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INTRODUCTION

Spatial ability has a2lways heen consldered to be an
important segment of the vast area of aptitudes., Nany tests
of this ability have been devised for use in educstion and
industry. There are the various pesper-and-pencil, appsratus,
and psychomotor tests of spatlsl ability. GSurface develop-
pent, pa-sr-and-pencil, apparatus, form boards, rotuted
figures, mechanicsl movements, complex coordination, and
paper folding are some of the most familiar spatisl testa,

¥hether a single unitary spatisl abllity or several
dirfferent ablilities are essentisl to descride the process of
spatial perception is the que=stion that has arisen persistent-
ly. Meny researchers have grappled with the perplexing
problem of how we orient ourselves geographically and
spatially. A person might be considered to be locsted in a
spatial-reference matrix with himself at the origin of the
coordinates. As he moves about in space, he uses this
matrix to locate objucts and points within his spetial
environs.

The problem of orientation became more complicated
as man %took to the air and positions that deviated consis-
tently from the customery vertlcsl ococurred ss, when in
flight, his aircraft ascended, banked, and performed other
unusuel manceuvres. Orientation with regard to the self is

only one aspsct of the spatial problem. e have to deal
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often with spatial relationshlps in which we are not located
at the centre, or that are not present and, therefore, have
to be imagined or visualized. When we desizn a structure
that is not yet built, or analyse what is wrong with & ocar
engine from its sputterings without opening it up and separa-
ting the parts, we visualize the spatisl arrangement and
movement of the parts relstive to one another. We form &
visual spatial pattern and exercise cur imeginative powers

to this unreal and yet useful visual pattern without which
we c¢ould not have a concept of an architectural or mechanical
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 apace through the
toueh sensation and kinaesthesia. For the visualists, our
percepts of spatisl relations are obtemined throush sight,

The other polint of view whioh eculd be regarded as integra-
tive or ecolectic maintained that each of the senses is
capable of spsce perception snd that the senses are all
involved in the process of spuce perception.

The concept of a meesurable spatial abllity was
brought to attention primarily as a result of factor ansly-
ses of intellectual abilities. Like the other ooncepts born
of faoctor anslysis, the concept of spatial ability was
developed through the inductive epproach in whioh statisticel
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evidence 1s the basis of derivin’ a new psychological con-
cept. Faoctor analysis has, further, broken down the sp.tial
ability into three ampecific and almost unitary factors,
spatial relations end orientstion, spatial visualizetion,

end kinsesthetie imegery. British and Americun psycholomiste
have tended generally to disagree about the number and signi-
ficance of the different spatiaml fuotors that can be iso-
lated in various graphic tests, The British point of view
that there i8 only one spatial factor sesms to be better
supported by studies of the spatial abllities of children
while the American concept of several spatial fectors is
borne out toa larsze sxtent by studies of mdults. It has bsen
established thet spatial ablilitles are not yet fully mature
before the zge of fifteen ysars, The sxtent tc which each

of the several faotors is related to a compoaite spatial
aptitude has not yet been adequately assessed,

This project is concerned with investigating rela-
tionships between two-dimensionsl znd three-dimensional
spatial aptitude and twe spatial faoctors, spatial relations
and orientation, and spatial visuslizaetion. Its importence
lies in the practical) implications that alght accrue with
respect to the aepplicetion of spatial tests in prediction
of success in industriel occupations =snd scademic pursuit.

It is essentiel thet spatial ability should be fully mapped
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out and spatiel tests thoroughly snalysed if they should be
employed with success to measure appropriate functions.

The firzt chapter surveys the litersture .~ith
euphasis on those sspeots which are relevant to the problem,
An spproximately chronolozical treutment of factor analyses
of spatisl tests 1s handled in this chapter. The sxperi-
mental design of the study is presented in the second
chapter, It covers the presentation of the problem, the
formulation of the hypothesis, and descriptions of the
sample, the psychometric instruments and the procedures
followed in the scoumulation of data, The last chapter
presents the results, discusslon a&nd interpretations of the
findings, Areas of research and problems that might oall
for further investigation have been suggested in the
summary and conolusions. The enncotated bibliography at the
end of this study ~ives an inkling towards the major sources
on which the review of the literature is bassed. Finpally,
the eppendices present the distributions of the raw scores
on the four tests, and the abetrect of the thesie.
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REVIFY OF T LITUR.ATURF

While this chapter wlill be lsvoted Lo ¢ survey of
relevant research in the domein of spatlal abilitise, it
is esseptial that the problem be announced at once if the
review of the literature should be apprecisted in the
light of the prinoipal concern of this investigetion. The
problem of this study is to investigate the difference
between two-dimensionsl sputisl aptitule und thres-dimensionel
spatial aptitude in terms of the two cognitive factors,
spatial relationa and orientation, und spatiel visuslization,

Thie chapter is divided into five sections. A more
or leseg chronclogleal presentation is followed, thouch not
quite strictly in some cases. Almost exclueively, facter
gnalysis has beep the technique used in investigations con-
cerning spatial ebilities, The first section deals with
earlier factor analyses of spatlal tests, the second reviews
faotor anslyses of the Aviation Paychology Trogrezme, the
third discusses the directionsl diszcriminastion snd continuum
hypotheses, and the fourth summsrizes the findings of the
Space and Visualization Committes. Uhlaner's study on the
differences between two-dimensional snd three-dimensional
spatiel relations abilities was the only one of its nature

thaet the writer came across, In viasw of its extreme
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importance for this investligation, 1t has been treated as a
distinot part of the revliew of the Litsreture, It consti-

tutes the fifth aseotion.
1. Barly ¥Yactor :inalyses of Opatlal Tests.

Angelll reporting Tor the Amerlcan Psycholoical
Assoclatioun committee that was s8et up exrly in this ocentury
for the purpose of recomnending tests for preciical applica-
tions, discussed the then objactive tesis of mental imagery.
He held that tests of geometrioal forms such as visualizing
what 2 cube or a veometrical figure would look like if it
wers cut up in certuin specifisd ways, were peculiarly
successful in throwing visual ima-ery into the foreground
end that the tests possessed no significeunce other than the
introspsctive evidence galued through them. Fernaldz
attesmpted to mensure imazery bat did not find reliable pea-
sures for it. 8he concluded that there were several indepen-
dent variasbles deteranining the quality of imagery, and that
the type of imacery used by a subject vuries with the char-

ecter of the test, Her other conclusion was that symbolic

1l J.R. sngell, et al., "Report of the Cozmittee of
the Americen Psycholozical Association on the Standardiza-
tion of Procedures in Experimental Testa"™, in Psychelosi cal
Mopographs, Vol. 13, Ro. 1, 1910,

2 ¥.,R. Pernzld, "The Diagnosis of Mental Imaegery"™,
in Psychologiocal Monosraphs, Vol. 14, 1912, p. 1-89.
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imagery, especially verbal, is often effeotive in meeting
the demands of e given form of test. Spelling backwards,
memorization of homophonea, end memorization of Roman snd
Arabic numerals were some of the objective tests of imagzery
that were suggested.

The introdustion of the factor analytic technique
into the study of the relationships among teets has made it
possible to isolate spatial factors im meny studles.
Spoarmnn3 oited evidence in favour of and against the exis-
tence of a group factor counected with spatisl relations, In
his study of the abilities of man he reported a correlation
of .79 between "g" and the relation of space. Epearman
states, further, that "in this class of relations, then, we
are examining the very vasis of s person's stimuletion by
and reaction to his nmaterial environment“.‘

Eblloy5 reported having found in a number of studies
a factor referred to as wmanipulation of spatiel relstions
which was different from snother factor that involved sensing
and retention of visual forms., He concluded from his inves-

tigations with primary school puplls that there were two

3 C. Bpearman, The Abilities of ¥Man, Macmillan and
Compeny Limited, Landén, . ’

4 Ibid., p. 175.

8 T.L. Kelley, Crossrouds in the ¥ind of Man,
8tanford Universlty Press, 1928,
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spatial fectors, one involving a sensing and retention of
geometric forms, and another involving manipulation of geo-
metric forms., He indicated that fucility with verbal
material, manipulation of gpatial relatlionships, 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 & large independent faoctor entitled to
its own paychology. It probably does not play as
large a part in school work as do the verbal,
arithmetic apd memory factors, but it may play even
a greater part than these three in adult activity
represented by trades and engineering.®
Thurstone’ included among his seven primary mental
abilities a factor that he labelled 8, 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 earller investigation. Pollowing the lead of Brown
and Stephanson,g Bl Kcussyla set out to investigate the

spatial factor by putting together a batiery of twenty-sight

6 Kelley, Op, Cit., p. 1386,

7 L.L. Thurstone, "Primery Mental Abilities"™, in
Psychometric Monographa, No, 1, Chicsgo University Press,
1938,

8 Ibid,, p. 80.

® Wm. Brown end ¥Wm, Stephenson, "A Test of the

Theory of Two Factors”, in the British Journal of Psychology,
Vol. 23, 1933, p. 352-370.

10 Bl A.A, H.Xoussy, "An Investigstion into the Factors
in Tests Involving the Visual Perception of Space", in the

British Journal of Psyochology, Momozraph Supplement, Vol. 7,
0. 20, 19395,
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variables consiasting of eight reference tesis, two of Cox's
mechanioal tests, two so-called scholastic abilities tests
and sixteen tests Iinvolving visual perception fundaments of
a spatial nature. When "g" was partialled out, eight of the
eixteen 3 priori spatial tests had an average specifie corre-
lation of about .25, The specific correlations for the
eight tests satisfied the tetrad oriterion, indicating that
there was in them over and above "g" one group factor. E1
Koussy ocalled this faotor the K factor. His deseription of
K leaves no doubt about its visual-spatisl content:
The K factor rsceives a ready psychologlecal

explanation in terms of visual imagery. Observa-

tione as well as introspection from adults as well

a8 children show in those tests involving the K

factor, it 1s necessary to obtein, manipulate and

utilize visual epetisl imagery.ll

Wolflel? summarized factorial results to 1940 and

found that the apstisl factor, second to the verbal factor
only, was the most frequently identified faotor. He
stated thuat it appeared prominently in tests that required
the subjeoct to react to spatial relations, to read pleans or
blueprints, to distinguish or identify similarities between
graphical representations of opposite or the same sides of

such asymmetriocml figures as flags. For him the seme
factor seemed to be involved in dealing with both

11 E1 Koussy, Op. Cit.

12 Dael Wolfle, "Factor Analysis to 1940", in the
Pgychometric Monographs, No. 3, 1940.
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two-dimenaionul end three-dimensionul cpace. This was in
agreement with the current view thut there sre no significant
differences between two-dimensicncl apd three-dimensional
spatial visuslizetion sbilities. The latter wzs seid to be
a gradusl epplication of the foraer ability. Super and
Critesl® still support this view, with = reservation though:
It msy be that in working »ith two-dimensional

objects, one actually works in three dimencions,

sentally turning objects around snd over, so that

there is no resl difference between the two types

of tests; but this has not yet been deronstrated

to be the case,.ld

Using Thurstone's centroid method, Harrelll5 analysed

the intercorrelations between thlirty-seven variables in-
cluding the Hinnesota battery of mechenicel ability tests,
the seven Holuarrie tests of mechaniocel ability, O'Connor’s
¥Wiggly blocks, and the Stenquist picture-matching test,
Among the five factors that he isclated were the spatial and
the perceptual, both of which were prominent in the so-called
mechanical ability tests. The single significant welzht of

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

13 D.E. Super and J.0. Crites, Apprujsing Vocationel
Fitness, New York, Harper and Brothers, 1962, v-688 p.

14 Ibvid., p. 286,
15 W. Harrell, "Feotor Analysis of Mechanical

Ability", in Psychometrika, Vol, 5, No. 1, issus of Msrch,
1940, p. 17-33,
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WIttenborn,ls in his investigetions of the neture of the
mechanical ability, found that the spatial factor was e
principsl faotor. Twenty per cent of the variance of the
Mipnegsota Spatiel Relations test was dus to this factor,
Thirty-five per cent of the vurlance of the Pesper Yorm Board
test was attributable to the spatlal factor. The Asgeasbly
test was found to be lirgely a measure of spatial ability end
ocaelled Tfor the dexterity factor to & negllgible degree.
Contrsry to its name, the fsgsembly test cells for the visuell-
zation of ths relations of parts rather than the ability to
excel in the msnual process of assembling parts, ¥ittsaborn
concluded that the hypothesls that "s high crder of spatial
ability is necesssry for personally gratifying performance in

any mechanical oparation"l7

may be offered, He hypothesized,
further, that persons who are deficient in spatisl ability
may in general tend (o avold mechenical work or participate
with 1ittlo zeal and consegquently neglect the development of
many pursly senual facilities with whlich they might have
started in life.

It is guite obvious already that spatiael ability has

occupied a very important position even in factorial studies

16 J.i. Wittenborn, "Wechanical Ability, Its Nuture
and Measurement 1. Analysls of the Varisbles ¥mployed in
the Preliminary Minnesota Zxperiment”, in Pducatlonal and

Psycholoziocsl Messurement, Vol., 5, Wo. 3, issue of Autumn,
1945, p. 241-260.

17 Ibid., p. 257.
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of other aptitudes, in particulur the mecaunical aptituda and
intelligence, It couli be menticned in pussing but as an
importaut fact thet nearly all the so-called non-verbal
tests of intelligsence haves elways been nsasures of spatlal
ability in ons way or anoiher.

Attention may now be directed towards snalyses
undertaken by the ‘rmy Alr Force Fsychological Program, now
that a falr amount of whet serlier research hss sccomplizhed

has been pointed out amnd briefly discussed.
2. Factor Analyses of the Avlation Psychology Program.

In a brief description of the factors that were die-
covered by the Army Alr Force psyochoclogisis in their enjea-
vour to develop procedures for the seleotion anéd claseifica-
Wlon of alrcrew trainees and aviation psersonnel, Guilford
and Ziamermanla indlcate that factors similar to those that
were isolated by Thurstone were discovered. B8pace 1 was one
of the Taoctors that wes dlscovered by the aviation psycholo-
gists., Thurstone had defined spatisl ability, which he hsad
listed a8 one of his primeries, ap if it were a visualiza-
tion fector. Guilford and Zimmermsn suggest thet their

space 1, probably in combination with visualizstion, composes

18 J.P. Guilford and ®W.S. Zimmermen, "Some A A F
Findings Conceerning Aptitude Factors”, in QOcoupations,
Vol. 26, No. I, issue of Decemder 1947, p. 154-159.
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Thurstone's 8 factor. The factors seemed to explain the
unexpected correlation between psychomotor and printed tests,
Space 1 "seems to be an ability to percelive the spatial order
or relationships smong objeots".lg 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
eriterion., It may be a prominent prerequisite in many
machine-operating jobs that require decisions as to direction
of movement that depends on signals.

