 

26 L.L. Thurs tone , Analys is of Meohanical A p t i t u d e . 
U n i v e r s i t y of Chicago Psychometric Laboratory Heport Ho. 62 , 
1951 . 

29 J.W. French, "The Desc r ip t ion of Apti tude and 
Achievement Tes t s In Terms of Rotated F a c t o r s " , In the 
Psychometric Monograph®. Ho. 5 , 1951 . 
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30 f a c t o r s , Michael e t a l . used a sample of 360 high school 

male s tudents , the spa t i a l t e s t s of the Guilford-jSlpsmerman 

Aptitude Survey, and the s p a t i a l t e s t s of the Thurstone 

ba t t e ry . Orthogonal ro ta t ion was used. The spa t i a l r e l a ­

t ions faotor was hypothesized to be the a b i l i t y to comprehend 

the arrangement of elements wi th in a visual stimulus pa t t e rn , 

pr imari ly with reference to the human body. In Thurstone's 

Cubes t e s t the subjeot i s asked t o recognize whether the 

designs on the sides of a second cube can hold the same 

re la t ionship to one another as they do on the f i r s t cube. 

By not icing within each cube the l e f t - r i g h t , top-bottom, and 

front-back In te r re la t ionsh ips of the faces , the subjeot i s 

able in each item to r e f e r the pos i t ions of three designs on 

three exposed faces of one cube to the posi t ions of designs 

on the faces of the other cube. Guilford and Zimmerman's 

Spat ia l Orientat ion t ^ s t places a premium on the examinee's 

s b l l i t y to maintain the correct re la t ionsh ips of objects to 

one another in a background scenery that has been viewed 

twice from a motor-boat, before ®nd af te r the prow has moved 

up or down and/or l e f t or r i < h t . The subject must ascer ta in 

the r e l a t i v e amount of d i rec t ion of movement of the boat 

SO W.B. Michael, e t a l . , "An Invest igat ion of Two 
Hypotheses Regarding the Mature of the Spat ia l -Relat ions 
and Visual izat ion Factors" , in the Educational and rgycholo-
gjcal Measurement. Vol. 10, Ko. 2 , Issue of Summer, 1950, 
p . 187-215. 
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corresponding to changes in the two views of the background 

setting. 

The factor of visualization was hypothesized to be 

the ability that requires the mental manipulation of visual 

images. Unlike the faotor Identified by some studies as 

visual memory, which appears to be a static or reproductive 

form of visualization, visual aanipulation is dynamic. This 

ability appears to be present in the solution of problems 

in which the examinee must mentally move, rotate, twist, 

turn or Invert one or more objects to comprehend fully the 

field of spatial relations. He should be able to recognize 

new positions, location or changed appearances. The spatial 

relations faotor was said to be automatic and the visual 

factor more deliberate and less autosa&tic. Sence, time 

should not matter much in the assessment of the latter as 

it is a measure of power and not of skill. Verbal compre­

hension, numerical facility, perceptual speed, reasoning, 

visualization, and spatial relations were the factors that 

were identified in the orthogonal system. 

In a subsequent study * by the same researchers 

using a high sohool sample of 151 boys and 139 girls and a 

battery of fifteen tests and Thurstone*s centroid technique, 

31 W.B. Michael, et al.. "An Investigation of the 
Spatial-Relations and Visualization Factors in Two Hi^h 
Sohool Samples", In the Iduoatlonal and Psychological 
Measurement. Vol. 11, Ko. 4, issue of Winter, 1951, p.561-577. 
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their previous results were oonflrswd. For both groups the 

same six orthogonal factors were identified. This could be 

regarded as positive evidence for the tenebility of the two 

hypotheses regarding the spatial relations and visualization 

factors. 

Zimmerman, in an intensive study of the measure­

ment, isolation, and definition of spatial abilities, sought 

to answer the following questions: 

1. How many spatial factors are there? 

2. What is the influence of item difficulty upon 
the factor composition of a test in this area? 

3. Were spatial faotors other than those announced 
by Thurstone measured by some of his 56 tests? 

4. What form of test will measure the spatial-
visualization factor or factors best? 

5. If other factors can be Identified in Thurstone's 
data, from what source will they originate? 

He reported ample evidence of two spatial-visualization 

factors, spatial relations and visualization, and also con­

firmed that both the spatial relations and the visualization 

factors were present in Thurstone's original primary mental 

abilities test battery despite the fact that the first 

published solution accounted for one of them only. 

3B W.S. Zimmerman, The Isolation. Definition, and 
Measurement of Spatial and Visualization Abilities, 
unpublished Ph.D. thesis, University of South Carolina, 
1949. 
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He concluded, fu r ther , that 

Although the spa t i a l faotor i s yet not c lear ly 
defined, some e a r l i e r hypotheses can be eliminated 
on the basis of th© f indings . Apparently In 
measuring spa t i a l a b i l i t y , i t i s necessary to 
present problems requiring something more than 
simply a discr iminat ion of up-down, r i g h t - l e f t , or 
backward-forward movement. I t seems to be necessary 
for the examinee to project himself empathically 
into a spa t i a l s i tua t ion and to determine the 
re la t ionships of external objects r e l a t i v e to his 
own body ( . . . ) , The individual must be motivated to 
empathize instead of placing himself in posi t ion 
remote from the problem where he i s more inclined 
to manipulate the externa l object v i s u a l l y . 3 3 

From the above c i t a t i o n i t would appear t h a t , for Ziraraeraan, 

s p a t i a l a b i l i t y involves a b i l i t y to project oneself psycho­

log ica l ly in to the spa t i a l s t imulus. But t h i s demand on the 

par t of the subjeot depends on the complexity of the s p a t i a l 

s i t u a t i o n , as we sha l l see l a t e r when the continuum hypo­

thes i s is discussed. 

The Aviation psychologists es tabl ished the existence 

of two spa t i a l f a c t o r s , spa t ia l r e l a t ions and spa t i a l visua­

l iza t ion* The former was said to be automatic while the 

l a t t e r was said t o be de l ibe ra te and l e s s automatic. In 

conjunction with these concepts, two hypotheses were 

postula ted . 

33 Zimmerman, On. C i t . . p . 192. 
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3, Directional Discrimination and Continuum Hypotheses, 

i) For a while the idea of the space factor being 

one of directional discrimination had strong aopeal for the 

aviation psychologists. They constructed tests to emphasize 

this aspect of spatial ability. It was thought that spatial 

ability did not comprise anything more than the ability to 

distinguish direction of movement, ability to discriminate 

between up and down, backward and forward, in and out, left 

and right. 

Began, * for instance, influenced by the appeal of 

the directional discrimination theory of the spatial ability 

defined it as the facility of discriminatory decision in 

which the decision relates to the potential direction of 

movement. He maintained that this ability was a function 

of the Complex Coordination test, a measure of psychomotor 

ability. The tests that were constructed based on this 

hypothesis did not reveal the factor thst was isolated by 

the Air Force Spatial Relations test. The directional dis­

crimination hypothesis has, therefore, been unacceptable 

insofar as it applied to the Air Force spatial relations 

faetor. 

34 J.W. Degan, A He-Analysis of the A A F Battery 
of Mechanical Tests. Chicago, University of Chicago 
Psychometric Laboratory Report Ho. 58, 1950. 
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li) The continuum hypothesis state© thet space end 

visualization are differentiated by their relative positions 

on a oontinuum of complexity or difficulty. It implies that 

by varying item complexity or difficulty a single kind of 

test could be made to emphasize each faotor in succession, 

perceptual speed, spatial relations, visualization, and 

reasoning. Zimsienaan investigated this hypothesis by using 

different forms at different levels of difficulty of the 

Visualization of Maneuvers test. He found that the Visuali­

zation of Maneuvers test measured visualization optimally at 

s moderate level of aifficulty and that the lass difficult 

items tended to measure perceptual spsed. 

The results of the analysis supported the 
hypothesis for the first three factors but not for 
the fourth. The easier, more speeded form of the 
test gained by far the highest loading on Perceptual 
Speed, the test of medium difficulty led the others 
on Space, although not as convincingly, and the most 
difficult of the three led the others with a heavy 
weight in Visualization, Whether an even more 
difficult form of the seme test would sample „-
reasoning oould not be inferred from the data. s 

These findings were a confirmation of, and even an improve­

ment on, what Zimmerman had found out earlier when he con­

cluded that the continuum hypothesis holds for perceptual 

speed and visualization only. 

3S W.S. Zimmeiman»wThe Influence of Item Complexity 
Upon the Factor Composition of e Spatial Visualization Test", 
In Educational end Psychological Measurement. Vol. 14, Bo. 1, 
issue of Spring, 1954, p. 119. ' 
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Thus, the only factor continuum that can be 
readily demonstrated to be due to difficulty 
variations in the test involves the two factors 
of perceptual speed and visualization,33 

The continuum hypothesis seems, therefore, to be 

tenable, at least tentatively. Its importance resides in 

its implications. It suggests that the rigidity versus 

flexibility, and the involvement of the total configuration, 

are incidental to and merely functions of the degree of 

complexity involved. An acceptance of this hypothesis 

would mean that the difficulty of any item will differ 

among the subjects, and that the points on the continuum 

where each factor enters will, therefore, very among sub­

jects. Inile one would use the spatial relations faotor or 

ability to solve a problem, another might use the visualiza­

tion factor. The problem might still be so simple for 

another that he might use perceptual speed only. SIsamerman 

points out that; 

For distinct separations to be made, the 
analysis might need to be based on homogeneous 
populations in which the individuals shift from 
one faotor to snother on or gesr the same points 
on the difficulty continuum.37 

36 Zimmerman, The Isolation. Definition. and Measure-
ment of Spatial and Visualization Abilities. On. OitI 

37 n , «*%p©theses Concerning the Nature of 
the Spatial Factors"» la Iduoational and Psychological 
Measurement. Vol. 14, Ho, 2, issue of Sursmar, 1954, p. 400. 
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It has been explained thut a person encountering a 

problem in which he can project himself empathloally will 

solve it spatially. If an individual, for instance, is 

viewing a house whose foundation is oblique and he tends to 

orient himself by bringing his own body into alignment with 

the house, he is "spatiallzlng", whereas If he mentally 

rotates it baok into normal position, he is "visualizing". 

Orientation by spatiallzlng is not possible when objects are 

too far out of alignment. In such circumstances the viewer 

will form a mental image, if he is capable of visualizing, 

and manipulate it. Zimmerman clarifies this point thus: 

When only a slight degree of turning or rotation 
is required for an individual to orient himself with 
an external object, he is more likely either to 
move himself or feel himself adjust empathies! ly to 
the stimulus situation.$® 

The more automatic response, then, is to 
spatializa; but when this does not accomplish the 
desired end, dependence is placed upon the more 
intellectualized visualization.§9 

4. Findings of the Space and Visualization Cosamittee. 

In 1951, the Educational Testing Service sponsored 

a seminar at Princeton in which individuals interested in 

factor analytic methods and their applications took part. 

38 Zimmerman, The Isolation. Definition and Measure­
ment of Spatial and Visualization Abilities. OP. Cit. . p. 149. 

39 , "Hypotheses Concerning the .%'ature of the 
Spatial Factors", OP. Cit.. p. 400. 
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The Space and Visualization committee was one of the 

committees that was forced for the purpose of formulating 

hypotheses concerning the nature of various aptltules. This 

committee reviewed the findings of previous investigators in 

the domain of spatial abilities. Their en^sevour was to 

cite the various factors in the spatial-visualization domain 

which had b®sn suggested by Thurstone, by the Army Air 

Force psychologists, and by French, to present an adequate 

description of the nature of those spatial-visualization 

abilities which seem to be reasonably ©steblished and, 

finally, to furnish an outline of the similarities and dif­

ferences in the psychological processes describing what now 

appear to be better defined abilities of this domain. 

Michael, Guilford, et al.40 undertook this task end 

produced a systematic description and presentation of the 

major studies of the spatial factors. Comprehensive des­

criptions of the psychological processes characterizing the 

main factors, spatial relations, visualization, and kines­

thetic imagery, were successfully attempted. The descrip­

tions were based on introspection and observation of the 

conduct of examinees?during solution of test problems. 

40 W.B. Michael, J,?. Ouilford, et al.. "The 
Description of Spatial Visualization Abilities", in 
Educational and Psychological Measurement, Vol. 17, No. 2, 
issue of Summer, 1957, p. 165-199. 
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Comparisons were aade so that differences and/or similari­

ties could be pointed out distinctly. 

It would seem plausible from what was discovered by 

the Space and Visualization committee that the general 

trend has been to isolate two factors, sometimes three 

although the third factor has always been a dubious one. 

Although French discovered three factors, the kinesthetic 

factor was not among them. His xirst two factors were of 

the nature of the faotor referred to in this study as 

spatial relations and orientation. Thurstone's %and S3 are 

not very different from French's first two factors; hence 

they too correspond to the spatial relations and orientation 

faotor. Brief descriptions of the factors considered in 

this study will follow. These descriptions are based on the 

findings of the Space and Visualization committee and their 

own descriptions of the factors. 

