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Abstract:
The need in an increasingly complex society to identify the avenues at the secondary level through
which spatial abilities may be developed led to this investigation of the impact of certain curricular
patterns on the improvement of spatial visualization.

The literature in the field was consulted to determine the nature and scope of the primary mental
abilities and the role of the spatial abilities within the primary mental abilities . The primary mental
abilities were delineated as compris ing seven to ten aspects of human cognitive processes, among
which was spatial relations. Consensus was not reached on the possibility that the primary mental
abilities could be improved with conscious effort.

Authorities in the field have agreed that spatial ability is diverse and exists on a continuum, and that
spatial visualization at the upper end is held to be meaningfully correlated with intelligence. Reports of
research have not offered much positive information on the impact of particular courses in the
curriculum on the development of spatial abilities. Most researchers in this area found no significant
differences in spatial abilities due to the influence of particular courses.

This study of the impact of certain curricular patterns at the secondary level on spatial visualization
evaluated the differences in improvement on a test of spatial ability of 219 male graduates of Antelope
Valley Joint Union High School District in 1961. Scores made as seniors and as freshmen were
compared for students in nine different curricular patterns over a four-year period . There were no
significant differences in the improvements of the students in the various groups. Hence, it was held
that there was no apparent impact on spatial abilities due to curricular patterns at the secondary level.

The results in this study further emphasized that a positive and meaningful correlation exists between
basic intelligence and spatial visualization ability, as was indicated in the literature consulted.

Attempts to assess the impact of particular courses at the collegiate level on the development of spatial
visualization were inconclusive, and it was not possible to generalize the findings of previous studies at
the secondary level. 
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ABSTRACT

The need in an increasingly complex society to identi
fy the avenues at the secondary level through which spatial 
abilities may be developed led to this investigation of the 
impact of certain curricular patterns on the improvement of 
spatial visualization.

The literature in the field was consulted to determine 
the nature and scope of the primary mental abilities and the 
role of the spatial abilities within the primary mental abili
ties . The primary mental abilities were delineated as compris 
ing seven to ten aspects of human cognitive processes, among 
which was spatial relations. Consensus was not reached on 
the possibility that the primary mental abilities could be im
proved with conscious effort.

Authorities in the field have agreed that spatial 
ability is diverse and exists on a continuum, and that spa
tial visualization at the upper end is held to be meaning
fully correlated with intelligence. Reports of research have 
not offered much positive information on the impact of partic
ular courses in the curriculum on the development of spatial 
abilities. Most researchers in this area found no signifi
cant differences in spatial abilities due to the influence of 
particular courses.

This study of the impact of certain curricular pat
terns at the secondary level on spatial visualization evalu
ated the differences in improvement on a test of spatial 
ability of 219 male graduates of Antelope Valley Joint Union 
High School District in 1961. Scores made as seniors and as 
freshmen were compared for students in nine different curric
ular patterns over a four-year period . There were no signifi
cant differences in the improvements of the students in the 
various groups. Hence, it was held that there was no apparent 
impact on spatial abilities due to curricular patterns at the 
secondary level.

The results in this study further emphasized that a 
positive and meaningful correlation exists between basic 
intelligence and spatial visualization ability, as was in
dicated in the literature consulted.

Attempts to assess the impact of particular courses 
at the collegiate level on the development of spatial visuali
zation were inconclusive, and it was not possible to general
ize the findings of previous studies at the secondary level.



CHAPTER I
INTRODUCTION

The advent of Sputnik I in 1957 brought a tremendous 
emphasis on the mysteries of space, the conquest of space, and 
the bewildering relationships of the nations of the world with 
regard to space. In the same period another aspect of space 
has interested a particular segment of the world's researchers 
■— a mental rather than a physical aspect-‘-the aspect of spa
tial perception and abilities.

The need for study of spatial abilities has been evi
dent in the use made in the modern world of implements design
ed to measure these abilities. Much of the life of the 
"Soaring Sixties" has been directly affected by some phase of 
spatial ability or perception and its measurement. Such 
elemental and mundane undertakings as the fitting of glasses 
or the testing of vision in qualifying tests for drivers' 
licenses have involved examinations into the ability to judge 
relationships among physical things. Examples of devices 
which have been used to test ability to make proper decisions 
on the physical side of spatial perception are machines which 
assess ability to determine the outstanding letter in a group 
and machines which establish levels of ability in identifying 
the position of the checkered square in a matrix of some sort. 
These tests have been developed to safeguard individuals in 
society and have proved beneficial to society itself .
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A similar test, used in World War Il in the.training 

of pilots, involves a test of depth perception. This requires 
the aligning of two objects separately controlled by means of 
cords which accomplish the forward or backward movements of 
the objects at some distance from the potential pilot. Here 
again was a test of orientation to physical surroundings =

However, it may effectively be argued that these mani
festations of eye coordination and finger dexterity are not 
necessarily components of some mental ability to recognize 
relationships among two-dimensional and three-dimensional 
objects in space. Teachers of secondary school mathematics 
have often encountered the situation in which students have 
been required to construct a three-dimensional drawing on a 
two-dimensional surface in order to gain insight into a partic
ular problem. This is a rather common occurrence in solid 
geometry as well as in mechanical drawing. While eye coordi
nation and finger dexterity may be useful in an approach to 
such problems,.there seems to be something else needed -- 
perhaps more basic in its structure; certainly more abstract 
in its definition— before the student can cope with such prob
lems .

A particular degree of some ability other than 
physical would seem to be characteristic of students who have 
been able to delve successfully into problems which demand a 
translation of dimensions, An interesting problem is posed
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by this idea. Do explorations in mental space, like those 
into physical space, require more than the "averageM man is 
able to bring forth on demand? Before the astronauts of this 
nation or the Soviet Union are catapaulted into space they 
must undergo a long program of rigorous training and demon
strate ability to withstand the possible and probable effects 
of trials in space. They must show that they have something 
beyond the abilities of the man who may be pulled off the 
streets and placed in a position of trial. Those who do not 
measure up to expectations are "washed out" of the program, 
even though the defect may be apparent only to the most highly 
trained observer. The possibility that the ability to operate 
in "mental" space may be trained needs to be investigated.

On the other hand, the person who is able to handle 
readily the problems which demand spatial judgment or imagi
native manipulation or recognition may have something in his 
makeup which transcends the abilities which are available to 
the so-called average person. The concept of average has 
been used to represent the mythical person who might be found 
possessing the mean amount of each of the abilities found in 
mankind.

Ample evidence exists to support the contention that 
spatial'abilities are found in differing amounts in people; 
that some persons have a wide range of abilities, while others 
are indeed limited. Until the day of the factor analyst
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arrived, it might have been argued that spatial abilities were 
facets of basic intelligence and that a positive correlation 
of demonstrated spatial abilities should be found with accep
ted gauges of basic intelligence. However, even persons with 
great spatial,abilities may sometimes find themselves in pec
uliar circumstances due to their handling of the properties 
of space or due to faulty considerations in imaginative manip
ulations. Lowney^ pointed out that Euclid bypassed a very 
interesting space problem in his development of the concept 
of congruence.

More than the eye coordination and finger dexterity is 
necessary in making graphic representations on a plane surface 
of an object shown in two or three plane views. Yet this proto 
Iem forms part of the course content in most high school 
drafting programs. It would perhaps follow that students who 
successfully complete such programs would be better prepared 
to make the transition from plane surfaces to three-dimen
sional concepts in mathematics. The classroom experience of

IRobert 0. Lowney, professor of mathematics, Montana 
State College, in a lecture, June 21, 1961, suggested that 
Euclid left the plane in assuming congruence toy superposition 
when the figures involved were symmetric about an axis between 
them but possessed no axial symmetry of their own. It would 
toe impossible to superimpose one such figure on another and 
remain totally within the plane. One of the figures would of 
necessity be caused to invade the third dimension before the 
desired congruence could toe demonstrated.



the writer has indicated that drafting experience has never 
been a guarantee that students would be able to translate 
effectively from mathematics symbols to the sketch pad. Some 
students who have come through drafting programs have been 
totally frustrated in attempting to gain a three-dimensional 
concept from the equation of a surface in calculus courses. 
Others who have never been exposed to a drafting course have 
been able quite readily to form a mental image of the figure 
represented and have been able to translate the mental image 
into an understandable sketch.

The need for a student to shift his point of view and
to look at more than one side of an object has been demon-

2strated in engineering programs. Schneider suggested that 
the inability to make the transition from two dimension to 
three-dimensional concepts was a primary identifying feature 
of the drop-out in" engineering programs. Schneider maintain
ed that a . student who could not maintain higher than a low 
C grade in an engineering drawing course might well be ad
vised to look in another direction- vocationally-— he would 
have little chance for successful completion of the total 
engineering program. Further, Schneider stated that the in
ability to grasp the third dimension concept was the most

n ■ '^Rudolph C . Schneider, professor, engineering, Montana 
State College, in personal interview with the writer,, June 26, 1961.
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frequent cause of low grades in engineering drawing courses.
It should be noted that eye coordination and finger dexterity 
have but insignificant roles to play in the development of 
the concept of the third dimension in drafting. This appar
ently is a mental ability and involves spatial judgment and 
imagination.

What is the factor which enables one person to grasp 
readily a totality of image, while another is forced to grope 
haltingly for the picture, and a third never sees it at all?
It is to this ability, whatever it may be, that the general 
phrase, spatial perception, has been given„ It was the nebu
lous nature of this factor and the possibility that it might 
be amenable to training that led to this investigation.

Statement of the Problem

It was the purpose of this investigation to determine' 
the impact of certain curricular patterns on spatial visuali
zation , and thus discover possible avenues by which the 
spatial abilities might consciously be developed or improved 
at the secondary school level. In the process of the inves
tigation it was planned to examine two additional questions 
with regard to spatial abilities. These were:

I. Are spatial abilities a function of mental ability 
and consequently limited to a rather narrow band within
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which they may be improved? The writer has felt that 
this would be true.

2. Do subject matter courses which have been 
credited with developing the spatial abilities actually 
make significant contributions to the improvement of 
such abilities?

Procedures

A review of the literature was made to determine the 
nature of the spatial abilities as they related to other 
accepted abilities in the mental makeup of mankind and to de
termine the findings of .other investigations in this area.
It was hoped that the investigation would cast some light on 
the question concerning the improvement of spatial abilities. 
It was expected that the review would indicate that such abil 
ities relate directly with basic intelligence and thus would 
be limited in the range within which they may be improved.

The review might indicate that spatial ability, 
particularly spatial visualization, is a, developable skill 
and that this skill is essential in the present world. If so 
students who pursue programs which place high demands on this 
ability should be aware of the curricular patterns which 
sponsor such development. To help identify these patterns,, a 
study was made of students who entered high school in the



Antelope Valley High School District in 1957 and who gradu
ated in 1961„ Students who had taken a battery of diagnos
tic tests as freshmen and a similar battery of tests as 
seniors were classified in 16 groups, according to certain 
curricular patterns followed during their high school careers 
Four areas were selected to represent the curricular offer
ings which were expected to have an effect on the spatial 
abilities. These areas were college preparatory mathematics, 
drafting or mechanical drawing, art, and laboratory sciences.

Achievement records were available for the space re
lations sub-test of the "Differential Aptitude Tests" (DAT)^ 
for all students included in the study. These tests were ad
ministered in the freshman and senior years'. Comparisons 
were made with national norms for each of the groups, and- the 
groups were compared with each other to determine if there 
were any significant differences among the test results of 
the groups.

Limitations

Several limitations in this investigation should be
noted.

^Bennett, G.K.; Seashore, H.G.; and Wesman, A.G.; 
Differential Aptitude Tests: Manual, Third Edition, The 
Psychological Corporation, New York, 1959,-94 pp.
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The review of the literature in the field was made at 

the libraries of Montana State College in Bozeman, Montana, at 
the San Fernando Valley State College in Northridge, 
California, and the University of California at Los Angeles. 
The students utilized as subjects in this study were those 
for whom records were available in the Antelope Valley joint 
Union High School District in the four-year period covered in 
the investigation.

Statistics on the relative performances on spatial 
abilities were computed on the basis of scores on the 
"Differential Aptitude Space Relations Tests— Form A." Hence
forth , in this study this test will be referred to as DATSRA,

Organization of the Report

In order to establish an explicit, if arbitrary, 
foundation for the rest of the study, the first part of the 
review of the literature was devoted to the task of defining 
the term, spatial abilities, in relation to the general field 
of intelligence and mental abilities. The report on the find
ings in the literature in the field is presented in'Chapters 
2 and 3. Succeeding chapters present reviews of the investi
gation of the impact of curricular patterns on the spatial 
abilities and recommendations.

A discussion of the nature and scope of the primary
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mental abilities comprises Chapter 2.



CHAPTER 2
THE NATURE AND SCOPE OF MENTAL ABILITIES

The need to take a look into the area of spatial 
abilities demanded that some investigation into the nature and 
scope of the primary mental abilities be made. The need to 
define in a succinct manner the term, "spatial ability", in 
its relationship to the primary mental abilities led to an 
investigation of the literature in the field. The findings 
in this investigation and the resulting delimiting of the 
concept of the mental abilities comprise this chapter.

Intelligence Versus Intelligences

The development of a working definition of a mental 
ability required a fairly extensive investigation into the 
nature or structure of intelligence— is it unitary or diverse? 
Such an investigation could find its beginnings in the writ
ings of Plato and include the ideas of almost every philoso
pher of education since Plato. It would perforce wind its 
way through the faculty theories of early days, through the 
revolt against the theories of mental faculties and the disci
plining of the mind, down to the days of Spearman and the be
ginning of factor analysis that has led to the present theo
ries of the factors of the mind.

These later concepts have not been greatly different 
from the faculty theories of the past, except that there is
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not agreement that the factors or abilities can be improved 
with practice or with conscious effort to develop them beyond 
the level at which they are discovered in each individual. 
There have been questions and investigations into the possi
bility of such improvement or development of the basic men
tal abilities of man. That topic will be taken up later in 
this chapter.

Just as there has been lack of agreement on the 
nature of the mental abilities, there has been lack of. agree
ment on the nature of intelligence. Much of the twelfth 
volume of the Journal of Educational Psychology was dedicated 
to a report on a symposium called in 1921 to develop a general 
or common definition of intelligence. What actually was forth 
coming formed an interesting, if obscure, piece of reading.
For instance, at that time, Woodrow"*" defined intelligence as 
the "capacity to acquire capacity." This was further ampli
fied to mean that high intelligence is the ability to meet 
successfully any situation in which the individual might find 
himself

IWoodrow, Herbert, "Intelligence and Its Measurement" 
(Symposium), Journal of Educational Psychology 12:207.

^MacFarlane, "A Study of Practical Ability," British 
Journal of Psychology Monograph No. 8, p. 4.
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In the aforementioned symposium, 13 psychologists 

gave 13 different views on the nature of intelligence. Terman 
stressed the ability to do abstract thinking. Colvin favored 
adjustment to environment, while Thorndike stated that intell
igence was "the power of making good responses from the point

qof view of truth or fact." MacFarlane was partial to 
Thurstone’s definition;

Intelligence is the capacity to inhibit instinctive 
behavior in an unfinished state of its formation and to 
modify it at that stage by means of an imaginal stimulus 
which is relatively remote from that which is immediately 
and perceptually present. ^

MacFarlane■indicated that Thurstone’s definition 
suited her more than any of the others because it placed 
some demands for individual action of two types-— one a re
pressive action of inhibiting instinctive behavior, and the 
other a positive action of modifying the instinctive behavior 
in a manner which suits the purposes of the individual.^

3MacFarlane, "A Study of Practical Ability," British 
Journal of Psychology Monograph No. 8, p. 5.

^Xbid., p. 7.

5Ibid., p „ 7.