On esnelysis of Thurstone's Haends, and a combination
of Flags, Figures, and Cards, Guilford and Zimmerman 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 addlitional 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 invelve 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 visuallzation ability.
Many mechanioal tests such as mechanical movements and
mechanical prineiples of the Bennett type have loadings

19 Guilford and Zimmermen, Op, Cit., p. 157.
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on it, but also even higher loadings on another fuotor,
machanical experience., Gullford and Zimmerman express this
uncertainty es to the number of spatial faotors thus:
(eve) 1t would eppear that elther there are

several ractors or, if only one, it iz tals

speeial manipulative type (...). The inventor

of mechanical dsvioces probubly depends Leavily

upon it, but the extepnt is still to be determined, 20

British pasycholozists have isolated a factor that

they called “"practical", This factor losds mechanical eand
spatial tests, In aeddition to the "g" factor postulated by
8S8peurman, The "practical" faotor is needed to account for the
common variance when mechanicel and spatial tests are in-
cluded in a battery. Burt®l divided the "practical"™ factor
into two sub-factors: mechaniosl and gpatiasl. He defined
the space sub-fagtor as the ability to perceive, interpret
or mentally rearrance objJects as spatially related, 2
further distinctlion was made hetween two space sub-factors:
a factor for statie spatial relations and a factor for
kinetic spatial reletions., The static-relatiocns factor was
subdivided further into the abilities to perceive and

visualize objeccts in two disensions only, and in three

dimensiocns, whether or not there sre real differencss between

20 Guilford and Ziwsmerman, Qp. Cit., p. 157.

21 C. Burt, "The Struecture of the Hind: A Review
of the Hesults of Yactor Analysias®™, in the British Journal

of Pdugational Pevchology, Vol. 19, 1949, p. 176-189,
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the two abilities, as Burt lmplied, has not yet been con-
¢lusively demonstrated.

Beveral spatial factors were isolated in the Aviation
Psychology ?rogram.ag 8patial relstions end visu=liration
woere the two that weres best established. The vizualization
faotor was deseribed as involving visusl manipulotive ability.
In solving the problems that tested for this, it was neces-
sary for the examinee to move, turn, twist, or rotate an
object or objeote and to recognize & new pattern or position
after the presceribed manipuletion has been effected. Surface
development, mechanical comprehension, paper folding end
verbal cubes were the types of test that had loedinzs on this
factor. No certainty of the nature of the sratial-relations
tactor was established, One gpeculation was that it repre-
sented the ability to determine and undesratand a systematic
relationship between spatial order in the stimulus and spa-
tial order in the responese, Tests such as & paper-end-psuncll
test in whioch the direction of Plight and altitude of an
airplane must be determined from a set of instrument diel
readings, and a psychomotor test in whioch e vattern of lights
must be matched to another pattern by knowing im which 4ir-
ections to move a stiock end rudder exemplify tests that were

loaded with this fsector.

22 J,7, Guilford, Printed
A A F Beport Ho. 5, Voshington, I.C.,
ment Printing Office, 1947, 11i-919 p.

genification Tests,
nited States Govern -
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The Aray Air Force paycholozists raported repeatad
analyses in which two factors were found, one having to do
with swareness of approciation of spatisl relations and the
other with mental manipulation of ohjects in space., This
was later verified by Thuratonegs In his study on visusl
thinking. The third fszctor was 11l-3efined znd infrecuent
in the exanined studles. 1In their anslysis of the A.1.F,
Sheppard Fileld Batiery of thirty-nine experlimentesl printed
aptitude tesis and seven reference tects tiken from the

A.AF, Alr Classification Battery, Fructer, Guilford and

Zimmerman®% identified two factors es spatisl relations and
25

visualization, and visual imegery. “imaerman re-snalysed
Thurstone's Primary Mental fbilitiss -~nd designuted spatial
relations and visualizstion as two distinct factors. Of
greater importance, however, wae Thurstone's isolation of

26

three factors that he claimsd were connected with visual

orientation in space., He labelled them S;, Sp, and 8z. The

23 L.L. Thurstone, Some Primary Abilities in Visual
Thinking, Chiocego, University of GChicago Psychometric Labora-
tory Report No. 59, 1850.

24 J.P. Guilford, et ml., "Factor Analysis of the
A.A. Forces Sheppard Field Fettery of Fxperimental Aptitude
Tests"”, in TPsychometriks, Veol, 17, Kec, 1, issue of March,
1952, p. 45-68.

£5 W.C. Zimmerman, "A Revised Crthogonal Rotationsl
Solution for Thurstone's Original Primary Mental Abilities
Teat Battery", in Psychometriks ,Vol. 18, Ko, 1, icsue of
Marech, 1953, p. 77-923.

26 Thurstone, Some Primary Abilities ip Visual
Thinking, Op, Cit.
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first, &3, wes sald to represent the ablllity to recognize

the identity of sn object then 1t 1s ssen from different
angles. It is, further, the abllity to visumulize & ri:id
confizuration when it Leas been wovaed into different positions.
Sz represented the ablliity to imeglne the movement or internal
displacement smong the parts of a configuration that one is

thinking about. It was meesured by iechanical Movemeats and

Surface Developmants. Obviously, this wus the same fuotor

that he had spoken of in 1938. "The aspace faoctor is found in
tests wnich require the subject to manipulate an object ima-
ginatively in two or threae dimensions.*27 Sz was said to
represent the ability to thipk about those spatial relations
in wihlch the body orientation of tae observer is an essen-
tlel part of the problem, Thurstone did pot mention speocific
tests fcr this faoctor. He, however, indicsated that it was
not limited to tests in which there is gross bodily movement
in relation to the objsct or the environment. It was also
involved in t=sks in which there is hand-and-eye coordina-
tion with a moving objsct, and in tasks in which the subject
must locate a point in a ccordinate system or in reading

instrumentsa. He surmised that kinesthetic imagery might be

27 L.L. Thurstone, "The Percentusal Faotor"”, in
Psychometrika, Vol. &, No. 1, issue of Mereh, 193¢, p. 1-17,
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involved In 83. Ia a later 3nudy,2g a fourth factor wiaich
Thurstone identified .3 g kiuestiuebtlc imagery factor was
isolated. It vwes me.uured oy the Hands, and the Bolis tests,

Three leovors, 8pace, sputial orientution, snd
vistallization were llsted by brencngg in & compllation and
surmary of the results of &z number of studies., He described
the space factor ms the «bility Vo percelve spatial pattsrns
acourately and to compure Thea with sach other., It was szigd
to include the perceztion of two-dimensional as well as
threz-dimensional space. According 0 ¥Freneh, the orienta-
tion factor seamed fto luvolve a perscon's sbility to remain
unconfused by the chunging orisnbations ln which a spatial
patisrn may be pressaled. The visusllzatlon factor wuas con-
gidered to be ths ubility to comprehend imaginaery movements
in thrse-dimensional space, or the sbility to manipulate
obJects in imaginstion,

To test the validity of twe appsrently correlated
hypotheses thet purported to represent the differences in
the psychological atiributes of the spatiasl relations

28 L.L. Thursione, Analysis of Mechnanical Aptitude,
University of Chicago Payechometric Laboratory Report Ko, 62,
1951,

29 J.®. ¥rench, "The Desoription of Aptitude and

Achievement Tests in Terms of Rotated Factors™, in the
Paychometric Monozraphs, No, &, 1981,
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factors, Michael et nl.so used & sample of 360 high school
mele studente, the spatlal tests of the Guilford-Zirmerman

Aptitude Survey, and the apatlal tests of the Thurstone
battery. Orthogonal rotetion was used. The spatiel rela-
tions factoer was hypothesized to be the ability to comprehend
the arrangement of slements within s visual stimulus pettem,
primerily with reference to the human body. In Thurstone'’s
Cubes test the subjact is asked to recognize whether the
desizne on the asides of & second oube can hold the same
relationship to one another as they do on the first cube,

By noticing within each cube the left-right, top-bottom, and
front-back interreiationships of the fscea, the subject 1s
able in ssch item to refer the positioms of three desiznas on
three exposed foces of one cube to the positions of designs
on the fazces of the other cube. Guilford snd Limmerman's
Spatial Orientation teat plsces a premium on the exeminee's
ability to maintain the correct relationships of objects to
one another in a background scanery that has besan viawed
twice from a motor-boat, before and after the prow has moved
up or down and/or left or ri<vht. The subject must ascertain

the prela.live amount of dirsction of movement of the boat

30 ¥.B., Michael et al., "#n Investisation of Two
Hypotheses Rezerding the Nature of the Hpatlal-Relstions

and Visuzlization Fectors™, in the ¥ducationsl and Tnycholo-
gical Messurement, Vol. 10, Ko. 2, Tssue of Summer, 1950,
p. 8"’ *
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corresponding to chunges in the two views of the hackeground
setting.

The factor of visusllzation waes hypothesized to be
the adility that requires the mental manipulation of visual
imares, Unlike the factor identifisd by some studles as
visual memory, which appears to be & statioc or reproductive
form of visualization, visual manipulation is dynamic., This
ability appears to be present in the sclution 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 relutions. He should be abls to recognize
new positions, locstion or changed appesrcsnces, The spatlal
relations factor was said to be automatic and the visusl
factor more delibsrate and less automutic, Hence, time
should not matter mueh in the assessment of the latter as
it is a measure of power and not of skill. Verbsl compre-
hension, numericsl facility, parcsptual speed, ressoning,
visualization, and spatial relations were the factors that
were ldentified in the orthogonal system.

In a subseguent stuﬁysl by the same researchers
using a high school sample of 151 boye znd 139 girls snd a

battery of fifteen tests and Taurstone's centroid technigue,

81 W.B. Michael, et ml,, "An Investigation of the
Spatial-Relations and Visualization Factors in Two Hish

School Samples”, in the EZducationa) snd Psycholosical
Measursment, Vol. 11, No. 4, lssue of Winter, 1951, p.561-577.
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thelr previous results were confirmed. T»or both zroups the
same six orthogonal factors were ildentified. This could be
regarded as positive evidence for the tenubility of the two
hypotheses regarding the spatial relations and visualizastioen
tactors.

Zimmerman,aa in an intensive study of the measure-
ment , isclation, and definition of spatial sbilities, sought
to answer the followinz guestions:

1. How many spatial factors are there?

2, What is the imnfluence of item difficulty upon
the factor composition of & test in this area?

5. Were spatial faotors other then those announced
by Thurstone messured by some of hls 58 tests?

4. What form of test will memsure the apatliasl-
visualization factor or factors best?

5. 1f other factors can be identified in Thurstone's
data, from what source will they originate?

He reported ample evidence of two spatlal-visualization
factors, spatisl relations and visualization, and also con-
firmed that both the spatial relations and the visuallzation
fauctors were pressnt in Thurstone's orl:inal primary mental
abilities test battery despile the fact that tha first

published solution acoounted for one of them only.

32 W,.8, Zimmerman, The Isolstion, Definition, and
Measurament of Spatisl and Visuslizetion Abi;iﬁies,
unpublished Ph.D, thes

8, university of South Carolina,

1949.



REVIEW OF THE LITRkATURF 18

He concluded, further, that
Although the spatial faector is yet not clearly

defined, some earlier hypotheses can be eliminated

on the basis of the findings, Apparently in

measuring spatial ability, it is necessary to

present probleme requiring something more than

simply a diserimination of up-down, right-left, or

backward-forward movement. It seems to be necessary

for the examinee to project himself empathically

into a spstial situatlon and to determine the

relationships of external objecits relative to his

own body (...). The individual must be motivated to

empathize instead of placing himself in position

remote from the problem where he 1s more 1n§%ined

to manipulate the external object visually.
From the above cltation it would appear that, for Zimmermsn,
spatial ability involves ability to project onesslf psycho-
lozically into the spatiel stimulus, But this demand on the
part of the subject depends on the complexity of the spatial
situation, a8 we shall see later when the continuum hypo-

thesis is discussed,

The Aviation paychologists established the existence
of two spatial faetors, spatisl relations and spatial visua-
lization, The former was sald to be automatic while the
latter was said to be deliberate and less automatic, In
conjunction with these concepts, two hypotheses were

postulated,

33 Zimmexman, Op, Cit., p. 192.
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3. Nirectional Discorimination und Continuum Hypotheses,

1) For a whils the idea of the spuce factor being
cne of directionsl disorimination had strong appeal for the
aviation psychologists., They constructed tesis to emphasize
this aspect of spatial ability. It was thought that spatial
abllity 4id not comprise anything more than the ebility to
distinguish direction of movement, abllity to discriminate
between up and down, backward end forward, 1n and ocut, left
and right.

Degan,34 for instance, influenced by the appeal of
the dirsctional diserimination theory of the spatial ability
defined it as the facility of discoriminatory decision in
which the declsion raslstes to the potential dirsction of
movenent. He maintsined that this ability was & function
of the Complex Coordinstion test, a measure of paychomotor
ability. The teate that ware constructed based on this
hypothesis did not reveal the feotor that was isolated by
the Air Force Spatial Relations test. The directioneal dis-
oriminetion hypothesis has, therefore, heen unaocceptable
insofar as it applied to the Alr Force spatial relations

factor.

34 J.%. Degan % Re-Anal¥ais of the ? A F Battery
of ghanical Tests, éh cago, University o hicago

Pgychometrie Laboratory Report No. 58, 1950.
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i11) The continuum hypothesis states that space end
visualization are differentiated by thelr relative positions
on a continuum of complexity or diffioulty. It implies that
by varying item complexlty or difficulty a single kind of
test could be made Yo emphasize each faotor in suceession,
perceptual speed, spatisl ralstions, visualization, and
reasoning., Zisuerman investigated this hypothesis by using
different forms at different lsvels of 4iffioculty of the
Visuslization of Maneuvers teat., He found that the Visuasli-

zation of Maneuvers test measured visualizstion optimally at

a moderats level of difficulty and thet the lass 4i¢fleult
items tended to messure perceptusl spsed,

The results of the analysie supported the
hypothesies for the first thres factore dbut not for
the fourth, The easier, more gpeeded form of the
test zgained by far the highest loading on Perceptual
Speed, the test of medium dif*iculty led the others
on Space, although not as convincingly, and the most
difricult of the three led the othars with a heavwy
welght in Visuslization, Whether an even more
difficult form of the same test would sample 35
reasoning oould not be inferred from the data,

These findinge were a confirmation of, and sven an improve-
ment on, what Zimmermap had found out sarller when he ocon-
cluded that the continuum hypothesis holds for perceptual
speed and visualizution only.