1) Spatial Relations and Orientation.- This faotor 

is said to represent th© ability to comprehend the spatial 

relationships or the arrangement of elements within a 

visual stimulus pattern with respect to the subject's body 

as the frame of reference. In a typical test of the faotor, 

as the whole configuration changes position, the elements 

within the pattern retain their essential relationships to 

one another. The implication is that global pyrceptlon of 

a visual stimulus pattern is accompanied by a recognition 
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of the r e l a t i v e posi t ions of the tflafiionts with rss^ect to 

the i r being higa or low, fa r ther or nearer than o tners , or 

whether a pa r t i cu l a r eleaant i s to the l e f t or r ight of 

another, Michael, Guilfoid und the i r co-workers have t h i s 

to say in connection with o r i en ta t ion as a spa t i a l e q u i l i ­

brium, balance or alignment between the subjaot und object 

of v isual perception; 

I t doe® not s©@a plausible a t the present time 
to think of the perception of the arrangement of 
the elements in the stimulus pa t te rn without 
re fer r ing to the pos i t ion of these elements with 
respect t o the locat ion of the examinee. There i s 
the suggestion of component of b&luioe on the par t 
of the examin&e, since he i s frequently observed to 
lean in one d i rec t ion or another, to cock h i s head, 
or to more h is shoulders in order to ' r i g h t ' or 
' a l i g n ' himself v,ith the stimulus pa t t e rn . This 
empathic pa r t i c ipa t ion of the examinee through 
manifestation of bodily movements I s usually 

Sparent to him «haa he i s asked to introspect about 
s responses to t e s t items that are considered to 

be representat ive of the SB-0 f a c t o r . 4 ! 

Michael and his> co-researchers hypothesized, fur ther , tha t 

the difference between s p a t i a l r e l a t ions ani v isual iza t ion 

i s t h a t in the former a b i l i t y the subject cons t i tu tes an 

o r ig in , a point of reference acre or l e s s a t the center of 

the area represented by the visual stimulus pa t t e rn . In 

the l a t t e r a b i l i t y he appreciates s p a t i a l arrunsa&ente tha t 

to him seem to be a t some distance "at l e a s t as far as his 
42 f i n g e r t i p s " . 

41 Michael, Guilford, e t a l . . Op. Ci t . , p . 190. 

42 I b i d , , p . 190. 
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ii) Spatial Visualisation.- In spatial visualiza­

tion the axasiine© appears to bo somawhat "detached" from 

the stimulus pattern end to manipulate parts of the visual 

pattern imaginatively 

(...) as if he vore located *?t a control point 
that furnishes not only an overall view of the 
stimulus complex, but also the operational base for 
effecting the refulred sequence of movements of 
certain elements of the pattern.^" 

The examinee has to rotate, turn, twist or invert on© or 

more objects, or parts, of a configuration In accordance 

with relatively explicit directions with respect to th© 

nature and organization of manipulations to be effected. 

To imagine the arrangement, spatial relationships and direc­

tion of motion among parts of a machine Is an example of the 

ability referred to as visualization. 

Hi) Kinesthetic Imagery.- The nature of this 

factor is still uncertain. It has, however, been tentatively 

described simply as the ability to distinguish direction of 

movement in terms of th® left and the right hands. The only 

tests so far known to measure this ability are Thurstone's 

Bolts and Hand® tests. The Space and Visualization committee 

described this factor as: 

43 Michael, Guilford, et al.. Op. Cit.. p. 191. 
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( . . . ) & l e f t - r i g h t die crimination with respect 
to the locat ion of the human body, so that the 
l e f t &nd r igh t hands seem vicar iously or t en ta t ive ly 
t o move in response to a s ingle visual stimulus.44 

Spa t ia l a b i l i t y , as research has shown, i s not 

uni tary but mult iplex. This discovery i s in agreement with 

the theory of unique t r a i t s championed by well-known experts 

l i ke Hull , l e l l e y , Thurstone and others* The tene t s of t h i s 

theory are t h a t a l l v a r i a b i l i t y in human behaviour may be 

expressed as a function of a l imited number of independent, 

elemental a b i l i t i e s and tha t these a b i l i t i e s may be d i s -

covered and su i tab le instruments designed to measure them. 

Three spa t i a l fac tors have been i so la ted and f a i r l y ade­

quately i d e n t i f i e d . They have already been described. 

This conclules the fourth sect ion of the review of the 

l i t e r a t u r e which comprises factor ana ly t i c s tudies in the 

domain of spa t i a l a b i l i t i e s . 

5 . Su&j&ary of t lhlaner 's Study. 

Bingham,45 T i f f i n , 4 6 and Greene47 are a l l agreed 

tha t the s p a t i a l r e l a t i o n s apt i tude i s a very important 

44 Micbiel , Guilford, e t a l . . On. Cit . . p . 192. 
45 W.B. Bingham, Aptitude and Aptitude Test ing, Hew 

York, Harper Brothers , 1947, p . 137 and 172. 

46 Joseph Ti f f in , Indus t r i a l Psychology. Hew York, 
Prent ice Hall I n c . , 1943, p . 57. 

47 I . B . Greene, Meusuxomant of Human Behaviour* 
Mew York, Th® Odyssey Press , 1941, p . 343, 



apti tude for meny types of work 3uoh as nechnnical end r e ­

lated indus t r i a l t r ades , d ra f t ing , envlnftsrtn3;, a rchi tec ture 

and other rel**t«9d occupations. Job ana lyaa of thase occu­

pations reveal tha t three-diraensional sna t la l r e la t ions 

sp t l tude may ce r ta in ly be as s ign i f ican t a factor as two-

dimensional spa t i a l r e l a t i ons apt i tude . In other words, 

workers In these occupations are required to perceive solid 

objects and to think correct ly about t h e i r r e l a t i onsh ip s . 

I f the re la t ionship between two-dim<?ns4onal spc t ia l r e l a ­

t ions apti tude and three-dimensional spa t i a l r e l a t ions a p t i ­

tude i s not very high, then, the two-dimensional s p a t i a l 

r e l a t ions t e s t s used In vocational guidance, personnel 

se lec t ion in Industry, and academic predict ion are not ade­

quate measures of thrae-dlmensional spa t i a l r e l a t ions a p t i ­

tude which seems to be the one more associated with the 

jobs, vocations or academic t ra in ing for which considerations 

are often made. 
48 In response to Super 's statement tha t "whether 

there i s any fundamental difference between a b i l i t y to visua­

l i z e in two dimensions and in three dimensions has not yet 
49 50 

been demonstrated" TThlaner endeavoured to investigate 

48 DJS. Super, The Dynamics of Vocational Adjustment. 
Hew York, Harper Brothers, 1942, 

49 «T. Uhlaner, .Relationship Between Two dimensional 
and Three Piraensional $p&tlal. Relations Aptitude, Ph.I), 
thesis, Hew York University, 1947, p. ;>,. 

50 Ibid. 
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the r e l a t i o n s h i p faatwuaa tv.o-Ii.-:tuBlonal and t h r o e -

dlmension&l s p a t i a l r e l a t i o n s a p t i t u d e and t o develop a 

r e l i a b l e peri'ormuno© sca le b taed on She p r i n c i p l e of trie 

Chinese p u z z l e . Uhlaner def ined two-d lxeus iona l s p a t i a l 

r e l a t i o n s a p t i t u d e &s t h e c iv i l i t y t o pe rce ive plane ceome-

t r i o p a t t e r n s und t o th ink c c u r e e t l y *bout t l i e i r ral t- . t ion-

s h i p s , and thr&e-dl&easional s p u l i a l r e l a t i o n s c ^ t i t u d e as 

the a b i l i t y to peroeiv© so l i d o b j e c t s and t o th ink o o - r e c t l y 

about t h e i r r e l a t i o n s h i p a . I t .vouli -appear t h a t Uh lane r ' s 

d e f i n i t i o n i s not complete as i t uoes not inc lude pe rcep t ion 

and unders tanding of g r a p h i c a l represent« . t ions of t h r o e -

dimensional s o l i d s and t i i o i r r e l a t i o n s h i p s . The d i f f e rence 

in con ten t o-etween a s p a t i a l performance t e s t r c i a t h r e e -

dimensional p&per-and-peaci l s p a t i a l t e s t i s t h a t in the 

former the s u b j e c t d e a l s w i t h the r e a l p a r t s of a v i s u a l 

s t r u c t u r e whose t o t a l i t y only can be v i s u a l i z e d b e f o r e , 

and can be a c t u a l l y seen a f t e r the as -e^b ly hes been com­

p l e t e d , and In the l a t t e r the p roces s i s complete ly imagina­

t i v e ; t h a t i s , t he s u b j e c t v i s u a l i z e s the p a r t s fro-a the 

g raph ic r e p r e s e n t a t i o n s , from the v i s u a l i z e d r e l a t i o n s h i p s 

of the p a r t s i n the completed assembly, and from the raental 

g e s t a l t of t h e assembled objeGt. 

On examination of t h e e x i s t i n g Ins t ruments t h a t 

pu rpo r t to ••vr-surc throe- ' ! i s .ens ional r->atlal r e l a t i o n s 

a p t i t u d e , Uhlaner was convinced inert t h e r e were no r e l i a b l e 
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measures of t h i s s p a t i a l a b i l i t y . The Spat ia l Relations 

Performance S c a l e s l was developed by Uhlaner for the purpose 

of r e l i a b l y measuring three-dimensional spa t i a l r e l a t ions 

ap t i tude . I t consis ts of a se r ies of blocks each of which 

consists of a number of s imi la r pieces of wood cut with 

some wavy or other I r regular edges which when f i t t ed 

together a f t e r the fashion of a jigsaw puzzle, form a sol id 

block. The construction of the blocks was based on the 

p r inc ip le of the Chines© puzzle. There are six t e s t blocks. 

The odd number blocks have each four pieces while the o ther , 

even number, blocks have each s ix p ieces . Sat isfactory 

t e s t - r e t e s t r e l i a b i l i t y coeff icients were obtained for each 

t e s t block. 

Bingham considers the O'Connor Wjggly Blocks tes t* 

despi te i t s low r e l i a b i l i t y , a measure of apti tude for 

v isua l iz ing three-dimensional s t ruc tu re s . The ra t ionale of 

the Spa t ia l Relations Performance Scale i s that a t e s t tha t 

measures spa t i a l a b i l i t y through manipulation of dissociated 

pa r t s of a sol id s t ruc ture to compose the s t ruc ture measures 

three-dimensional spa t i a l r e l a t ions apt i tude . This being 

the p r inc ip le on which the O'Connor Wlggjy Blocks were 

constructed, t h i s t e s t supports the case for the r e l i s b l l l t y 

of t he Spat ia l Relations Performance Scele. I t should be , 

51 For a fu l l e r descr ip t ion of t h i s , the reader i s 
referred to Uhlaner 's t h e s i s , p . 80-87. 
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further, supported by the rationale of the Mellenbruoh Block 

Curve Series and the Crawford Structural Visualization tests. 

Since the Revised Minnesota Paper Form Board (AM 

measures two-dimensional spatial relations aptitude and 

the Spatial Relations Performance Scale measures three-

dimensional spatial relations aptitude, the relationship, 

as found by Uhlaner and for the subjects he employed, 

between two-dimensional and three-dimensional spatial 

relations aptitude was relatively low. A test-retest re­

liability coefficient of the Bnatlal Relet!ona Performance 

Scale for the research population was found to be .80. 

Uhlaner used the penalty - for-ohance attack technique in 

the administration of his performance scale and discovered 

that greater variability of the scores was achieved by this 

method than was obtained by the use of the conventional or 

standard technique of administration. His results, as 

already indicated, showed that differences in three-

dimensional spatial relations aptitude as measured by the 

Spatial Relations Performance Scale, and possibly by any 

other similar instrument, could be detected more readily by 

means of the penalty-for-chance attack technique than by 

means of the standard technique of administration in which 

time is the only variable or criterion for differentiation. 

Uhlaner concluded: 
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The relationship between two dimensional spatial 
relations aptitude and three dimensional spatial 
relations aptituda was found to be relatively low. 
In order to investigate this relationship the 
results of the Revised Minnesota Paper Form Board 
(Form AA) were coma red with the results of the 
Spatial Relations Performance Scale. This comparison 
yielded a raw correlation coefficient of .27 which, 
when corrected for attenuation yielded a ©orrelation 
coefficient of .SE.5* 

Bingham describes the Revised Minnesota Paper Form 

Board as able to furnisht 

(...) an indication of ability to discriminate 
geometrical patterns In two dimensions and mentally 
to manipulate such figures. It measures without the 
use of apparatus somewhat the same abilities ss are 
sampled by means of the Minnesota Spatial Relations 
boards and other form boards.53 

Uhlaner indicates that he did not use the O'Connor 

Wisaly Blocks test because of its very low reliability 

coefficient. Rammers and Sholl5^ reported a reliability 

coefficient of .25 for this test. nevertheless, it is one 

of the tests that measure the spatial relations aptitude 

through the manipulation of solids without reference to a 

form board. It consists of solving a Chinese puzzle, fitting 

together nine Irregular pieces of wood to form a rectangular 

solid. The speed with which this is done is taken as a 

SS Uhlaner, On. Cit.. p. 9S. 

53 Bingham, Op. Clt., p. 31S-313. 

54 H.H. Rammers and ?.W. Sholl, "Testing the 
O'Connor Wiggly Block Test", in the Personnel Journal. Vol. 
12, Ko. 3, issua ©f October 1933, p. 155-159. 
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measure of a b i l i t y t o v i sua l ize s t ruc ture in three dimen­

s ions . The other t e s t t h a t Uhlaner considered was the 

Reeds Mld&et Wisely Block t e s t for measuring mechanical 

a b i l i t y . He found i t unsui tab le , in sp i t e of a high r e l i a ­

b i l i t y coeff ic ient of .30 , because of the inconvenient size 

of tlia pieces and the in ter locking j o i n t element In i t tha t 

could introduce other var iables than the three-dimensional 

s p a t i a l r e l a t ions apti tude* 

This has bean a resume only and not intended to be 

a oomprehensive report on IThlsner's unique study. Ko other 

s tudies than tJhlaner'a were encountered by the wri ter tha t 

attempted to show that there are no s igni f icant differences 

between two-dimensional sad throe-dimensional s p a t i a l r e l a ­

t i o n s apti tude or to prove the contrary in support of 

tfhlamer. However, the l i t e r a t u r e abounds in statements tha t 

imply a grea t deal of uncertainty on th i s issue and s o l i c i t 

research in th© general problem. Some of these statements 

nave already been c i t ed , the most s igni f icant of which ©re 

those by Super and Cr l tea . 