Thorndike's short definition, noted earlier, was gener 
al enough that it did not conflict with his previously pub
lished opinion that there were three kinds of intelligence, 
mechanical, social, and abstract,® He held that the mechani
cal and social kinds of intelligence were exhibited in 
thoughts and actions that were directly concerned with actual 
things in one's hands or with persons in front of one's eyes. 
Such projects as providing for a family, holding a job, or 
building something.require mechanical or social'intelligence, 
However, in generating information about things or people a 
different kind of intelligence is required, Thorndike would 
call this type abstract intelligence.

This view of Thorndike's propounded in 1920, was no 
stranger to the educational world. It had been thought to be 
at least intuitively evident on its face value and aside from 
that had provided many a teacher or counselor with' an effec
tive pacifier for parents of children who had not demonstrated 
aptness for academic endeavors.

Thorndike's view has drawn support from all the

^Thorndike, E„ L., "Intelligence and Its Uses," 
Harper's Magazine .78:227-235,
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factorists, with the possible exception of Spearman and his 

7 8followers. MacLean called again in 1953 for recognition of 
the different kinds of intelligence that are needed in an 
operational democracy. Fearing that the control of education 
would be taken over by the "scholastics", he made a strong 
plea for comparisons that are valid, holding that it is use
less to compare doctors with artists or mechanics with sales
men. The possibility that he may have confused intelligence 
with ability throughout his discussion seemed to lessen the 
force of his plea.

A more objective prop for the diverse view of
intelligence was provided by Burt in 1944 when he supported
the idea that there probably should not be discussions of
higher or lower intelligence, but rather of different in- 

9telligences. Burt probably had done more work in the field 7

7Spearman and his followers have advocated the exist
ence of but two mental factors— one a general factor which 
permeated all activity, called g , and a factor specific to 
the task involved in each particular activity. Spearman 
made some allowances later to enable himself to adapt his 
theory to more recent findings.

^MaeLean, M. S., "Intelligences, Not Intelligence,'" 
Education 73:492. MacLean was not a factor analyst.

®Burt, C., "Mental Abilities and Mental Factors," 
British Journal of Educational Psychology 13:131.
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of factor analysis than any other psychologist up to World 
War II and has been of such stature in the field that his 
comments must be considered in any study into the nature of 
intelligence.

Some researchers in the field have maintained that, 
apart from the concept of a horizontal separation of intelli
gence , intelligence may also undergo a ̂ yerical) separation.
In a study into the advantages of years of education for an 
individual, L o r g e suggested that there is an increase in 
intelligence with an increase in the number of years com
pleted in school. Whether this increase would be due to in
creased knowledge or to increased capacity was not clarified 
in his study. However, another light was focused on this 
same idea in reports of research on the mental abilities of 
older people. Motivational and altitudinal considerations 
play a more important role in the learning process for adults 
than they do for children, according to Cohen^ He further 
indicated that perhaps intelligence should be defined

I OLorge, E ., "Schooling Makes a Difference,” Teachers 
College Bulletin, 46;492.

X X 'iCohen, C . S.,"Research on Mental Abilities and 
Aging", Adult Education 12, No. 3., p . 171.



differentIy for different age groups and cited Wechsler as
authority.^  In a slightly different vein Burt pointed out
that differences in special abilities may not make themselves

13apparent until a comparatively late age. In any event,'the
old theory that the learning curve must fall off with increas-

14ing age has pretty well been discredited at this date. ■
According to Vernon, "A priori analysis has not... 

been able to decide what is the true mature of intelligence"^^ 
As has been pointed out, authorities are not in agreement as 
to its definition or its structure. Hence, it seemed appro
priate to this writer not to attempt a definition of intelli
gence for the purposes of this study until after an investi
gation into mental abilities and factors had been pursued 
and discussed. In the ensuing discussion the concept of 
intelligence will be carried as an undefined term.

■^Cofaen, C.S., "-Research on Mental Abilities and 
Aging”, Adult Education, p . 171.

13Burt, -"Mental Abilities," op. cit., p . 131.

1^Gharlotte Seymour, Clinical Psychologist, Naval 
Hospital, Wilmington, California, in a lecture at Rosamond, 
California, on October 18, 1956.

15Vernon, P. E., The Measurement of Abilities,
p. 150. ' —  ' ‘
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Intelligence Versus Ability

The possibility that there are differences in the 
primary mental abilities and that intelligence itself may 
be diverse in its nature led the writer to investigate the 
literature to determine the concepts of the authorities on 
mental abilities.

Although psychologists have not agreed on a common 
definition of intelligence, there has been quite close agree
ment in the field on the meaning of mental ability„ A certain 
amount of interchange in word usage has seemed to be charac
teristic of researchers who attempt to determine the nature 
of the mind and the intellect. Therefore, it is not unusual 
to find at least three different words used to describe the 
same concept with regard to mental abilities. Summaries of 
research "'in the field have indicated that "aptitude" and
"ability" are used almost interchangeably in referring to

16what factor analysts call "factors" of the mind.
Guilford, one of the foremost American psychologists 

engaged in the pursuit of human abilities, has defined

Encyclopedia of Educational Research, 1960 Edition,
p . 60 .



abilities to be "...the constitutional conditions of individ
uals for performing in some specified manner."-^ Vernon has 
given a more scientific definition for the same concept, as 
follows:

I
First, we must define what we mean by an ability ig 

capacity, or faculty. It implies the existence of a 
group or category of performances which correlate highly 
with one another and which are relatively distinct from, 
(i .e. , give low correlations with) other perf ormances,. 18

The foregoing could indicate that mental abilities are 
the same (or very nearly the same) as the mental faculties men 
tioned at the beginning of this chapter. However, Vernon was 
more specific and more economic of words when he held that 
"... it should be clear that a factor is a construct which 
accounts for the objectively determined correlations between 
tests, in contrast with a faculty, which is a hypothetical 
power. He regards factors primarily as categories for 
classifying mental or behavioral performances, and not as ■ 
entities of the mind or the nervous system;

The source of this viewpoint doubtless was the work off

17Guilford, J . P., "Human Abilities," Psychological 
Review 47:367. ™ “

18Vernon, P . S., Measurement... op.'cit., p. 151. 

•^Vernon, P , E., The Structure of Human Abilities,
p  . 8,.



20
Burt, who maintained that factors and the factorial concepts

20adopted were simply principles of classification.
It was evident from the review of the literature that 

basic intelligence is not necessarily connected to the other 
so-called mental abilities, as is discussed in the following 
section, and that abilities, aptitudes, or factors are the 
names given to certain measurable traits that supposedly 
cannot be accounted for by the basic intelligence of the 
persons tested or observed. The extent of these abilities is 
discussed in the section that follows.

Types of Mental Abilities

There has been much dispute about the range of dis
cernible mental abilities since the first publication in 
factor analysis by Spearman in 1904. Spearman's "Two Factor 
Theory" was welcomed by some because of its simplicity, but 
further work by factor analysts led to a broadening of the 
range of factors in the minds of many. At the present time, 
many factors have supposedly been isolated. These factors 
are said to characterize the reasons why people perform in 
the manner or at the level that they do. Research has been 
carried on continuously by such men as Burt, Thurstone,

Burt, C., The Factors of the Mind, p . 97.20



Thorndike, Guilford, and Merrifield. These men and ,many 
others have been engaged in showing that there are a multi
tude of abilities or facets of intelligence in the total make 
up of what is generally called intelligence.

The discovery of this multitude of abilities has been 
due to the methods of factor analysis. By these methods
Guilford is claimed to have isolated or identified over 100

21separate abilities, while Merrifield stated that there
22were in excess of 140. It is not within the scope of this

investigation to develop an exposition on the factorial
methods. Complete texts have been written on the subject,
and interested readers may pursue the understanding of the

23methods in the references listed.
Despite the large number of abilities that are claim

ed to have been isolated, general agreement has been reached 
oh a limited number that are thought to be basic in academic 
or reasoning pursuits. The basic abilities listed by Thur-

21Vernon, P. E., Structure..., op. clt. , p . 130-132.
22Phillip E . Merrifield, in an address to National 

Council of Teachers of Mathematics in San Francisco, 
California, on April 17, 1962.

23See Burt, Factors of the Mind; Vernon, Measurement 
of Abilities; Guilford, Psychometric Methods. ~™~"



stone^4 were Memory, Induction, Deduction, Verbal Comprehen
sion, Word Fluency, Number, Space, and Perceptual Speed. A 
list developed by the United States Employment Service (USES) 
in 1945 included the following as factors: Verbal, Perceptual,
Space, Number, Clerical, Logic, Motor Speed, Finger Dexterity *

p CAiming, and a general-factor. It can be noted that the 
function of the USES has been to place workers in appropriate 
jobs, and therefore would stress manual as well as mental 
factors or abilities in human performance. The "Differential 
Aptitude Tests" comprises a battery of seven tests for the 
following abilities: Verbal Reasoning, Space Relations,
Numerical Ability, Abstract Reasoning, Mechanical Reasoning, 
Clerical Speed and Accuracy, and Language Usage (sentences 
and spelling). Combinations of parts of the DAT can be used 
to approximate a general intelligence score.

It should be noted here that virtually every attempt 
to discover the basic mental abilities of man has shown the 
existence of what analysts choose to call g. This is a gener
al factor which has been found to contribute to the perform
ance on almost every test used in each study reviewed. 
Psychologists in general have hesitated to call this factor

24Thurstone, T.G., "Primary Mental Abilities of 
Children", Educational and Psychological Measurement 1:116,

25 op. cit., p . 21.'Vernon, P.E., Structure . . . ,



basic intelligence, but Burt inventoried these intellectual 
or cognitive aspects of the mind in these words:

Verbal ability, arithmetic ability, mechanical abil
ity, retentivity, quickness, perserverance, oscillation 
of attention, and above all a general factor of intelli
gence that enters into all we say or do or think— these 
or qualities like them,..,are supposed to be the ’primary 
abilities' that make up the human mind.

Irrespective of how multitudinous the number of dis
cernible abilities may be, economy of energy in terms of re
turns for the time invested would seem to dictate that atten
tion be centered on an optimum number, if there be one. That 
this number would not range in the hundreds or higher was 
asserted by Vernon who held that even eight factors were too 
many to be statistically significant. By this he meant 
that there would be little value in isolating a factor whose 
contribution to some activity could not account for even one 
percent of the performance involved. It may be for this 
reason that many aptitude tests are comprised of no more than 
eight or nine different tests to sample abilities.

Although some authorities have claimed to be able to 
identify many abilities or factors of the mind, the most

26Burt, Factors of the Mind, p. 67. (Italics insert
ed by the writer).

9 T^"Vernon, P. E., Structures. . . , op. cit. ,, p. 9.



common factors have been shown to be similar to the list found 
in the Differential Aptitude Tests, namely, factors involving 
a verbal reasoning ability, a space relations ability, some 
kind of numerical ability, reasoning in abstract or in mechan
ical terms, clerical speed and accuracy, and facility in 
language usage in spelling and sentences, The following sec^ 
tion contains a summary of the findings of various investiga
tions into the possibility of improving the primary mental 
abilities.

The Improvement of Abilities

The possibility that the fundamental mental abilities 
may be improved or developed through conscious design has been 
the subject of much research. Relatively little is known 
about the possibility that the fundamental mental abilities 
or aptitudes may be passed on from generation to generation, 
as has been maintained by some for basic intelligence.

Guilford in 1940 maintained that it was too early 
then to say to what extent the basic mental abilities were

COsubject to improvement with training. His basic attitude 
with regard to the improvement of mental abilities was evi-

^Guilford, "Human Abilities," op. cjt. , p . 373
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dent, however, in this statement:

It is possible that training has much to do with the 
growth of factors in general. It is difficult, however, 
to see how a relatively small amount of specific training 
could have any marked or lasting effect on the factors 
concerned. ^9

A similar thought on the state of the art involved in 
training the mental abilities was expressed at about the same 
time by Thurstone, when he stated that, "Modifiability of the 
abilities will be another problem to which we shall later turn 
a t t e n t i o n . T h e  literature consulted did not reveal any 
record of Thurstone1s later efforts in this, direction„

Much of the research supporting the idea that the 
basic abilities can be improved has been concerned with 
physical actions. Altpeter^l maintained that perceptions of 
distance, area, solidity, and the ability to distinguish 
right from left are learned and acquired skills. He conclud
ed that these could be improved. These abilities involved 
physical perceptions, of course, and it may be that what 
Altpeter was analyzing has the sharpening of a physical skill 
rather than a basic mental ability. That possibility and the

3®Guilford, "Human Abilities," op. cit., p . 385.
\ : C

^Thurstone, op. cit., p . 116.

32-Altpeter, P., "Perceptions in Space," Scientific 
American Supplement 68:68.



26
possibility that sharpened physical skills may be related to 
general mental reactions are two possibilities about which the 
writer has not been able to uncover much evidence.

Experiments in which vision has been reversed or invert
ed have been reported. In such experiments the subjects 
found that they were able to adjust in a relatively short 
time to the changes in orientation and operate effectively

•v

even though the right-handed world seemed left-handed or the 
world seemed.to be standing on its head. A typical experiment 
was reported in 1 9 2 9 jn this project a young woman wore 
prismatic glasses continuously. The glasses moved everything 
three feet to her left. For a while she was running into 
walls instead of through doors, but after three days she was 
quite well adjusted to the displaced vision. She reported 
that going up or down stairs was the most difficult maneuver 
to accomplish while wearing the glasses. After the glasses 
were removed she required another day and one-half to re
adjust to the world as it actually is.

A more recent investigation by Sutherland^ into

32Science n s No. 69, Supplement X i i jl May 10, 1929.

“̂ Sutherland, J.D., "An Investigation into Some 
Aspects of Problem Solving," British Journal of Education
13:35-46.



definite mental abilities had two interesting conclusions.
One conclusion was that a strong verbal factor appeared in 
tests of arithmetic problems. This verbal factor was as 
strong as the number factor which might naturally be expected 
to appear in arithmetic tests. With arithmetic problems of 
the written form, the appearance of the verbal factor prob
ably should be expected, since the ability to read and com
prehend would be essential in the proper solution of any 
such problem.34 Sutherland further reported that problem
solving ability improved with improvement of reading abili
ty .33 Many schools have demonstrated that reading ability 
can be improved through organized programs of remedial read
ing. Not so many reports are in evidence to support a con
tention that the basic aptitude for numbers can be improved 
in the same way.

The ability to improve reading skills could be an 
indication that basic mental abilities may be improved with 
some conscious effort or in some organized program designed 
to sponsor such development. A counter argument to this 
point of view could be that what is being improved in the

27

Even before entering upon this investigation, the 
writer had often commented to high school mathematics clubs 
that reading ability is a must in higher mathematics courses, 
such as calculus and differential equations.

3Sgutherland, op. cit. , p . 45.



case of reading is not a basic ability, aptitude, or capacity 
but rather a level of skill. One might conjecture on the ex
tent to which improvement might be made if the basic aptitude 
were not present in the beginning. There have been some indi 
cations in remedial programs that improvement in verbal com
prehension develops along with improvement in reading speed. 
Such programs usually enlist students from the lower end of 
the intelligence scale, determined by group IQ tests. There 
has been little evidence as to the upper limit on such im
provement or as to the lower limit at which any significant 
improvement may be discerned. It would be interesting to 
see the amount of improvement correlated with IQ scores on 
non-verbal tests for the subjects in remedial reading pro
grams .

Potential support for the argument that it is possi
ble to improve ability can be found in the work of Slater

36 37and Bennett in 1943 and that of Smith in 1948. Each of
these asserted that spatial judgment abilities of children
did not come into evidence until about the thirteenth or 36

36Slater P., and Bennett E., ’’The Development of 
Spatial Judgment and its Relation to Some Educational 
Problems,” Occupational Psychology 17:139-155.

^Smith, I., ’’Measuring Spatial Abilities in School 
Pupils," Occupational Psychology 22:150-159.
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fourteenth year of age. Slater in an earlier study in 
spatial judgment and practical ability indicated that spatial 
judgment grew with age.