35 W.,5, Zlsme:man,"The Influsnce of Item Complexity
Upon the Factor Composition of e Spatial Visualization Teat™,

in Rducsntional end Psycholosical #assurement, Vol. 14, Ho. 1,
issue of Spring, 1954, p. 119.
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Thus, the only factor ocontinuum that can be
readily demonstrated to be due to difficulty
of peroeptusi speed and visuslization.38 o
perceptual sp
The oontinuum hypothesis seems, therefore, to be
teneble, at lsast tentatively. Its importance resides in
its iaplications. It suggests that the rigidity versus
flexibility, and the involvement of the total configuration,
are incigdental to and merely functions of the degree of
complexity involved. An scceptance 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 sntars will, therefore, vary asmong sub-
jects. While one would use the spatisl relations factor or
ability to sclve a problea, another might use the viannliza-
tion factor. The problem might atill be zo simpls for
eanother that he might use perceptual speed only. Zimmerman
points out that;
For distlnot separations to be made, the
analysis might need to he bassd on homogeneous
populations in which the individusla shift from

one facetor to snother on or gaar the same points
on the difficulty continuum,3?

96 Zimmerman, o Isoletion, Definition, end Measure-
ment of 8patial end Visualizstion Abilities, Op. t.
37 meceeweca "Hypotheses Concerning the Nature of

the Spatial Faetora", in Pduestional snd Psychclormical
Messurament, Vol. 14, Ko, 2, issue of Suumer, 1954, p. 400.



REVIEWR OF WHE LITEXRLTURE 22

It hes been expleined thut & person ercountering a
problem in which he can project hiuself empathleully will
solve it spatielly. If an indlvidual, for instance, is
viewing s house whose foundutlon is oblique end he tends to
orient himself by bringing his own body into alignment with
the house, he is "spatializing®™, whereas if he mentally
rotates it back into normal position, he is "visualizing™.
Orientation by spatializing 1s not possible when obleots are
too far out of slignment, In such circumstances the viewer
will form & mental imege, 1f he is capeble of visualizing,
and manipulate it., Zimmerman clarifies this point thus;

When only & elight degree of turning or rotation

is required for an individuel to orient himself with
an external objeect, he is more likely either to
move himself or feel ni§gelr gdjust smpathlieally to
the stimulus situation.

The more automstic response, then, is to

spatiallize; but when this does not accoaplish the

desired end, dependence ig plsocsd upon the more
intellsctuslized visualization.59

4. Findings of the Space and Visu:lization Coumittee.

In 1931, the Tducational Testing Service sponsored
a seminar at Princeton in which individuals interested in

factor analytic methods and thelr applications took part,

39 cemmmmea o "ﬁ{potheses Concerning the :luture of the

Spatiel Factors", Op, Cit., p. 400.
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The Space and Visuulization coumittee was one of the
comnittess that was formed tor the purpose of formulating
hypotheses concerning the nature of various aptitules. This
committee reviewed the findings of previous investigators in
the domaln of spatisl abilities, Thelir sndssvour was %o
ol te the various factors in the spatlal-visualizotion domain
which hed besn suggasted dy Thurstons, by the Aray AMr
Force pasychologlstis, snd by French, to pressnt un adequate
description of the nature of those spatial-visualizstion
ebilities which seem %o be reascnably esteblished and,
finally, %o furnish an outline of the similarities and 4lf-
ferences in the psyohologloal procennses describing what now
appear to bea better defined abilities of this 4domain.
Hichael, OGuilford, et al.%9 undertook this task and
produced a systematlc description and presentation of the
ma Jor studies of the spstial factors, Comprehensaive des-
eriptions of the psycholozical procenmges characterlzing the
main factors, spatial relatioms, visualization, and kines-
thetic imagery, were successfully attespted. The descrip-
tions were based on introspection and observation of the

conduct of examinses:during solution of test problems.

40 W.B. Michael, J.P. Guilford, st mal., "The
Desoription of Spatial Visualization Abilities" in
Educationel snd Psychological Measursment, Vol. 17. No. 2,
issue of Summer, 1957, p., 165-109,
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Comparisons were male 80 that differences and/or similari-
tiee could te pointed out distinctly.

It would seex pleusible from what was discovered by
the Spsce and Visucelizatior coamittee that Lhe general
trend has been to isclete two factora, 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 rirst two factors were of
the nature of the faotor referred to in this study =as
gpatial relations and orientation, Thurstone's 8 and 83 are
pot very different from French's first two factors; hence
they too correspond to the spatial relations and orlentation
faotor. Brief desoriptions of the faciors oconsidered in
this study will follow. 'These deaeriptions are based on the
findings of the Space and Visualization committee and their
own descriptions of the factors.

i) Spatial Relations und Orientation.~ This faoctor
is said to represent the ubllity to comprehend the spatial
relationships or the arrangsment of elements within a
visual stimulus pettern with respect to the subject's body
as the frame of reference. In s typlcal test of the factoer,
a% the whole configuration changes position, the elements
within the pattern retaln thelr essentiasl relationships to
one another., The implication is that global puvreeption of

a visual stimulus pattern is aceompanied by a recogaition
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of the relative positions of the glemonis with rzspect to
their belng high or low, farthsr or nearer %than ounsers, or
whether & particular element is to tae left or right of
another. Miocauel, Guilford und thelr co-workers huve this
to say in oonmsction with oricntation us & spatial sguili-
briuwm, buelance or allznment between the subject wund object
of vlsual percepitlon:
It does not assem plausible at the present time

to think of the perception of the arrangement of

the elements in the stimulus pattern without

referring to the position of these elements with

raspect to ths locstion of the ecxaminee, Therse is

the suggestion of component of belence on the part

of the examince, since he is frejuently observed to

lean in one dirsction or snother, to cock his head,

or to moYe hls shoulders in order to 'right' or

‘align' himself with the stimulus pattern. This

eapathic participution of the examinee through

manifestation of bLodlly movements ls usuelly

ggparant t¢ him when he is asked to introspect ehout

8 responsss Lo test ftems that are consldered to

be representative of the SR-0 factor.4l
Michael and his co-researchers hypotihenized, further, thst
the difference betwesn spatial relations eni visualizatien
is that in the Tformsr abilisy the subject constitutee an
origin, a point of reference mors or iess at the center of
the area represented by the visusel stimulus pattern. In
the latter ability he appreolates spatlal arrunvenents that
to him scem to be at some distance “at least as far as his

ringertips".42

41 ¥Michzel, Guilford, gt ul., Op, Cit., p. 190.
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11} Spsatial Visualization.- In spatial visualiza-
tion the sxaminee appesrs to be somawhat "detached™ from
the stimulus pattsrn end to manipulate paris of the visusl
pattern imoginatively

(...) a8 4if he vare located =t a control point

that furnishes not only an overall view of the

stimnlus complex, but rlse the operaticnal base for

grfecting the required seguenoce Zg movenents of

sertsin slsments of the patisrn,
The examinee has to rotute, turn, twiszt or invert one or
more objecte, or parts, of a configuration in scecrdence
with relatively explicit directions with respect to the
rature and orgenization of msnipulations to be effected.
To imagine the arrsngsment, spatial relationships and direc-
tion of motion ameng parte of a machline ia an example of the
ability referred to as visuzlization.

111) ¥inesthetio Imsgery.- The naturs of this
factor is still upcertein., It has, howevsr, been tentatively
described simply s2 the ability to Alstin-nish Airsotion of
movemendt in terme of the left ond the right hands. The only
teste so far known to messure this abllity ere Thurstone's
Bolts and Hands teste. The Bpace and Visuslization committee

deseribed this factor as:

43 ¥ichael, Guilford, et ol., Op. Cit., p. 191.
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{eee) & loft-right discrimination with respect
to the location of the human body, mo thst the
left und right hands seem vicariously or tentatively
to move in response to a single visual stimulus,44
Bpatial ability, as research has shown, is not
unitary but multiplex. This discovery is in sgreement with
the theory of unique trsites cbamploned by well-known experts
1ike Hull, Kelley, Thurstons and others., The teneis of this
theory are that all variability in human bshaviour mey be
expressed as a funeiion of a limited number of independent,
elamenygl ebllities and that these abilities may be dis-
covered and sultable instruments desi:.ned to measure thenm.
Three spatls)l factors huve bsen isolated and fairly ade-
guately ldentified. They have already been described,
This concluies the fourth section of the review of the

literature which coaprises faoior analytlic stuiies in the

domain of spatisl abilities.
5. SBumsary of Uhlanex's Study.

Bingham,45 Tiffin.46 und Greene?’ are all agreed
that the spatial relations eptitude is a very importent

44 Michael, Guilford, et al., Op, Cit., p. 192,

45 W.B. Bingham, A%titude and Aptitude Testing, New
York, Harper Brotheras, 1347, p. 137 and 172,

46 Joseph Tiffin, Industrial Psychology, New York,
Prentice Hall Inc., 19438, p. 37.

47 E.B, Greesne, Hecsuroment of Human Behuviour,
New York, The Cdyssey Prezs, 1941, p. 343,
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aptitude for many tynpes of work zuch 28 nechanical end re-
lated industrial trades, drefting, envincerin=, architecture
and other relatad oocupations., Job analy~ss of these oecu-
pations reveal that three-dimensional snatial rel:tions
sptitude may certainly he as sizniflcant a fasctor as two-

4t mensionsl spatial reletions aptitude, In other words,
workers in these occunations are requiroed to perveive solid
objiecte and to think correctly sbout their relstionships.

1f the relationship bhetween twn.dimonetonal sp-tial rela-
tions aptitude and thres-dimensional spatial relstions apti-
tude is not very high, then, ths two-dimencional spatial
relations tests used in voestionsl muldsnce, narscnnel
selection in industry, and soademic prediction are not ade-
quate measures of thrae-dimensional spatial relations apti-
tude which sesms %o bes the one more sssceiasted with the
Jobs, vocations or academie training Tor which conzlderstions
are of ten made,

48

In respnnse to Suver's statemen?’ that "whether

there 18 any fundamental difference hetween ability to visua-

lize in two dinmensions and in three Aimensicns has not yet

n49

bsen demonstrated Uhlaner5° endeavourad to investigate

48 D.E. Super, The Dggamiaa of Vocational Adjustment,
Kew York, Harper Bronﬁera. 1942,

49 J. Uhlmner, Eel@tio%shge Betwe Tvio Nimensional
end Three Dinensiopal Spstis @%a ions sptltude, Ph.D,
thesia, Mew York University, 1947, o. 2.

50 lbid,
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the relatiounsaip belwuan tuwo~lil.ecusionul and tirce-
diamensional spatial celations aptitude and to develop a
reliable periormapee scale bused on the principle of the
Chineses puzzle. Ullansr derined two-dirensional sputial
relations aptitude s8 the a.llily to perceive plane ceone-
tric pauvterns and to think colrectly about t.weir relation-
saips, and taree-diucnsionsl spulisl rel-ations ptitude as
the abilibty o psrceive solld objecits and to think corectly
about their raelatiomships. It woulld cppear thut Uhlaner's
definition is not coapliste as 1t Jceos not inolude percention
and understanding of zraphicsl representqtions of throg-
dimensional solids .nd tieclir relationsiips. The diffarence
in content petween a sputiael perlorn.nca test +nl s three-
dimensional peper-and-pencil spatlal test ie that in the
former the subjeol deals with the rcal parte of a visual
structure whose totalily only cun be visusilized before,
and can be actually seen aftzr the assenbly hes been con-
pleted, and in the lattsr the prooéss is completely izegina-
tive; that is, the subjJect vizuzlizes tbhe parts frou the
graphic representuticns, from the visualized relationships
of the parts in the complsted assenbly, and from the nental
gestalt of the assemblsd object.

On esamination of the exieting instruments that
purport to r«esure three-“icensional c¢natial relstlons

aptitude, Uhlaner was convinced thet there were no rellable
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measures of this spstisl ebility. The Spatial Relations

Performance chL951 was developed by Uhlaner for the purpose
of reliably messuring three-dimensional spatial relations

aptitude. It consists of a serles of blocks each of whieh
consists of & numbsr of simllar places of wood cut with

some wavy or other irregular edges which when fitted
together after the fashion of = Jjigsaw puzzle, form a solid
block. The construction of the blocks was based on the
principle of the Chinsse puzzle. There are six test dlooks.
The odd number blocks have each four pieces while the othsr,
even nuaber, blocks have sach six pleces, Satisfastory
test-retest reliability cosffioients were obtained for each
test bleok,

Bingham considers the 0'Connor Wigely Blocks test,
despite its low reliebility, a measure of aptitude feor
visuslizing three-dimensional structures, The retionale of
the Spatisl Relations Performance Scele is that & test that
measures spatiel sbility through smanipulation of dlsscclated
parts of a solld structure to compose the structure measures
three-dimensional spstiasl relstions aptitude., This being
the principle on which the Q'Connor %Wigely Blocks wers
constructed, this test supports the case for the relisbility

of the Spatiel Kelations Performence Scele. It should be,

El For & fuller description of this, the reader ls
referred to Uhlaner's thesis, p. 20-87.
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further, supported by the raticnale of the Mellenbruch Block

Curve Series and the Crawford Structursl Visualization tests.

Since the Revised M¥innesota Paper Form Board (A4)

measures two-dimensional spatial relatione aptitude and

the Spatial Relations Performsnce 3gale measures three-
dizensional spatial relations aptitude, the relationship,
a8 found by Uhlaner and for the gubjects he employed,
between two-dimensional and three-dimensional spatial
relations aptitude was relatively low, A test-retest re-
liebility coefficient of the Spatisl Relstlons Performance
Scale for the research population was found to be .80,
Ublaner ussd the penalty - for-chmnce attack techmique in
the administration of his performance scale and discovered
that greatsr variability of the scores was achieved by this
method than was obteined by the use of the conventional or
standerd technique of administration. His results, as
already indicated, showed that differences in three-
dimensional spatial relations sptitude as measured by the
Spetial Relstions Ferformance femle, and possibly by eny
other similar instrument, could be detected more readily by
means of the penalty-for-chance attack technique than by
means of the etandard technique of administration in which
time is the only varlable or criterion for 4ifferentiation,

Uhlaner conecluded:
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The relationship between two dimensional spatial
relations aptitude and three dimensionel spatial
relations aptitude was found to be relatively low.