I n ona way or another, th i s Invest igat ion Into the 

In t e r re l a t ionsh ips of two s p a t i a l fac tors with special 

a t t en t i on to t h e i r ro l e s as components of two-dimensional 

and three-dimensional spa t i a l apt i tude should va l ida te or 

disprove Uhlener 's conclusions. I f s p a t i a l r e l a t ions and 

o r i e n t a t i o n , and s p a t i a l v i sua l i za t ion are components of 
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both two-dimensional and three-dimensional spatial aptitude, 

and there are no significant differences between their r e ­

lationships with these two spetial aptitudes, we could 

logical ly Infer that there are no significant differences 

between two-dimensional and three-dlsiensional spatial 

relat ions apti tude, a t leas t in terms of these factors. 



CHAPTER I I 

m®xm or THS STDT>T 

the statement of th© problem and formulation of a 

hypothesis, description of th® instruments of measurement and 

jaetificatioa of their employment, description of the sangple, 

and description of the procedures followed in the acoumula-

tion of data are the four sections composing this chapter. 

1. Statement of Problem and Formulation of Hypothesis. 

From the review of the literature it would seem 

abundantly evident that there is no single spatial ability 

but that there are at least three or more specific abilities 

in this domain. The Interrelationships or interaction of 

these factors, as far as the writer knows, have not yet been 

asseasee either ia terms ©f their roles as unitary abilities 

or as components of @ composite spatial ability measured 

by a aon-ualvocal spatial test. Roff, however, has reported 

a correlation of .75 between two primaries that were Identi­

fied as orientation, a factor analogous to the spatial rela­

tions and orientation faotor, sad visualization. 

Spatial tests have widely been used in educational 

prediction, voeatioaal counselling, and personnel selection 

In industry. It weald appear that psychometrists in these 

fields have not yet bothered themselves with the matter of 
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considering the d i s t i nc t i ons between measures of a two-

dimensional spa t i a l apt i tude end measures of e th ree-

dimensional spa t i a l apt i tude and the poss ible p rac t i ca l 

implications of aaah d i s t i n c t i o n s . The reason for t h i s 

a t t i t u d e should be found in the assumption, without 

demonstration, t ha t the differences between the two apt i tudes 

are negl ig ib le and in s ign i f i can t . 

Super and Cri tes discussing the re la t ionships be­

tween the Revised Minnesota Paper form Board and three-

diaenslonal performance s p a t i a l t e s t e indicate t h a t : 

So data have been seen concerning re la t ionship 
between aoores on t h i s two-dimensional t e a t of 
s p a t i a l r e l a t i ons and such presumably th ree -
dimensional t e a t s &e the Wiggly Block and the Craw­
ford Spat ia l Relations Test , although I t would seem 
to be very important to a sce r t a in the re la t ionsh ip 
between a b i l i t y to jtt&ge re la t ionsh ips of two-
dimensional objectB and a b i l i t y to think l a terms 
of three-dimensional space. I t may be t h a t , l a 
working with two-dimensional ob jec t s , one ac tua l ly 
works l a three dimensions, mentally turning objects 
around and over, so tha t there 1ft no r e a l d i f f e r ­
ence between the two types of t e s t s ; but t h i s has not 
yet been demonstrated to be the c a s e . l 

9 

Istea administared the Bevlaed Minnesota Paper Form 

Board. Crawford Spatlal Belatieas. Wigg.lv Block, and Ameri­

can Council oa Education Psychological Examination (L aad 0.) 

1 D«I« Super and «T#0. Crites, Appraising Vocational 
Fitness, Hew York, Harper end Brothers, 1963, p. 286. 

ft Stanley Istea, WA Study of Five Tests of Spatial 
ABility", ia the Journal of l*erchol®*gy. Vol. 13, Issue of 
April 1§4S, p. 871-271. 

http://Wigg.lv
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to a group of engineering freshmen and factor analysed His 

data. One common faotor vaas revealed, perhaps, owing partly 

to the very small number of tests, a definite inadequacy 

for a facto; analytic experimental design, iSstea concluded 

that two- and three-dimensional spatial tests measure the 

same function using different media. 

fhe implication, if correct, is that two- and 
three-dimensional tests of spatial judgment measure 
the same spatial faotor, although Imperfectly be­
cause of the different media. Until further evi­
dence is available, it see&s legitimate to conclude 
thet the Revised Minnesota Paper Form Board measures 
spatial relations, perceptual ability,and inductive 
reasoning, ia that order, and that although It mea­
sures spatial judgment by means of two-dimensional 
media, this ability is the same as that measured by 
three-dlmenslonal means•3 

Thus for Kates there la no difference between the two 

abilities in question, lurj little had been done in faotor 

analysis of the spatial ability when lates conducted his 

study. Psychologists were still grappling with the prob­

lem of making distinctions between spatial visualization 

and visual Imagery or maswjry. Hence very little distinc­

tion, if not none at all, was made between spatial relations 

and spatial visualization. 

Users of teats like the O'Connor Wlgaly Blocks and 

the Crawford Structural Visualization seldom discriminate 

between what they asasure and what is measured by the paper-

and-penoil tests that are oftea regarded, probably very 

3 Sates, On. Cit.. p. 070. 
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erroneously, as t h e i r equivalents . The value of a tos t has 

been assessed ia terms of i t s coat and time for administra­

t ion; not in terms of i t s actual function. The Space 

Relat ions t e s t of the Di f fe ren t ia l Aptitude Tests i s often 

interchanged with the Revised Mlrmeaota Paper Form Board 

Just because both are paper-and-peneil spa t i a l t e s t s . The 

t e s t Items of the former sare geometrical drawings represen­

t ing three-dimensional so l ids while the t e s t item© of the 

l a t t e r consis t of two-dimensional geometrical f igures only 

representing no s o l i d s . To go fu r the r , i t could be asked: 

Does the 3naee Halations t e s t of the Dif ferent ia l Aptitude 

Tes t s . a jbhree-dimenslonsl papsr-a&a-pencil spa t i a l t e s t , 

measure the same function as the O'Connor Wfegftlv Blocks, a 

three-dimensional performance spa t i a l t e s t ? Could the 

answer that they are only d i f ferent measures of the same 

a b i l i t y be sa t i s fac to ry? Admittedly, both involve th ree-

dimensional spa t i a l v i sua l i sa t ion but in the former the 

subject deals with representa t ions of three-dimensional 

so l ids while in the l a t t e r the subject deals with r ea l th ree-

dimensional s o l i d s , the blocks, so tha t t h e i r r e l a t i v e pos i ­

t ions a f t e r assembly only are v i sua l ized . I t would appear 

t ha t the former Involves a v i sua l i za t ion of a v i sua l i za t ion , 

a ©ore complex operat ion. 'Sfhile in th© former a i l the 

d i f fe ren t pos i t ions have to be visual ized and s l so the 

f i t t i n g s , l a the l a t t e r one can turn the blocks with one's 
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heads, compare the ac tua l v i s ib le contours, imagine the 

f i t t i n g , end go on l i k e tha t u n t i l th© correct solut ion has 

been aehieved. The wr i t e r i s Inclined to think that TJhlaner 

had noticed t h i s weakness that i s l i k e l y to be found with 

say performance spa t i a l t e s t administered under conventional 

procedures when fee decided to employ the penalty-for-ehance 

at tack technique la scoring h i s performance sca l e . 

The above are some of the observations and probleiaa 

that the wr i t e r has encountered in tha domain of spa t i a l 

a b i l i t i e s . Siiehael advises t h a t : 

Pa r t i cu l a r a t t en t ion should be directed toward 
ascer ta in ing whether the s p a t i a l r e l a t i ons sad 
v i sua l i za t ion a b i l i t i e s are cor re la ted . In the 
three empirical s tudies undertaken by the wr i t e r , 
the amount of cor re la t ion nets appeared to be 
neg l ig ib le .4 

The purpose of t h i s study I s not t o attempt to answer 

a l l the questions t ha t have been ra ised or to solve a l l the 

problems tha t have been encountered. Central l a t h i s inves­

t i ga t i on I s the quest!on: Are there s iga i f l ean t differences 

betweea two-dimensional sa t three-dimensional spa t i a l 

a b i l i t i e s ? To avoid a aeaniagleea yes or no answer as the 

f i n a l outcome of t h i s s tudy, i t has been deemed more appro­

p r i a t e to iaelude the terms of reference or bases of 

4 W.B. Michael, "The Mature of Space end Visualiza­
t ion A b i l i t i e s : Some taoent f indings Based on fac tor 
Analysis S tud ies" , l a the Transactions of the Hew York 
Aoadeay of Seienoes. Vol. 1 1 , 1949, p . 375-S81, 
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comparison. Haaoe, the enlarged question: Are there s i gn i ­

f icant differences between two-disaensional and th ree -

dimensional spa t i a l a b i l i t i e s in terms of the two spa t i a l 

f ac to r s , spa t i a l r e l a t ions and o r i en ta t ion , and spa t i a l 

v i sua l iza t ion? The k ines the t i c iaa^ery factor was (excluded 

because of the unava i l ab i l i ty of t e s t s to measure i t . 

I t alight be redundant to marshal 1 fur ther j u s t t f i c a ­

t ion for a study of t h i s nature in th© l i g h t of what has 

already been sa id . Nevertheless, a very important point of 

view which subs tan t ia tes the value of a study l i k e t h i s i s 

expressed by Michael in h is declara t ion tha t : 

Once the spa t i a l domain he® been adequately 
mapped, g rea te r emphasis can be placed upon a 
program of t e s t development l a which r e l a t i v e l y 
pure t e s t s can be constructed to measure the 
a b i l i t i e s i d e n t i f i e d . 5 

The main assumptions in th i s study, therefore , are 

tha t two-dimensional s p a t i a l r e l a t i ons apti tude 1B d i s t i n c t 

from three-dimensional s p a t i a l r e l a t ions ap t i tude , and a l so 

t h a t the two s p a t i a l factors discussed before together com­

pose each of the two s p e t i a l ap t i tudes . The nul l hypothesis 

to be tes ted in t h i s inves t iga t ion may be formulated thus: 

There i s no sii&if learnt difference between two-

dimensional s p a t i a l aptItu-3© and three-dimensional 

s p a t i a l apt i tude In terms of spa t i a l relation© ©nd 

o r i e n t a t i o n , and spa t i a l v i sua l i s a t i on . 

5 Michael, On. P i t . 
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Sub-hypotheses could ba formulated with rsspcct to the 

re la t ionsh ips of the two apt i tudes considered by themselves 

sad i a r e l a t ion each to each spa t i a l factor but th i s i s 

omitted for the sake of b rev i ty . Reference to these com­

parisons and t h e i r outcome wi l l be -aa.de in the presentat ion 

of the r e s u l t s of the inves t iga t ion . 

6 . Instruments of Measurement. 

From the nature of th© hypothesis s tated in the 

preceding paragraph, i t should be clear tha t a study sueh 

as t h i s cannot be undertaken without the use of s t a t i s t i c a l 

techniques in the f ina l ana lys i s . Accordingly, an appro­

p r i a t e experimental design involving the use of psyehometrie 

too ls has been adopted, four measures were required to 

measure three-dimensional spa t i a l ap t i t ude , two-dimeasioasl 

s p a t i a l ap t i t ude , a b i l i t y to understand spa t i a l r e l a t i ons 

and o r i en t a t i on , and a b i l i t y to v i sua l ize s p a t i a l l y . Con­

sequently, the descr ipt ion and j u s t i f i c a t i o n of the tools 

employed in t h i s study i s four-fold and follows the above 

enumeration of the functions In a respective order . 

i ) The Soaoe Relations Test of the DAT.-6 The f a c t 

tha t i t has not yet been resolved whether or not th ree-

6 George K. Bennett, Harold G. Seashore, and Alexander 
0. Weamaa, Manual for the Dif ferent ia l Aptitude Tests . The 
Psyoholof? 1 ea l Corporation, Haw York, 1959. 

http://-aa.de
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dimensional spatial aptitude differs from two-dimensional 

spatial aptitude, the central problem of this study, makes 

It ^rvty difficult to tag labels to spatial tests to dis­

tinguish them la this regard, nevertheless, the Space 

Relations Test of the DAT was fouad by the writer to be 

the best available measure of three-dimensional spatial 

aptitude because of the nature of Its items and what It 

purports to measure. 

Its test items are of the type that represent a com­

bination of two previous approaches to assessment of the 

spatial ability$ the ability to visualize from a picture 

of a pattern a ooastruotioa or constructed object, a chief 

aspect of structural visualization tests, and the ability 

to imagiae how aa object would appear if rotated in various 

ways. Obviously, this test should be more highly saturated 

with the visualisation factor than with the spatial rela­

tions and orientatloa faotor in spite of its name. 

The test consists of forty patteras which can be 

folded iato figures that represent solid structures. For 

each pattern five figures are shown and the examinee must 

deolde which of the figures can be made from the pattera 

shown. The most laportaat aspect of the items, as the 

authors of the test would testify, is the feet that the 

figures are two-dimensional representations of three-

dimensional soils objects. 
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A feature inherent la these Items is that they 
require mental manipulation of objeots ia three-
dimensional space. Item forms which refer to only 
two dimensions are less useful, since there are 
relatively few occasions when perception of two-
dimensional space aloae Is Important.7 

The patterns and other drawings are large and clear. 

No premium is placed on visual acuity or discrimination. 