On the other hand, Vernon^® disputed the sharpening of 
abilities of the mind with aging, and indicated at the same 
time that the influence of what has been called the g factor 
remained fairly constant in tests made over periods of time 
with the same group, or even with different groups. If one 
group showed a particular loading of g on a test taken at one 
time, the loading would be virtually the same if the test were 
taken again.after the practice effect had died out. If com
parable randomly selected groups took a particular test at 
separate times, the g loadings of each group on the test would 
be likewise comparable.

MacFarlane's study indicated that the length of time 
required to complete certain tests was not affected by the 
amount of previous training the subjects had in the areas

40tested but was somewhat affected by the ages of the subjects. * * * *

38

O Q Slater, P„, "Some Group Tests of Spatial Judgment 
and Practical Ability," Occupational Psychology 14:40-55.

^9Vernon, P 6-E., Structure..., op. cit-, p. 88.

^MacFarlane, op. cit., p. 44.
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Doppert4-*- studied the decrease in importance of the general 
ability factor, g, in the 13-17 age group and reported that 
his results indicated no decrease and no significant differ
ence in performance in the Differential Aptitude Tests

%
Battery. It should be noted here that there was no conscious
effort in Doppert's study to develop or improve the abilities
of the mind. A more direct effort to develop or improve the

42mental abilities was made by Frankel in a study of the 
effects of growth, practice, and coaching on scholastic 
ability. In this study, reported in 1960, Frankel held that 
there were no significant differences in the scores that 
could be attributed to the effects of growth, practice or 
coaching. The "practice" in this study was first-hand experi
ence with the test for short periods before actual adminis
tration of the test to the group. "Coaching" involved instruc
tion in material similar to that in the test, while growth was 
to be credited with any gains that could be shown by a group 
that had neither coaching nor practice. The growth period 41 42

41Doppert, J. E., "The Organization of Mental Abilities 
in the Age Range Thirteen to Seventeen," American Psychologist
4:242. ~ *

42Frankel, E., "Effects of Growth, Practice and 
Coaching in Scholastic Aptitude Tests Scores," Personnel and 
Guidance- Journal 30:713-719.
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was one semester„ Despite the lack of significant gains in 
any of the three areas, some small gains were noted for the 
groups that had practiced or had been coached. However, these 
gains were not large enough to be statistically significant.

Woodrow,^  after attempting to determine the effects 
of practice on the fundamental factors, reported that he 
found that practice would not affect g ratings and that he 
found no change for the practice group in comparison with 
the control group in verbal abilities. Woodrow’s conclusion 
was that the effect of practice was to gain specific experi
ence , but not to improve the fundamental abilities of man,^

In some experiments on the abstraction of form and 
45color, Oeser arrived at some interesting results. One was 

that children tend to identify things on the basis of color, 
rather than form in first identifications, and thus are

^Woodrow, Herbert, "The Relation Between Ability 
and P r a c t ic eJ ou rn al of Educational Psychology 29:215- 
230, 29:561-572, 30:179-1851

44Ibid., 30:184-184,

Oeser, O. A., "Some Experiments on the Abstractions 
of Form and Color," British Journal of Psychology 22:200-215} 
287-323, !
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color abstractors generally. However? the percentage of form 
abstractors rises as the population ages.^® Another point of 
interest was that people have difficulty in overcoming inher
ent tendencies or inclinations by conscious effort. One 
woman, after learning that women are usually color abstractors, 
much more so than men, determined to identify each item on 
the test on the basis of the form alone. Her test results 
showed that her test responses were overwhelmingly (83%) based 
on color abstractions, in spite of her determination to "beat 
the game. This might indicate that conscious effort has 
little effect on the basic abilities but Oeser concluded 
further that, "...training of color and form memory is possi
ble to a great extent, but is not transferrable. Improvement

48in one does not affect the other."
The authorities were not convinced that the improve

ment of the basic mental abilities has been proven possible. 
There has been much doubt expressed about the possibility of 
the improvement of these abilities. Certain studies have

46Oeser, 0. A., "Some Experiments on the Abstrac
tions of Form and Color," British Journal of Psychology, 
p . 201.

47Ibid., pp. 213-214. 

48Ibid., p. 311.



indicated that there can be a sharpening of some of the skills 
dependent on the basic abilities or aptitudes, such as read
ing and orienting to spatial conditions. Whether the basic 
abilities or aptitudes can be improved is still a point of 
conjecture for the most part. However, most studies into the 
development of the spatial abilities agree that any improve
ment shown has not been statistically defensible. These 
studies are reviewed in the next chapter. The following sec
tion summarizes the investigation into the literature on the 
nature of intelligence.

Definition of Intelligence

The pursuit of a definition of intelligence has led 
through some interesting and somewhat inconclusive compila
tions of findings in a variety of investigations. Among these 
investigations there has been little agreement on the possi
bility that the fundamental mental abilities can be developed 
or improved by conscious effort. The apparent late appear
ance of the spatial judgment factor in any measurable extent, 
based on pencil and'paper tests, might support the idea that 
abilities are amenable to change under training, but the 
authorities have not been willing to accept this as an 
operating rule as yet. There is little doubt that specific 
skills of a physical nature can be acquired, and it is possi-
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ble that some mental factors can be improved also„ However, 
there has been relatively little evidence to support the 
contention and more to refute it.^  It has seemed to be a 
point of agreement among researchers that the g factor, the 
general intelligence factor, remains fairly constant through
out life.

Another point of agreement seemed to be the import
ance of the g factor. For a cautious, statistically-minded 
psychologist, Burt made an unusually definite statement in 
this regard, when he wrote:

The one thing which analysis of mental measurements 
has demonstrated beyond all doubt is the supreme import
ance during childhood of the general factor of intelli
gence . 50

Here Burt was joined by MacFarlane with her analysis 
of the importance of the general intelligence factor, g, in 
which she maintained that, "If mental ability is low, the 
special abilities alone do not carry a subject far toward 
success." 51

49See Vernon, Structure of Human Abilities, for an 
illuminating discussion of the state of the art until 1950. 
Vernon was one who would assert that abilities' may develop 
with experience, even though g remained fairly constant.

®®Burt, Mental Abilities..., op. cit. , p . 131.

®^MacFarlane, op. cit., p„ 54.
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For the-purpose of this study, the writer has chosen 

to identify basic intelligence as that general factor that 
"enters into all we say or do or think," as Burt put it—-the 
general factor that has appeared so consistently in most in
vestigations involving factor analysis. In view of the lack 
of agreement among the authorities on the definition of in
telligence , a more specific statement seemed out of place.

Summary

This chapter has presented a review of the litera
ture on the nature and scope of the primary mental abilities. 
In this review the following points seemed evident to the 
Writer. I

1. There are possibly other forms of intelligence 
than mental intelligence.

2. Apparently, intelligence is but one of the 
primary mental abilities, among which, according to authori
ties , there is no necessary correlation. However, basic 
intelligence is the most important of the primary mental 
abilities, as pointed out by Burt and MacFarlane.

3. Although there may be a multitude of secondary 
mental abilities, seldom are more than eight of the primary 
mental abilities needed to account for the performance of 
people on mental tests. The more common of these seem to be



Verbal Reasoning, Space Relations, Numerical Ability, Abstract 
Reasoning, Mechanical Reasoning, Clerical Speed and Accuracy, 
and Language. Usage.

4. The possibility that the primary mental abilities 
or aptitudes can be improved should not be ignored, although 
at this writing, the possibility has not been accorded a high 
probability. Certainly some physical skills can be improved 
with concerted practice, and some small gains have been noted 
in some mental aptitudes. However, psychologists generally 
have not accepted nor rejected the idea that the mental abili
ties can be improved with conscious effort.

5. Although authorities have not agreed on a defini
tion of intelligence, the concept of intelligence has gener
ally been taken to be the general factor g, the factor that 
forms part and parcel, of all that human beings do.

Generally, once a concept of intelligence has been 
accepted, it seems necessary to differentiate between gener
al intelligence and the nature of the particular abilities 
which form the context of this study— the spatial abilities. 
Chapter. 3 presents the results of the findings in the 
investigation of the literature of the field with regard to 
the special ability, spatial relations.



CHAPTER 3
THE NATURE OF SPATIAL ABILITIES

The nature of the spatial abilities has been the sub
ject of much experimentation. These abilities have generally 
been considered among the primary mental abilities of man, as 
described in Chapter 2, and the investigations into the nature 
of the spatial abilities have produced results that have been 
somewhat conflicting„ Researchers have usually been content 
to subdivide the spatial abilities into two categories or 
functions— the function of spatial orientation and the func
tion of spatial visualization. Still others have wondered if 
such factors or aptitudes as perceptual speed, sp(atial rela
tions, visualization, and reasoning did not represent differ
ent points on a continuum of spatial abilities^ The possible 
subdivisions of spatial ability are discussed in the following 
section.

Spatial Ability— Unitary or Diverse?

The existence of subfactors, or contributing elements 
to the basic factors or abilities, has been discussed with

^Zimmerman, W . S., "Hypotheses Concerning the Nature 
of the Spatial Factors," Education and Psychological Measure
ments 14:396-407; Thurstone, L . L ., "Primary AbilTties," 
Occupations 27:527-529„
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regard to the particular ability of man in the spatial field
as well as in the verbal, numerical, and other.fields. The
existence of a spatial factor has not been a point of argu-

oment since the work of Koussy, reported in 1935. However, 
since then the nature of the spatial factor has been discussed

3a great deal. As late as 1954, Fruchter still was question
ing whether spatial abilities are separable or form a unitary 
whole. At that time he stated that the question of whether 
spatial ability is unitary or diverse had not been answered 
to the complete satisfaction of most researchers in the fieId5 

Nevertheless, spatial ability had not been neglected 
in the study of the abilities of man up to 1954. Indeed, in

51940, Wolfe reported that the spatial factor had ranked 
second in frequency among the discovered group factors to the 
verbal factor.

Koussy's work indicated that the spatial factor was 
probably not unitary, but could and should be divided into

Koussy, A.A.H., The Visual Perception of Space, 89 p p .

^Fruchter, B., "The Measurement of Spatial Abilities," 
Educational and Psychological Measurements 14:387-395.

4Ibid., P- 387.

5Ibid., P- 390.



subfactors.®. Although the existence of group factors was not 
conceded by Spearman in his formulation of the Two-Factor 
Theory, he did apportion a section of his treatment of the 
subject to spatial relations and discussed the possibility of

7differing levels of the trait.
Burt, the British psychologist, held that at least two 

spatial factors were needed to account for the correlations 
among tests that could not be attributed to the general f&e-

gtor g or to the verbal factor. One of these was a static
spatial factor, and the other was a dynamic spatial factor.
In reality, Burt would have conceded the existence of three
different spatial subfactors, since he further divided his
static spatial relations factor into two-dimensional and
three-dimensional perception and visualization factors. On
the other hand, Wolfe held that the same factor was involved
in both two-dimensional and three-dimensional space visualis- 

9ations.

6Koussy, op. city, pp. 82-83.

^Spearman, C . , ttThe Abilities of Man," p p . 174-177.
O
Burt. C., "The Structure of the Mind, A Review of the 

Results of Factor Analysis," British Journal of Educational 
Psychology. 19:176-179. " “ ~~

9Wolfe, D.,"Factor Analysis to 1940," Psychometrika 
Monograph # 3, 1940.
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Even though Fruchter again posed the question as to

the nature of the spatial abilities— unitary or diverse— he
did, in the same, report, allow that orientation to self is

10one aspect of the spatial problem, thus implying others.
I IHis subsequent work with Michaels, Zimmerman, and Guilford 

showed that he indeed felt that the spatial ability was not 
unitary but composed of subfactors which were distinguishable 

The work of Thurstone^ in the 1930's, led him to 
state that although visualizing flat space, solid space, and 
movement in space had been considered to involve different 
abilities, factor analysis had opposed this idea and had in
dicated that all these were part and parcel of the same 
ability. The next decade apparently led him to change his 
mind, for in 1940 he wrote that there were three facets to 
spatial ability— perceptual speed, visualizing objects, in
space and visualizing configurations for which there is move-

13ment among the parts.

10Fruchter, op. cit. , p. 388.,

■^Michaels, B.; Guilford, J.P.; Fruchter, B.; and 
Zimmerman, W .;"The Description of Spatial-Visualization 
Abilities," Educational and Psychological Measurements 
17:185-199. . :

■^Thurstone, L . L., "The Perceptual Factors," 
Psychometrika 3:1-17.

13 ,"Primary Abilities," op. cit.,pp.527-28
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.Further support for the theory of the diverse nature 

of the spatial abilities was provided by M. D . Vernon-®-^ who 
reported that the spatial abilities were of two types. One 
type was the ability to discriminate pure shape and pattern 
characteristics. The other was the ability to make further 
interpretations of the sensory and perceptual data in accord
ance with some pre-determined set or plan. Vernon held that 
the first ability did not appear related to intelligence, but 
the second did show a meaningful correlation with performance 
on intelligence tests. However, the relation of the second 
factor, interpretive ability, to intelligence rose as the type 
of interpretations involved more abstract objects. The correl 
ations rose accordingly as the tests involved real objects, 
imaginative interpretation of pictures, or required’ the hand
ling of symbolic materials such as letters, numbers or 
scales.

Zimmerman worked with aviation cadets in the early 
1950 fs in studies of the spatial factor and concluded that

14Vernon, M. D., "Different Types of Perceptual 
Ability," British Journal of Psychology 38:79-89 „

15Ibid., p. 88.

16Ibid., p. 89.



perceptual speed, spatial relations (orientation), and 
spatial visualization were ascending points on a continuum.
He also had attempted to show reasoning was at the highest 
level of the continuum, but was unable to find justification 
for the view at that time. He did maintain that the visuali
zation end of the continuum was more closely connected with 
intelligence than was the automatic response of perceptual 
speed. This idea paralleled the conclusions of M. D. Vernon 
cited previously.

It has seemed to be a pattern that whenever American
psychologists isolate a group factor they immediately have to

19find as many subfactors as possible within the group factor. 
Consequently, one should not be too surprised with the results 
when a group of American psychologists joined forces and 
came forth with even more esoteric separations of the spatial 
abilities than those mentioned earlier in this section. 
Michaels, Guilford, Fruchter, and Zimmerman described the

i 7 ̂ Zimmerman, W.S., "The Influence of Item Complexity 
Upon the Factor Composition of a Spatial Visualization Test," 
Educational and Psychological Measurements 14;106-117.

18 ,"Hypotheses", op. cit. , p. 400.
19Vernon, Structure..., op. cit., p. 133.



spatial-visualization abilities as Spatial Relations and
Orientation (SR-O), Visualization (Vz), and Kinesthetic
Imagery (K). They conceded that K was a highly tentative
factor that seemed to be very similar to Vz but was less com-

21p lex in its operation.
With regard to the tendency of some psychologists to

fragmentize the factors, P . E „ Vernon cautioned that, "...it
22is difficult to see where factorization is to stop." He 

further stated that sufficient ingenuity in test construction 
could make almost any specific ability appear to be a group or 
primary ability, stating that:

...highly specialized factors, which have no appreci
able significance for everyday life, are not worth isola
ting. If this is agreed, it necessitates some distinction 
between the more fundamental factors which are preferably 
extracted first, and the narrower ones. In other words, 
factorist should aim not merely to reduce large numbers 
of variables to a few components that account for their 
intercorrelations, but also to reduce them to the fewest 
components which will cover the most variance. ^

^Michaels, Guilford, Fruchter, and Zimmerman, op. cit. 
p p . 195-199. ~

91 Ibid., p. 198.
22Vernon, Structure..., op. cit., p. 133 .

^3Ibid,, p. 133.