In order to investigate this relationship the

results ¢f the Revised Minnesote Paper Form Board
(Form AA) were oompared with the results of the
Bpatial Relations Performance Svule, This compsrison
yielded a raw correlation cosfficlent of .27 whioh,
when corrected for %ttanuation yielded a correlation
coefficient of ,32.92

Bingham describes the Revised Minnesota Paper Form

Board ss able to rfurnish:
(...) an indication of abillty to disoriminate
geometrical patterns in two dimensions and mentally
to manipulete such flgures, It measures without the
use of agparatua somewhet the same abilitles as sre
sampled by means of the Minnesota Spatial Relatlions
boards and other form boards,53
Uhlaner indicetes that he 4id pot use the O'Connox
Wigzly Blogks test because of iis very low reliebility
coeffiolent., Remmers and Sholl®4 reported & reliability
coeffielent of .35 for this test. Neverthelesz, it is one
of the tests that measure the spetial relations aptitude
through the manipulation of solide without refersnce to a
foram board, It consists of solving & Chinese puzzle, fitting
together nine irreguler pleces of wood to form & rectangular

80lid. The apsed with which this is done 1s taken as a

82 Uhlaner, Op. Cit., p. 93.
$3 Bingham, Op. Cit., p. 312.313.
54 H.H. Reaomers and J.¥. Sholl, "Testing the

O*'Connor Wiaggly Block Teat"™, in the Pagao§gel dJournal, Vol.
12, No, 3, issue of Ootober 1933, p. 155-159,



KEVIEW OF THE LITERATURE 3%

measure of abllity to visualize structure in three dimen-
sions, The other test that Uhlener considered wasz the

ds Midset Wi Block test for messuring mechanical
ability. Hs found it unsuitable, in spite of a high relia-
b lity cepefficient of .80, bhecause of the inconvenient size
of the pleces snd the interliocking joint element in it that
could introduce other variables than the three-dimensional
spatial relstions aptitude,

This hes bean a reaumévonly and not intended to be
a2 comprehensive report on Uhlspner's unique study. No other
studles than Uhlaper's were encountered by the writer that
attempted to show that there are no significent differences
betwesn two-dimensionsl «nd three-dimensional spatisl rels-
tionas sptitude or to prove the contrary in support of
Uhlaner. However, the literuture «bounds in statements that
imply a great deanl of uncertsinty on this issue and solloit
research in the gensral problem. 8ome of these statements
have zlready been cited, the most significant of which sre
thosge by Super and Critea.

In one way or another, this investigstion ianto the
interrelationshipe of two spatial faoctors with specisl
attention to thelr roles as components of two-dimensional
end threse-dimensional spatiel apiitude sbould validate or
disprove Uhlener's conclusions, If spestial relations and

orientetion, and spatiel visuelization are ccmponents of
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both two-dimensional and three-dimensional spatisl aptitude,
end there are no significent 4iffersnoces detween their re-
lationships with these two spetisl aptitudes, we could
logically infer that there are no significant differences
batwesn two-dimensional and three-dimensional spatiael

relations aptitude, at least in terms of these factors,



CHAPTER 11
DESIGHN OF THE STUDY

The astatement of the proYlem and formulation of a
hypothesia, desoription of the instruments of measursment and
Justificatlion of their employment, description of the saaple,
and desceription of the procedures followed in the acoumula-

tion of data ars the four sections composing this chapter.
l. Statemsnt of Problem and Formulation of Hypothesis,

From the review of the literaturs it would sesm
abundantly evident that there is no single spatial ability
bhut that there are at least three or mors speaific abilities
in this domein, The interrelationships or intermotion of
these factors, as far as the writer knows, have not yet been
agsessed either in terms of thelr roles ag unltary edllities
or as components of e composite spatial abllity measured
by a non-univooal aspatiael test. Roff, however, has reported
& corrslation of .75 between two primaries that were ldenti-
fied as orientation, a factor analogous to the epstiel rela-
tions and orientation factor, and visuslization.

Spatial tests have widely been used in educationsl
prediction, voecaticnal counselling, and personnel selsction
in industry. It would appear thet psychometrists in these
fields have not yet bothered themselves with the matter of
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oonsidering the diestinotions between measureas of a two-
dimensional spatial aptitude and sensures of e three-
dimenalional spatial aptitude and the possible pruotical
impliocations of such distinetions., The rea~cn for this
attitude should be found in the assumption, without
demonptration, that the differences batween the two aptitudes
are negligible and insignificant,

Super and Crites disocussing the relationships be-

tween the Reyised Minnesots Peper Fors Bosrd and three-

dimensional performance spstiael tests indicete that:

No 4ata have bsen ssen concerning relatiomship
betwsen socres on this two-dimensional test of
spatial relatiens end such presumably three-
dimensionsl tests as the Wiggly Block and the Oraw-
for! Bpatisl Relations Test, slthough it would seem
to be very important %o ascertain the relationship
between abllity to Judge relationships of two-
dimensionsl objects and ability vo think in terms
of three-dimensional apace., It may he that, in
working with two-dimensional objects, one sctually
works in three dimensions, mentally turning objzobs
around aml over, so that there is no real differ.
ence batweem the two types of tests; {ut this has not
yet been demonstrated to bs the case,

Eateag sdministered the Reviged Minnesota Paper Form
Board, Crawford Spamtial Relations, Wiggly Block, and Ameri-

aﬁ 2

1 D.E. Buper aad J.0. Qrites, Ag§ra%aigg Yocetional
Fitness, New York, Harper snd Brothers, 1962, p. 286.
£ Stanley Estes, "A Btudy of Five Tests of Spatial

Ability", in the %aué%gg of Psychology, Vol. 13, issue of
April 1942, p. 275-271.
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to a group of engineering freshmen and f.ctor anulysed his
data, One common fuctor was revoaled, psrhups, owing partly
to the very small number of tests, a definite inadejuaey
for a factor anslytic experimentsal design, Tstes conosluded
that two- and three-dimensional spatlal teads measure the
same funetion using different nedla.

The impliocation, if correet, is that two- and
thres-dimensional tests of spatisl Judgment messure
the sume spatlal fsctor, although imperfectly de-
csuse of the different media. Until further evi-
denoe 13 avallable, it ssezs legiilmate to eonclude
that the Revised Minnesota Paper Porm Board measures
spatial relations, perceptual ability,and inductive
reasopning, in that order, and that elthough it mea-
sures spatial Judgment by means of two-dimensional
media, this adbility is the same &8 thet measured by
three-dimenslional means.

Thus for Fates there is no 4ifferosnce between the two
abilities in question. Very little had been done in faotor
enalysis of the spatial abliity when Estes oconducted his
study. Psychologists were still grappling with the prob-
lem of making distinctions between spatial visaalization
apd visuel imagery or memeory. Hsnce very little distine-
tion, if not none at all, wes made hetwsen spatial relations
and spatial visuslizetion.

Users of tests liks the 0'Connor ¥izaly Blocks and

the Orawford S8truotural Visuaslizution seldom disoriminate

between what they measure and what 1s mensured by the paper-

and-penocil tests that are often regarded, probably very

3 KEetes, Op. Clt., p. 270.
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erronecusly, as their equivalontse., The value of a test has
basn ascsensed in terme of its ocost and time for administra-
tion; not in terms of its satual function. The Spacge
Relations test of the Differont Aptitude Tests is often
interchanged with the Revised Minnescta Paver Form Dounr
Just bscsusge both ere peper-and-pencil spatisl tests. The
test items of the former arse geometrical drawings represen-
#ng three-dinensional sollds while the test iisme of the
letter consist of two-dimensional geomsntrical fivures only
representing no solids. To go furthar, it could bhe askaed:
Doss the Space Relations test of the Differential Aptitude
Tesgts, 2 three-dimencionsl paper-snd-pencll sputlel test,

reasure the same function ma the 0'Conmor Wisgaly Blocks, &

three-dimensional performance spatial test? Could the
anawer that they are only different measures of the nume
ebllity be satisfactory? Admlttedly, both involve three-
dimsnsional spatial visualizatlion but in the former the
subjeot deals with repregentutions of three-dimensionsal
80lids while in the latter the subject deals with real three-
dimenaional solids, the blocks, so that their relative posl-
tions after essembly only are visualized., It would appear
that the rormer involves a visualization of a visualizatlion,
& more complex operaticn. ¥hile in ths former all the
4irferent positione have o be visuallzed and also the
rissings, in the latter one cen turn the blocks with one's
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hands, compare the ectual visihle contours, imegine the
fitting, end go on like thet until the correct solution hss
bean achieved, The writer is Inclined to think that Uhlaper
had noticed this weekness that s likely to be found with
eny performence spatiasl test adninistered under conventional
precedures when ha decided to employ the penalty-for-shance
ettack technique in scorinz hils performance soale.

The above zre some of the observations and problems
that the writer has encountered in th2 domain of spatial
abilities. Michaal advises that:

Partiocular attention should be dirscted toward
ascertaining whether the spstial relstions snd
visualization abllitles are correlated. In the
three empirioal astudies undertaken by the writer,
the amount of correlation hes appearsd %o be
negligible .4

The purpose of this study is not to attespt to answer
all the guestions thst have been raised or to sclve all the
problems that have been ancountered. Central in this inves-
tization 1s the question: Are there szignificant differences
between two-dimensgional snd thres-dimensional spatial
ubilities? 7o avoid a meaningless yes or no answer as the
final outcome of this study, 1t has been deemed more gppro-

priate to include the terms of reference or bases of

4 W.B. Michael, "The Nature of Space and Visualiza-
tion Abilitles: Some Raecent Findings Based on Pactor

Analysis Studies™, in the g%agsgatiags of the New York
Aoedeny of Sclences, Vol. 11, 1945, p. 279- .
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comparison, Hepce, the enlarged gquestion: Are there sizni-
ficant differences between two-dimensional znd three-

& mensional spatiel ebilities in terms of the twe spstial
faectors, spatial relations and orientation, and spatisl
visualization? The kipesthetic imszery factor wes aexcluded
becsuse of the unaveilebility of tests to nemsure it.

It might be redundent to murshall further jJustirica-
tion for a study of this nature in the light of whst has
already been said. Nevertheless, g very important point of
view whioh substuntictes the value of & study like this is
expressed by Michzmel in his declaratlion that:

Once the spatlal doasin hes besn adeguately

mapped, greater emphaesls omn be placed upon a
progran of test development in which relatively
pure tests esn be aangtrucﬁea %0 messure the
abllitiss identified.

The main assumptions in this study, therefore, are
that two-dimensional spetial relutions aptitude 1s distinet
from three-dimensionsl spatial rolations aptitude, und alse
thet the two spaiiesl faotors dlsocussed bafore together com-
poss eech of the two epstliel eptitudes. The null hypothesis
to be tested in thie imveetlization may be formulated thue:

There is no significant Aifference between two-

dimensional spatiasl aptituds znd three-dimensional
spatial aptitude ln terms of apatial relations and

orisntation, and spatial visualization.

5 Michael, Op, Cit.
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Sub-hypothases cculd bs formulated with rsspsct to the
relationships of the two aptitudes considered by themsalves
snd in relation each to eaoh spatisl factor but this is
omnitted for the sake of brevity. Hefersnce to these som~
parisons and thelr outcoms will be =sade in the pressntation

of the results of the investigcation,
8, Instruments of Moasurement.

Prom the nature of the hypothesis stated in the
preceding pezragraph, it should be clear that a study such
as this cannot be undertsken without the usze of atstisticel
techniques in the final analysis. Accordingly, sn appro-
priate experimental desiszn involving the use of psychometric
tools has been sdopted. Your measures were reguired to
measurs thres.dimenszional spatial aptitude, two-dimensional
spatial aptitude, ability to understand spatial relations
and orientation, and ability to viesualize spatially. Con-
sequently, the dsseription and Justificztion of the tools
saployed in this study is four-fold and follows the above
enumeration of the funotions 4in a respective order,

1) The Space Relations Test of the DAT.-® The faot
that it has not yet boen rasolved whethar or nol thrse-

6 George K, Bennett, Harold G. Coashore, and Alexander

G. Wesman, g§gﬁgl for the Differentisl Aptitude Tests, The
Pasyochological Corporation, Waw York, 1939.



http://-aa.de

DESIGN OF THE STUDY 43

dimensional apatial aptitude differs from two-dimensional
spatial aptitude, the central probdlem of this study, makes
it very difrieult to tag labels to spatial tests to dise-
tinguish them in this regaurd. Nevertheless, the Spage

8 Test 8 DAT wes found by the writer to be
the best available measure of three-dimensional spatial
aptitude because of the nazture of its items and whet it
purports to mesasure.

Its test items are of the type thaet represent a com-
bination of two previous approaches to assessment of the
spatial ability: the ability ¢o visualize from a plocture
of a pattern a construction or constructed object, a chief
aspect of structural visuslizetion tests, and the adility
to imagine how an object would appear If rotated in various
ways. Obvicusly, this teat should be more highly ssturated
with the visuaslization factor than with the spatisl rela-
tions and orientation factor in apite of its nanme.

The test consists of forty patterns which can be
folded into figures that represent solid structures., For
each pattern five figures are shown and the examinee must
decide which of the figures can be msde from the pattern
shown. The most lamportant aspeot of the 1tems, as the
authors of the test would testify, is the fact thet the
flgures are two-dimensional representations of three-

dimensional eolid objects.
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A feature inherent in these items iz that they
require mental manipulation of objeots in three-
dimensional space. Item forms which refer to only
two dimensions are lsse useful, since there are
dtnensional space aione La laporsembet o

The patterns and other Arswings are large and olear,
No premium ig placed on visusl aculty or diserimination.
Perception of differences is very easy; the task is con-
cerned principally with judgments of how the objsots would
look after construetion snd rotation., A subject's answers
are correct if he has the abllity to imeglne the constructed
oblect and 1%8 appearance after rotations, The test is,
therefore, designed to measure the ability to manipulate
three~dimensional objects mentally, to create a structure,
This ability is needed in such fields us drafting, dresa-
designing, architecturs, art, engineering, dle-making, solid
geometry, decoration, or wherever there is need to visualize
objeocts in three dimensions.

a) The Validity of the Spece Relstions of the DAT.-
Validation studies of the DAT have been stimulated by the
authors since 1947, The result has been the yield of
"several thousand validity coefficlents and some other evi.

dences of valiaity“.e These oan be found in the professional

7 Bennett, et 8l., Op. Cit., p. 7.
8 Ivid., p. 38,
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literature on the DAT and in detall in supplements to the
original manual. The resesrches have embraced prediotion
of courae gradea, prediction of achievement tests results
and prediction of vocational snd educvational success based
on follow-up atudies of students inte thelr post-high school
educational and vooational careers, Prediotive values of
the DAT were obtained by comparing the test scores of per-
sons who wera about to begin e new Jjob or a partioular type
of esdueational gourse againat oriteria such as supervisors'
ratings, production recerds, sales volume, school grades,
courses or standardized exeminations, or simple division
into "pama”™ or "fall". The coefficient of correlation be-
tweon test scores and oriterion scores constitutea the
validity coeffiecient.

The manual of the DAT indicates the difriculty with
which mdsquate eriteria for the Space Relations teat are
available. It ip suggested that teats of this type have
a general utility in the prediction of success in engineer-
ing and mechenical design.