Perception of differences is v%ry easy} the task Is eon-

earned principally with judgments of how the objeots would 

look after construction and rotation. A subject's answers 

are eorreet if he has the ability to imagiae the eonstruoted 

objeet sad its appearance after rotations. The test is, 

therefore, designed to measure the ability to manipulate 

three-dimensional objeots mentally, to create a structure. 

This ability is needed la such fields as drafting, dress-

designing, arehlteeture, art, engineering, die-making, solid 

geometry, decoration, or wherever there is need to visualize 

objeots la three dimensions. 

a) The Validity of the Space Relations of the MT.-

Valldetion studies of the pAft have been stimulated by the 

authors siaoe 1947. The result has beea the yield of 

"several thousand validity coefficients sad some other evi­

dences of validity". These oaa be found ia the professioaal 

7 Beaaett, et al.. pp. Git., p. 7. 

6 Ibid.. p. 38. 
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literature oa the M T and la detail ia supplements to the 

original manual. The researches have embraced prediction 

of course grades, prediction of achievement tests results 

sad prediotion of vocational and eduoatloaal success based 

oa follow-up studies of students into their post-high school 

educational sad vooatioaal careers. Predictive values of 

the SAT were obtained by comparing the test scores of per­

sons who were about to begin a new job or a particular type 

of educational eourse against criteria suoh as supervisors' 

ratings, production records, sales volume, school grades, 

courses or standardized examinations, or simple division 

iat© "paee* or "fail". The coefficient of correlation be-

tween test scores and criterion ©cores oonstitutes the 

validity coefficient. 

The manual of the SAT, indicates the difficulty with 

which adequate criteria for the Space Relations test are 

available. It is suggested that tests of this type have 

a general utility la the predict! oa of success la engineer­

ing and meohanical design. 

Although advanced meohanical drawing oaa be 
expected to require spatial ability, the beginning 
courses usually stress motor skills sad the 
learning of symbols to a considerable extent, 
obscuring the relationship which exists la later 
stages when greater demands are made oa 
vie ualizatioa•9 

9 Beaaett, et al.. On. Cit.. p. 38. 
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It is, further, pointed out in the manual that the Space 

Relations test can be quite valuable in specific Instances 

such as prediction of plane geometry and la the results 

from the American Institute of Spec!all&ed Watch Hepalr 

who reported a fairly high validity ©©efficient of .69 

using 111 studants. 

b) The Reliability of the Bases Relations of the 

DAT.- The oomprehensive tables ia the manual "Indicate that 

the goal of adequate reliability has, ia general, beea 
10 aehieved". Split-half correlation ooefficleats, corrected 

by the Spearman-Brown formula because the speed factor is 

of little importance ia the SAT have been computed as 

iadexes of reliability. These reliability eoeffloients were 

based oa data from homogeneous and meaningful groups* The 

mtausl reports average reliability coefficients of .93 and 

.©0 for boys sad girls respectively. Sinee correlation 

coefficients are not to be averaged, the mean correlation 

coefficients ware obtained by converting each correlation 

to its Fisher's z function, weighting each by its appro­

priate number of cases, averaglag the values sad re­

converting. High single form internal consistencies and 

alternate forms consistencies have beea reported for popula­

tions as high as 1064. 

10 Beaafett, et al,. Oo. Pit,, p. 65. 
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Doppelt sad Bennett11 conducted a longitudinal study 

of the DAT battsry uslag the Mount Veraon, Row York, high 

sohool pupils from grade 9 to grade IS. Referring to the 

whole battery they ooaeluded: 

The important fast is that this series of tests 
ia eight meaningful areas shows a stable degree of 
long-term consistency. The counselor whose 
deeisioas are based, to some exteat, oa test scores 
will he more confident la his judgment when he 
knows that the tests are measuriag relatively stable 
functions rather* than oapriclous variables.12 

To reiterate what has already beea said when the 

content of the Space Relations was discussed, additional 

oorroboratory statements by other authors may be sited as 

more justification for the use of this test ia this study. 
13 

Super sad Crltea, ia their description of the pjT. battery 

point out that the Space Relations subtest is the most 

ingenious of them all: 

The Space Relations Test (Thurstone*s S) is the 
most ingenious la the series, although embodying 
familiar principles. These are ability to visualize 
a eonstruoted object from a pattern (structural 
visualization ia three dimensions), and ability 
mentally to manipulate a form la order to judge its 
appearance after rotation ia various ways. By com­
bining these two principles ia items which require 
the meats! foldiag of cut or partly shaded patterns 
a test of spatial vlsuallzatloa has been developed . 
which promises to be superior to say so fsr developed.14 

11 J.E. Doppelt sad O.K. Bennett, "A Longitudinal 
Study of the Differential Aptitude Tests", la the Educational 
aad Psychological Measurement. Vol. U , 1951, p. BB8-257. 

18 Ibid. 
IS Super aad Crltes, Op. Cit., v-688 p. 
14 Ibid., p. S41. 
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The Snaps Relations test of the PAT, has, therefore, 

beea found to be the best measure of three-dimensional 

spatial aptitude sad/or visualisation (a number of authors 

regard spatial visualization as synonymous with three-

dimensional spatial ability). It is for these reasons that 

this test was chosen as one of the tools of this study. 

ii) The Revised Minnesota Paper form Board (Series 

AA).- The original form of the Minnesota Paper Form Board 
16 

was developed by Peterson at al. aad used in the Minnesota 

Mechanical Ability Project. It was a oompletloa test based 

oa the Geometrical Construction subtest of the Army Beta. 

Owiag to the laborlousness and subjectivity of the scoring 

of completion Items a need arose to convert the Minnesota 

gaper Form Board into a multiple-choice test, Likert and 

Ojuasha undertook this task and produced the revised test 

that was used la this study. 

A series of two dimensional diagrams cut iato 

separate parts constitute the test. There are sixty-four 

Items altogether, laoh Item is made up of a stem aad five 

possible choices from which the examinee seleots an answer. 

15 W.B. Quaaha aad R. Llksrt, "The Revised Minnesota 
Paper Form Board Test", la the Journal of Mucatlonal and 
Fayfl&oloidLoal Measurement* Vol. m, 1937, p. 197-204. 

16 D.a. Peterson, R,M. llliot, et al.. Minnesota 
Mechanical Ability Tests, university of Mlnaeso 
Minnesota, Minneapolis, 1930, p. S86. 

ta Press, 
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the stimulus diagram, distinctly situated towards the top 

of the left corner of the item area, consists of disarranged 

geometrical figures whleh can be fitted together to form a 

geometries! pattera. Five possible fittings are placed to­

wards the right and bottom of the item area. The subjeot 

has to ohoose the one figure which Is composed of the exact 

parts which are showa ia the stimulus diagram. While th© 

mala problem la each case Is to select the figure that 

corresponds to the assembled parts, sometimes the subjeot 

merely pushes the parts mentally together ia order to make 

the appropriate whole aad sometimes turns them mentally 

arouad or over. 

a) The Validity of the Revised Minnesota Paper Form 

Board (heaoeforth referred to as the RHPFBK- Scores oa 

this test have beea found to have predictive value for 

achievement la meohanical fields sueh as engineering, design 

aad drafting la which spatial perception plays a very 

significant role, 

Of all the tests used la the Minnesota Meohanical 
Ability Battery, the Minnesota Paper Form Board Test 
was the only paper and pencil test to give satisfac­
tory correlations with s criterion of aeohanIcal 
ability.1* 

Although this test has been referred to as a measure 

of concrete non-verbal intelligence, it does measure 

17 Qttssna sad tlkert, Op. Cit.. p. 197. 
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abilities that are relatively ladepeadeat of Intelligence, 

as usually defined by intelligence tests. The Revised 

Minnesota Paper Form Board has beea demonstrated by many 

studies to be a measure of two-dimensional spatial aptitude, 

though aa imperfect oae like msay others. It has beea found 

la three studies by Morris*18 Murphy,19 aad Sstea20 that 

this test measures also perceptual ability, ability to dis­

sever patterns or a rule of procedure (induction), speed 

of hand aad eye-ooordlnation, aad visualization or mental 

manipulation of spatial relations. 

These weaknesses cannot be eliminated ia this study. 

It would seem that as loag as the continuum theory stands 

aad demarcation points betweea perceptual speed aad spatial 

relations, betweea spatial relatioas and visualization, aad 

betweea visualization sad inductive reasoalag have aot beea 

ascertained, no spatial test oaa be thought of that does 

aot involve oae, some or evea all these factors. Despite 

the methodological problems pointed out regarding the 
* 

18 CM. Morris, "A Critical Analysis of Certain 
Performance Tests", ia the Journal of Geaetio Psychology. 
Vol. 54, 1939, p. 85-105. 

19 X..W. Murphy, "The Relation Betweea Meohanical 
Ability Tests and Verbal and fon-Verbal Intelligence Tests", 
ia the Journal of Psychology. Vol. Z> 1936, p. $55-366. 

80 S.G. Botes, "A Study Of Five Tests of 'Spatial* 
Ability^ ia the JTouraal of Fsvohology. Vol. 15, 1948, 
p. 
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it has been demonstrated by tFhlanerr21 that this test 

sneesures two-dimensional spatial aptitude ®e distinct from, 

three-dimensional spatial aptituae measured by the Space 

Relations of the DAT or s performance spetisl test like 

Uhlaner's Spatial Relations Performance Scale.8g Four 

studies have reported significantly low correlations between 

the RMPFB and five spatial tests that purport to me©sure 

three-dimensional spatial aptitude. Uhlaner, as already 

indicated, found a correlation of .27 betweea the Revised 

Minnesota 1*aper Form. Board and his Spatial Relations Per­

formance Scale. Ustes88 found correlations of .86 and .31 

between the RMPFB and the Crawford Spatial Relations end the 

O'Connor Hisuilsr Blocks respectively. Morrow0* reported a 

correlation of .S3 with the Minnesota. Spatial Relatione. A 

still lower correlation was reported by Jaoobsen25 between 

the RUPFB and the Crawford Spatial Relations. These low 

correlations should be pointers to the negligible relationship 

21 Julius Uhlaner, Relationship Between Two Blmen-

flohal and Three Dimensional Spatial Relations Aptitude. a.D. thesis, New York University, 1947. 

22 Ibid. 

28 Sstes, Op. Cit. 

84 R.S. Morrow, "An Analysis of the Relations Among 
Tests of Musical, Artistic, and Meohanical Abilities", in the 
Journal of Psychology. Vol. 5, 1938, p. 253-263. 

£5 1.1. JQcobsen, "Aa Evaluation of Certala Tests ia 
Predicting Mechanic Learner Achievement", in the Journal of 
Educational and Psychological Measuremeat. Vol. 3, 1943. 
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which t h i s t e s t bears to three-dimensional s p a t i a l t e s t s . 

Biagham re fe r s to i t as a measure of " ab i l i t y to discrimin­

ate geometrical pa t t e rns in two diiaenslons and mentally to 
26 manipulate suoh f igures1 ' . He adds tha t the Revised 

l&lnnesota Paper iorm Board assesses ; 

Abi l i ty ao t only to perceive the s p a t i a l r e l a ­
t i o n s of objeots but t o think cor rec t ly about these 
r e l a t i o a s i s obviously aa Important faotor in 
mechanical ap t i t ude . 

Indeed, i t i s so e s sen t i a l for many kinds of 
work tha t numerous blanks and forms have beea 
developed for use l a measuring t h i s kind of a b i l i t y . 
Oae of the most convenient of these i s the geome­
t r i c a l construction t e s t known as the Minnesota 
Paper Form Board recent ly revised by t i k e r t and 
Quasha (see page 312). This i s e s sen t i a l ly a t e s t 
of speed l a reoognitloa of forms and space 
r e l a t i o n s . 8 7 

Q h l s e l l i 2 8 found a va l i d i t y coeff ic ient of .57 be­

tween the tevised Minnesota T*aper Form Board and the job 

c r i t e r i o n of inspector-packers sad coneluded tha t measures 

of the a b i l i t y to perceive s p a t i a l r e l a t ions suoh as i s 

given by the Minnesota Taper fotm Board t e s t wi l l be extremely 

valuable i a the prediot ion of success of inspector-paokore 

of the type considered la h i s study. 

26 W.D. Biagham, Aptitudes and Aptitude Test ing. 
Hew York, uarper aad Brothers, 1937. 

27 I b i d . 

SB t . F . S h i s e l l i , "Tests for the Select ion of 
laspec tor -Paekers" , i a the Journal of Applied Psychology. 
Vol. 26, 1942, p . 469-476. 
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The high validity obtained with the Minnesota 
Paper Form Board test is extremely interesting. 
This test has primarily beea used by counselors 
and employment officers as an indicator of 
meehaaioal aptitude. However, the results of 
the present investigation, together with recent 
findings that scores oa the test show fairly 
good correlations with measures of job success 
among power sewiag machine operators, aad oaa 
aad merehaadise packers, indicate that its range 
of usefulness is aot confined to meohaaieal jobs.2* 

Jurgensen30 reviewing the test la the Fourth Mental 

Measuremeat Year Book ladiestes that the test has frequently 

beea found to be predictive of academic success ia courses 

such as art, avlatioa mechanics, dentistry, drafting, 

engineering and geometry. Ia another review by Katzell, 

it was polated out that the test has been used extensively 

sad msay validity coefficients obtained. 