From the preceding quotation and the views of Vernon 
mentioned on Page 21, it is easy to gather that Vernon did not 
support the tendency to subdivide the.mental abilities into a 
plethora of contributing items, the contribution of any one of 
which would be extremely difficult to assess in determining 
its role in variance in test performances. With the caution 
given by Vernon, it seemed proper to the writer to restrict 
attention given to spatial abilities to spatial relations in
volving orientation to space and to spatial visualizations in
volving mental operations in space.

Spatial Relations and Orientation

If, as authorities seemed to agree, the spatial apti
tude of man is diverse instead of unitary, then it seemed im
portant to the writer that this study be restricted to the 
phase of the field that showed possibilities of providing 
answers to the questions posed in the problem. The broader 
field of spatial ability or aptitude was viewed from two 
points, that of spatial relations or orientation to the 
physical stimulus patterns, and that of spatial visualization.. 
Earlier references to Koussy, Thurstone, and M. D. Vernon in
dicate that the term, ^spatial relations”, falls naturally in
to the general field of perception. Some aptitude test 
batteries use the term to denote the whole of the field of
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spatial aptitude or ability, as is done in the DAT. However, 
the term seems to be restricted to the area of spatial 
orientation among the recent investigators in the field and it 
is in that context that the term is used in this study. This 
study was designed to investigate the part of the general area 
that is concerned with spatial visualization primarily, and 
not the whole field of perception„ However, visualization 
Would likely be impossible if it were not founded on a pre
liminary orientation to the spatial arrangements within which 
the spatial visualization takes place. Consequently, under
standing the concept of spatial orientation would seem to be
fundamental to any comprehension of spatial visualization.

24Authorities have defined spatial orientation, or 
spatial relations, as the ability to comprehend the arrange
ment of elements within a visual stimulus pattern— the ability 
.to distinguish right from left, nearer from farther, larger 
from smaller, and higher from lower. One might question the 
need for the word visual in the sense used in this definition, 
since orientation to the space around the individual has been 
demonstrated by the blind. These obviously must use other

24Michaels, W.; Zimmerman, W.; and Guilford, J.P.; "An 
Investigation into the Nature of Spatial Relations and 
Visualization Factors," Educational and Psychological Measure
ments 10;187-213. “
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than visual means for spatial orientation. The suitability 
of the definition for this study might have been better if 
visual had not been included as a conditioner for the stimu
lus pattern.

Certainly perception has been comprised of more than
25just the reactions developed through the eyes. Ittelson

held that the point was beyond argument because the human and
other animals perceive and orient through various avenues,

26not merely through the eyes. The tactualists' would defi
nitely dispute the, inclusion of visual, since they claim that 
the basic ideas of size and shape come through the senses of 
touch and kinesthesia. Ittelson would have to be considered 
as partaker of both the tactualists1 and the visualists’
ideas, since the visualists claimed that the basic ideas of

27size and shape come through vision.
The substitution of "any non-reflex stimulus pattern" 

for "a visual stimulus pattern" would render the definition 
suitable for the purposes of psychological researchers such

25Ittelson, W . H., Visual Space Perception, pp.9-11.
26Webster’s Third New International Dictionary, 1961 

Edition-, p . 2327.

27Ibid., p. 2558.
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OQas Ittelson or Garry and Ascarelli„ Garry and Ascarelli 

investigated the possibility of teaching topological orien
tation and spatial orientation to congenitally blind children„ 
They concluded that congenitally blind children showed improv
ed powers of orienting to topological surroundings with 
training when compared with blind children without training 
Further, it was maintained that the blind children with train
ing developed a conceptual stage beyond the motor-temporal

30stage of accomodation„
Another particularly startling example of the ability 

of certain blind persons to orient to space and even to 
develop visualizing spatial abilities, was found in the case 
of the blind engineer who designed electronic circuits for 
digital computing machines in Pasadena. Such instances have 
cast doubt on the general truth of statements like Saroyan's

OOthat "The source of all reality is vision0"

28Garry, R .J ., and Ascarelli, A., "Teaching Topolo
gical Orientation and Spatial Orientation to Congenitally 
Blind Children," Journal of Education, 143:1-48.

^®IbidL , p . 46.
3ftIbido, p. 47.

.
31Burroughs Electra-Data Company, Pasadena.

^Saroyan, W . , ."How to See," Theatre Arts 25:205.



Some experiments were mentioned in Chapter 2 that 
illustrated the possibility that abilities or aptitudes might - 
be developed through training. Such experiments were largely 
in the area of spatial orientation. They would likely fall in
to the classification of intelligence that Thorndike called 
'’mechanical" or "social."

There has been definite value'in assessing the ability 
to orient spatially for prospective participants in a variety 
of endeavors. The United States Employment Service has utiliz
ed the testing program for many years in attempting to place 
employees in positions for which they are suited. Guilford 
and Zimmerman^ listed the following .as. some--of .the areas or 
occupations requiring a relatively high ability in spatial 
orientation:

Pilot
Blue Pri-nt Reader 
Draftsman
Streetcar Operator 
Winch Operator

Athlete
Dentist
Steam Shovel Operator 
Truck or Bus Driver
Automobile Racer

33See Chapter 2, pp. 13-14.
34Guilford, J.Po s, and Zimmerman, W.S., "The Guilford- 

Zimmerman Aptitude Test," Journal of Applied Psychology 32:33.
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It has been the purpose of this section to establish 

the role of orientation to space in the field of spatial abili
ties. Spatial orientation, or spatial relations, is the abili
ty to comprehend a non-reflex stimulus pattern. As such it is 
less complex than visualization in that it demands only recog- 
nition or comprehension of the stimulus and not interpretation 
of it. Orientation is fundamental to and always precedes 
visualization, and a relatively high ability is required in 
certain occupations. Persons with records of successful par
ticipation in the occupations listed on Page 48 usually have 
shown high ability with respect to spatial orientation. Other 
occupations have required a higher level (or perhaps a differ
ent kind) of spatial ability. One such level or kind has 
been called spatial visualization.

Spatial Visualization

Spatial visualization is an ability that has called 
for more than simple recognition. It has been called a dy
namic trait that is demonstrated when a subject finds it 
necessary to move mentally one or several objects by: trans
lating , rotating, twisting, turning or inverting, in order to

O Crecognize likenesses or identities. Authorities have de-

^Sgichaels, Guilford, and Zimmerman, op. cit ., p .188.
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fined spatial visualization as the ability to manipulate 
mentally visual images.3® in this test of mental ability, 
the subject would be required to recognize the fundamental 
shape of the object concerned and further to identify it after 
it had undergone any of the movements mentioned in this parar- 
graph.

Considerations of the requisites for spatial visuali
zation leads one to recognize that visualization is not possi-r 
ble if spatial orientation is not present. It has seemed 
fundamental to the writer that recognition of an object under 
translations, rotations, or inversions, would be predicated 
on recognition first of the object itself. The first recog
nition would then be followed by a mental process which would 
lead the subject to recognition of the manipulations through 
which the object had been put. It was probably this depend
ence of visualization upon orientation that led Zimmerman to 
develop his continuum theory with respect to spatial abilities

PERCEPTUAL SPEED______ ORIENTATION______ VISUALIZATION
Figure I. Relative positions of Perceptual Speed, 
Orientation, and Visualization on a Continuum of 
Spatial Abilities.

Although researchers had indicated previously that

"^Michaels, Guilford, and Zimmerman, op. cit., p . 188 „



spatial ability comprised at least two or three distinctly
separable factors, one of which was visualization , Zimmerman8s
work in the early 1950’s was probably the first to suggest

37that the factors lay on a continuum. As detailed in Figure 
I, Zimmerman maintained that perceptual speed, orientation, 
and visualization formed a chain of.spatial abilities running
from the less sophisticated to the more complex.

38Fleishman confirmed Zimmerman's conclusions in this 
regard in a later study and further pointed out that where one 
person might use visualization to solve a particular problem, 
another might well be able to solve the same problem quite

39rapidly, operating at some lower level of spatial ability,
He felt that some people can just look at certain problems and 
"see" the answer, operating at the level of perceptual speed, 
while others would have to invoke mental manipulations and 
consider the problem intently in order to arrive at the same 
answer in a longer period of time„

Koussy noted this "see-ability" in his study of the

37Zimmerman, "Hypotheses...", op. city, p . 106-109.

33Fleishman, E .A., "Factor Structure in Relation to 
Task Difficulty in Psychomotor Performance," Educational and 
Psychological Measurements 17:522-532. 39

39 Ibid., p . 531.
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spatial factor in 1 9 3 5 In questioning the subjects about
the manner in which the various tests were solved, Koussy
found answers like the following: "I simply look at this
shape (on the left) and when I look on the right I see it

41straight-away," or, "I want four points making a square, a
42dot above and a dot below." The first statement was typical 

of persons who scored well on spatial ability tests, while 
the second typified low performers. In between these were 
the eclectics who did both— they looked for the pattern as a 
whole in the easy items and resorted to verbalizing or analy
zing when the test items grew more difficult.̂

The definition of spatial visualization, given earlier 
in this section, that involved the mental manipulations of 
visual images is quite compatible with the conclusion of 
Thurstone that one of the spatial abilities is the ability to 
think about configurations in which there is movement among * 41 42 43

4^Koussy, op. civfc., p . 79-82 „

41Ibid., p. 82.

42Ibid., p. 82.

43Ibid„, p „ 82.

i
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44the parts. This ability would be demonstrated in specific 

tests for the so-called mechanical aptitude.̂
s 46Guilford and Zimmerman pointed out that a high de

gree of spatial visualization was required in the following 
occupations:

Designer 
Engineer 
Navigator

Cabinet Maker

Electrician
Inventor
Surgeon

^* 4Thurstone, "Primary Abilities," op. cit. ,pp.527-28.

4^The writer has often wondered about the nature of 
the ability utilized in translating mathematical functions into 
2 or 3-dimensional figures. For instance, a circle on a plane 
can be represented by the equation x^-ty^ = Br . The same ex
pression in 3-dimensional space is a circular cylinder„ per
pendicular to the plane of the circle on the plane. The mathe
matical function x^fy^+z^ _a2 _ q represents a sphere in 3- 
dimensional space. A seemingly small change in the expression 
changes the figure considerably —  x^ty^ - z^ - a^ = O repre
sents a hyperboloid of revolution of one sheet.

It is possible, if not probable, that the recognition 
of the equation form of the locus considered is a function of 
g= The writer has found that students can sometimes identify 
what kind of figure is represented by a certain equation, and 
still have much difficulty in developing a feel for the struc
ture of the figure itself„ In other words, even though they 
may be used to going around in circles on the plane, they still 
may have trouble in sketching a sphere or a parabaloid or other 
kinds of figures. It was partly this noticed problem that led 
to the investigation of spatial abilities.

jGuilford and Zimmerman, op. cit., p. 32
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The work of M . D. Vernon, mentioned in connection with 
the unitary or diverse nature of spatial abilities, is perti
nent to this section also. He suggested that one of the spa
tial factors involved the ability to.make further interpreta
tions of sensory and perceptual data in accordance with some 
pre-determined instruction. This directly implied that the 
interpretation or visualization went beyond sensing or orien
ting and involved mental action over which the subject would 

47have control. Vernon’s idea about visualization paralleled 
the definition of intelligence proposed by Thurstone which 
involved positive action on the part of individuals in modify
ing instinctive behavior in a manner which suits the individ-

, 48 ual.
The definition--.,that spatial visualization is the men

tal ability to manipulate visual images was accepted for this 
study and it was this particular phase of the spatial abili
ties that formed the area of interest in this investigation. 
From the studies reviewed it seems clear to the writer that 
spatial visualization is a higher level mental activity that 
is spatial orientation and that visualization is dependent 
upon orientation. In addition to the literature in the field

48
'Vernon, M. D., op. cit., p. 88 

See Chapter 2, p. 13.
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which defined the nature of the spatial abilities, some re
ports were available on investigations into the possibility 
of the improvement or development of the spatial abilities. 
The reports are discussed in the following section.

The Improvement of Spatial Abilities

The possibility that the spatial abilities are amen
able to efforts to improve them has been the topic of several 
previous investigations. The problem of the improvement of 
the spatial abilities was broached in Chapter 2 in the dis
cussion, of the improvement of mental abilities. In that dis
cussion it was pointed out that the authorities were not in 
agreement on the possibility that the basic mental abilities 
were subject to improvement under conscious effort. Some 
experiments.were cited which indicated that the possibility 
was strong in certain areas, particularly.in areas which in
volved motor coordination. The ideas presented in this sec
tion resulted from experiments which were more directly con
cerned with the development of the power of visualization 
within the realm of spatial abilities than with orientation.

Jeffries represented the views of those who support 
the idea that the basic abilities can be improved in these 
words:

Many psychologists believe that our fundamental
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abilities are the result of an interaction between certain 
innate capacities to develop and an invironment that pro
vides much opportunity for such development. These capac
ities are numerous and varied and probably bear little 
resemblance in their scope and organization to the abili
ties We build out of them. 49

These ideas were presented by Jeffries about the same 
time that Guilford was suggesting that psychologists were not 
prepared to accept or reject the possibility that the funda
mental abilities could be improved. Jeffries indicated that 
the abilities were functions of an inborn capacity to develop 
and that a favorable environment would definitely foster the 
development. This might be taken to mean that the innate 
capacity could be expanded, thus improving the aptitude or, 
in a more restricted sense, could mean that the favorable 
environment would foster the development within the capacity„ 
This latter concept would mean that the development would be 
limited by the capacity itself, while the former would suggest 
that the basic capacity was expandable.

Research in the field has shown that there is a strong
correlation between spatial ability that involves visualiza-

50tion and a variety of school subjects. Smith reported on

A Q Jeffries, L. A., "The Nature of Primary Abilities," 
American Journal of - Psychology 61:108-109.

SOsmith, I „ M., Measuring Spatial Abilities in School 
Pupils," Occupational Psychology 22;150-159.



the correlations discovered on the basis of experiments con
ducted with teenage students over a span of 14 years, stating 
that spatial ability correlated significantly with drawing, 
art, practical geometry, and engineering drawing, but not 
with algebra or handwork. He also pointed out that boys were 
generally better equipped than were girls with spatial 
ability.51 Crawford^B attempted,to predict success in drafting 
courses for freshmen in high school on the basis Of perform
ances on tests of spatial abilities, and showed a correlation 
coefficient of 0.633. It might have been equally interesting 
to make a comparison of estimate versus performance using as 
the basis of comparison a predicted rank order of handwriting 
ability and general intelligence as determined by some 
standard tests.

OrmistonSS investigated the effects of general and 
special abilities on scholastic success for secondary school 
students in England. He indicated that the general intelli-

51Smith, I . M., "Measuring Spatial Abilities in School 
Pupils," Occupational Psychology, p. 158.

52Crawford, J.E., "Spatial Perception Tests for Deter
mining Drafting Aptitude," Industrial Arts and Vocational 
Education 31:10-12. ^  53 *

53Ormiston, M.M., "The Bearing of General and Special 
Abilities Upon Scholastic Success at the Beginning and End of 
a Secondary School Career," British Journal of Educational 
Psychology 9:164-173, 213-223. '
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gence factor g operated in the entire battery of tests he gave
except in art, and he further heid that an undefined factor
that h e 'thoughtr was connected to attitude toward school work
and persistence in character contributed mpst to achievement„
In third place he put spatial orientation and spatial imagery,
suggesting that these operated in art, geometry, geography,

54and botany.
It probably should be noted here that these experi-; • 1 '

ments were not designed to determine the possibility of improv 
ing the abilities. They did show that.a certain level of 
ability was present in students who proved to be successful 
in the fields mentioned. In other Wordstij capacity generally 
preceded performance.