Although advanced mechanical drawing oan be
expected to require spatial ability, the beginning
courses usually stress motor skills and the
lsarning of symbols to = considerable extent,
obscuring the rslationship which exists in later

stages when araatar demands sre mede on
visualization,
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It is, further, pointed out in the manual that the Spage
Reletions test can be quite valuable in specifioc instances
such as prediction of plane geometry and in the results
from the Amsrican Institubte of 3pecislized Wateh Hepair
who reported a fairly high validity coefficlent of ,69
using 111 students.

b) The Reliability of the Space Relstions of the
DAT.- The comprehensive tables in the manual "indicate that
the goal of adeguate reliebllity has, in general, been
nohiuved“.le Split-half correlation ococefficlents, corrected
by the Spesrman-Brown formula beceuse the apeed factor is
of 1little importance in the DAT have besn compuited as
indexes of reliebility. These reliability coefficlents were
based on data from homogeneous snd meaningful groups. The
mnual reports aversge rellability coefficlente of .93 and
.90 for boys and girls respectively. S8ince correlation
coefficients are not 1o be averaged, the mean sorrelation
coerficients were. obtained by converting each correlation
to its Pisher's z funotion, welghting each by its appro-
priate number of cuses, averaging the values and re-
converting. High singls formm internal oonsistsncies and
alternate forms consistencies have been reported for papule-
tions e» high as 1064,

10 Bennett, ot al., Op. Cit., p. 65.
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Doppelt and Bemnettll conducted a lonzitudinel study
of the DAT battery using the Mount Vernon, New York, high
sehool pupils from grade 9 to grade 18, Referring to the

whole battery they concluded:

The important feet is that this series or tests
in eight meaninzful arsas showa a stable degree of
long-term consisteney. The counselor whose
deoisions are based, tc some extent, on test scores
will be more confident in his judgment when hs
knows that the tests are measuring relasiveig steble
funotions rather than eapricious variadles,

To reiterate what has elready beesn sesid when the
content of the SBpace Relations was discussed, esdditional
eorroboratory statements by other authors may be cited as
more Justification for the use of this teat in this study.
Super and Gritea.ls in their desoription of the DAT battery

point out that the Space Relations subtest is the most
ingenious of them all:

The Bpaces Relations Test (Thurstone's 8) is the
most ingenious in the series, slthough embeodying
faniliar prineciples, Thease are abllity to visualize
a eonstructed object from a pattern (structural
visualization in three dimensions), and ability
mentally to manipulate a foram in order to judge its
appearance after rotation in various ways. By com-
bining these two prineiples in items which require
the mental folding of cut or partly shaded patterns
a test of aspatisl visualization has been developed
which promises to be supsrior to any so fsr daveloped.l‘

1l J.B. Doppelt end G.XK. Bennett, "A Longitudinal
8tudy of the Differential Aptitude Tests", in the REducational
and Psychologlieal Mesasurement, Vol. 11, 1951, p. 287 .

12 Ibid.
18 8uper and Crites, Op, Cit., v-8688 p.

14 Ibid., p. 541.
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The Spece Relstions teat of the DAT has, therefore,

been found to be the best measure of three-dimensional
spatial aptitude and/or visualization (a number of authors
regard spatial visgelization as synonymous with three-
dimensional spatial ability). It ils for these reasons that
this test was chosen a8 one of the tools of this study.

1) The Revised Minnesote Paper ¥orm Board (Serles

4&}.-15 The original form of the Mirnesots Paper Form Board

was developed by Petersen g&_g;.ls &nd used in the Minnesota
Mechanical Ability Project. It was a completion test besed
on the Gecometrical COonsiruetion subtest of the Army Beta,
Owing to the lasboriocusness snd subjectivity of the scoring
of completion items s need srose to convert the Minnesota
Paper Yorm Bosrd inte & multiple-cholce test, Likert and
Quasha undertogk thiz task and produced the revised test

that was used in thie study.

A series of two dimensional diasgrams cut into
separate parts constitute the test, There are sixty-four
items altogether. ZXach ltem is mude up of a sten und flve

possible ohcloem from which the exeminee selects an anawer.

15 W.H. Quasha and R, Likert, "The Revised Mlnnesote

Form Board Test", in the Ja%;ga; of ggao%;;%ngl and
logical Moan ‘“""";. Yol. » 193". P 197-204.

16 b.G. Paterson, R.M. Elliot, et sl. M;g%esgtg
%%gggg;eg; %hi;itx Tgsﬁségﬂnivar&itv ét Einneéota Tess,

nnesota, Minneapolis, 1930, p. 586,

Paper
Pey o
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The atimulus diasgram, distinctly situated towards the top
of the left corner of the item ares, consists of disarranged
geometrical figures which oan be ritted tozethsr $o fora a
geometrioal pattern. Five possible rittings are placed to-
wards the right und bottom of the item area. The subjeot
haa to choose the cne figure which is composed of the exaat
parts which sre shown in the stimulus diagram. While the
main problem in each case i3 to select tha figure that
corresponds to ths assenmblsd peris, sometimes the subject
aerely pushes the parts mentally together in ordsr to make
the appropriate whole and sometimas turns them mentally
around or over.
a) The Validity of the Revised Minnesote Paper Form
Board (hemceforth refarred to as the RMPFB),- Scores on
this test have bsen found to have predictive velue for
achievement in methenical fields sueh as enginsering, design
end drafting ip whioh spmtial perception pleys a very
significant role,
Of all the tests used {n the Minnesota Mechesniocal
Ability Battery, the Minnesota Paper ¥orm Board Test
waa the only paper end penocll test to give satlsfac-
tory eoriglations with a criterion of mechanioal
ability.
Although this test hes been referred to as a measure

of conorete non-verbal intelligence, it does measure

17 Quasha and Likert, Op, Cit., p. 197.
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abilities that are relatively independent of intelligsnoe,
a8 usually defined by intelligence tests. The Reviased
Minnesota Puper Form Board has been deaonstrated by many
studies to be a messure of two-dimensionel spetial aptitude,
though an laperfect one like meny others. It has been found
in three studiea by l@rria.ls Narphy,19 end Esten®0 that
this Seat measures slso peresptual ability, ability teo dis-
cover patternms or & rule of procedurs (induotion), speed
of hand and sye~coordinetion, and visualization or amental
sanipulation of spatial relations.

These weuknesses cannot be eliminated in this study.
It would seem that &8 long as the continuum theory mtands
and demareation points between perceptusl speed end spatial
relaticns, betwesn sputial relaticms end vienallzetion, and
betweern visualization and inducstive reasoning have sot been
ascertained, no spatial test ocan be thought of that does
10t involve ons, some or even all these faolors, Deapite

the methodological problems pointed out regarding the RMPFB,

18 C.M, Morris, "A COritiocel Analysis of Certain
Performancs Testa”, in the Journal of Genetio Psychologzy,
VOJ-. “ ’ 1939 [ p- 35*-105-

1% L.¥, Murphy, "The Relstion Between Mechanical
Ability Tests and Verbsl and ¥on-Verbal Intelligence Tests”,

in the Journal of Faychology, Vel. 2, 1936, p. 353-366.

20 S.0G, Bstes, "A Study of Five Tests of 'Spatial’

Ability", in the Jourpal of Psyshology, Vol. 13, 1942,
p.‘855~855.
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it hee been Aemonstrated by Uhlaner: 2% thet this test
reasures two-dimensionel spetisl eptitude me Alstipct from
three-dimensional spatial aptitude memsured by the Space
Relations of the DAT or & performsnce spatial test like

22

Uhlener's Spatia]l Reletions Performance fcale. Four

studies have reported significantly low corrslations between
the RMPFB and five spatlial tests that purport to messure
three-dizsnsional spatisl aptitude. Uhlaner, as alresdy
indicated, found & corrslation of .27 betwsen the Ravised

Minnesota Paper ¥Yorm Boerd and hies Spatial Relsztlons Per-
formance Scale. Tates®® found corrslations of .26 and .31

betwesen the RUPFE end the Crawford Spetlal Relatiopms und the

O'Connor Wissly Blocks reapeotively. Morrow=4 reported a
correlation of .33 with the Minnesots 3Jpatial Relstions. A

8%111 lower correlation wss reported by Jacobsen®® neotween
the RMPY¥B and the Crawford Spatial Relations. These low

eorrelstions should be polnters to the neglicivle relationship

21 Julius Uhlaner, Rels
and Three Dwuen;_a‘a!l§13i!§!ﬂtla iong

28 Ibid.

2% Estes, Op. Ci%.
24 R.8, Borrow, "An Analyeis of the Relations Among
Taste of Musicsl, srtistic, and Mechanical Abilities™, in the

£5 E.BE. Jacobsen, "An ¥valuation of Certain Tesis in
Predicting Mechanic Lsarner Achievsment™, {n the gaurna; of
’ 9 -

Fdugationel and Psycholosloal Neasurement, VYol. 3
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which this test beurs to three-dimensional spatial tests,
Bingham refers to it as & measuroe of "ability to discrimin-~

ate geomstrical patterns in two dinensions umd mentslly to

manipulate such figuras".as He adds that the Revised

nnesota Faper iorm Bo asssgses:

Ability not only to perceive the spatial rela-
tions of objsets but to think eorrectly about these
relations is obviously an ilmportant factor in
mechanisel aptitude,

Indesd, It is 30 essentlael for many kinds of
work that numerous blanks snd forms have been
developed for use in meusuring this kind of ebility.
Ons of the most convenient of these is the geome-
trical construction test known as the Minnesota
Paper Yorm Board recently revised by Likert and
Quasha (see page 3128). This 1s eesentially a test
of speed in recognition of forms and spoece
relations.?

Gbiselliza found & valldity coefficient of .57 be-
tween the Revised ¥irussota Tsper Form Beard and the job
criterion of inspector-packers and concluded that measures
of the ability to perceive spatial relations such as is
given by the jinnesots Paper Form Board test will be extremely
valuable in the prediction of suoccsss of inspecior-packors

of the typs considered in his atudy,

28 W.D. Bingham, Apﬁgtgdeg and Aptitude Testing,
Kew York, aarper and Brothers, 1937,
27 1bid.

286 B.E, Ghiselll, "Tests for the Belection of
Inspector-Packers™, in the Journal of l1ied Psyechol
701. 26’ 1942' po 469"%760
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The high velidity obtaiped with the Minnesota
Papar Form Bosrd test is ¢xtremely interesting.
This test has primarily been used by counselors
and omfloym@ut officers as an indicator of
mechaniocal aptitude. However, the results of
the present Investigation, together with recent
findings that scores on the tast show fairly
good correlations with measures of Job success
anong power sewing machine operators, and can
and merchandise packers, indiocate that its range
of usefulness is not confined to machanical jobs.2?

Jnrgonnonzo reviewing the test in the Fourth Mental
Meagurement Year Book indiocates that the test has fregquently
been found to be predietive of academic success in courses
such as art, aviation meehanlces, dsntistry, drafting,
engineering and geometry. In ancthar review by Khtzall,sl
it was pointed out that the test has been used extensively
and meny validity coefficlents obtsined.

The sxtensive uze of this test over a number
of years has produced informztion on 1ts validity
in a variety of educationsl) and vocational situations.
Twenty-five studies which ineclude validity data on
the test are summerized in the mspual, These
studies cover the following types of personnel:
engineaering and techniscal students, arts students,
dental students, mechenlca, sewing machine operators,
inspectera, factory supervisors, and several other
types of factory jobs. The test hes shown appre-
olable validity in most of these arees.d8

29 Ghiselll, Op. Cit., p. 4785,

80 C1ifford E. Jurgensen, The Fourth Mentzl Measure-
zment Ysar Book, New Jersey, The Uryphon Press, 1955, p. 762,

31 R.A. Katzell ¢ Fourth Mental Mespu
Year Book, Kew Jersey, éh phon Press, 1983, p. 7

82 Ibid., p. 763.
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The faot that success in professional englneering
curricula as well &8 in meny engineering and mechsnical oococu-
pations is considered to depend upon the extent %o which the
persons involved possess ability for pereeptual thinking with
the spatial aspects of relationships of objects, an ability
which is probably a specialized form of abstract thinking,
explains the choice of the HRevised Minnesola Paper Form
Board for use in this study in spite of the validation
studies on this test belng mostly related to job oriteria.

b) The Reliabllity of the Revised Minnesota Paper
Form Board.- An unoorreoted relisbility coefficient bmsed
on the intercorrelation of the two revised Torms of the test
was reported to be .79, The split-balf reliability,
ocorrected, was found by Likert and Quasha to be .92, Ebert
and sxmnensaz attempted to sstabllish the reliadbility by the
retest zsthod using children eged ten to fourtasn years,

For ten.year ¢léds retested at eleven, the reliability
coerfficient was .87, at the age of 18, .86; for li-year olds
retested at 13 end 14, the reliabllity coefficients were .87
and .80 respectively. It can be safely assumed, then, that
the reliambility is aoctually in the .80's msnd sufficliently
high for individusl disgnosis. The instability of the

33 B, Ebert, and K, Simmone, "The Brush Foundation
Study of Child CGrowth end Development I. Psychometric

Testa™, in Monogreph of Joclal Research in Child Development,
v01- 2 ) 19 »
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reliability coeffiolents, as they may be observed to de-
orease with increase in age, may be explainad by the fect
that it has been suggested by experts in the field of
spatial abilities that although the polnt where the plateau
actually starts has not yet been loocated, they are not fully
developed before the age of sixteen, The studies referred
to above were undertaken during the formative years.

It would sppear that, despite = large number of
studlies on or with the Revised Minnesota Peper Form Board,
there is a paucity of published reliability date for the
Minnesota Paper Form Bosrd test.

$11) The Card Rotations Tes .-34 This test is one

of the many reference tests for cognitive factors that were
devaloped by the different committees established by the
Educational Testing 3ervice in 1951. These tests wers
developed to represent each of the betier established
factors in the cognitive area,

The tests for eagh factor were selected so as
to be: {...) three in number (...) such as to
provide for covering =8 nmuch of the range from
sixth grade through college as possible, (...)
as fectorially pure as possible for the int:nded
factor, (...) as different as possible to balsnce
out uniqueness, and (...)reasonebly aas% to
administer by paper-and-pencil methods.®®

34 J.¥. French, Ruth B, Ekstrom, and L.a, Price,
Mpnual for Kit of Reference Tests for Cognitive Fectors,
Fducaetional Testing Service, Princeton, New Jezrsey, 1963,
p. 400

35 Ib;d. ] p. 2.
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The Card Rotations test answers to these desorip-
tions. It is modelled on Thurstone's Cards test, ZFach item
#ives & drawing of e card ocut into an irreguler shape. Six
other drawings of the same card, scmetimes merely rotated
by different amcounts and sometimes turned over to produce an
entirely different orientation, are placed to the right of
the stimulus card. The task of the ezeminee is to indleate
by marking (+) the cards that show the card rotated sither
sloockwise or anti-clockwise and mark (-) those that repre-
sent the card turned over.

a) The Validity of the Card Rotetions 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 purposas. The purpose of the tests is to

"provide resesreh worksrs with e set of tests for defining
euch of the faetors".se The intention is to facilitate
interpretation end the confldent comparison of one factor
study to another, to aliminate need for cross-identification
of factors in studies by means of psychologleal interpreta-
tion alone and, hence, to eliminzte this kind of subjective
identirication. The tests are intended to provide a common

ground for the objective comperison of factors,

36 Prench, Rketrom, and Prioce, Op. Cit., p. 1.
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The result of thie appreoach has been & complete
absence of valldation studies of these tests., The Card
Rotetions test, therefore, has not been velidated by means
of an external oriterion. 1% should, however, be noted that
this test was developsd through factor apalysis. The fupda-
wentel ratiomale of the conespt of validity is provided by
the theory of factor anelys.s. Briefly stated, the rationsle
of validlty 1is that the communality of a test, whiech is
given by the common-facter varisnce, accounts for the corre-
lation of that test with cthers.