The extensive use of this test over a number 
of years has produced information on its validity 
in a variety of educational aad vocational situations. 
Twenty-five studies which include validity data on 
the test are summarized ia the manual. These 
studies cover the following types of personnel: 
eagiaeeriag aad technical students, arts students, 
dental students, mechanics, sewiag machine operators, 
iaspeetors, faetory supervisors, aad several other 
types of factory jobs. The test has shown appre­
ciable validity la most of these areas.52 

29 GMselll, Op. Pit. . p. 475. 

30 Clifford t , Jurgensen, The Fourth Mental Measure­
ment Year Book. New Jersey, The Cryphon Press, 1953, p. 762. 

31 R.A. Katzell. The Fourth Mental Measuremeat 
Year Book. New Jersey, The Gryphon Press, 1953, p. 765. 

82 Ibid., p. 763. 
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The fact that success in professional engineering 

curricula as well as in many engineering and meohanical occu­

pations is considered to depend upon the extent to which the 

persons iavolved possess ability for perceptual thinking with 

the spatial aspects of relationships of objects, an ability 

whloh is probably a specialized form of abstract thiaklag, 

explaias the choice of the Revised Minnesota Paper Form 

Board for use ia this study in spite of the validatloa 

studies oa this test being mostly related to job criteria. 

b) The Reliability of the Revised Minnesota Paper 

Form Board.- An uncorrected reliability coefficient based 

oa the interoorrelatioa of the two revised forms of the test 

was reported to be .79. The split-half reliability, 

corrected, was found by Likert and Quasha to be .92. Ibert 

aad Simmoas attempted to establish the reliability by the 

retest method uslag children aged tea to fourteen years. 

For ten-year olds retested at eleven, the reliability 

coefficient was .©7, at the age of 12, .66; for 12-year olds 

retested at 13 aad 14, the reliability coefficients were .37 

aad .30 respectively. It can be safely assumed, then, that 

the reliability is actually ia the .30's aad sufficiently 

high for individual diagnosis. The Instability of the 

33 X. Short, and K. Simmons, "The Brush Foundation 
Study of Child Growth and Development I. "Psychometric 
Tests", in Monograph of Social Research la Child Development. 
Vol. 2, 194$". 
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reliability coefficients, as they may be observed to de­

crease with increase ia age, may be explained by the fact 

that it has been suggested by experts in the field of 

spatial abilities that although the point where the plateau 

actually stsrts has not yet been located, they are aot fully 

developed before the age of sixteen. The studies referred 

to above were undertaken during the formative years* 

It would appear that, despite a large number of 

studiss on or with the Revised Minnesota Paper Form Board, 

there is a pauolty of published reliability data for the 

Minnesota Paper Form Board test. 
34 

ill) The Card Rotations Test.- This test is one 

of the many reference tests for oogaitive factors that were 

developed by the different committees established by the 

Educational Testing Service la 1951. These tests were 

developed to represent each of the better established 

faotors In the oogaitive area. 
The tests for each factor were selected so as 

to bs: (...) three ia number (...) such as to 
provide for covering as much of the range from 
sixth grade through college as possible, (...) 
as factorially pure as possible for the intended 
factor, (...) as different as possible to balance 
out uniqueness, and (...)reasonably easy to 
administer by paper-and-penoil methods.95 

34 J.W. French, Ruth B. Skstrom, and L.A. Price, 
Manual for Kit of Reference Tests for Cognitive Faotors. 
Educational Testing Service, Prinoeton, New Jersey, 1963, 
p. 40. 

35 Ibid.. p. 2. 
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The Card Rotations test answers to these descrip­

tions. It is modelled on Thurstone*s Cards test. Inch item 

gives a drawing of a card out into an irregular shape. Six 

other drawings of the same card, sometimes merely rotated 

by different amounts aad sometimes turned over to produce an 

entirely different orientation, are placed t© the right of 

the stimulus card. The task of the examinee Is to indicate 

by marking (t) the cards that show the card rotated either 

clockwise or anti-clockwise and mark (-) those that repre­

sent the card turned over. 

a) The Validity of the Card Rotations Test.- The 

manual for the reference tests for cognitive factors indi­

cates that the tests are distributed for research purposes 

only and that they should not be used for counseling or 

other operational purposes. The purpose of the tests is to 

"provide research workers with a set of tests for defining 
„ 36 

each of the factors". The intention is to facilitate 

interpretation end the confident comparison of one factor 

study to another, to ellmiaate need for cross-identification 

of factors in studies by means of psychological interpreta­

tion alone and, hence, to eliminate this kind of subjeotive 

identification. The tests are intended to provide a common 

ground for the objective comparison of factors. 

36 French, Ikstrom, and Fries, Op. Pit.. p. 1. 
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The result of this approach has beea a complete 

absence of validation studies of these tests. The Card 

Rotations test, therefore, has not been validated by meaas 

of aa external criterion. It should, however, be noted that 

this test was devsloped through faotor analysis. The funda­

mental rationale of the concept of validity is provided by 

the theory of factor analysis. Briefly stated, the rationale 

of validity is that the oommunslity of a test, whloh is 

given by the cosmon-factor variance, accounts for the corre­

lation of that test with ethers. 

The larger the faotor loadings in factors that 
the tests have in cession, the larger their inter-
correlation. This same equation applies to the 
correlation of a test with a practical criterion. 
The eriterioa measure can also be expressed in terms 
of factors and faotor loadings.37 

Most commonly, the degree of validity Is indicated 

by some correlation coefficient. The preceding argamenta-

tioa is an attempt to point out that although a practical 

eriterioa has aot beea used to establish the validity of 

the Card Rotations test, its method of development already 

iavolves a validatioa procedure. Ia other words, this test 

was found to have significant weights in the spatial orien­

tation faotor in common with other tests like the Cube 

Comparisons Test, aad the Spatial Orientation of the 

37 J.P. Guilford, Psychometric Methods. Hew York, 
McGraw-Hill Book Company,Inc., 1954, p. 356. 



DESIGN OF TIES STUDY 58 

Guilford-Zlmeaermaa Aptitude Survey. These clusters are all 

measures of the spatial relations and orientation factor. 

It should be justifiable, after these explanations, to infer 

that what the Card Rotations test measures, itB validity, 

has beea established. 

b) The Reliability of the Card Rotations Test.- As 

already indicated no standardization studies have been 

uadertakea to establish the validity and reliability of the 

reference tests for the cognitive factors. These tests are 

intended for use in faotor analytic research and aot ia 

ability assessment and prediction. The manual is , there­

fore, completely devoid of aay information on or about 

reliability coefficients of the reference tests. 

This manual does not provide the usual relia­
bility, norming, validation, or other information 
ordinarily expected in a test manual. Such informa­
tion has not been included because these tests are 
suggested for the single purpose of factorial 
researoh.^S 

A redeeming feature of the tests is that they have 

beea adapted to make proper estimation of test reliability 

possible. Almost all of the reference tests for cognitive 

factors have two separately timed parallel parts. The 

Card Rotations test has two parallel parts and its relia­

bility for this study has been estimated by regarding each 

part as a separate equivalent of the other. The procedure 

38 French, Ekstrom and Price, Op. Pit.. p. 2. 
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employed in the estimation of the reliability of this test 

for this study shall be described In the next ohapter. 

iv) The Surface Development Test.-89 Like the Card 

Rotations test, the Surface Development test is one of the 

reference wests for the cognitive factors developed factor-

analytically by the l&ueatioaal Testing Service. This test 

has been adapted from Thurstone»s Surface Development, a 

slightly different test going by the same name. Drawings 

or patterns of solid structures that could be constructed 

with card board or sheet metal are presented. For every 

drawing there is a diagram showing how the material might 

be eut and folded in order to make the complete three-

dimensional ©olid form. Dotted lines show whore the material 

is folded. One part of th® diagram is marked with a cross 

to correspond to a surface ia the drawing marked in the 

same way. The task of the examinee is to Indicate which 

lettered edges la the drawing correspond to numbered edges 

or dotted lines in the diagram. 

a) The Validity of the Surface Development Test.-

Whst was said previously about the validity of the Card 

Rotations test applies to this test. It, too, was developed 

through faotor analysis and has beea used la faetor-analytic 

studies. It has been found to have a significant weight in 

39 French, Ekstrom and Price, Op. Cit.. p. 48. 



DESIGN OF THE fcTUDY 60 

s p a t i a l v i sua l iza t ion in common with the Paper Folding 

t e s t , and the Form Board t e s t . 

b) The R e l i a b i l i t y of the Surface Development Tes t . -

This t e s t consis ts of two separately timed equivalent par t s 

whioh may be used to estimate i t s r e l i a b i l i t y . The proce­

dure used i a the estimation of th i s r e l i a b i l i t y shal l be 

described in the next chapter. 

This concludes th© second sect ion of th i s chapter , 

descr ipt ion and j u s t i f i c a t i o n of the tools of measurement 

employed in t h i s study. The descr ipt ion of the sample used 

in t h i s inves t iga t ion cons t i tu tes the th i rd section and the 

next t ask . 

5 . Description of the Sample. 

a) Age.- In view of the tr«nd that s p a t i a l a b i l i ­

t i e s are not fu l ly mature before the age of f i f teen yea r s , 

the wr i t e r elected to use an older sample in which develop­

mental var ia t ions with regard to spa t i a l a b i l i t i e s would be 

eliminated as much as poss ib le . The population used in t h i s 

study had an average age of seventeen years and f e l l within 

the range of 15-1/6 years and 16-5/6 yeers . 

b) Grade.- Three groups of Grade XII boys of S t . 

P a t r i c k ' s High School i a Ottawa were used as subjects for 

t h i s s tudy. The average s iae of the groups was t h i r t y -n ine 

boys. Grade XII was deemed the best academic l eve l for 
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these tesx-s as the standardisation procedures of some of 

the tests had been j&sed on Grade XII populations. Further­

more, the reference wests for the cognitive factors ussd in 

this study could have perhaps b«an a little too difficult 

for a lower grade and a little too easy for a higher grade. 

Still, a group from a lower grade level could p&rhaps not 

have qualified for use as subjects in this study a3 the 

average age could easily have been lov.sr than fifteen years. 

The importance of age level has already been iiscuased. 

c) Intelligence.- The guidance department of the 

sohool had slready administered the Henmon-Helson Test of 

Mental Ability (Revised Edition Grades 9-12) to the three 

groups when they were in Grade XI in 1863. Their average 

I.Q. oa this test was 108. The average I.Q. of this group 

oa the Otis Group Intelligence Scale administered in 

February 1964, was 110. The 1.4* ranges were very small 

thus evidencing a fair degree of homogeneity in this group 

with respect to intelligence. 

d) Language.- All the individuals in this sample 

were either English-speaking only or bilingual, speaking 

English and French or English and another "European language. 

This had to be ascertained to ensure that all the examinees 

would understand the instructions fully. The counseling and 

guidance department of the high school and also class 

teachers of these groups confirmed the linguistic 
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character!sties of this sample &s given by the students 

themselves. 

4. Accumulation of Data. 

The sample described in the preceding section of 

this chapter had taken tests before so that th© testing 

situation was not a novelty to them. The guidance und 

counseling department of £?t, Tatrick's High School adminis­

ters a battery of tests every year to all the students to 

appraise their different abilities and aptitudes. This is 

usually done during an appropriate p©riorl tf'at has been 

earmarked for guidance aad testing. The testing program for 

this study had to be fitted into the guidance schedule of 

the school to avoid a disruption of the school time-table 

aad also to ovoid creation of an atmosphere that would be 

different from the oae already established by th® guidance 

program. In the opinion of the writer the guidance program 

had already established the necessary climate, rapport, 

and the necessary attitudes, on the part of the students, 

towards psychological testing. 

An elaborate explanation of the purposes and use­

fulness of the testing program to the students could have 

Interfered with th© motivation that had already taken 

effect. All the testing was done ostensibly as pert of the 

testing program. The writer, who adnlnistersd most of 
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the tests, was introduced to tlie studants as an assistant 

of the guidance master. Core was taken to avoid arousal 

of curiosity and sensation that might have had adverse 

effects oa the performance of the students on the tests. 

To make the sessions as ordinary as possible the writer 

acted as proctor occasionally whiles the ̂ ai-lancs r^star was 

the chiftf administrator. This approach ensured interest 

in ths testing program. S3o indicate of a lackadaisical 

attitude were observed during the testing process. 

All the testing was done in ths guidance lecture 

room which was commodious enough to seat forty individuals 

in one session. Th© room was adequately lighted and venti­

lated. It was devoid of ail possible tourcas cf visual 

distraction such as pictures on the malls and the like. The 

columns were three feet while the rows v»ere about two feet 

apart. / large time-piece was hung on the front wall where 

It could be seen by everybody during ths administration of 

the tests for the cognitive factors. Ths room is situated 

on the far end of on® wing of the school so that it is 

detached from the usual school bustle that is likely to be 

found near the central rooms. In a nutshell, this room 

had been selected by the guidance department for the purpose 

of using it permanently a© & guidance and tasting room. 
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The t e s t ing procedures followed the protocol sug­

gested by Super and Grltes and there i s no reason to 

suspect t h a t e r ro rs which could add so&e unseated variance 

to the scores occurred during toe process of administrat ion 

of the t e s t s , descr ip t ions of how e&ch t e s t was given w i l l 

now follow. 

a) Administration of the RMPFB (Form AA).-

1) Procedure.- This t e s t was administered to the 

three groups separa te ly . The procedure was that l a id down 
41 

in the manual and also on the first page of the test 

booklet. The directions were read as articulately and 

audibly as was suitable for the &roup aad place of adminis­

tration on each of the three ocousioas. Time was allowed 

for the practice problems. As the manual does not indicate 

that the examinees should be informed of the length of the 

test, this -fc-as not done. However, at th© end of twenty 

minutes, the examlnse® were instructed to cease working 

Immediately. Etrict vigilance against surreptitious con­

tinuation after announcement of and of time \a&s maintained 

for all the groups. Answer sheets were collected immediately 

on expirotion of working time. 