Statistical evidence has consistently indicated that
the male sex possesses^- %  'higher degree of spatial ability
than does the female„ Smith’s Worte-demonstrated this and
actually followed the work of Oeser, mentioned previously, in
which men were shown to be better "form" abstractors than were 

55wopien. • Standardized norms on spatial relations sections of

^^Ormiston, M . M.,' "The Bearing of General and Special 
Abilities Upon Scholastic Success at the Beginning and End of 
a Secondary School Career," British Journal of Educational 
Psychology, p. 222. 55

55See pp. 29-30.
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the Differential Aptitude Tests or the. California Test of Men
tal Maturity have revealed the same pattern consistently down 
to the present day.^  Literature examined did not reveal 
evidence as to the cause of this difference. MacFarlane’s 
inquiry into the "practical" factor in 1925 indicated that 
boys excelled in all tests given for the practical factor ex
cept clothing construction. She did not suggest that this 
might be due to education or genetics.

Attempts have been made to develop spatial concepts 
among students at all levels of education. If the ability to 
conceptualize about space is important in a variety of occupa
tions, as suggested earlier, and the ability can be improved 
or the capacity enlarged, then it- would seem important that 
the development be started as early as possible. Ammons and 
Goodlove made a conscious effort to develop time and space 
concepts in grades two, three, and four, but showed no signifi
cant difference between the results of the control group and 
the experimental group with regard to space or time re
lations. They conjectured that the ability to conceptualize * 57

Differential Aptitudes Tests: Manual, p p . 25-34»
57MacFarlane, Ioc. cit., p . 44.

Ammons, M . P ., and Goodlove, J . I., "Time, Space and 
the Developing Child," Childhood Education 32:374-379
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about time and space was not discernible among children of 
that age or grade level.®®

That space and time concepts have been effectively 
handled at the junior high school level was claimed by Kaplan.®0 
He asserted that these concepts could be developed at that 
level through such devices as the diary, time line, time 
table, comparative size projects, road maps, map making, 
music, and graphing. However, he offered no evidence of re
search to support his claim, simply maintaining that he found 
success through these avenues in developing the desired con
cepts in the school children.

Slater twice reported on experiments on spatial judg
ment and the development of spatial judgment. His first re- 

62port " pointed up the dependence of mechanical ability on 
spatial judgment, and defined spatial judgment as something
that did not necessarily involve imaginative manipulation or

'
recognition, but which did involve mental processes simpler

59Ammons, M. P., and Goodlove, J .I ., "Time, Space 
and the Developing Child," Childhood Education, p . 379.

60Kaplan, A.A., "Teaching Time and Space Concepts," 
Clearing House 31:71-74. 61 *

61Ibid., p. 73.

Slater, Ioc. cit., p. 52.62
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than either but connected with both. This somewhat odd con
cept could best be conceived by the writer as being analogous 
to spatial orientation. It was in this report that Slater 
maintained that spatial ability or aptitude grew with matura
tion of the individual, as reported in Chapter 2.

A second report by Slater, written in conjunction with 
B e n n e t t , ^as more directly concerned with the developing of 
spatial ability in young children. These experimenters attempt 
ed to measure the ability of 11 and 13 year-old children with 
respect to spatial judgment. In the two separate sets of age 
groups, the results were almost identical. Slater and Bennett 
maintained that in the 11 year-old group tested in 1941 there 
was no evidence of a spatial factor found in the tests u s e d ^ 
The results on larger groups tested in 1942-1943 indicated 
that again there was, no discernible spatial factor operating

S Cthroughout the battery in the age groups of 11 and 13 years. 
They did not maintain that the factor or aptitude, or ability 
did not exist, but rather that the pencil and paper

63Slater, P., and Bennett, E.,. "The Development of 
Spatial Judgment and Its Relation to Some Educational Problems'/ 
Occupational Psychology 17:139-155. 64 65

64Ibid., p p . 140-141.
65Ibid., p . 154.
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tests of spatial ability or judgment' diid not differentiate

66at those age levels. The seven tests used in the latter
study failed to discriminate anything but the general intelli-

67gence factor g .
Adcock disputed the findings of Slater and Bennett,

arguing that the absence of the spatial factor depended on
the assumption that the g factor must always appear before the

68group factors in any analysis of factors. Most factor 
analysts seemed to be in agreement that the g factor, general 
or basic intelligence, operates independently of any of the 
other factors and usually has been the largest single source 
of variance in analysis of tests. This has been particularly 
evident in pencil and paper tests.

Some reports on the effects of practice on the devel
opment of spatial abilities have been published. Frankel?s 
work, cited e a r l i e r , d e a l t  with the effects of practice on * 6

GGglater, P., and Bennett, E., "The Development of 
Spatial Judgment and Its Relation to Some Educational 
Problems," Occupational Psychology, p. 155.

67Ibid., p. 155.

GGAdcock, C., "A Re-Analysis of Slater’s Spatial 
Judgment Research," Occupational Psychology 22:213-216.

6®See Chapter 2, p . 28.
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abilities in general. The literature in this regard was not
extensive and neither was it decisive. Krumboltz and

70Christal indicated that repeating the same test after a short 
period showed definite gains, although small in size. Using 
alternate forms of the same test of spatial ability, such as 
Form A of the Differential Aptitudes Test on spatial relations 
followed by Form B, showed the same practice effects that 
appeared by following up with the original test. In other 
Words, changing the test items numbers or wording did not 
affect the performance of the subjects, as long as the basic 
structure was not changed.

The same practice effects were noted if the re-test 
was done with the original test or with an alternate form of 
the same test. However, if the type of test were changed, 
as from the Differential Aptitude Tests to another aptitude 
test, the practice effects were not e v i d e n t . W h e r e  the re
test with the original or alternate form of a spatial apti
tude test showed an increase in performance level, the sub
stitution of a different test of spatial ability showed no 
such increase in performance level. 71

^Krumboltz, J.D-, and Christal, R.E., ’’Short Term 
Practice Effects in Tests of Spatial Abilities," Personnel 
and Guidance -Journal 38:385-395.

71Ibid., p . 390.



Krumboltz’ report definitely was concerned with the 
ability to visualize. A brief report concerning spatial
orientation indicated that distance judgment can be improved. 
Army recruits were tested for distance judgment. Half were 
given practice in that they were told the nature of their 
mistakes and the magnitude by which they misjudged any of the 
test distances. The other half was told nothing about the 
nature.of the mistakes. A relatively quick re-test showed 
that 98% of the trained (or corrected) recruits improved, 
while only 55% of the untrained recruits improved their per
formances.^^

However, the types of errors were reversed in the re
tests of the trained group. A recruit who had been told that
he had been consistently short in his original judgment of

74distance generally would be long in his rer-test errors. If 
he had been consistently over-gauging the true distance in the 
original test, he would over-compensate in the re-test and 
would be consistently on the short side in his errors in the 
re-test. On the other hand, the untrained group showed no * 73 74

72

"Distance Judgment Can Be Improved," Science 
Digest 35:52.

73Ibid., p . 52.

74Ibid., p. 52.
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difference in-the types of errors from one testing to the next,

1 75yet showed improvement in the judging of distances. Although
both groups improved in re-tests the instruction seems to have
a positive influence in the improvement.

Blade and Watson in one investigation, and Myers in
another, reported on the development of spatial aptitude among
engineering students. Blade and Watson examined the aptitudes

76of 90 students in a first year engineering program„ They 
reported that significant differences were found in the gain 
on scores on the spatial ability test of the College Entrance
Examination Board battery during the year period $ but that no

77significant changes were noted after the first year. Some 
space was devoted in their report to the high correspondence 
between scores on the pre-engineering tests of spatial visual
ization ability and the years of high school mechanical draw-Jg
ing completed. There probably should be such high correspon-

^ T h e  writer wonders how the judgments would have com
pared if the testings had been done on different ranges. This 
question springs naturally from the work of Krumboltz and 
Christal, who showed that a change in environment (test form) 
made practice valueless.

^^Blade, and Watson, W.S., "Increase in Spatial
Visualization Scores During Engineering Study," Psychological 
Monographs; General and Applied, Volume 69, Number 397, 1955, 
P P o 1-4.

77Ibid., p „ 3. 
78Ibid., p „ 2„



dence and any future study into the same area would probably
yield similar results, since a high order of spatial ability
has been shown to be needed in mechanical drawing courses,

79as reported earlier in this study. It would seem that what 
may have been shown in this section of the Blade and Watson 
study is that students with high spatial ability in high 
school generally show that same ability in college entrance 
examinations. However, Blade and Watson did conclude on the 
basis of ^he significant gains by first-year engineering 
students in the area of spatial abilities, that these abili
ties were subject to important changes. The possibilities in 
the field of counseling were pointed out in the following:

...Spatial visualization as measured by the College 
Entrance Examination Board Spatial Relations Test Form 
VAC-1 is subject to important changes which appear to be 
related to pre-college,hobbies, jobs, and high school jobs 
and high school courses in mechanical drawing, as well as 
in the freshman engineering program of studies...

High school and college counselors will note with in
terest that while high scores on the spatial visualiza
tion test indicate an aptitude for engineering study, low 
scores do not necessarily indicate a lack of aptitude.Q0 
Such scores may mean only a lack of related experience.

79See Chapter 3, PP • 53-54.
80Blade and Watson, op. cit., p. 4.



Aside from the implications for counseling, which may
be v/ell-founded or may not, the cited authors seemed impressed
by the information that all students who achieved at a high
level in the spatial visualization test had studied some

81mechanical drawing. In view of the engineering nature of the 
programs investigated, it would seem probable that almost all 
of the students examined would have had some experience with 
mechanical drawing courses in high school. If this were true, 
then the low achievers as well as the high achievers would
have studied mechanical drawing.

82Myers reported on the spatial relations testing and 
re-testing of 591 engineering students at West Point. Al
though he used the same test as Blade and Watson, Myers was 
much more retielent to claim significant changes in perform
ance, even with a gain of 4/5 standard deviation at the end 
of a semester. He termed his results inconclusive because he 
used the same test form for the pre-test and post-test. He 
hesitated to conjecture on how much of the improvement in 
score was due to improved aptitude and how much to familiari-

®*Blade and Watson, op. city, p. 2.

^ M y e r s 5 C . T., "A Note on Spatial Relations Pre-Test 
and Post-Test," Educational and Psychological Measurements 
13:596-600.



68
ty with the test. As Krumboltz and Christal indicated, there 
is probably a practice effect involved in scores when the 
same test or equivalent forms are used within relatively short 
periods of time.

In two investigations into the possibility of develop
ing spatial abilities or aptitudes, Mendicino each time con
cluded that mechanical drawing did not yield significant im-

83provements in these aptitudes. These studies were reported 
in 1955. Mendicino held that there was no significant differ
ence either between the control group and the experimental 
group, or between the achievements of the top 40 percent and 
the lower 40 percent within each group. In fact, he reported 
that the academic students who formed the control group 
averaged slightly better than the group which engaged in the 
studies which supposedly would develop the desired aptitudes®^

In a later study^ Mendicino took issue with the re
ports of Blade and Watson. Investigating the possibility * 84

^ M e n d i c i n o ,  L., "The Effect of Certain Educational 
Experiences Upon Achievement in Mechanical Reasoning and 
Space Perception," Dissertation Abstracts Vol. 16, 1956, p.65.

84Ibid., p. 65.

^Mendicino, L., "Mechanical Reasoning and Space Per
ception; Native Capacity or Experience," Personnel and Guid
ance Journal 36:335-338.
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that mechanical drawing can improve the spatial ability or 
aptitude of a student, Mendicino compared performances of 
students in two different classroom situations. One involved 
students in shop courses and the other concerned students in 
mechanical drawing courses. On the basis of his results he 
concluded that students who took one-year courses in shop 
activities showed no greater mechanical aptitude than did

86students who took no shop courses during the same period. 
Further, he found no significant difference in the spatial 
abilities of students who had studied mechanical drawi'ng for 
a year and those in the same age group who had n o t . He 
maintained that his results indicated that in these cases the 
basic aptitudes or abilities were in control, and that the 
experiences made no difference.

QQVan Voorhis investigated the possibility of improv
ing spatial abilities in 1940-1941 and concluded that "Train
ing in visualization acts, with emphasis upon effective 86 87

86Mendicino, L., "Mechanical Reasoning and Space Per
ception:, Native Capacity or Experience," Personnel and Guid
ance Journal 36:335-338. ~ ~

87Ibid., p. 338.

Van Voorhis, .W. R., The Improvement,of-■ Space Per- 
ception Ability by Training, Doctoral DissertatTonT" The 
"Pennsylvania State College, University Park, 1941, Typed.



methods, results in higher achievement on visualization 
89tests..." and implied that his experiment developed proper 

habits and attitudes concurrently. His experiment was con
ducted with engineering students at the Pennsylvania State 
College, and like.Blade and Watson’s study, may have import
ance only for that group on which it was made. Mendicino’s 
study of high school mechanical drawing students, usually not 
so highly selected, may have more significance for the large 
part of the population. There may always remain the question 
of whether improvement under experimental conditions is im
provement of a basic ability or the sharpening of a talent 
that lay latent. It may well be that what Van Voorhis, and 
Blade and Watson have demonstrated is that spatial ability 
quickens or comes into a clearer focus at a particular age 
level. Such development could be likened to a pencil which 
becomes more useful when sharpened., but the sharpening cannot 
be credited with increasing the lead in the pencil.

Another frequently cited experiment in this area has 
been that of RanuCci®® who investigated potential improvement

8®Van Voorhis, W.R., The Improvement of Space Percep- 
tion Ability by Training, Doctoral Dissertation, The Pennsyl- 
vania State College, University Park, 1941, Typed.

GORanucci, E.R., Effect of the Study of Solid Geometry 
on Certain Aspects of Space Perception Abilities, Doctoral 
Dissertation, 72 pp.
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in spatial abilities for students in solid geometry classes.
In comparing the mean gains on various tests of spatial abil
ities, Eanucci concluded that no significant improvement
could be shown for an experimental group over a control 

91group. Indeed, the control group showed higher.gains than 
the experimental group. Eanucci further justified his con
clusions by showing that the differences in achievement
could not be explained on the basis of intelligence scores

92or initial scores on pre-tests.'
Other investigations into the effects of geometry on 

spatial abilities or the effect of spatial abilities on geome
try have been reported by Cofaen?^ by B r o w n , a n d  by Picton®^ * 9

®^Ranueei, E.R., Effect of the Study of Solid Geometry 
on Certain Aspects of Space Perception Abilities, Doctoral 
Dissertation, pp. 57-58.

. 92IbM., p. 58.

9^Cohen, L., An Evaluation of a Technique to Improve 
Space Perception Abilities Through the Construction of Models 
by Students in a Course in Solid Geometry, DoctoraT Disserta
tion, 72 pp.

9^Brown3 F.R., The Effect of an Experimental Course in 
Geometry on Ability to Visualize in Three Dimensions, Doctoral 
Dissertation,"195%, 82 pp.

95pictoni J.Q., The Effect on Final.Achievement in 
Solid Geometry of an Introductory Unit' Based"l^on"'DeveToping 
Visualization and Understanding Through"Use of"ModelsV-Doc^" 
toral -Dissertation, IWGTl 140 pp.
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Cohen and Picton each attempted to discover the effects of 
model constructions concurrent with courses in solid•geometry. 
Each concluded that there was little or no correlation between 
spatial abilities and final achievement in solid geometry on 
the basis of their studies. Brown reached the same conclu
sions in general, but added a statement which indicated that 
maturity may affect performance on spatial ability tests, 
since students who had been through a two-year course of plane 
and solid geometry showed significant gains over those who had 
been through a one-year program.®®

Summary

The literature in the field of spatial abilities has 
shown■some agreement on certain phases of the topic and has 
left certain areas open for further experimentation.

In general, authorities are agreed that spatial 
abilities are diverse in nature, that there are primarily two 
subdivisions of the field— orientation and visualisation. 
Orientation has been defined as the ability to comprehend the 
arrangement of elements within any non-reflex stimulus pattern

96Brown, F. B., op. cit . , p. 81.
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and certain authorities have shown that it is highly correl
ated with many occupations. Visualization has been said to 
call for more 'than simple recognition or orientation, and has 
been defined as the ability mentally to manipulate visual 
images.