The larger the factor loadings in factors that

the tests have in ¢ommon, the larger their inter-
correlation, This same eguetion applies to the
correlation of a test with a practical criterion.
The eriteriom measure cen slso be expressed in terms
of factors and facetor loadings.37

Most commonly, the degrse of vallidity is indicated
by some correlation coefficlent. The preceding ergumenta-
tion is an attempt to point out that although a prasctiocal
criterion has not been used to establish the validity of
the Card Rotetions test, 1ts method of development already
involves a validation procedure. In other words, this test
was found to have significunt weights in the spatial orien-

tation feotor in common with other tests like the Cube
Comparisons Test, and the Spatinl Orientation of the

37 J.P, Guilford, Psychometric kethods, New York,
MeGraw-Hil)l Book Compeny,Ine., 1984, p. 356,
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Guilford-Zicmerman Aptitude Survey, Thés: clustsrs are all

measures of the spetial reletions and orientation factor.
It should be jurtifieble, after theme explanations, to infer
that what the Card Rotations test messuresa, ite valldity,
hae been established,

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

already indicated no standardizstion studies have been
undertaken to establish the validity and reliability of the
referance tests for the cognitive factors. These tests are
intended for use in feotor analytic research and not in
ability assesemaent =2nd prediction. The menual ie, there-
fore, completely devoid of any information on or zbout
reliadility coefficeiants of the reference tests.

This manusl does not provide the usual reliz.
bility, norazing, velidation, or other information
ordinarily sxpected in a test manual. Such informa-
tion has not been included beocsuse these tests are

suggested for the single purposs of factorial
resaarch,

A redeening feature of the tests is that they have
been adapted to meke proper estimetion of test reliablility
possible, Almost all of the referenoce tests for cognitive
fuctors have two separately timed perallel parts, The
Card Rotations test hes two parallel parts und its relie-
bility for this study haes been estimsted by re:srding each

part &5 a separate equivalent of the other. The procedure

38 French, Tkstirom and Price, Op, 0it., p. 2.
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employed in the estimution of the reliabllity of this teat
for this study shall be deseribed iIn the rext chapter.

iv) The Burface Devyelopment Test.-sg Like the Card
Rotations test, the Surface “evelopment test is one of the

reference ests for the cognitive factors developed factor-
anelytically by the Rduocetional Teating Lervice, Thies test
has been sdepted from Thurstone's Surfoce Development, a
elightly different test going by the same name. Drawlings
or paetterns of s0lid structures that could be ccnstructed
with card board or sheet metal are presented., For every
drawing thsere is a disgram ghowing how the material might
be sut and folded in order to meke the complete three-
dimensional solid ferm. Dotted lines show where the msteriel
is folded. One part of the dlegrem is msrked with & cross
to correspond to & surface in the drawing marked in the
same way. The task of the examince is to indicate whieh
lettered odges in the drawing correspond to numbered edges
or dotted lines in the diagrem.

a) The Velidlty of the Surfece Development Test.-
What wa® said previously eboutl the velldity of the Card
Rotations test epplies to this test. It, too, was developed
through fector analysis and hes besn used in faotor-analytioc
studiea, It has been found to have a aignificant welght in

39 ¥French, Fkstrom and Price, Op. Cit., p. 48,



DESIGN QOF THE uTUDY 60

spatial visualization in common with the Paper Folding
test, and the Form Dourd testi.

b) The Relisbility of the Surfuace Development Tast.-
This test consists of two seperately timed syuivalent parts
which may be used to estlmeste its reliablility. The prooce-
dure usad in the estiantion of this reliasbility shall be
des¢ribed in the naext chapler.

This c¢onsludee the secomd section of this chapter,
deseription and Justification of the tools of meusurswent
employed in this study. The deacription of the sample used
in this investigation constitutes the third ssotica and the

next task,
3. Description of the Sample.

a) Age.- In view of the trend that spatisl ablli-
ties =zre not fully mature before the age of fifteen years,
the writer elected to use an older sample in which develop-
mental variations with regard to spatial sbilities would de
@liminated as much as possible, The population used in this
study had en average age of seventeen yvezrs and fell within
the rsnge of 15-1/6 years and 18-5/6 years.

b) CGrade.- Three groups of Grade XII boys of Bt.
Patrick's High School in Ottawa were used as subjects ror
this study. The averezge size of the groups was thirty-nine

boys. Crade XII was deemsd the best acadenic level for
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these tests as the standardi.ation procedurcs of some of

the tests had been vzsed ou UOrade XII populutions. Further-
more, the reference itests or the cosnitive factors usad in
this study could have perhaps been a little toc difrficult
for a lower grade and a little tco easy for a higher grade,
5till, & group from & lower grade level could perhaps not
have gualified for use as subjeots in this study as the
average age could easily have bheen lower than fifteen years.
The importance of age level has already baen ilscussed,

o) Intelligence.- The guldance departmsnt of the
school had already sdministered the Henmon-lielson Tast of
Mental Ability (hevised Editiom Grades 8 - 12) to the three
groups when they were in Grede XI in 1983. Their average
1.8. on this test was 108. The averamge I1.5. of this group
on the Ctls Group Inte enge Scule adminlstered in
February 1964, was 110. 7The IL.<. ranges were very small
thus evidenolng a felr degres of homogeneity in this group
with respect to intelligence,

4) Language.~ All the individuals in thies sample
were ¢ither English-speaking only or bilingual, speaking
English and ¥rench or Bnglish and arother Furopean language.
This had to be ascertained to snzure that sll the exuminees
would understend the instruetions fully. The counseling and
guidsnce department of the hizh school end also cless

teachers of these zroups confirmed the lingulstic
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sharasteristics of this sample sa given by tha -tudents

themselves.,
4, Acocumulation of Data.

The sample describued in the preceding section of
this chapter had tuken tests before 80 thut the testing
aituation was neot & novelty to them. Ths guld-nce anAd
counseling department of Lt, Tetrick's High 3School adainis-
ters & battery of tesis every year to all the students to
appraise their different abiilties and sptitudes. This is
usually done during an appropriate period that has been
earmarked for guldance and testing. The testing prosram for
this study had to be fitted into the puidanocs schedule of
the school to avold a disruption of the school time-table
and also t0 uvold crestlion of an atnosphierce theat would be
difrerent from the ons alrsasdy sstabllshed by the guidance
program. In the opinion of the writer ths guidance prosram
had already established the necessary climate, rapport,
and the necessary attitudes, on the part of the students,
towsrds psychologlceal testing,

An elsborate explanation of the purposes and use-
fulness of the testing progrsm to the students ocould have
interfersd with the motivetion that had already taken
effect. All the testing was done ostensibly as psrt of the

testing progrem. The writer, who administersd most of
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the tests, was introduced to t.ue studsnls as an aseiztant
of the guldcnce master, Core was Yaken Lo aveid arcusal

of curioslity and sensution that mizht have had adverse
effagts on the performence of the students on the tests,

To make the ssessions as ordlnury as possible the writer
acted as proctor ocessionally while the guldanvcs nastar was
the chisf administrator. This appronoh ensured interost

ian the testing prosram. No incilants of a lackadaiasical
attituie were observed during the testlas process.

All the testiny was done Iin ths zuldance lecturs
room which was c¢ommodious enocugh to seat forty individusls
in one session., The room was adeguately llghted and venti-
lJated., It was devoid of all possible cources of visual
digtraction such as pleturcs on the walls and the like. The
eolumns were three feet while the rows were about two faeet
apart. A laerge time-piece wss hupng on the front wall where
it could be seen by everybody during the administretion of
the tests for the cognitive factors. The room ies sltuated
on the far end of one wing of the school go thst it is
deteched from the usuul school bustle that is lixely to be
found near the cerntral rooms. In u nutzhell, this room
had been seleoted by the puldunce depsrtaent for the purpose

of uaing 1t permanently us & guldance and teating room.
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The testing proocedures followed the protouol sug-

gested by Super and Grit@méa

and there is no reascn to
suspact that errors whlch could add some unwanbed variance
to the scores ocourved during toe procecs of administration
of the tests. Desoriptions of how cach test was glven will
now follow.

a) Mpinistration of the RMPFB (Form A4).-

i} Procedure.-~ This test was administered to the
thres :roups saparately. The procedure was that leld down

141 and also on the first page of the test

in the manua
booklet., The directione were recd as articulately end
audidly as wes suitable for the group and place of zdminis-
tration on each of the three cocusions, Time was allowed
for the practice problems. 4s the manual does not indicate
that the examinces should be informed of the leugih of the
test, this w&s not done., However, at the end of twenty
sinutes, the exuminses were instructed to cease working
immedlately. Strict vigilance agalnst surreptitious con-
tinustion after announcezent of end of time was maintalned

for all the groups. Apswer sheels were c¢ollected iumediately

on expiration of working tine,

40 Super and Crites, Op, Cit., p. 58-88,
41 Likert and Queasha, Op. Cit., p. 4-5.
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{1) Sooring.- 8Scoring was done by hand. The
appropriate scoring key supplied with the manual was used,
As this test 12 a multiples-choice test, correction for
chance was provided for by the use of the formula, R - g ,
whioch is given in the manual., The acoursoy of the scoring
procedures was checked by the guldance department of the
school.

b) Administration of the Space Relations of the

DAT, -

i) Procedure.- This test had already been adminis-
tered to the three groups by the guldance department of St,
Patrick's High School. The guldance master is a qualified
school pasychologist. The desire to avoid practice effect
coupled with the confidence that the writer had in the
guidance master made only one more admlnistration of this
test edequate for the purpose of estimating reiiability by
the test-retest technique. This sdministration was done
about two months after the first administration by ths
guidance depertment, The protocol laid down in the manual
was followed without any modification. The esxaminees were
not told how long the test would take as the msnuel does not
indiocate whether or not this should be done. As laid down
in the manual the actual test was done in thirty minutes,

Invigilation was alert and strict.
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11) Scoring.- The scoring key for the A form was
used for hand scoring. The formulas suggested in the scoring
key, R - W, (totel of rights minus total of wrongs) was
employsd to ussess the final score on this test,

c) Administration of the Card Rotations and the
Surface Development teats.-

i) Procedure.- Since the times for the administre-
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
adninistered firat. Inostruoctions were clearly read and
the examinees would not be instructed to begin 28 long as
there were still questions on the imstruotions. Tnough time
was given for practice problems, Four minutes were allotbted
t0 each of the two parallel parts of the test as sbtipulated
in the manual. 7The examinees were aware of the time in
whioch the test had to be done and also of the formula used
in scoring thelir enswers. This information appears in the
instructions that were resd to them. It is surmiged that
the intention is to minimize the tendency te guess and also
the possibility of doing very little within the four
minutes allowed as a result of ignorance of the amount of
the evailable time and not as 2 result of inability to do
more within this perlod. Ths breathing space between the

administration of the Card Rotations test and the sdminis-
tration of the Surfuce Development test had to be short
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encugh not to ellow attenuation of motivation and long
enough to avold the element of fatigue and the resultant
decrease of efficiency in performance. Four minutes served
the purpose.

The remarks made with respect to the administration
of the Card Rotations test apply to the administration of
the Surface Development test with the ome exception - the
latter test wasz allotted six minutes for each of the two
parallel perts. Again the subjects were aware of the
strictly limited and short time allowed for the test end
elso af the warning not to sacrifice accuracy for speed as
"Your score on this test will be the number of correct
letters mlnus a fraction of the number of incorrect 1ehtera".48

11) 8coring.- The formula used for scoring the Card
Rotations test was the cone suggested in the instruotions for
the administration of the test, R - W, (total of rights
minus totel of wrongs). Immedlately comspicuous 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 "fraotion" of the numbaer of incorrect responses
that is to be subtracted should be. The problem of deciding
on a formula to be used 1n the scoring of this test was

inescapable.

42 Surface Development Test, Educationsl Testing
Bervice, Princeton, N.J., 1962, p. 1.
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The matter of the effect of chance on test =cores
will not be dlscussed hers, Buffice 1t to say that e
multiple-cholce test restricts the range of effectlive
measurement by a test, A priori formulee heve been derived

to correot for chance. The formuls used for scoring the

Surfege Development test is:

8 =R- oy

whare S = formule score

x
L

nunber of correct answers

=
]

number of wWrong snswera

K = numnber of alternatives for each item
This formula and others like it rest on the assumption that
the examinee el ther knows the answer or he responds at
random.45

Since the Surfuge Development test has flve alter-

native responses t0 sach item, the above equation becomes

=R - 2
8 =R~

It 8 came out with a fraction, it was rounded off to the
next higher integer in accordance with Lyerly's44

recommendation.

43 Guilford, Op. Git., p. 448.

44 S.B. Lyerly, "A Note on Correcting for Chance
Suyogcess in oggeeﬁiva Testa®, in Psychometrika, Vol. 16,
1951 [ p. 21‘



CHAPTER 11l
PRESENTATLON AND DISCUSSION OF RESULTS

This chapter comprises presentation, interpretation,
and discussion of the findings of this study. The first
seotion presents the reliability coefficients of the tools
of measurement &s obtained; the second deals with the corre-
lations between the veriables considered in this study; the
third presents statistioal hypotheses and tests for their
acceptance or rejection; and, finally, the last section

constitutes 4iscussion of the findings.

1., Reliability of the Tools of HNeasurement.

The Space Relstions of the Differentlal Aptitude

Jesta (Form A), the Hevised Minnesota Paper Form Board
Form AA), the Cerd Rotations Test, and the Surface Davelop-

mept Test are the psychometrie instruments that were used in
this study. The relisbility of each will be presented as it
was found for the sample extracted from the H5t, Patrick's
High School twelfth grade populstion.