40 Super and Crites, Op. Pit.. p. 56-68. 

41 Likert and ̂ uasha, Op. Cit., p. 4-5. 
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ii) Scoring.- Scoring was done by hand. The 

appropriate sooring key supplied with the manual was used. 

As this test is a multiple-choice test, correction for 

ohanoe was provided for by the use of the formula, R - E , 

which is given in the manual. The acouraoy of the sooring 

procedures was checked by the guidance department of the 

sohool. 

b) Administration of the Spaoe Relations of the 

DAT.-

1) Procedure.- This test had already been adminis­

tered to the three groups by the guidance department of St, 

Patrick's High Sohool. The guidance master is a Qualified 

sohool psychologist. The desire to avoid practice effect 

eoupled with the confidence that the writer had in the 

guidanoe master made oaly oae more admioistratioa of this 

test adequate for the purpose of estimating reliability by 

the teat-retest technique. This administration was done 

about two months after the first administration by ths 

guidanoe department. The protoool laid down in the manual 

was followed without any modification. The examinees were 

not told how long the test would take as the manual does not 

indicate whether or not this should be done. As laid down 

in ths manual the actual test was doae ia thirty minutes. 

lavigilatloa was alert and strict. 
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li) Sooriag.- The sooriag key for the A form was 

ussd for head scoring. The formula suggested ia the sooring 

key, R - W, (total of rights minus total of wrongs) was 

employed to assess the final score on this test. 

o) Administration of the Card Rotations and the 

Surface Development tests.-

i) Procedure.- Since the times for the administra­

tion of these two tests are quite short, it was found fea­

sible to have one testing session for both of them. For all 

the groups, without exception, the Card Rotations test was 

administered first. Instructions were clearly read and 

the examinees would not be Instructed to begin as long as 

there were still questions on the instructions. Enough time 

was given for practice problems. Four minutes were allotted 

to each of the two parallel parts of the test as stipulated 

in the manual. The examinees were aware of the time in 

which the test had to be done aad also of the formula used 

ia scoring their answers. This information appears in the 

iastruotioas that were read to them. It is surmised that 

the intention is to minimize the tendency to guess aad also 

the poeslbility of doing very little withia the four 

minutes allowed as a result of ignorance of the amount of 

the available time aad not as a result of inability to do 

more within this period. The breathing space between the 

administration of ths Card Rotations test and the adminis­

tration of the Surface Development test had to be short 
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enough not to allow attenuation of motivation and long 

enough to avoid the element of fatigue and the resultant 

decrease of efficiency In performance. Four minutes served 

the purpose. 

The remarks made with rsspeot to the administration 

e* the Card Rotations test apply to the administration of 

the Surface Development test with the oae exception - the 

latter test was allotted six minutes for each of the two 

parallel parts. Again the subjects were aware of the 

strietly limited and short time allowed for the test and 

also of the warning not to sacrifice acouraoy for speed as 

"Your score on this test will be the number of correct 

letters minus a fraction of the number of incorreot letters", 

ii) Scoring,- The formula used for scoring the Card 

Rotations test was the one suggested In the instructions for 

the administration of the test, R - W, (total of rights 

minus total of wrongs). Immediately conspicuous in the 

above quotation is the ambiguity of the scoring formula for 

the Surface Development test. It is not Indicated as to how 

much the "fraction" of the number of Incorrect responses 

that is to be subtracted should be. The problem of deciding 

on a formula to be used in the scoring of this test was 

inescapable. 
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The matter of the effect of chance on test scores 

will not be discussed here. Suffice it to say that a 

multiple-choice test restricts the range of effective 

measurement by a test, A priori formulae have been derived 

to oorreot for cheuaoe. The formula used for sooring the 

Surface Development test is* 

8 - » - E 4 T 
where S • formula score 

R » number of oorreot answers 

W - number of wrong answers 

It « number of alternatives for eaoh item 

This formula and others like it rest on the assumption that 

the examinee either knows the answer or he responds at 

random.48 

Since the Surface Development test has five alter­

native responses to eaoh item, the above equation becomes 

w 
S — R — *jT 

I f S came out with a f rac t ion , i t was rounded off to the 

next higher in teger in accordance with Lyerly 's 

recommendation. 

43 Guilford, pp. C i t . . p . 448. 

44 S.B. Lyerly, "A Rote on Correcting for Chance 
Success In Objective Tests*', ia Payehometrika. Vol. 16, 
1951, p. 21-30. 



CHAPTER III 

PRESENTATION AND DISCUSSION OF RESULTS 

This chapter comprises presentation, interpretation, 

and discussion of the findings of this study. The first 

section presents the reliability coefficients of the tools 

of measurement as obtained; the second deals with the corre­

lations between the variables considered la this study; the 

third presents statistical hypotheses aad tests for their 

acceptance or rejection; and, finally, the last section 

constitutes discussion of the findings. 

1. Reliability of the Tools of Measurement. 

The Space Relations of the Differential Aptitude 

Tests (Form A). the Ee vised Minnesota Paper Form Boara 

Form AA), the Card Rotations Test, and the Surface Develop­

ment Test are the psychometrie Instruments that were used in 

this study. The reliability of eaoh will be presented as it 

was found for the sample extracted from the St, Patrick's 

High School twelfth grade population. 

a) The Space Relations of the DAT.- Reliability 

eoeffloients, some as high as .93, have already been re­

ported for this test by other researchers. Most of these 

were split-half eoeffloients. For this study a test-retest 

reliability coefficient was obtained by sdmlaistering the 
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t e s t twice to one hundred students and finding the product-

moment cor re la t ion between scores from the f i r s t administra­

t ion and scores from the second. A Pearson r of .88 with a 

standard e r ro r of estimate (henceforth referred to as 81) 

of .03 was obtained. 

b) The Revised Minnesota Paper Form Board (Form AA).-

The odd-even method of s p l i t t i n g was used to com­

pute a s p l i t - h a l f r e l i a b i l i t y coeff icient of t h i s t e s t for 

the sample used in t h i s inves t iga t ion . As the t e s t items 

sre arranged in order of d i f f i c u l t y , the scores on the odds, 

geners l ly , were percept ibly higher than the scores on the 

evens. Differences between these scores were found and 

Rulon's formula, 

>r,2 
r^. t » 1 - —g- where 

r ^ = coefficient of reliability 

<fa
2 * variance of the differences 

(f% s variance of the whole test 

was used. A reliability coefficient of .94 with an SE of 

•02 was obtained. 

o) The Card Rotation Test.- As Indicated in the 

second chapter, this test consists of two separately timed 

psrts which might be regarded as equivalent or parallel. 

The sum of the scores on the two parts constitutes the final 

scors on the whole test. The differences between the soores 
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on the two parts were used as above and a reliebility 

coefficient estimated. A valus of .89 with an SI of .02 

was found, 

d) The Surface pavsloameat Teat.- Differences 

between the scores on the two separately timed parts of the 

test were obtained aad reliability estimated by Ruloa's 

formula. A reliability coefficient of ,90 with aa SE of 

•02 was found. 

On the whole, satisfactory reliability coefficients 

were obtained. Some of them could have been better con­

sidering the fact that some authorities place the minimum 

at ,94. Table I gives a better summary of the reliability 

coefficients obtained in this investigation and also the 

number of subjects used for eaoh test. 

2, Correlations between Variables, 

The purpose of this study is to find out whether or 

not significant differences exist between two-dimensional 

and three-dimensional spatial aptitude in terms of spatial 

relations aad orientation, and spatial visualization. The 

converse, whether or not spatial visualisation differs 

significantly from spatial relations and orientation in 

terms of two-dimensional and three-dimensional spatial 

aptitude, is aa important corollary, a subsidiary problem 

that could aot be overlooked. Henca, this section will 
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Table I.-

Summary of Reliability Coefficients Computed from Data Used 
in this Investigation. 

Method of 

Test rtt SE Computation N 

Space Relations .88 .03 Pearson r 100 

RHPFB .94 ,02 Rulon's 100 

Card Rotations .89 ,02 Rulon's 97 

Surfacs Development .90 .02 Rulon's 97 
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present six correlations which will be used In the investi­

gation of significant or non-significant relationships and 

difference between these four variables. The null hypo­

thesis, HoJ rxy = 0, where x and y are the correlated 

variables was tested at the .01 level of significance In 

eaoh of the six cases to decide as to whether an obtained 

correlation was statistically significant or not. 

a) Correlation between Space Relations and the 

Revised Minnesota Paper Form Board (signified as 3D and 2D).-

The scores on the two tests were divided into appropriate 

class intervals and tallied on a scatter diagram. The 

chart devised by Lawrence Dayhaw, a professor of the Sohool 

of Psychology and Education of the University of Ottawa, was 

used to determine all the correlations computed in this 

study* Tables IV and V, Appendix 1, show the intervals and 

frequency distributions of the scores on the two tests res­

pectively. The basic statistics are also shown. The formula 

used for the computation of the Pearson correlation coeffi­

cients between these two tests was; 

r = H^sr - £x £y 

* V»&* -< *)*i*&* -<£y)2 

where x and y are scores on the Revised Minnesota Paper 

Form Board (Form AA) and the Space Relations of the DAT 

respectively. An r of .53 significant at the .01 level was 

obtained. The above formula was used in all the computations 

and will not be repeated in the subsequent cases. 
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b) Correlation between the Revised Minnesota Paper 

Form Board (Form AA) and the Card Rotations Test.- A. 

procedure similar to the one described in (a) was used. A 

correlation coefficient of .55 significant at the .01 level 

of confidence was obtained. Of all the 120 subjects to 

whom the tests were administered, only 88 had their scores 

used for the computation of this statistic. Many were 

eliminated because they had not taken one or more of the 

tests. Others were disregarded because of improper identi­

fication which was essential for the process of correlation 

of scores. Table VI, Appendix 1, shows the basic statistics 

and the distribution of scores on the Card Rotations Test. 

The distribution of th© scores of the eighty-eight subjects 

used for this computation did not differ much from that of 

the scores of one hundred subjects with respect to the RMPFB 

test. These scores, therefore, did not warrant inclusion 

in the appendices. The distribution is similar to that in 

Table V, Appendix 1, 

e) Correlation between the Revised Minnesota Paper 

Form Board (Form AA) and the Surface Development Test.- The 

scores of eighty-eight Individuals on the RMPFB were corre­

lated with the scores of the same individuals on the Surface 

Development test. The same procedure used In the previous 

computations was used. A correlation coefficient of .57 

significant at the .01 level of confidence was the yield. 
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The distributions of the raw scores on the Surface Develop­

ment test appear in .Table VI, Appendix 1. 

d) Correlations between Space Relations and Card 

Rotations.- A correlation coefficient of .44 significant 

at the .01 level was obtained by using corresponding scores 

of eighty-eight individuals on the two tests. The precau­

tions observed in the procedures described before apply 

here as well. 

e) Correlation between Space Rotations and Surface 

Development.- Corresponding scores of eighty-eight indivi­

duals oa the two tests were usee* to compute this correlation. 

A fairly high value of .74 significant at the .01 level of 

confidence was found. This was the highest correlation 

obtained in this investigation and thus showed the highest 

relationship to exist between three-dimensional spatial 

aptitude and the spatial visualization faotor. 

f) Correlation betweea Surface Development and Card 

Rotations: As finding the interrelationships between the 

two cognitive factors, spatial relations and orientation, 

and spatial visualization, Is a subsidiary problem In this 

study, it was necessary to determine the correlation between 

these two tests. A fairly low correlation of .45 signifi­

cant at the .01 level of confidence was obtained. 

The results have been presented a?,ain in Table II 

to facilitate speedy reference. 
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Table II.-

Summary of Correlations between Variables. 

Variables r SS 

2D - 3D 

2D - SR-0 

2D - Vs 

3D - SR-0 

3D - V8 

Vz - SR-0 

,55 

.55 

.57 

.44 

.74 

.45 

.074 

.074 

.072 

.086 

.048 

.086 

These correlations were all significant 
at the .01 level of oonfldenoe. 
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3 . Tests of Hypotheses and Signif icance. 

To inves t iga te the in te r re la t ionsh ips of the 

var iables involved in t h i s study and a l so make comparisons 

between cer ta in re la t ionsh ips with a view to accepting or 

re jec t ing the pr inc ipa l hypothesis six s t a t i s t i c a l hypo­

theses were formulated and t e s t ed . 

I ) The cor re la t ion between two-dimensional spa t i a l 

apti tude and the s p a t i a l r e l a t i o n s and or ienta t ion factor 

does not d i f f e r s ign i f i can t ly from the corre la t ion between 

three-dimensional spa t i a l apti tude and the spa t i a l re la t ions 

and or ien ta t ion fao tor . 

I I ) The cor re la t ion between two-dimensional spa t i a l 

apt i tude and the spa t i a l v i sua l i sa t ion faotor does not di f fer 

s ign i f i can t ly from the cor re la t ion between three-dimensionel 

spa t i a l apti tude and the v i sua l i za t ion fao tor . 

i i i ) The co r re l a t ion between the s p a t i a l re la t ions 

and o r ien ta t ion faotor and two-dimensional spa t i a l apti tude 

does not d i f fe r s ign i f i can t ly from the cor re la t ion between 

the s p a t i a l v i sua l iza t ion faotor and the two-dimensional 

spa t i a l ap t i tude . 

iv) The cor re la t ion between the s p a t i a l re la t ions and 

oriengation faotor and three-dimensional spa t i a l apti tude 

does aot d i f fe r s ign i f i can t ly from the corre la t ion between 

the s p a t i a l v i sua l iza t ion factor and three-dimensional 

s p a t i a l ap t i tude . 
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v) The correlation between two-dimensional spatial 

aptitude and the spstial visualization faotor does not differ 

significantly from the correlation between three-dimensional 

spatial aptltuds and the spatial relations and orientation 

faotor. 

vi) The correlation between three-dimensional spatial 

aptltuds and the spatial visualization factor does not 

differ significantly from the correlation between two-

dimensional spatial aptitude and the spatial relations and 

orientation factor. 