The possibility that perceptual speed, orientation, 
and visualization comprise parts of spatial abilities in 
ascending order of complexity was established by Zimmerman, 
Fleishman, and by Koussy. Visualization has been shown to be 
important in occupations requiring a higher level of skill 
than the occupations for which orientation is Sufficient„

The literature is less conclusive on the possibility 
of the improvement of the spatial abilities. While not a 
great amount of research has been reported with regards to the 
developing of the abilities, most of what appears offers no 
support for the idea that the abilities are developable with 
conscious effort. The experiments that did support the idea 
that the basic, spatial abilities are subject to improvement 
with conscious effort Were concerned with select groups and' 
were scarcely representative of the general population,.
These might easily have been interpreted to support the idea*
that the abilities are not properly discernible until a cer
tain level of maturity has been reached by the subjects. ■

In general, it appeared that spatial orientation 
could be improved with practice, at least up to a certain
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point. On the other hand, most authorities have held that the 
spatial abilities were- not connected with intelligence at the 
level of perceptual speed or orientation. However, most of 
the recent experimenters have asserted that visualization is 
more closely connected with intelligence than are the forms 
of spatial abilities lower down the continuum of the abilities,.

At the secondary school level, the studies reported in 
this investigation indicated that two subjects long thought to 
be helpful in developing a feeling for spatial visualization, 
solid geometry and mechanical drawing, have not really been 
doing what their proponents have claimed in this area.

To determine if perhaps an organized program of 
studies at the secondary level might show a significant gain 
in spatial ability, the writer'investigated the performances 
of high school students in certain curricula at the high 
school level. The nature of this investigation is discussed 
in the following chapter.



CHAPTER 4
DESIGN OF THE EXPERIMENT

The purpose of this investigation was to assess the
impact of certain curricular patterns on spatial abilities of 
secondary school pupils, particularly the ability.to visual
ize . Since the literature consulted did not reveal evidence 
of other studies of this aspect of the development of the 
spatial abilities, it was necessary to design methods and 
procedures by which such an evaluation or assessment might be 
made, rather than to adapt the procedures of a similar in
vestigation .

groups, it was decided to investigate the improvements made 
by students in several groups or patterns of courses to de
termine if any one or several patterns might be best for de
veloping spatial visualization. Such an investigation would 
not place restrictions on the basic structures of the various 
pattern- groups unless there should develop significant 
.differences in the performances„ In this study, a major

significant differences in the performances of the groups 
concerned with respect to spatial visualization.

to classify curricular patterns, the relationship between 
basic intelligence and spatial visualization ability,'the

To eliminate the need for control and experimental

testing was that there would not be any

The sections that follow discuss the procedures used



76
use of the Differential Aptitude Tests Space Relations Test 
A (DATSRA), and the statistical procedures„

Curricular Patterns

Students in the comprehensive high school in the 
United States fit into a wide range of curricular organisa
tional curricular patterns. It has become well-established 
in the field of education that graduates from a typical 
secondary school in the United States in the past 30 years 
have received diplomas which, although exact in form and 
content, actually testify to many things at the same time„
For some students a diploma certifies that four years have 
been spent in academic pursuits of a rigorous nature; for 
others it certifies that their names have been checked in a 
roll book for four years. Seldom does the diploma itself 
specify the particular curricular pattern followed by a 
student„ Consequently, if the effects of curricular patterns 
in the development of the ability to visualize spatially is 
to be assessed, recourse must be made to the basic records 
of performance for secondary school graduates, the transcript 
of records„

Most of the previous investigations reported in - the 
literature have been concerned with the effects of particular 
courses on spatial orientation or visualization ability for
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the persons involved in the studies. Although there still 
seems to be room for discussion on the matter, the consensus 
seems to indicate that spatial abilities have not been shown 
to be amenable to improvement in any particular course in the 
secondary curriculum..

Many psychologists maintain that abilities generally 
develop with maturity, even though it has not been shown 
with statistical certainty that particular courses abet the. 
development of spatial abilities more than other courses.
The maturational development of the spatial abilities of • 
judgment and visualization has been supported in the litera
ture. If this actually holds, then there would seem to be 
two questions which could be answered tentatively in the same 
investigation. First, does the maturational process in spa
tial visualization proceed independent of special outside in
fluences? Second, do particular curricular patterns have any 
impact or effect on the spatial ability of visualization? 
Answering the second question would seem to have implications 
for answering the first. It was to determine the possible im
pact of certain curricular patterns on spatial visualization 
at the secondary level that this study was designed.

In order to determine the impact of certain curricular 
patterns on spatial visualization, analyses were made of 
courses followed by graduating males of a comprehensive high 
school in Southern California, and the patterns were class!-
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fled according to a plan described in a succeeding paragraph.

'The performances of the groups or classifications on a spa
tial relations test were to be compared to determine if 
significant differences existed among the performances- An 
investigation of the nature of the differences in scores 
should determine if the students in any particular pattern 
showed a non-chance improvement in performance above that in 
any other group or pattern. Single classification analysis 
of variance was used to determine the significance of the 
differences in performance.

Transcripts and records of students in the Antelope
IValley Joint Union High School, located in the northern part 

of Los Angeles County, were investigated. Scores were re
corded for each of the students in terms of the intelligence 
quotient (IQ) as freshmen, the age in years and months, the 
scores on the Differential Aptitude Tests Space Relations 
Test, Form A (DATSRA), as freshmen and as seniors, as well as 
the curricular patterns for the students who proved to have 
complete records for the purposes of this study. The trans
cripts of all students were examined to ascertain if they had 
satisfactorily completed courses in the following areas of 
the curriculum; college entrance mathematics (algebra and

^A "union"high school district in California serves 
several independent elementary school districts, while a "joint" district covers parts of two or more counties.
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geometry).; art, including crafts; mechanical drawing; and 
laboratory science . These areas were selected because, they 
have been the fields in which improvement in spatial abilities 
has been thought by investigators previously cited to be most 
likely to occur. It should be noted that the level of per
formance within the classifications was not considered in 
this study— only the satisfactory completions of the courses 
were of concern here. Laboratory science was restricted to 
courses which satisfied the standards of the University of 
California for use in meeting the matriculation requirements 
in science. This would include any laboratory science at the 
junior or senior level in the high school.

The method of classifying without regard to the level 
of satisfactory performance within any area was adopted to per
mit a relatively objective system of grouping that would not 
involve subjective discussions of the possible effectiveness 
of differing levels of performance within each course found 
in the program of each student.

The analysis for classification purposes of curricular 
patterns involving four different subject areas led to a 
possibility of 16 different groups, since the classification 
Within each of the subject areas was a two-part consideration.
A student either did or did not fall within each' area.. Thus 
the arbitrary decision to utilize four areas led to the 16 
possible classifications. The subjects which were included
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in each of the particular curricular patterns which formed a 
part of this study are shown in Table I.

From the information shown in Table I it can be seen 
that Group 9 included students who had completed work in all 
four areas listed, while students in Group 15 would have had 
courses only in college preparatory mathematics and art„ 
Students in Group 6 had completed courses in a laboratory 
science and in college preparatory mathematics, while stu
dents in Group I would have completed work in none of the 
four areas.

The proposed method of analysis of differences in 
performances had some facets which demanded attention. First 
the records involved had to be statistically comparable--only 
students who had records of test scores and course work for 
the four-year period from freshman to senior years could be 
utilized in this study. The period selected for study was 
the four-year span from 1957 to 1961. Beginning in 1958 
graduation requirements passed by the trustees of the Ante
lope Valley Joint Union High School District tended to make 
curricular patterns relatively uniform for graduates after 
1962. The period selected for this study was the last com
plete period in which students involved were free to select 
curricular patterns without restrictions on their choices be
yond the state requirements for graduation from high school.
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TABLE I. SUBJECT AREAS INCLUDED IN EACH OF 16 GROUPS OF 
CURRICULAR PATTERNS OF 219 MALE GRADUATES OF ANTELOPE 
VALLEY JOINT UNION HIGH SCHOOL DISTRICT IN 1961.

Subject Areas
Group Algebra & Mechanical Art Laboratory

Geometry Drawing Science
1
2

-
X

—

3 - - X -
4 — . " — X

5 X — X —
6 X - - X
7 X X — X
8 X — X X

9 X X X X
10 - X X -
11 — X - X
12 X X X -
13 X X X.
14 - - X X
15 X X - -
16 X

"

Another item which placed some restriction on the 
manner in which the data were handled was the natural 
differences in spatial ability that exists between the sexes, 
There has appeared In almost every report of findings in spa
tial ability a distinct differential in the abilities in'favor 
of the males over the females. The norms published for the
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DAT show a pronounced and statistically significant difference 
between the figures shown for girls and those shown for boys. 
In addition to possessing higher spatial ability, boys show 
a much higher mean score than girls in mechanical reasoning 
and aptitude and are better form abstractors, as shown by 
Oeser’s study reported in the preceding chapter. The statis
tical analyses in this investigation were restricted to the 
records found for boys for two reasons. First, the small 
number of girls who. took mechanical drawing left that area 
a statistical blank, and second, the number of girls with 
complete records was much smaller than the number of. boys. 
Further, it seemed reasonable to assume that the same esoteric 
factors which regulate the improvement in any' ability for the 
male would also be operating for the female, although perhaps 
not at the same level„ Therefore, any significant information 
gleaned from this study on the basis of the male sex should be 
amenable to generalization to the female sex as well„

Determining the Correlation Between Spatial Visualiza
tion and Intelligence

The relation.between spatial visualization and intelli 
gence and the question of the range within which the spatial 
abilities may be improved Were mentioned in Chapter I. The 
implication of the connection between basic intelligence and 
spatial visualization was that the level of spatial visualiza



tion ability had a relatively high correlation with the level 
of intelligence. In pursuing an answer to this question it 
did not seem reasonable to use quantitative measures of im
provement as shown on the two performances on the DATSEA test 
for ,each of the subjects in the study. The primary reason for 
not using raw score differences in assessing the relation be
tween spatial visualization and basic intelligence was' the 
nature of the test itself. Subjects who perform well on the 
DAT space relations sub-test as freshmen have not the same 
potential to improve as do the subjects who perform less- ably. 
However, a study of the correlations between IQ and the scores 
on the DATSRA as freshmen and as seniors should give some 
indication of the possible answer to the question of ,whether 
or not the spatial abilities are actually tied,to basic in
telligence or are subject to improvement with training. The 
work of factor analysts' such as Zimmerman has indicated' that 
at the higher end 'of the continuum of spatial abilities a 
meaningful correlation exists between the abilities and basic 
intelligence. Thus visualization and intelligence possess a 
positive correlation, as suggested in the discussion of the 
work of Zimmerman in Chapter 3. Conversely, the work of the 
same investigator and of others has shown that at the lower 
end of the scale of spatial abilities the level of perceptual, 
speed has little correlation with' intelligence.

The manual for the DAT failed to show any figures for



the intercorrelations between the various sub-tests and. the
measure of basic intelligence in the DAT Verbal Reasoning and

oNumerical Ability„ One aspect of this study was to show the 
correlation, if any, between intelligence as measured by the 
California Test of Mental Maturity and the raw scores on the 
space relations sub-test of the DAT for the subjects in this 
studyo

Use of Differential Aptitude Space Relations Test

The use of the DAT Space Relations Test A (DATSRA) was 
particularly appropriate to analyze spatial visualization 
ability because of the heavy emphasis of the test on visuali
zation in space relations.^ The authors of the battery have 
placed this emphasis on visualization intentionally, maintain
ing that, "Item forms which refer only to two dimensions are 
less useful, since there are'relatively few occasions when 
perception of two-dimensional space alone is important.

A comparison of the norms published in the manual for 
the battery revealed some interesting figures. Because of the

2Bennett, G.K.; Seashore, H.G.; and Wesman, A.G.; 
Differential Aptitude Tests; Manual, p. 77.

^Ibid., p . 7.

^ibid., p. 3.



"natural" difference in performance on spatial relations tests
for the sexes, separate norms are published for girls and boys
for each of the grade levels from Grade Eight to Grade Twelve.
The differences in the mean scores of the standardizing groups
at the various grade levels is fairly constant except between
the ninth and tenth grades for both sexes. Inquiry made of
the publishers revealed no official explanation for the larger
increase in scores at that point, but the publishers did point
out that geometry might be the cause of the increase. Reports
of many of the investigations of the influence of geometry on
the spatial abilities negate this as a strong possibility.
The viewpoint that spatial visualization crystalizes at that
age level, or close to it, might find some substantiation in
these data. The differences noted here do not show in the
spatial relations section of the CTMM at that age level. The
differences in scores on the CTMM spatial relations section

'5are quite constant across the span of the secondary years.
In any comparison of performances a proper instru

ment must be utilized in measuring the performances to be 
compared. In the measuring .of levels of ability in the field 
of spatial visualization, a-commonly used instrument reported

It is entirely possible that the two tests discussed 
are measuring different things. The CTMM does not emphasize 
so heavily as the DATSRA the visualization aspect of spatial 
ability .•



in the literature has been the DATSRA. The complete battery 
of tests, designed to sample the aptitudes of junior high 
school and high school students, has found wide acceptance in 
educational institutions in the nation. Well-standardized 
over the years it has been in use, the battery offers an im
pressive list of validity and reliability figures in support 
of the tests.® This battery of tests.with its space relations 
sub-test has been a part of the counseling pattern of the 
Antelope.Valley Joint Union High School District for several 
years.

86

Statistical Procedures

Proper statistical procedures in the determination of 
the impact of certain curricular patterns on the development 
of spatial visualization required that hypotheses be advanced 
for testing and that an appropriate design be developed for 
testing the hypotheses.

Statement of the hypotheses. The usual procedure, in 
establishing the hypotheses to be tested in any statistical 
study is to formulate a null■hypothesis (Hq) and an alternate 
hypothesis (H^). The null hypothesis with respect to the im-

®Bennett, G .K ..; Seashore, H.G.; and Wesman, A.G., 
op. cit, p. 76.
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pact of certain curricular patterns on the development of 
spatial visualization was that no significant differences ex
isted among the curricular patterns in developing spatial 
visualization at the 5 percent level of confidence. The 
alternate hypothesis was that significant differences did 
exist among the curricular patterns in developing spatial 
visualization.

With respect to the possible connection between basic 
intelligence, as shown on the California Test of Mental Matur
ity , and spatial visualization, as shown on the DATSRA, hypo
theses were similarly formed. The null hypothesis (Hq) in 
this case was that the correlation between basic intelligence 
and spatial visualization ability was not meaningful at the '
5 percent level of confidence„ The alternate hypothesis (H^) 
was that the correlation would.be statistically significant.

Statistical Techniques used in testing hypotheses.
The choice of statistical techniques for testing hypotheses 
in this investigation lay between parametric and non-para
metric methods. The wide acceptance of parametric methods, 
together with the nature of the data and the distribution of 
the traits investigated, suggested that the parametric'methods 
would be well-suited to the purposes of this study. The analy
sis of -variance tests in the parametric field (t-tests and F- 
tests) depend on the satisfaction of certain basic assumptions 
with regard to the data and the traits measured. These assump-.
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tions are: the independence of the observations; the normali
ty of the distribution of the traits among the populations
tested; the homogeneity of variance among the groups involved;

7and measurement on an interval scale. The traits of basic 
intelligence and spatial visualization ability and their 
measurements can be accepted as meeting the basic assump
tions, with one exception. The homogeneity of variance of 
the groups involved required a further testing in order that 
the pooling of the.variances of the groups could be justified.