&) The Space Relations of the DAT,- Reliability
coefficients, some as high as .93, have alresdy been re-
ported for this test by other researchers. Most of these
were aplit-half coefficlents. For this study a test-retest
reliability coefficient was obtained by sdministering the
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test twice to one hundred students sand finding the product-
moment correlation bhetween scores from the first zdministra-
tion and scores from the second. A Pearson r of .88 with a
standard error of estimate (henceforth referred to as SE)

of .03 was obtained,

b) The Revised ¥innesota Paper Form Board (Form AA).-

The cdd-even method of splitting was used to com-
pute a split-half reliabllity coefficient of this test for
the sample used in this investigation. As the test items
are arranged in order of Aiffisulty, the scores on the odds,
generally, were perceptibly hligher than the scores on the
evens, Differences bheltween these scores were found and

Rulonta formula,

2
Ty = 1 _{EE, where

fs,
coefficient of relisbllity

"
pry
<t

]

6@3 s variance of the differences

-
0o
1"

variance of the whole test

was used, A reliasbility coefficlent of .94 with an SE of
.02 was obtained.

¢) The Card Rotation Test.- 4s indicated in the
second chapter, this test consists of two separately timed
parts which might be regarded as equivelent or parallel.
The sum of the scores on the two parts constitutes the final

score on the whole test., The differences between the scores
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on the two parts were used as above and s relisbility
cosfficlent estimated. A valus of .89 with an 8F of .02
was found.

d) The Surface Davelopment Test.- Differsnces
betwesn the scores on the two sepsrately timed parts of the
tezt were obtained and reliebllity satimsted by Rulon's
formula. A reliabllity cosfflcient of ,80 with an 3R of
.02 was found,

On the whole, satisfactory relliebility coefficients
were obtained. Bome of them eould have been better con-
sidering the faect that some authoritiesz place the minifimum
at .24, Tsble I gives & bestter summary of the relisbility
cosfficlents obtained in this inveastigation apnd also the

number of subjects used for esch test.
2, Gorrelations between Variables,

The purpose of this study is to find out whether or
not significant differences sxist between two-dimensional
and three-dimensional spatial aptitude in terms of spatial
relations and orientation, =nd spatial visuallzation. The
converse, whether or not spatisl visualization differs
siznificantly from spatial relations and orientation in
teras of two-dimensional end three-dimensional spatial
aptitude, is an important corollary, a subsidlary problem
that could not be overlooked., Hence, thls section will
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Table I.-

Summary of Reliabillty Coefficlents Computed from Data Used
in this Investigation,

Methed of
Test Pes 8B Computation N
S8pace Relations .88 03 Pearson r 100
RMPFB 94 02 Rulon's 100
Card Rotations .89 JOB Rulon's 97

Surface Development .90 .02 Rulon's 97
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present six correlations whioch will be used in the investi-
gation of significant or non-significant relationships and
difference between these four variables. The null hypo-
thesis, Ho: ”xy
variables was tested at the ,01 level of significance in

= 0, where x and y are the correlated

each of the six cases to declde ss to whether an obtained
correlation was statistically significant or not.
a) Correlation between Space Relations and the

Revised Minnesote 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 lLawrence Dayhaw, & professor of the School

of Psychology and Fduocation of the University of Ottawa, was
used to determine all the correlatiocns computed in this

study, Tables IV and V, Appendix 1, show the intervels and
frequency dlistributions ¢f the scoree on the two tests res-
pectively. The basic statistics are alsc shown. The formulas
used for the computation of the Pearson correlation coeffi-

cients betwesn thess two testis was;

rxy = fo; - é_x_ i!

V&R (02 ESR ()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 .55 significant at the .01l 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 Hevised Mipnesota Paper
Form Board (Form AA) end 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 confldence was obtained. Of all the 120 subjects to
whom the tests were administered, only 88 had their scores
used for the computation of this statistle., Many were
eliminated because they had not taken one or more of the
tests, Others were disregarded becsuse of improper fdenti-
fication which was essentlal for the process of correlation
of scores. Table VI, Appendix 1, shows the hasic statistics
end the distribution of scorss on the Cerd Rotations Test.

The distribution of the scores of the eighty-eight subjects
used for this coaputation d4id not differ amuoch from that of
the scores of one hundred subjeocts with respect to the RMPFB
test. These scores, therefore, did not warrant inalusion
in the appendices, The distribution is similar to that in
Table V, Appendix 1.

¢) Correlation between the Revised Minnesota Paper

Form Board (Form AA) end the Surface Development Test.- The
scores of eighty-eight individuals on the RMPFB were corre-

leted with the soores of the same individusls on the SBurface
Development test., The same proecsdure used in the previous
computations was used. A ocorrelation coefficient of .57

significant at the ,01 level of confidence was the yield.



PRESERTATION AND DIBCUSSION OF RESULTS 75

The distributions of the raw scores on the Surface Develop-
ment test appear in Table VI, Appendix 1.

d) Correlstions betwsen Space Welations and Card
Rotations.- A correlastion coafflicient of .44 significant
at the .0l level was obtaslined by using corresponding scores
of eighty-sight individusls on the two tests. The precau-
tions observed in the proscedures described before spply
here as well.

e) Correlation between Space Rotations and Surface
Development.- Corresponding scores of eighty-elght indivi-
dusls on the two tests were used to compute this correlation.
A falirly high value of .74 signifiosnt 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 batween three-dimensional spatial
aptitude and the spatial visuslizatlon factor.

r) Correlation between 3Burface Development s&nd Card
Rotations: As finding the interrelationships betwsen the
two cognitive factors, spatial relations and orientution,
and spatial visualization, is a subsidiary problem ip this
study, 1t was necessury to dstermine the correlation between
these two tests. A fairly low correlstion of .45 aianirfi-
cant at the .0l level of confidence was obtained.

The results have been presented acain in Table II

to facilitate mpaedy reference.
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Table II.-

Saomary of Correlations between Varlables.

Variables r 88
2D - 3D +55 074
€D - SR-0 55 074
2D - Vz . 57 072
3D - SR-0 44 . 086
3D - V2 .74 .048
¥z - B8R-0 .45 .086

These corrslations were all significent
at the .01 level of confidence.
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3. Tests of Hypotheses and Significance.

To investipate the interrelationships of the
variebles involved in this study end also make comparisons
between certaln relationships with & view to =sccepting or
rejecting the principal hypothesis six statistlicel hypo-
thesses were formulated and tested.

1) The correlation betwaen two-dimensionel spatiaml
sptitude and the spatial relstions and orlientation fscotor
does not differ significantly from the oorrelation between
three-dimensional spatial sptitude and the spatial relations
and orientation faotor.

11) The correlation between two-dimensional spatial
aptitude and the sputisl visualization Tactor does not differ
significently from the correlation between three-dimensional
spatial eptitude and the visuaslizetion faotor.

iii) ‘The correlstion between the spatisl reletions
and orientastion factor and two-dimensional spatial aptitude
does not differ significantly from the correlation between
the spatial visualizetion factor and the two-dimensional
spatial aptitude.

iv) The correlation between the spatial relations and
oriengation factor and three~dimensionel spatial aptitude
does not differ significantly from the correlation between
the spatial visualization factor and three-dlmensional

spatial aptitude.
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v) The oorrelatlion between two-dimensional spatial
aptitude and the spatiel visuelization factor dces not differ
significantly from the correlation between three-dimensional
spatial eptitude and the spatial relations and orientation
faotor.

vi) The correlation between three-diwensional spatial
aptitude and the spatisml visualizetion factor does not
differ signiricantly from the correlation between two-
dimensional spatisl aptitude and the spatisl relations and
orientation factor.

Bypotheses i1 eand ii were employed to compare two-
dimensionel spatial sptitude with three-dimensionel spatial
aptitude using the cognitive fastors as oriteria. Hypotheses
111 and iv were used to compare the cognitive factors using
the spatial aptitudes as oriteria. Hypotheses v and vi were
used to investigute differsnces betwssn twe inlependent
relationships in which & common variable was not lnvolved.

a) Hypotheeis 1.- The statistical test used for this
hypothesis was the Oritical Hetlo. The standard error of
the difference between r = .55 and r = .44 was estimaied by

the use of the formula:

i 3
Tar = &18+ CrgqWiryy g, (), (g,

As one variable was common, the spatiel relatione and orien-

tation faotor, the correlation factor in the covariance term

had to be estimated by using the formula:
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1 2T18(1-r3

- -2 .
A prig = Toz - 23 T12 18" 2ryar3ras)

2
B(1-r7q) (1-v)
The forsula for the standsrd error of the difference then

became:

far = ‘/ &fg-l- £ r%z /U pryadt1alrys
The Critical Ratio was then obtained by dividing the differ-
ence between the two correlations by the standard error of
the differsnce. This difference was not significant at the
.08 level.

b) Hypothesis 1i.- A procedure similar to the one
used to test the firat hypothesis wss followed to find out
it r = ,57 differs significantly from r = .74, The common
variable in thias casse was the spatial visuallzation factor.
A fairly high Critical Ratio of 2,40 was obtalned,

o) Hypothesis 1ii.- This hypothesis was tasted by
egoertaining whether or not the 4iffersnoce between r = .55
and r = .57 was significant. The obtsined Critieal Ratio
of .23 ipndiceted a high degree of non-significance.

d) Hypothesis iv.- The difference betwsen r = ,44
and r = .74 wes tested for significence and a Critical Ratio
of 3,58 denoting signifiocance beyond the .0l level was
obtained.
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e) Hypothesls v.- The ocorreletions compared here do
not include & common variable, Hence, the estimation of the
standard error of the d4ifference hetween the two correlations
was done without the use of the oovarlance term in the
formula, This aight have increased the standard error of
the dirfersnce and conseguently dec¢reased the Critical Ratie
unduely. The difference between r = .57 snd r = .44 was
not significant at the .05 level.

) Hypothesis vi.- This hypothesie, like the one
immediately preoceding it, does not involve a common variable,
The covariance term was excluded because the Ap,grs, factor
was not obtained. Hence, the furmula used to eompute the
standard error of the difference between the two correlations

was !

far =./Or

A Critical Ratio of £.15 was found for the difference betwsen
r= .74 end r = .58, This difference was significent at the

.05 level of confldence.
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Teble 1II1.-

Summary of Hesults of Tests of Significent Differences
between Correlations.

Variables r D 4D CRr Significance

2D - 8R-0 14
3D - BR-0 44

11 . 084 1.30 -

2D - Yz 857

17 079 2,40 .05
3D - V2 .74
gD - SR"O 055

.02 088 23 -
2D - Vg -« 57
3D - BR-0 A4

isﬂ 1685 3.53 ‘01
3D - ¥z . 7&
zb - vz .57

.15 .095 1036 -
SD - 8k-0 .44

2D - 8R-0 .58
3D - 8R-0 .74

.19 . 088 2,15 .08
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4. Discusslon and Interpretation.

a) Hypotheses { and 11.- A definlte but moderate
relationship between two-dimensionel spatial aptitude and
three-dimensional spatiasl aptitude was shown by a correla-
tion of .55, 7To confirm this finding, a hypothesis of
independence betwesn the two aptitudes waa tested by the
ochi-square technique ylelding s value of 28.10 which was
significant beyond the .01 lavel., This could be acscounted
for by the ecompositeness of the spatial aptitude. 1If
spatial aptitude consists of all the three factors described
in the first chepter of this study, there will always be thie
dependence between spatial aptitudes and hence significant
correlations between spatial tests.

The test items of both the Space Relatlons and the
Revised Minnesota Paper Form Boerd tests are erranged in

order of diffioculiy. According to the sontinuum theory that
was discussed in the firat chapter, the esasiest items could
be messuring perceptual spead while the easier ones measure
spatial relations and orientation; the airfficult onee might
be measuring spatial visualization while the most dirffiecult
measure inductive reasoning. Possibly, not all these factors
along the ocontinuum are involved but this could be dstermined
by a comparative item enalysis of the two tests - a prodi-
gious task beyond the secope of this study.
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It would sppear, therefore, that before comparison
between two-dimensionsl spetial aptitude and thres-dimensicnal
spatial aeptitude ocsn be made on the bssee of the two spatisl
factors considered in thls resseareh, en a_priori relatiomship
axists between the two aptitudes and is actounted for by the
inherent presence of the very oriteria in the tests., It
could also be accounted for by the ocontinuasl overlasp of
function that, neverthelesg, differs from individual to
individuel.

Spatial visualization was found to correlate more
with three-dimensional spetiael aptitude than with two-
dizensionsl spatiel sptitude. While both the Surface
Development and the Space Relstions tests deal with three-
dimensional materials, thelr face validity would not suggest
a possible duplieation of function. That the correlation
betwsen two-dimensional spatial sptitude and spatial visuall-
zation wes signifiocant at the .01 level, although signifi-
cantly lower than that betweoen the same factor and three-
dimensional spatial aptitude, might support Super and Crites'
view that in working with three dimensions one actually works
progressively with two dimensions. Xven if it were so, the
writer feels that & plecemeal two-dimensional attack on a
three-dimensional spatial problem situation would not produce
the seme results as a global approach in whlch the totality
of the asitustion 1s aepprehended simultaneously. It should be
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emphasized thut u whole ia more than a mere susmeation of its
parts. -A three-dimenslonal structure, whether it be & ocon-
ocrete objeoct or itse graphical representution on a two-
dimensional substratum is much more than & sum of individual
sollids or geocmetrical figures., JIf three-dlmensional spatial
aptitude were simply a susuntion of many similar two-
dimensional spatlial aptitudea, a test of the former would
produce the same results as & test of the latter if three
times as much time allowed for the latter is provided.

Binoe the Space Relatlons and the furface Development tests
are not speed tests, it 1s very iaprobable that tripling
times glven for the tests would produce results thet would
correlate very highly with the results of & two-dimensional
spatial test such a8 the Hevised Minnescts Paper Form Board.

The eorrelation between two-dimensional aspatial
aptitude, a8 measured by the Revised Minnegsota Paper Form
Board, end three-dimensionul spatial aptitude, as messured
by a performance spatial test, was found by Uhlaner to be
+27 - a vslue muoh lower than the one obtained in this study.
Phis does not nscessarily disprove Uhlaner's findings. The
matter of poselble differences between a three-dimensional
performsnce test and a three-dimensional paper-and-pencil
apatial test kas alraady been dealt with and will not be
repeated here. 1In any case, if these differences do exlst,

they could account for this disagreement. Still, this



PRELILTATION AKRD DICCUCILION 77 nlddl o 83

difference might not be statistically significant., o test
for this wus atisapied becsuse wt writing, the number of
indivliduals that Uhleaner used, v.a2 not aveilable for deter-
mining the standard error of his correlztion,

It was found in this study that the correlation
between three-~-dimensicnal spatial aptitude snd speiisl
visualicetion, as expscted, wus fairly high, much higher
than the corrslastion belween the asame cogmitive factor and
two-dimensional sputial aptitude. The impiioation of thls
is that since two-dimensional sprtisl splitude 1< nurt of
threv-dimensional spatial aptitude, a three-dimensicnal
spstial test would, in addition to assesain; .bility to
desl with s0lid objects lu space, measure cbility to handle
two-dimensional prodlems such &s determining the relation-
ships of figures in plane or descriptive geometry. Visuall-
zation seems to be the one operation mostly involved in per-
celving objacts =patilally in ordinary dey-tolay experience,
This ablility is, tnerefore, auch aore important than spatial
relations and orientation and seams to bz a sine gua non of
spatial perception.