Hypotheses i aad ii were employed to compare two-

dimensional spatial aptitude with three-dimensional spatial 

aptitude using the eognitive faotors as criteria. Hypotheses 

H i and iv were used to compare the cognitive factors using 

the spatial aptitudes as criteria. Hypotheses v and vi were 

ussd to investigate differences between two Independent 

relationships in which a common variable was not involved. 

a) Hypothesis 1.- The statistical test used for this 

hypothesis was the Critical Ratio. The standard error of 

the difference between r • .55 and r = .44 was estimated by 

the use of the formulai 

ft* " A3*1" (*lfi**l* »84r*W r,84 
As one variable was common, the spatial relations and orien­

tation faotor, the correlation factor la the oovariance term 

had to be estimated by using the formula; 
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8 ( l - r f s ) ( i . r f j ) 

The formula for the standard error of the difference then 

became: 

Tor = y^**JB+ <fr$3 -2. A ^ g r ^ ^ i / r x s 

The Critical Ratio was then obtained by dividing the differ­

ence between the two correlations by the standard error of 

the differsnee. This difference was not significant at the 

•03 level. 

b) Hypothesis ii.- A procedure similar to the one 

used to test the first hypothesis was followed to find out 

If r « .57 differs significantly from r » .74. The common 

variable in this ease was the spatial visualization factor. 

A fairly high Critical Ratio of £.40 was obtained. 

o) Hypothesis ill.- This hypothesis was tested by 

ascertaining whether or not the difference between r = .55 

and r s .57 was significant. The obtained Critical Ratio 

of .23 indicated a high degree of non-significance. 

d) Hypothesis iv.- The difference between r * .44 

and r = .74 was tested for significance and a Critical Ratio 

of 3.52 denoting significance beyond the .01 level was 

obtained. 
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e) Hypothesis v.- The correlations compared here do 

not include a common variable. Hence, the estimation of the 

standard error of the difference between the two correlations 

was done without the use of the oovariance term in the 

formula. This might have inoreased the standard error of 

the difference and consequently decreased the Critical Ratio 

unduely. The difference between r - .57 and r s .44 was 

not significant at the .03 level. 

f) Hypothesis vi.- This hypothesis, like the one 

immediately preceding it, does not involve a common variable. 

The oovariance term was excluded because the 'XrigraA factor 

was not obtained. Hence, the formula used to compute the 

standard error of the difference between the two correlations 

was; 

<%* * v *%?<%* 
A Critical Ratio of 2.1§ was found for the dlfferenee between 

r - .74 and r = .55. This difference was significant at the 

•05 level of confidence. 
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Table III.-

Summary of Results of Tests of Significant Differences 
between Correlations, 

Level of 
Variables r D $0 CR Significance 

2D - SR-0 

3D - SE-0 

2D - Vz 

3D - Vz 

2D - SR-0 

2D - Vz 

3D - SB-0 

3D - Vz 

£S - Vz 

3D - S l - 0 

2D - SR-0 

3D - SR-0 

,55 

,44 

,57 

,74 

,55 

,57 

,44 

,7d 

,57 

,44 

,55 

74 

.11 

.17 

.02 

.30 

• 13 

.19 

.084 

.079 

.086 

.085 

.095 

• 088 

1.30 

2.40 

.23 

3.52 

1.36 

2 .15 

-

.05 

-

.01 

-

.05 
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4 . Discussion and In t e rp r e t a t i on . 

a) Hypotheses i and i i . - A def in i te but moderate 

re la t ionsh ip between two-dimensional spa t i a l apti tude and 

three-dimensional s p a t i a l apt i tude was shown by a corre la­

t ion of . 55 . To confirm t h i s f inding, a hypothesis of 

independence between the two apt i tudes was tested by the 

obi-square technique yie lding a value of 28.10 whleh was 

s igni f icant beyond the .01 l e v e l . This could be accounted 

for by the eomposlteness of the s p a t i a l ap t i tude . I f 

spa t i a l apt i tude consis ts of a l l the three faotors described 

In the f i r s t chapter of t h i s study, there wil l always be t h i s 

dependence between spa t i a l apt i tudes and hence s igni f icant 

corre la t ions between s p a t i a l t e s t s . 

The t e s t items of both the Space Relations aad the 

Revised Mianesota Paper Form Board t e s t s are arranged in 

order of d i f f i c u l t y . According to the continuum theory that 

was discussed in the f i r s t chapter , the eas ies t items could 

be measuring peroeptual speed while the eas ie r ones measure 

s p a t i a l r e l a t i o n s and o r i en ta t ion ; the d i f f i c u l t ones might 

be measuring s p a t i a l v i sua l i za t ion while the most d i f f i c u l t 

measure inductive reasoning. Poss ib ly , not a l l these factors 

along the oontinuum are involved but t h i s could be determined 

by a comparative item analysis of the two t e s t s - a prodi­

gious task beyond the soope of t h i s study. 
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I t would appear, therefore , that before comparison 

between two-dimensional spa t i a l apt i tude and three-dimensional 

s p a t i a l apt i tude can be made on the bases of the two spat ia l 

faotors considered in t h i s research, an a p r i o r i re la t ionship 

e x i s t s between the two apt i tudes and i s accounted for by the 

lahereat presence of the very c r i t e r i a in the t e s t s . I t 

could a lso be accounted for by the continual overlap of 

function t h a t , aeve r the less , d i f fe r s from individual to 

indiv idual . 

Spa t ia l v i sua l iza t ion was found to corre la te more 

with three-dimensional spa t i a l apt i tude than with two-

dimensional spa t i a l ap t i tude . While both the Surface 

Deyelopmeat aad the Spaoe Relations t e s t s deal with th ree-

dimensional ma te r i a l s , t h e i r face v a l i d i t y would not suggest 

a possible duplicat ion of function. That the corre la t ion 

Between two-dimensional s p a t i a l apt i tude and spa t i a l v i sua l i ­

zat ion was s ign i f i can t a t the .01 l e v e l , although s i g n i f i ­

cantly lower than tha t between the same factor and th ree-

dimensional s p a t i a l ap t i tude , might support Super and Cr i t e s ' 

view that in working with three dimensions one ac tual ly works 

progressively with two dimensions. Sven i f i t were so , the 

wr i te r f e e l s that a piecemeal two-dimensional a t tack on a 

three-dimensional s p a t i a l problem s i tua t ion would not produce 

the same r e s u l t s as a global approach in which the t o t a l i t y 

of the s i t ua t i on I s apprehended simultaneously. I t should be 
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smphssizsd tha t a whole I s more than a mere summation of i t s 

p a r t s . ^A three-dimensional s t r uc tu r e , whether i t be a con­

crete objeot or i t s graphical representat ion on a two-

dimensional substratum I s much more than a sum of Individual 

so l ids or gsometrlcal f i gu res . If three-dimensional spa t i a l 

apt i tude were simply a summation of many s imilar two-

dimensional spa t i a l ap t i tudes , a t e s t of the former would 

produce the same r e s u l t s as a t e s t of the l a t t e r If three 

times as muoh time allowed for the l a t t e r i s provided. 

Since the Space Relations and the Surface Development t e s t s 

are not speed t e s t s , I t la very Improbable t ha t t r i p l i n g 

times given for the t e s t s would produce r e s u l t s tha t would 

corre la te very highly with the r e s u l t s of a two-dimensional 

spa t i a l t e s t suoh as the Revised Minnesota Paper Form Board. 

The eor re la t ion between two-dimensional spa t i a l 

ap t i tude , as measured by the Revised Minnesota Paper Form 

Board, and three-dimensional spa t i a l ap t i tude , as measured 

by e performance spa t i a l t e s t , was found by Uhlaner to be 

• 27 - a value muoh lower than the one obtained In th i s study. 

This does not necessar i ly disprove Uhlaner 's f indings. The 

matter of possible differences between a three-dimensional 

performance t e s t and a three-dimensional paper-and-pencil 

s p s t i a l t e s t has already been deal t with and wi l l not be 

repeated here . In any case, i f these differences do e x i s t , 

they oould aooount for t h i a disagreement. S t i l l , t h i s 
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dlfferenee might not be s t a t i s t i c a l l y s ign i f i can t . >io t e s t 

for t h i s was attempted because a t wr i t ing , the number of 

individuals that Uhlaner used, v.&s not available for de ter ­

mining the standard er ror of h i s cor re la t ion . 

I t was found in th i s ctudy that the corre la t ion 

between three-dimensional spa t i a l apt i tude und s p a t i a l 

v i s u a l i s a t i o n , as expected, was f a i r l y high, much higher 

than the corre la t ion between the same cognitive factor and 

two-dimensional spa t i a l ap t i tude . The Implication of t h i s 

i s that elnoe two-dimensional spu t i a l aptitude 1* p t r t of 

three-dimensional s p a t i a l ap t i t ude , a throe-dimensional 

spa t i a l t e s t would, in addit ion to assessing a b i l i t y to 

deal with sol id objeots l a space, measure a b i l i t y to handle 

two-dimensional problems such as determining the r e l a t i on ­

ships of f igures in plane or descr ip t ive geometry. Visua l i ­

zation seems to be the one operation mostly involved in per­

ceiving objects s p a t i a l l y in ordinary day-toiay experience. 

This a b i l i t y i s , tnerefore , much more important than spat ia l 

r e l a t i ons and o r ien ta t ion and seems to be a sine qua non of 

s p a t i a l percept ion. 

Spa t ia l r e l a t i ons and or ien ta t ion correlated more 

with two-dimensional s p a t i a l apt i tude than with three-

dimensional s p a t i a l ap t i tude . Nevertheless, t h i s correlat ion 

was not s ign i f i can t ly higher . The d i s t r ibu t ion of the raw 

scores on the Space Relations and the Revised Minnesots Paper 
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Form Board were s l i g h t l y pos i t ive ly skewed, * s to ni shingly, 

t oo , the d i s t r i bu t i on of th© raw scores on the Surf a ce 

Development t e s t were pos i t ive ly skewed. These t e s t s might 

have been s l i gh t l y easy for th© average twelfth grade pupil 

of St . P a t r i c k ' s High Sohool. This could have made the 

cor re la t ions s l i g h t l y spurious - on© of the reasons why an 

attempt was net mad© to correct the corre la t ions for coarse 

grouping. 

From the aforesaid, the f i r s t hypothesis has to be 

accepted while the second Is rejected a t the .05 l e v e l . The 

Implication with regard to the main hypothesis i s t h a t i t can 

nei ther wholly be accepted nor re jec ted . According to the 

ciroumstfinces of th i s study, two-diaenfloaal spa t i a l apti tude 

has beea found to d i f fe r s ign i f i can t ly from three-dimensional 

spa t i a l apt i tude in terms of the spa t i a l v i sua l iza t ion faotor 

only, and not In tanas of the s p a t i a l r e l a t ions and or ien ta ­

t ion fac to r . 

b) Bfcrpotbeses i i i and i v , - The second approach to 

the problem has been t o use the apt i tude t e s t s as c r i t e r i a 

and the cognitive faotors as the objects of comparison. 

While the comparison here i a focussed on the cognitive 

f ao to r s , a subsidiary concern In t h i s study, t h i s provides 

another angle for inves t iga t ing the differences between two-

dimensional spa t i a l apt i tude and three-dimensional spa t ia l 

ap t i t ude . In f e e t , as fa r as the wr i t e r i s concerned, i t 
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does not matter which pair is used as reference criteria. 

That is, stating that visualization differs significantly 

from orientation with respect to the three-dimensional 

spatial aptitude only but not with respeot to the two-

dimensional spatial aptitude would not convey any more or 

less than the converse. The same relationship exists between 

the two statements as would be found between s mathematical 

proposition and its converse. 