Single classification analysis of variance was select
ed to test the null hypothesis with respect to the impact of 
certain curricular patterns on the development of the spatial 
visualization ability. By this method it is possible to make 
one set of calculations on the entire set of 16 different 
possible curricular patterns in this study and thus determine 
if significant differences exist among the patterns in their 
contributions to spatial visualization. In the event that 
significant differences were indicated by the single classifi
cation analysis of variance further inquiry would be made to 
determine the possible reasons for the differences.

With respect to the possible correlation between in
telligence and spatial visualization ability, a Pearson

^Downie, N . M., and Heath, R . W., Basic Statistical 
Methods, p . 159.
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Product-Moment Coefficient of Correlation was to be calculated 
and interpreted in the light of its significance in statisti
cal inference.

Determining the Impact of Individual 
Courses on Visualization

One of the questions mentioned in the statement of the 
problem concerned the impact of individual courses on the de
velopment of the ability to visualize spatially. Some re
search has been concerned with the effect of separate courses 
on spatial abilities in general. Brown, Cohen, Picton, 
Mendicino, Myers, and others have investigated various courses 
and various techniques in the operations of the courses to 
determine the impact of the techniques and the courses on 
spatial ability. This study had as one problem the checking 
of the conclusions of the previous investigations at the 
junior college level. Classes in Art, Analytic Geometry, 
Algebra, Biology, and Calculus Were tested at the beginning 
and the end on one semester’s work to see if important 
differences would occur or if the conclusions of most of the 
previous studies would be applicable at the junior college 
level. That is, no significant differences in performance 
would appear in performance on the DAT8RA as a result of 
experiences in these classes.
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Summary

This investigation into the impact of certain curric
ular patterns on the development of spatial visualization 
proposed to analyze the improvement on the space'relations 
sub-test of the Differential Aptitude Tests for groups of 
male graduates of the Antelope Valley Joint Union High School 
District in 1961. These graduates had followed a variety of 
curricular patterns. They had been given the DAT space Rela
tions Test A (DATSRA) as freshmen and again as seniors.

The patterns of courses followed by the subjects were 
classified into 16 different groups with each group formed 
according to the areas of the curriculum covered by the 
students in it. The four areas selected for this investiga
tion were college preparatory mathematics, arts, mechanical 
drawing, and laboratory science. Statistical analyses were 
made of the performances of the groups in terms of the im
provement made over the period of the study on the DATSRA 
and the differences in performances were tested for signi
ficance by single classification analysis of variance.

In addition, the correlation between basic intelli
gence and spatial visualization ability was determined by 
calculating a Pearson Prodnet-Moment Coefficient of Correla
tion. The coefficient was tested for significance.



91
A non-statistleal check was made to determine if the 

conclusions of previous studies of the impact of individual 
courses'in the curriculum carried over into the junior 
college.

The findings in this study and the results of the
statistical calculations are presented next.



CHAPTER 5
RELATION OF SECONDARY SCHOOL CURRICULAR PATTERNS 
AND BASIC INTELLIGENCE TO SPATIAL VISUALIZATION

The relation between spatial visualization and 
curricular patterns and the correlation between spatial 
visualization ability and basic intelligence formed the major 
concern for this investigation. The findings with regard to 
these relations are presented in this chapter.

Review of Procedures

Four processes were involved in determining the im
pact of certain curricular patterns on the development of 
spatial visualization at the secondary school level. First, 
the patterns were identified. Second, the impact of each 
pattern on the development of spatial visualization was 
ascertained by calculating the mean gain in spatial visualiza 
tion ability over the period of the study for each of the 
groups of patterns. Third, a single classification analysis 
of variance was run for the groups of curricular patterns 
that developed to test the hypothesis of no significant dif
ference among the groups in the development of spatial 
visualization. Fourth, either the null hypothesis or the 
alternative hypothesis was accepted on the basis of the 
single classification analysis of variance F-test score.

To determine the relation between basic intelligence



and1 spatial visualization ability, comparisons were made be
tween the measures of basic intelligence (IQ) adopted for 
this study which were the scores on the California Test of 
Mental Maturity (CTMM), and the scores on the Differential 
Aptitude Tests Space Relations Test Form A (DATSRA) as fresh
men and as seniors for the students in this investigation„
A Pearson Product-Moment Coefficient of Correlation was cal
culated for the entire group of students to allow comparison 
of their IQs with their scores on the DATSRA as freshmen 
and with their scores on the DATSRA as seniors. The co
efficient was tested for significance using Fisher and 
Yates’ measure of significance for correlation coefficients^ 

The testing for possible similar impacts of partic
ular courses on spatial visualization ability at higher 
grade levels than the secondary school was done by comparing 
performances of certain junior college academic classes on 
the DATSRA at the beginning and at the end of a semester's 
worko No statistical evaluation was proposed for this 
aspect of the study .because of the limited samples avail
able and the nearness, in time of the testing sessions.
However, it was fe.lt implications based on the data could

^Downie, N.M., and Heath, R.W., Basic Statistical 
Methods, p . 274. The table referred to was .developed by R.A. 
Fisher and F . Yates, has found wide use, and is reproduced 
in many texts on statistics.
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lead to generalization of the findings of previous studies 
at lower levels or possibly could suggest that further in
vestigation should be made into this relationship.

The Impact of Certain Curricular Patterns 
on Spatial Visualization

The consideration of the impact of certain curricular 
patterns on the development of spatial visualization in
volved three general tasks: the identification of the
patternsthe assessing of the impact of the patterns; and 
the testing of the hypothesis of no significant differences 
among the impact on spatial visualization ability due to 
the influence -of particular subject area patterns ̂

Identification of curricular patterns. The possible 
curricular patterns selected for investigation in this 
study were described in the preceding chapter. By taking all 
possible arrangements among the four areas of subject matter, 
a total of 16 different.curricular patterns could be formed.
A pattern group could consist of any one area or a combina
tion of any of the areas. However, seven of the 16 combina
tions failed to show sufficient numbers of students to 
warrant consideration. If fewer than 12 students followed 
a particular pattern, the pattern was not regarded as being 
large enough for statistical analysts. Sufficient numbers 
of students were found in nine o f ■the patterns. These nine
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patterns showed a range from 16 to 43 students, with a mean 
off slightly more than 24 per group. The. groups that con
tained sufficient numbers for this study are listed in Table 
2. The table shows the number of students in each pattern 
and the course areas covered by the students•in each group„

TABLE 2. NUMBER OF STUDENTS AND- SUBJECT AREAS IN GROUPS 
OF CURRICULAR PATTERNS COMPARED FOR IMPACT ON SPATIAL 
ABILITY.

Group
Number

Number of 
Students

College 
Prep. Math,

Art Mech. 
Drwg.

Lab-
Science

I 24 - - - -
2 16 — ' X - —
3 19 — - X

4 17 — - - X

5 22 X — X —
6 39 X - - X

7 20 X X - X

8 43 X - X X

9 19 X X X X

It. can be deduced from the data shown in Table 2 that 
students who completed work in college preparatory mathe
matics usually completed work in a laboratory science. One
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rather surprising figure was•the large number of students who 
took work in mechanical drawing as well as other subjects. 
This figure could reflect the economic structure of the 
community of the area surveyed, since the region has become 
primarily a research and development area for missile work 
and employs large numbers of engineering and skilled techni
cal workers. The children of such workers seem to lean to 
engineering, thus possibly accounting for the emphasis and 
enrollment in mechanical drawing in conjunction with the 
college preparatory pattern.

When the patterns had been established and the 
students properly classified, it was possible to apply 
statistical methods and to assess the impacts of the various 
patterns on spatial visualization.

Assessing the impact of curricular patterns on 
spatial visualization. To assess properly the impact of the 
nine curricular patterns on the development of spatial 
visualization, it was necessary to compile data in addition 
to that shown in Table 2-. When the data needed for classifi
cation of the students in the proper curricular patterns was 
obtained it was possible to secure additional data covering 
the age, IQ score as a freshman, and the freshman and senior 
DATSEA scores for each student. These data were recorded
with an electrographic pencil on a mark-sense card for each 
student in the study. The differences between the senior



and freshman scores on the DATSRA were calculated and re
corded on the mark-sense card. The mark-sense cards were 
processed in an automatic reading machine which punched 
data cards for further processing in the IBM 1620 computer.

The computer calculated the following data for each 
group and for the combined groups:

1. Mean age
2. Mean IQ
3. Mean freshman DATSRA score
4. Mean senior DATSRA score
5. Mean difference between freshman and senior 

DATSRA scores
6 . Correlation between IQ and freshman DATSRA

scores
7. Correlation between IQ and senior DATSRA

scores
The tabulation of the results of ttie computations 

is shown in Table 3 for the first five of the calculations 
listed.

It is evident from the data shown in Table 3 that 
the general intelligence level tended to rise as the pat
terns became more complex, since the mean IQ scores closely 
followed the increasing complexity of the curricular pat
terns, Although it may be a chance development, the rather
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TABLE 3„ MEAN AGE, IQ, AND DATSRA* SCORES OF 219
GRADUATING MALE STUDENTS IN NINE GROUPS OF CURRICULAR 
PATTERNS IN ANTELOPE:VALLEY JOINT UNION HIGH SCHOOL 
DISTRICT* 1961.

Group
Number 
1 of
Students

“ tt S /A Mean SfcOjbas

I Age IQ
Freshman
DATSRA

Senior
DATSRA Diff .

I 24 17.7 95.5 42.4 60.9 18.5
2 16 17.8 92.4 42.8 62 .2 19.4
3 19 18.1 96.0 44.9 60.7 15.8
4 17 17.7 97.4 42.2 60.3 18.1
5 22 17.9 99.7 38.2 57.6 19.4
6 39 18.0 104.5 51.0 68.4 17.4
7 20 17.7 108.4 50.5 69.9 19.4
8 43 17,8 105.3 53.4 72,34 18.9
9 19 17,5 112.4 54.4 71.0 16,7

Total 219 17.8 102.1 47.7 65.9 18.2
*DATSRA = Differential Aptitude Test Space 

Relations Test A.

low mean IQ of 92i4 for Group 2 probably reflects the coun
seling found in many schools where students who are not 
apparently able to handle academic work are channeled into 
the arts and crafts areas of the curriculum. However, it is
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of interest to note that Group 2, with the lowest mean IQ of. 
all the groups, equalled the highest net gain in spatial 
visualization, 19.4, made by any group. In fact, in groups 
2, 5, and 7 which achieved the highest- net gain, the art 
area was represented in two of the groups, as was college 
preparatory mathematics..

It is further evident from the data in Table 3 that 
the space relations scores tended to follow closely the IQ 
scores, both at the freshman and at the senior levels. Except, 
for minor variations, the space relations scores held an 
almost linear relationship with the IQ scores. The low IQ 
score of 92.4 of Group 2 was paired with a freshman spatial 
visualization score of 42.8, the sixth group showed an IQ1 
score of 104.5 with a space relations score of 51.0, and 'the 
ninth group with an IQ mean of 112.4 averaged 54.4 on the 
space relations test as freshmen; It is shown later 
(page 97 and following) that the coefficient'of correla
tion between IQ and spatial visualization is about 0.5.

Because of the tendency of the space relations score.
!

to correspond with the IQ scores, with the high IQ scores 
being associated with high space relations scores on the 
DATSRA, the analysis of the impact of the curricular pat
terns on spatial visualization was made on the basis of the 
improvement in the DATSRA score over the four-year period.
Thus the mean net gain in performance on the DATSRA is taken
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to define the improvement or impact on spatial visualization„ 
The data in the last column in Table 3, then, indicate the 
relative impact of each of the nine curricular -pattern groups 
in the study„ The measure of impact for Group 2 was 19.4, 
which was the same as the impact of both Group 5 and Group 7; 
while the group showing the least improvement, 15.8, was the 
third group.

This method of defining impact obviously over-simpli
fies the many complex features affecting the lives of stu
dents in a world that grew more complex during the period 
covered- in this study. - However, the tacit assumption in 
this instance is that other factors which might affect the 
development of spatial visualization were randomly dis
tributed among all students and hence. all groups, and that 
the basic differences.in the development of spatial visuali
zation could be attributed to the primary differences in the 
scholastic program patterns that were followed in the period 
from 1957 to 1961..

The differences in performance discussed in the 
preceding two paragraphs are also included in Table 3. The 
salient figures from this, table .that were needed to test the 
hypothesis.of no significant differences among the groups in 
the development of spatial visualization•were the mean DATSEA 
scores for freshmen and seniors and the mean differences. As 
previously cited, these differences ranged from 15.8 to a



high of 19.4, with a mean difference of 18.2 for the entire 
group of students„ . In addition to these data, the variances 
were needed since it was, necessary to test the homogeneity of 
the variances in order to be justified in the use of a single. 
classification analysis of variance. These DATSRA scores 
and the variances comprise Table 4.

TABLE.4. FRESHMAN AND SENIOR DATSRA MEAN SCORES WITH MEAN
DIFFERENCES AND VARIANCE OF MEAN DIFFERENCES FOR CURRICULAR 
PATTERNS FOLLOWED BY 219 MALE GRADUATES OF ANTELOPE VALLEY 
JOINT UNION HIGH SCHOOL DISTRICT, 1961.

Group
Number

in
Group

Mean DATSRA Score
Difference VarianceFreshman Senior

I 24 42.4 60.9 18.5 26.31
2 16 42.8 , 62.2 19.4 28.62
3 19 44.9 60.7 15.8 30.43
4 17 42.2 60.3 18.1 29.34
5 22 38.2 57.6 19.4 26.04
6 39 51.0 68.4 17.4 37.78
7 20 50.5 69.9 19.4 39.74
8 43 53.6 72.5 18.9 26.15
9 19 54.4 71.0 16.7 39.77

Total 219 47.7 65.9 18.2' 32.68



Testing the null hypothesis. Before the null hypo
thesis of no significant differences among the groups in the 
development of spatial visualization could be tested, a test 
of the homogeneity of the variances of the groups had to be 
made. Bartlett's test, yielding a chi square score, was 
made, using the data from Table 4 and the summarization of 
the raw score data for the groups of curricular patterns =
The data- and the process for calculating the chi square 
score in Bartlett's test are found in Table 8 in Appendix 
B. The chi square score for the data in this'study was 
12„65, well below the score of 15.51 required to be able to 
reject the null hypothesis of no significant differences
among the variances of these groups at the five percent level 

2of confidence. Hence, it is permitted to pool the variances 
and the use of the single classification analysis of variance 
is justified in the testing of the null.hypothesis (H0) 
advanced in Chapter 4 that no significant differences exist 
among the improvements in spatial visualization due to the 
influence of the various.curricular patterns„ ;

In order to be able to reject the null hypothesis

Downie, N . M.., and Heath, R.W., Basic' Statistical 
Methods, p . 266„ The-- table referred to was developed by 
R„ A. Fisher and F . Yates, has found wide use, and is re
produced in many■texts bn statistics„



(H0) on the basis of a single classification analysis of 
variance, an F-test score of a particular magnitude is re
quired. The size of the F-test score is a function of the 
number of groups involved in the study and also the number 
of students comprising the total group. For the purposes 
of this investigation an F-test score of 1.96 or greater, 
based on nine groups and 219 students, would insure that
the differences found were not attributable to chance at the

3five percent level of confidence. The F-test score for the 
data presented in Table 8 was 1.09, not large enough to per
mit rejection of the null hypothesis. The data pertinent to 
the calculation of the F-test score are presented in Table 5.

TABLE 5. ANALYSIS OF VARIANCE FOR THE DATA IN TABLE 8 .