Spatial relations and orientation correlated more
with two-dimensional spatlial aptitude then with thres-
dimensional spatial aptitude. Nevertheless, thls correlation
was not signifiocantly higher. The distribution of the raw
scores on the Space Relations aund the Revised Minnesote Paper
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Form Board were £llghtly poeitively skewed. ‘etoniehingly,
too, the Sistribution of the raw scorns ocn the Surface
Development test weres positively skewed. These tests mizht
have been slightly easy for the average twelfth grade pupil
of 8t. Patrick's High School. This could have made the
correlations slightly spurious - one of the rassons why an
attempt was not amde to correot Lthe correlatlons for ocoarse
grouping.

From the aforesnld, the first hypothesis has to de
acceptsd while the ascond is rejeoted at the .03 level, The
iaplication with regz:rd t¢o the maln hypothecie 1s that it can
nelther wholly be accepted sor rejected., Accerdinz to the
circunstsnnes of thie study, two-dimenclonal spatisl aeptitude
has besn found to differ significantly from three-dimensicnal
spatiel aptitude in terms of the spatial visualization factor
only, and not in terms of the spatisl rslations and oriente-
tion factor.

b) Hypotheses iil end iv.- The second appromoh to
the preblem has dbeen to use the aptitude tests as criterie
and the cognitive factorez as the objects of ocomparison.

While the comparison here ia focussed on the cognitive
faotors, a subs.diary concern in this atudy, this provides
another angle for investigating the differences between two-
dimensional spatisl aptitude and thres-dimennional spatial

aptitude, Im feot, es far as the writer is concerned, it
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does not matter which pair is used as reference oriteria.
That is, stating that visuelization differs significantly
from orientation with respect to the three-dimensional
spatial aptitude only but not with respeot to the two-
dimensional spatiel aptitude would not convey any more or
less than the converse, Tha same relstlonship exlsts between
the two statements as would be found between s mathemstical
proposition and its converse,

It will be cbserved that the correlation between
spatial visualization end three-dimensional spatial sptitude
wag significantly higher, at the .01 level, then the
correlation between the same spatisl eptitude and the
spatial rslations snd orisntation fector, This confirms
what wes noted under hypotheses 1 and 11, Here agailn, the
third hypothesis has to be mccepted while the fourth is re-
jected at the .01 level, SBuperficially, this might appesr
to be a tautology in view of what was postulated in and con-
cluded for the first two bypotheses. A little more careful
examination ¢f the thinking involved and also the figures
used in Table III might achieve the orucial perspective at
this point. As sxpected, again, there was more agreemsnt of
three-dimensional spatial aptitude with spatial visualiza-
tion than with spatial orientation. The principal hypo-
thesis is, therefore, accepted in terms of the spatial
reletions and orientation faetor and rejected in terms of

the epatial visualization factor,
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Another striking result wes the almost equal
correlations between two-dimensional spatial eptitude and
spatial relations and orientation and between the sanme
aptitude and spatisl visualization., Thess correlations
were .58 and .57 respesctlively. One would expect two-

di mensional spatiel aptitude to correlate more with spatial
relations and orientation than with spatial visualization

in conformity with what has already been observed and dis-
cusesed. This somewhat irrsgular result might partly be
accounted for by the alightly skewed distributions of the

raw scores on the Surface Development and on the Revised
Minresota 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 factors simultaneously than a three-dimensionsal
spatial test which would emphasize the visualization function
at the expense of the spsatlial reletions snd orientation
faotor. Whether or not thils would have a practical value
would depend on Job senslyses in terms of these factors, on
whether in practical situstions both ability factors sre

used or, in accordance with the continuum hypothesis, visuali-
zation is used in the more complex spatial situastions, end
also on whether the seme individusal could consciously or
unconsciously alternate orientation with visuelization in

due proportions according to the nature of the spatial
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peroeptual challenge., It might atill, as Super end Crites
sugzest, depend on whether en individual meagrely endowed
with spatial visualizetion would progressively utilize
orientation for three-dimensicnal problems, or whes it is
vice versa a lower effort level would be employsd to solve
erientation problesms with the visuallization ability. All
these posai ble explanations have not yet bheen fully explorsd.

8) Rypotheses v and vi.- The third approsch to the
problem was to compare the relationships between two-
dimensional spatizl aptitude and three-dimensional spatial
aptitude with the cognitive fasotors when sach is correleted
with the other cognitive factor. These comparisons do not
involve & cozmon variable, The significance of these tests
does not go bveyond comparing degrees of relationship. The
fifth hypothesis was sccepted because the correlation be-
tween two-dimensional spatisl aptitude and spatial visusmliza-
tion 414 not differ significantly from the correlation be-
tween three-dimensional spatial aptitude and spatial rela-
tions and orisentation. The last hypothesis was rejscted
above the .05 level of significance. This demonstrates cnce
more that any compurison that invelved a relationship between
visualization and thres-dimensional spatial aptltude yielded
a signiricant differsnce,

Three of the six hypotheses have been accepted and
the other three have been rejected. The general trand, as
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has already been pointed ocut, has been that the correlation
between three-dimensional spatial aptitude and spatial
visualization has consistently been significantly higher
than any other correlation compared with it. A definitely
high relationship between spatlial visuslization and three-
dimensional spatial aptitude is evident, The maln hypo-~
thesls of no difference betwesen two-dimensional spatial
aptitude and thrse-dimenslional espatial eptitude in terms of
the two spatial factors has to be eccepted in part and
rejected in part. In terme of thelr relationships with
spatial visualization two-dimensional spatial aptitude has
differed from threes-digmensionsl spatial aptitude.

All the correlations have been significant at the
.01 level, Definite but moderate relationships wsre 1ndi-
ceted in most casea, Of great importance are the inter-
correlations between the cognitive factors and between the
spatial aptitudes., 4 correletion of .45 bastween spatial
visuslization and spatial relations and orientation is g
pointer to lack of uniqueness in the reference tests for
the cognitive factors. Betwsen the two there could be over-
lap of funotionm or there could be zmnother factor that ex-
plains the feir amocunt of common varlsnce to the two tests.
It is even dcubtful whether even semi-complete orthogonality
between these factors was achleved in the factor-analytic

developxent procedurss by which they were constructed and
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classi fied &8 Talrly univocal, The factors, as measured by
the toels used in this study, are not independent, mo that
whatever spatial test correlates significantly with the one
must of necessity correlate with the other. The extent to
which sach factor loads two-dimensional snd three-
dimensiona)l spatial tests can be deaterzined throuzh faotor
enalysis.

The corrslation between two-4imansional and three-
di mensionsl spatial aptitude was found not to %e high
enough to warrant substi tution of a test of the one function
by a test of the other in » counszeling or prediction situa-
tion., It would eppear, however, that s three-dimenrional

spatiel test like the Bpace Kelstiong of the DIT could be

used much more bensficlally in & counselinmg or predletion

situstion than a two-dimensional spetiel test like the
Reviced Mirnesote Papar Form Bosrd.
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Three-dimensional spatial aptitude has been found
to differ significantly from two-dimensional spatial apti-
tude in terme of their relationships with spatial visualiza-
tion. No slgnificant difference was found between Lhem when
spatial relations 2nd orientation wes used as a criterion.
Neverthelsess, falrly laerge dlfferences, in some cases,
epproaching the .05 level of significance were obtained.

It is very probable that they could be significaunt at least
at the .00 level in another sample. PFurther inquiry into
these issues might produce better results.

Many questions heve been raised in this study.

They have almost all remained unenswered. Only a few are
enumerated here.

i) Does a three-dimensional spatial performsnce test
measure the ssme funotion as & three-dimensional
peper-and-penci) spatial test?

i1) What are the interrslationships between perceptual
speed, spatiam)l orientation, spatial visuslization,
and inductive reasoning? Do they really lie on one
continuum?

111) V¥het part is played by somesthesla and kineesthesia
in spatial perception? Is the kinaesthetlc imagery

factor real?
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iv) 1Is three~dimensicnal spatiul aptitude simply e
sunmation of two-dimensional spetial aptitude?

v) Would & three-dimensional spatiel test meke a
better predictor of setisfaoctory performance in
industry or socademic achlevement than a two-
dimensional sputiel test?

vi) Does chance zttack in performence gpatial teats
introduoce error variance?
A great dsal of uncertalnty still exists in this
domaln., Not encugh research has been done in this filsld
in spite of the indisputable importunceof apatial tests in
industry, mechanioal technology, and academlic achievement
and prognosis. The writer fesels that a zood @al 128 laft
to be unravelled and a corregpoadingly lerze amcunt of
abllity 18 left unassessed because inadeguate tools are used
to measure spatial sptitude, This is due to the faot that
spatial tests have not yet been fully mapped out, OCverlasp
and defiociency are still rampent. Hometimes spetial tests
are used 0 asssss mechanical abllity or intellligence.
This might be dome with a messure of success because of
concomitanve between spatisl eptitude and mechenloal abillity.
However, condomitance should not mean determinstion.
Appropriate instruments should produce more meeninzful
results in terms of the quallty znd juantity of the cptitude

under investigation.
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It has been found in this study that three-
dimenaional spatial sptlitude might =znd awight not differ
from two-dimeneional spetial sptitude depending on the
basis of comparison., 8pstial visualization 414 not show
high correlation with either two-dimensional spatisl apti-
tude or spatial rslatlicons and orientation. Therefore, &
threa-dimensional peper-and-penocil apetlisl test might be
employsd to assessz spatial abllity in genersl without
maximum benefit but with more sccursey than a two-dicensional
spatial test used elons. While this domain is etill being
explored it migzht be advisable always to use a threa-
dimensional spatisl test. Tor meore spscific assesgments,
the reference tests for the cognitive factors used in this
study should provide the best service,

By combining the test itews of a spatial visualiza-
ticn test and the test iltemm of a spstlael relations and
orientation test sccording to the appropriate procedures of
test construction, a test that could measure both factors
simultaneously could be constructed., Cueh a teat could de
used to find out whether certain individuszls woull tendte
do the orientation items while otherswould tend to evade the
orienctation items to do the viruslizatlon items. Whether
individusls who score high on an orientatlon test would
gelect the oriantation items in & jJumbled test in preference

to the visualization items end whether those who score high
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on a visualization test would zenerally choose the visusliza-
tion items in preference to the orlentatlion items would he
an interesting investigation and another approach to the

continuum thsory of spatial factors,
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the Fector Qomposition of a Spatisl Visualizetion Test”, in

Tducational and Pesycholorical Measurement, Vol. 14, Wo. 1,
19§4, p. 106-119.

An ingulry into the validity of the continuum theory
of spatial factors. A visualization test at different levels
of Aifficulty was employed in thils investigation. Perceptual
speed was found %o be measured by the less diffioult items
while the visualization fector was optimaelly assessed by the
noderats levsl,
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DISTRIBUTION OF SCORES

Table 1IV.-

Distribution of Joores on the Space Relations
of the Differential Aptitude Tests,

Beore Fregquency
90 - 99 4
80 - 89 11
70 - %9 16
60 - 69 13
50 - 59 18
40 - 49 15
30 - 39 5
20 - 2% 7
10 - 19 5
0 - 9 6

»10 - -1 2

K « 100

M= 653,10

0= 85.80



Distribution of Scores on the Revised Minnesota
Paper Form Board (Form AA).

APPENDIX )

Table V.-

Score Frequency
80 -~ 64 2
55 - 59 5
50 - 54 10
45 - 49 19
40 - 44 19
35 - 39 17
30 - 34 11
&S - 29 10
20 - 24 $
15 - 19 2
i0 - 14 1
5~ 9 1
K = 100
IERtR:
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Tistribution of

APPERDIX 1

the

Heares on thse Card Rotation
Tast.

e
ranet—

Boore Frequeney
280 - 23¢9 1
200 - 219 1
180 - 199 3
160 - 179 7
140 - 159 12
180 - 139 21
100 ~ 119 2)
B0 - 99 1z
60 - 79 8
40 - 59 1
20 - %9 0
0 - 1% 1
N —e —
= 8B
¥ = 181.55
6« 36.12
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Distribution of Zcores on the Surface

o e et s e

APPERDIN L

Table VII.-

Development Test.

o
rmmmaran

Score Freguancy
60 - 84 4
85 - 59 10
50 - 54 10
45 - 49 10
40 ~ 44 11l
35 -~ 39 8
30 - 34 10
25 - 29 7
20 - 24 7
15 - 1¢ 3
10 - 14 3
5- 9 3
0~ 4 a
N = €8
> 2 V5.8
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APPENDIX 2

ABSTRACT OF
Iwo Spatial Factors in Two-Dimensionsl and
igree-Dimenaional SQatigi Aﬁtituch

Three spatial factors: spatial relations and orien-

tation, spatial visualization, and kinaesthetiec immgery have
been isolated as componenta of two-dimensional and three-
dimensional spatial aptitude. Although many factor-esnalytioc
studies of spatial tests have been undertaken, the literature
exhibits e dearth of research in the nature of composite
spatial aptitude., The tendency has been to assume that two-
dimensional spatial aptitude does not differ from three-
dimensional spatial aptitude,

This study has concerned 1tself with determining
whether or not two-dimensional spatial sptitude differs
signiricantly from three-dimensional spatial aptitude.

Two spatial faetors, spatial relations and orlentation, and
spatial visualization were used a3 oriteria. The Revised

Minnesota Paper Form Board !Form;AA) wes used to measure

two-dimensional spatial aptitude, the Space Relationsg of

the Differential Aptitude Tests wes used to measure three-
dimensional spatiasl aptitude, the Surface Development Test

1 Reymond R-S. Molomo, master's thesie presented to
the School of Paychology and Bducation, University of Ottawa,
Ontario, 1984, 1x-105 p.



APPENDIX B 105

and the Card Rotations Test, both from the Kit of Reference
Tests for Copgnitive ¥amcotors, were employed to measure

spatial visualization, and spatial relations and orienta-
tion respectively. The kinaesthetic lmagery factor was not
included in this study because no instrument wes avallable
for its measurement. F

Coeffiolients of correlation between the variebles
were computed by using the scores of 120 Grade XII boys to
whom the four tests were administered. Six statistical
hypotheses were foramulated end teste for significent d4iffer-
ences batween correlstions applied using the Critical Retio,
Three of the hypotheses were accepted while the other three
were rejected. The maip hypothesis was correspondingly
accepted in pert and rejected in part. Two-dimensional
spatial aptitude wes found to differ significently from
three-dimensional spetial aptitude with respect to the
epatial visualization factor which correlated highly with
the latter. No significant difference was found with res-
pect to the spatial relations and orientation factor.