It will be observed that the correlation between 

spatial visualization and three-dimensional spatisl aptitude 

was significantly higher, at the .01 level, than the 

correlation between the same spatial aptitude and the 

spatial relatione and orientation faotor. This confirms 

what was noted under hypotheses 1 and 11. Here again, the 

third hypothesis has t© be accepted while the fourth is re­

jected at the .01 level. Superficially, this might appear 

to be a tautology in view of what was postulated in and con­

cluded for the first two hypotheses. A little more careful 

examination of the thinking involved and also the figures 

used la Table III might achieve the crucial perspective at 

this point. As expected, again, there was more agreement of 

three-dimensional spstial aptitude with spatial visualiza­

tion than with spatial orientation. The principal hypo­

thesis is, therefore, accepted In terms of the spatial 

relations and orientation faetor and rejected in terms of 

the spatial visualization factor. 
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Another strlkiag result was the almost equal 

correlations betweea two-dimensional spatial aptitude and 

spatial relations and orientation and between the same 

aptitude and spatial visualization. These correlations 

were ,55 and .57 respectively. One would expect two-

dimensional spatial aptitude to correlate more with spatial 

relations and orientation than with spatial visualization 

in conformity with what has already been observed and dis­

cussed. This somewhat irregular result might partly be 

accounted for by the slightly skewed distributions of the 

raw acores on the Surface Development and on the Revised 

Minnesota Paper Form Board tests, as may be observed from 

Tables V and VII, Appendix 1. This result might mean that a 

two-dimensional spatial test could be a better predictor 

of the two faotors simultaneously than a three-dimensional 

spatisl test which would emphasize the visualization function 

at the expense of the spatisl relations end orientation 

faotor. Whether or not this would have a practical value 

would depend on job analyses in terms of these factors, on 

whether in practical situations both ability faotors are 

used or, in accordance with the continuum hypothesis, visuali­

zation is used in the more complex spatial situations, and 

also on whether the same individual could consciously or 

unconsciously alternate orientation with visualization in 

due proportions according to the nature of the spatial 
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peroeptual chal lenge. I t might s t i l l , as Super and Cri tes 

suggest , depend on whether an individual meagrely endowed 

with s p a t i a l v i sua l i za t ion would progressively u t i l i z e 

o r ien ta t ion for three-dimensional problems, or when i t i s 

vice versa a lower e f for t l eve l would be employed to solve 

o r i en ta t ion problems with the v i sua l i za t ion a b i l i t y . All 

these possible explanations have not ye t been ful ly explored. 

o) Hypotheses v and v i . - The th i rd approach to the 

problem wae to compare the re la t ionsh ips between two-

dimensional spa t i a l apt i tude and three-dimensional spa t ia l 

apt i tude with the cognitive faotors when eaoh i s correlated 

with the other cognitive fao tor . These comparisons do not 

involve a common va r i ab le . The s ignif icance of these t e s t s 

does not go beyond comparing degrees of re la t ionship* The 

f i f t h hypothesis was accepted beesuse the corre la t ion be­

tween two-dimensional s p a t i a l apt i tude and spa t ia l v i sua l i za ­

t ion did not d i f fe r s ign i f i can t ly from the corre la t ion be­

tween three-dimensional s p a t i a l apti tude and s p a t i a l r e l a ­

t ions and o r i en t a t i on . The l a s t hypothesis was rejected 

above the .05 l eve l of s ign i f icance . This demonstrates once 

more t h a t any comparison tha t involved a re la t ionship between 

v i sus l i za t i on and three-dimensional spa t i a l apti tude yielded 

a s ign i f i can t d i f ference. 

Three of the s ix hypotheses have been accepted and 

the other three have been re jec ted . The general t rend , as 
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has already been pointed ou t , has been tha t the corre la t ion 

between three-dimensional spa t i a l apt i tude aad spat ia l 

v i sua l i za t i oa has cons is ten t ly been s ign i f i can t ly higher 

than any other oorre la t ion compared with i t . A def in i te ly 

high re la t ionsh ip betweea spa t i a l v i sua l iza t ion and three-

dimensional spa t i a l apt i tude i s evident . The main hypo­

thes i s of no difference between two-dimensional spat ia l 

apt i tude and three-dimensional spa t i a l apt i tude in terms of 

the two spa t i a l factors has to be accepted in par t and 

rejected in p a r t . In terms of t h e i r r e la t ionsh ips with 

s p a t i a l v i sua l i za t ion two-dimensional spa t ia l aptitude has 

differed from three-dimensional spa t i a l ap t i tude . 

All the co r re l a t ions h&ve been s igni f icant a t the 

.01 l e v e l . Defini te but moderate re la t ionships were Ind i ­

cated in most cases . Of great importance are the i n t e r -

cor re la t ions between the oogait ive fac tors and between the 

s p a t i a l ap t i t udes . A corre la t ion of .45 between spa t i a l 

v i sua l i za t ion and spa t i a l relation® and or ien ta t ion i s a 

pointer to lack of uniqueness in th© reference t e s t s for 

the cognit ive f a c t o r s . Between the two there could be over­

lap of function or there could be another factor tha t ex­

p la ins the f a i r amount of common variance to the two t e s t s . 

I t i a even doubtful whether even semi-complete orthogonality 

between these faotors was achieved in the fac tor -analy t ic 

development procedures by which they were constructed and 
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c lass i f ied as f a i r l y ualvooal . The f ao to r s , as i&eessured by 

the t o o l s used i a t h i s s tudy, are not Independent, so that 

whatever spa t i a l t e s t co r re la tes s ign i f i can t ly with the one 

must of necess i ty cor re la te with the other . The extent to 

*felch each fac tor load® two-dimensional and t h r e e -

dimensional spa t i a l t e s t s can be determined through faotor 

ana lys i s . 

The cor re la t ion between two-dimensional and t h r e e -

dimensional spa t ia l apt i tude was found not to be high 

enough t o warrant subs t i tu t ion of a t e s t of the one function 

by a t e s t of the other l a a counseling or predict ion s i t u a ­

t i on . I t would appear, however, that a three-diseneional 

spa t i a l t e s t l ike the gpaee Relations of the DiT could be 

used much more benef ic ia l ly in a counseling or predict ion 

s i t u a t i o n than a two-dimension®! spa t ia l t e s t l ike the 

Revised Mane se ta Faper form Board. 



SUMMARY AKD CONCLUSIONS 

Three-dimensional s p a t i s l apt i tude has been found 

to d i f fe r s ign i f i can t ly from two-dimensional spa t i a l a p t i ­

tude in terms of t h e i r re la t ionsh ips with spa t i a l v i sua l iza ­

t i o n . No s ign i f ican t difference was found between them when 

spa t i a l r e l a t i ons and or ien ta t ion was used as a c r i t e r i o n , 

never the less , f a i r l y la rge di f ferences , in some oases, 

approaching the .05 l eve l of s ignif icance were obtained. 

I t i s very probable tha t they could be s ign i f i can t a t l e a s t 

a t the .05 level i n another sample. Further inquiry in to 

these i ssues might produce be t t e r r e s u l t s . 

Many questions have been raised in t h i s study. 

They have almost a l l remained unanswered. Only a few are 

enumerated here . 

1) Does a three-dimensional spa t i a l performance t e s t 

measure the same function as a three-dimensional 

paper-and-pencil s p a t i a l t e s t ? 

i l ) What are the in t e r re l a t ionsh ips between perceptual 

speed, spa t i a l o r i en t a t i on , spa t i a l v i sua l i za t ion , 

and inductive reasoning? Do they r ea l l y l i e on one 

continuum? 

i l l ) Whet p a r t i s played by somesthesia and kinaesthesis 

in spa t i a l perception? I s the k lnaes the t le Imagery 

faotor rea l? 
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iv) I s three-dimensional spa t iu l apt i tude simply a 

summation of two-dimensional spa t i a l apti tude? 

v) Would a three-dimensional spa t i a l t e a t make a 

b e t t e r predic tor of sa t i s fac to ry performance in 

Industry or aoademio achleve&ent than a two-

dimensional spa t i a l t e s t ? 

vi) Does chance at tack l a performance spa t ia l t e a t s 

introduce error variance? 

A great deal of uncertainty s t i l l ex i s t s In th i s 

domain. Hot enough research has been done in th i s f ie ld 

in sp i t e of t he indisputable importance of s p a t i a l t e s t s in 

indus t ry , meohanical technology, and academic achievement 

and prognosis . The wr i te r f ee l s that a good asal Is l e f t 

to be unravelled and a correspondingly lar&e amount of 

a b i l i t y Is l e f t unassessed because Inadequate tools are used 

to measure s p a t i a l ap t i tude . This i s due to the fee t tha t 

spa t i a l t e s t s have not yet been fu l ly mapped out . Overlap 

anddefioienoy are s t i l l rampant. Sometimes spa t i a l t e s t s 

are used t o assess mechanical a b i l i t y or in te l l igence . 

This might be done with a measure of success because of 

concomitance between s p a t i a l apt i tude and meohsnical a b i l i t y . 

However, concomitance should not mean determination. 

Appropriate instruments should produce more meaningful 

r e s u l t s i n terms of the qual i ty and quanti ty of the cpti tude 

under i nves t iga t ion . 
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I t has been found in t h i s study that three-

dimensional spa t i a l apti tude might and sight not differ 

from two-dimensional spa t i a l apti tude defending on the 

basis of comparison. Spa t ia l visualiz&tion did not show 

high cor re la t ion with e i the r two-diraeiisionsjl spa t ia l a p t i ­

tude or spa t i a l r s l a t l o n s and o r ien ta t ion . Therefore, a 

three-dimensional paper-and-pencil spa t i a l t e s t might be 

employed to assess spa t i a l a b i l i t y In general without 

maximum benef i t but with more accuracy than a two-dimensional 

s p a t i a l t e s t used alone. %iile t h i s domain i s s t i l l being 

explored i t might be advisable alvetys to use a threa-

dimenslonal s p a t i a l t e s t . For more spec i f ic assessments, 

the reference t e s t s for the cognitive faotors used in t h i s 

study should provide th© best se rv ice . 

By combining the t e s t iteras of a spa t i a l v i sua l iza ­

t ion t e s t and the t e s t Items of a spa t i a l r e l a t ions and 

o r i en ta t ion t e s t according to the appropriate procedures of 

t e s t const ruct ion, a t e s t tlu.it could measure both factors 

simultaneously could be constructed, fueh a t e s t could be 

used to find out whether ce r ta in Individuals would tend to 

do the o r ien ta t ion Items while otherswould tend to evade the 

o r i en ta t ion Items to do the v i sua l iza t ion items. Whether 

Individuals who score high on an or ien ta t ion t e s t would 

s e l ec t the o r ien ta t ion items la a jumbled t e s t in preference 

to the v i sua l i za t ion items end whether those who score high 

http://tlu.it


SUMKARY MIT) CONCLUSIONS 95 

on a visualization test would generally choose the visualiza­

tion items in preference to the orientation items v̂ ould be 

an interesting investigation and another approach to the 

continuum theory of spatial faotors. 
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DISTRIBUTION OF SCORES 

Table IV. -

Dis t r lbut ion of Scores on the Space Relations 
of the Dif ferent ia l Aptitude Tests . 

Score Frequency 

90 -

80 -

70 -

60 -

50 -

40 -

30 -

20 -

10 -

0 -

rlO -

99 

89 

79 

69 

59 

49 

39 

29 

19 

9 

-1 

4 

11 

16 

13 

16 

15 

5 

7 

5 

6 

2 

N - 100 
M - 53.10 
(f m 25.20 



APPENDIX 1 101 

Table V.-

Dlstribution of Scorss on the Revised Minnesota 
Paper Form Board (Form AA). 

Score Frequency 

60 -

55 -

50 -

45 -

40 -

35 -

30 -

25 -

20 -

15 -

10 -

5 -

64 

59 

54 

49 

44 

39 

34 

29 

24 

19 

14 

9 

2 

5 

10 

19 

19 

17 

11 

10 

3 

2 

1 

1 

N = 100 
M = 39.90 
<f= 10.60 
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Table VI.-

Dlstributlon of the Scores on the Card Rotation 
Test. 

Score Frequency 

220 -

200 -

180 -

160 -

140 -

im -

100 -

80 -

60 -

40 -

20 -

0 -

239 

219 

199 

179 

159 

139 

119 

99 

79 

59 

39 

19 

1 

1 

3 

7 

12 

21 

21 

12 

8 

1 

0 

1 

K - 88 
H_« 121.55 
o-« 36.12 
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Table V I I . -

Dis t r lbut ion of Scores on the Surfaoe 
Development Test. 

Score frequency 

60 -

55 -

50 -

45 -

40 -

35 -

30 -

25 -

20 -

15 -

10 -

5 -

0 -

64 

59 

54 

49 

Tm*3t 

39 

34 

29 

24 

19 

14 

9 

4 

4 

10 

10 

10 

11 

3 

10 

7 

7 

3 

3 

3 

2 

N • 88 
M * 38.00 
<f s 15.33 
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ABSTRACT OF 

Two Spat ia l Factors In Two-Dimensional and 
Three-Dlmensioaal Spatial Aptitude! 

Three spa t i a l f ae to r s : spa t i a l re la t ions and orien-

t a t i o a , spa t i a l v i sua l i za t ion , and k iaaes the t ic imagery have 

been i so la ted as components of two-dimensional and three-

dimensional spa t i a l ap t i tude . Although many fac tor -analy t ic 

s tudlee of spa t i a l t e s t s have been undertaken, the l i t e r a t u r e 

exhib i t s a dearth of researoh In the nature of composite 

spa t i a l ap t i tude . The tendency has been to assume that two-

dimensional spa t i a l apti tude does not d i f fer from three-

dimensional spa t i a l ap t i tude . 

This study has concerned i t s e l f with determining 

whether or not two-dimensional spa t i a l apti tude di f fers 

s ign i f i can t ly from three-dimensional spa t i a l apt i tude. 

Two s p a t i a l f ae to r s , spa t i a l re la t ions and or ien ta t ion , and 

s p a t i a l v i sua l i za t ion were used as c r i t e r i a . The Revised 

Minnesota Paper Form Board (Form. AA) was used t o measure 

two-dimensional spa t i a l ap t i tude , the Space Relations of 

the Di f fe ren t ia l Aptitude Tests was used t o measure th ree-

dimensional spa t i a l ap t i tude , the Surface Development Test 

1 Raymond R-8. Molomo, master 's thes is presented to 
the School of Psychology and Education, University of Ottawa, 
Ontario, 1964, ix-105 p . 
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and the Card Rotations Test. both from the Kit of Reference 

Tests for Cognitive Factors, were employed to measure 

spatial visualization, and spatial relations and orienta­

tion respectively. The klnaesthetle imagery factor was not 

included in this study because no instrument was available 

for its measurement. 

Coefficients of correlation between the variables 

were computed by using the scores of 120 Grade H I boys to 

whom the four tests were administered. Six statistical 

hypotheses were formulated and tests for significant differ­

ences between correlations applied using the Critical Ratio. 

Three of the hypotheses were accepted while the other three 

were rejected. The main hypothesis was correspondingly 

accepted in part and rejected in part. Two-dimensional 

spatial aptitude was found to differ significantly from 

three-dimensional spatial aptitude with respect to the 

spatial visualization factor which correlated highly with 

the latter. No significant difference was found with res­

pect to the spatial relations and orientation factor. 