Source of Variation df Sum of Mean F-test
Squares Square Score

"Between" Groups 8 285 35.62
"Within" Groups 210 6887 33.84

Total 218 1.09

3Ibid., p. 264
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The F -test score is found by dividing the. "Between" 

Groups mean square by the "Within" Groups mean square„ The 
value needed to be able to reject the null hypothesis in 
this instance was 1.96 at the five percent level of confi
dence. The value yielded by the data in this study was 1.09. 
This value was not large enough to be statistically signifi
cant . The variation in impacts could be a chance occurrence

I
in this instance. Therefore, it is not possible to reject 
the null hypothesis and it must be conceded that there are no 
significant differences among the impacts of the various 
groups of curricular patterns on the development of spatiali
visualization as examined in this study.

i
The'Correlation Between Basic Intelligence 

and Spatial Visualization Ability

A question concerning the relationship between basic 
intelligence and spatial visualization ability was posed in 
the statement of the problem in the opening chapter. It was 
suggested that the two were probably intertwined in some 
manner and that spatial visualization ability would be 
amenable to improvement under conscious effort to the ex
tent that the basic intelligence of the human being has been 
found to be amenable to training and improvement.

The review of the literature on the nature of basic 
intelligence showed little to enable one to identify with



precision and exactness the nature of intelligence. Most 
authorities reviewed seemed to feel that the basic ability 
of a human as far as intelligence is concerned is subject 
to a narrow range within which it can be improved. There is 
some dispute on this, just.as there has been on the nature 
of intelligence itself.

The review of the literature also indicated that 
spatial ability is actually a diverse ability, arranged on 
a continuum. At the lower end of the continuum there seems 
to be little correlation between perceptual speed and intelli 
gence. The less able intellectually seem just as rapid in 
perception as are persons with large intellectual powers. 
However, at the upper end of the continuum the correlation 
between intelligence and spatial visualization has been held 
to be fairly high and positive.

To determine the correlation between mental ability 
for the students in this study, comparisons were made be
tween the measure of intelligence as gauged by the Calif
ornia Test of Mental Maturity, given at the freshman level, 
and the measures of spatial visualization ability shown by 
the DATSRA at the freshman and senior levels. The data which 
formed the basis for these comparisons are found in Table 7 
in Appendix B.

The scores of students oh the CTMM and the DATSRA 
were processed by the computer, which had been programmed to
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calculate a Pearson Product-Moment Coefficient of Correlation. 
The coefficient of correlation between the CTMM and the DATSEA 
freshman scores was 0.512, while the coefficient for the CTMM 
and the DATSRA senior scores was 0.496. According to data de
veloped by Fisher and Yates,̂  both of these coefficients are 
well beyond the figure needed for significance at the five 
percent level.

It seems quite probable that the relationship be
tween basic intelligence and spatial visualization ability
is positive and meaningful, This does not necessarily hold

\

that basic' intelligence depends on spatial ability Or that 
high spatial abilities are dependent on high native intelli
gence.

The data subjected to statistical analysis in this 
study seemed to indicate two things. These were:

1. No significance can be attributed to the observed 
differences in impact of various patterns of curricular 
organization on the development of spatial visualization be
yond what might be expected by chance.

2. The correlation between basic intelligence and 
spatial ability is significant, positive and meaningful.

A third phase of this investigation involved an 
examination of effects of particular academic courses on spa-

4Ibid., p . 274.
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tial visualization at the junior college level.

The following section presents a report of these 
findings.

The Impact of Particular Courses on Spatial 
Visualization at.the Junior College Level

Relatively little has been reported of research made 
on the spatial abilities at the college level. What is avail
able is inconclusive. In this investigation a study was made 
of the impact of particular courses on,spatial visualization 
at the junior college level. Students in five different 
academic courses were given a pre-test and post-test on the 
DATSRA in the spring semester of 1963, and the results were 
checked to see if the findings of previous investigators at 
the secondary level could be generalized to the junior 
college. In essence, would particular courses’fail once again 
to have an impact on the development of the spatial abilities?

The five subjects or courses covered in the study were 
Elementary Algebra, Biology, Art, Analytic Geometry, and 
Calculus with Solid Analytic Geometry. The students in 
classes in these subjects were given the DATSRA the first week 
in February, 1963, and again in June, 1963, at Antelope Valley 
College in Lancaster, California,. Apparent substantial im
provements were made by the students in two of the classes, 
while two other classes showed small changes, and a fifth
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class fell between the high and the low gains. The class in 
Elementary Algebra improved 8.7 points on the average, and 
the class in Analytic Geometry averaged a gain of 7.6 points. 
On the average, Biology students failed to gain a whole point 
(0.8), while Art students picked up 2.6 points. The calculus 
group gained 5.3 points. A summary of the performances of 
the students in each of these courses on the DATSRA is pre
sented in Table 6 .

TABLE 6 . MEAN PRE-TEST, POST-TEST, AND DIFFERENCE SCORES 
ON DATSRA FOR STUDENTS IN FIVE COURSES AT ANTELOPE VALLEY 
COLLEGE, 1963.

Mean Scores

Course
Number

of
Students

Pre-test Post-test Difference

Elementary
Algebra 20 54.0 62.7 8.7

Biology 42 59.0 59.8 0.8

Art 8 O) O -Q 63.3 2.6
Analytic
Geometry 13 63.0 70.6 7.6

Calculus and 
Solid Analytic 
Geometry 12 72,7 78.0 5.3

As previously suggested, no statistical evaluation
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of the data for the college level was proposed for this 
aspect of the study. There were two reasons for this. First, 
although an F-test could have been'run on the data and likely 
would have indicated significant differences, the proximity 
of the testing periods on the same form of the DATSRA could 
leave the usefulness of the analysis subject to question. As 
Myers pointed out,^ and as studies of practice effects have 
indicated, practice on a test leads to learning the test when 
the testing periods are relatively close together. This 
learning tends to invalidate the test. Second, the small 
number of students in some of the courses tends to make 
statistical inferences less reliable than those that can be 
based on large groups. In addition, the mathematics courses 
were taught by the investigator, and it was felt that un
anticipated bias may have been operating in the instruction 
in the mathematics classes.

The data in Table 6 point up two generalisations 
that can be made with some degree of confidence. First, if 
more confidence can be placed in statistical analyses based 
on larger samples, then the data given for Biology might be 
said to give a more representative picture' of the actual 
effect on spatial visualization of particular courses in the

5See page 63 and page 67.
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curriculum than is given by the rest of the data„ In any ■■ 
event, the largest group, Biology, showed the least effect in 
terms of net gain (0.8) on the BATSRA over the one semester 
period. On the other,hand, the next largest group, Elementary 
Algebra, showed the highest g a i n —  8.7 points in one semester. 
Thus the first generalization would be that the effects of 
courses on spatial ability at the college level could stand an 
extensive and intensive study of its own.

The second generalization that seemed to be supported 
by the data in Table 6 is that spatial ability as measured by 
the DATSRA correlates highly with basic intelligence. Par
ticularly is this evident in an analysis of the scores of 
students in the three mathematics courses.

The scores on both the pre-tests and post-tests rise 
markedly with increasing level of difficulty in subject matter. 
The students in Elementary 'Algebra had, a mean pre-test score 
of 54.0 and a post-test mean of 62.7. Analytic Geometry stu
dents scored at a mean of 63 on the pre-test and 70.6 on the 
post-test. At the highest mathematical level covered here, 
Calculus with Solid Analytic Geometry, the mean pre-test 
score was 72.7 and the mean post-test score was 78.0.
Apparently spatial visualization ability rises as the com
plexity of the subject matter increases, if the findings here 
can be generalized. Yet, it is not clear what is governing—  

the ability or the experience. Whether high spatial visualiza-
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tion ability is needed for successful work in higher mathe
matics or if higher mathematics lead to greater spatial 
abilities is another subject which merits investigation on 
its own and did not form a part of this study.

It is of interest to note that the differences in 
scores found for each of the two courses, Elementary 
Algebra and Analytic Geometry, closely matched the differ
ences of about 8 to 10 points discovered for tenth grade 
students, compared to ninth gfade students on the DATSRA 
It was previously conjectured that the differences at the 
secondary level might be caused by some maturational factor„ 
However, in the present case it is not likely that the 
differences could be ascribed to a inaturational factor „
Most of the students involved in this part of the investiga
tion were close to adulthood, if not well into it. It is 
more likely that uncontrolled factors and the non-statisti- 
cal approach to this aspect of the study led to such large 
differences. Nevertheless, these observed differences bear

■ • - ■ ' ' • ' ■ C  ' ,7 .

further investigation.
It was not possible tti' conclude definitely about the 

impact of particular courses on the development of spatial 
abilities at the junior college level on the basis of this

See page 85

t



limited study, The possibility that the findings of previous 
studies at the secondary level can be generalized to the 
junior college level was neither confirmed nor denied.

Summary

The results of an investigation of the impact of 
certain curricular patterns on the development of spatial 
visualization were presented in this chapter„ To assess the 
impact of the curricular patterns, the patterns were first 
identified, and then differences on a pre-test and post-test 
of the groups identified on the DATSRA were analyzed. A 
single classification analysis of variance was utilized in 
analyzing the mean differences in the pre-test and post-test 
scores of the groups„ The analysis yielded an F-test score 
of 1.09, not sufficient to warrant the rejection of the null 
hypothesis of no significant differences among the gains of 
the groups on the DATSRA. An F-test score of 1.96 was re
quired to be able to reject the null hypothesis at the five 
percent level of confidence.

The correlations between basic intelligence as 
measured by the CTMM and spatial visualization ability as 
shown by the DATSRA for the 219 students in curricular 
patterns were shown to be 0.512 at the freshman level and 
0.496 at the senior level. Both of these figures were far
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greater than needed for significance for the number of stu
dents in the study.

Definitive conclusions were not possible on the im
pact of particular courses on spatial visualization at the 
junior college level. It was not evident that the findings 
of previous studies at the secondary level could be ,general
ized to the junior college without further experimentation„

A summary, conclusions drawn, and recommendations
follow.



CHAPTER 6
SUMMARY, CONCLUSIONS, AND RECOMMENDATIONS

The role of spatial visualization in a technolog
ical world that is growing increasingly complex is one 
that should not be minimized. The need is growing for people 
who are able to function properly.in complex situations that 
demand the Ability to manipulate images in the mind and to 
arrive at reasonable decisions. Although investigations into 
the utility of particular courses in the secondary schools 
have been fairly extensive, most of them have failed to show 
that significant progress in the development of spatial 
visualization results from exposure in certain courses of 
the secondary curriculum. However, no evidence was found in 
the literature that indicated any study had been made of the 
impact on the development of spatial visualization due to 
patterns; of courses in the secondary curriculum. Therefore, 
this study was initiated to investigate the impact on spa
tial visualization of certain patterns of courses in the 
secondary schools.

Summary

In this investigation into the impact of certain 
curricular patterns on the development of spatial visual- 
ization, it was important to identify the role of spatial 
abilities in the TealiMibf j thev mental abilities and to de-
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termine the nature of the spatial abilities themselves„ To 
accomplish this, a review of the literature was made. This 
review revealed that spatial abilities form part of the com
plex which comprises the mental abilities of the human mind„ 
Probably no more than seven or eight factors significantly 
affect human mental performance„ Verbal reasoning and 
numerical ability have usually been followed by spatial 
ability in the order in which the factors of the mind affect 
intelligent behavior.

Further, the review revealed that the spatial abili
ties are more specifically defined than is basic intelligence 
Authorities fail to come to consensus as to the nature of 
basic intelligence, but the spatial abilities are generally 
accepted to be perceptual speed, spatial orientation, and 
visualization in ascending order of complexity, The litera
ture in recent years has come to an endorsement of the contin 
uum concept ofithe spatial.abilities, and to■the.acceptance 
that the complex end of the continuum is more closely re
lated to basic intelligence than is the lower end.

The authorities have agreed on the general defini
tion of the spatial abilities, but they are not in agree
ment on the question of whether or not the ability can be 
further developed under conscious effort. The possibility 
that the ability to spatially visualize is so connected with 
basic intelligence that it is subject to the same range off
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development has been considered but was not resolved in the 
literature consulted„

In general, the literature consulted failed to show 
that the spatial abilities are amenable to development under 
conscious effort, in particular courses in the secondary 
school curriculum. The extension of this concept to higher 
levels of academic work was not revealed in the literature, 
although some work has been done at the higher levels.

To investigate the possible influence of varying 
curricular patterns on spatial visualization at the secondary 
school level, a study Was made of 219 male graduates of a 
secondary school in Southern California and their improvement 
in spatial visualization over a period of four years while _ 
following nine different curricular patterns of courses. It 
was hypothesized that there would be no significant differ
ences among the improvements shown in spatial visualization 
by the students in the different curricular organizations. A ' 
single classification analysis of variance testing of the 
differences developed an F-test score of 1.09, where a score 
of 1.96 was required to be able to reject the null hypothesis 
of no-significant differences among the improvements of the 
various groups. Hence, it was concluded that curricular 
patterns did not have influence on the development beyond 
the influence of normal maturation.

In addition, an analysis of the relationship .between
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basic intelligence and spatial visualization showed a correla
tion of 0,512 between IQ and DATSEA scores at the freshman 
level and a correlation of 0.496 at the senior level. Both 
of these scores were significant beyond the five percent level 
of confidence.

Investigation into the impact of particular courses 
on spatial ability at the college level and the possible ex
tension of the findings of researchers at the secondary level 
on spatial visualization to higher levels of education was 
made by comparing pre-test and post-test scores on the DATSRA 
for classes of junior college students, in five academic 
courses of study. The evidence in this study was somewhat 
contradictory, based on the performances of academic classes 
at Antelope Valley College, and no definitive conclusions 
could be drawn concerning the generalization to higher levels 

\ of results at the secondary level.

Conclusions

On the .basis of the literature consulted in this in- 
. Vestigatidn, the following conclusions were drawn:

I . The authorities are not in agreement as to the 
nature or definition of basic intelligence. '

2i Probably no more than eight factors of the human 
mind are' needed to account for virtually all of the differ-
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ences in human mental performance„ Spatial ability would be 
one of the eight.

3. Spatial ability is diverse. The spatial abili
ties probably exist on a continuum from perceptual speed to 
spatial visualization.

4. Spatial visualization is meaningfully correlated 
with basic intelligence, although perceptual speed is not.

The results Of the experiment carried on as a part of 
this study have led to the following conclusions, subject to 
the limitations of statistical design, incidental bias, and 
unanticipated factors which affect the investigation:

1. Spatial visualization ability apparently is not 
subject to improvement under conscious effort. There is 
probably no impact on the spatial abilities due to the curricu
lar pattern followed in secondary school.

2. The correlation between basic intelligence and 
spatial Visualization Was confirmed on the basis of the data 
in this study.

3. On the basis of this study, it was not possible 
to form definite conclusions concerning the impact of partic
ular courses on spatial visualization at the college level.

Recommendations

As this investigation progressed, the following



119
recommendations took form:

1. Further study should be made into the possible 
impact on the spatial visualization ability of other areas 
of the curriculum and other curricular patterns than those 
examined here.

2. Additional study might well be directed to dis
covering the reason for the abrupt jump in spatial ability 
shown on the DATSEA at the tenth grade for both girls and 
boys.

3. Further study at the college level might reveal 
the answer to the question of whether high visualization 
ability is needed for higher mathematics or whether higher 
mathematics helps develop high spatial ability.

4. It is not clear whether spatial visualization 
ability peaks out at some level of maturity or if it can 
continue to grow as the individual ages. Investigations at 
the collegiate and adult levels over a period of years with 
a test that is open-ended might yield an answer to this 
question.
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SPACE RELATIONS
FORM A

Do not open this booklet until you are told to do so. -

On your SEPARATE ANSWER SHEET, print your name, address, and other 
requested information in the proper spaces.

In the space after Form, print an A.

Then wait for further instructions.
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b o o k le t A nsw er S heet

SPACE RELATIONS
DIRECTIONS

This test consists of forty' patterns which can be folded into figures. For each pattern, five figures are shown. 
You are to decide which of these figures can be made from the pattern shown. The pattern always shows 
the outside of the figure. Here is an example:

Ex a m p l e  X

Which of these five figures — A, B, C, D, E — can be made from the pattern in Example X ? A and B 
certainly cannot be made; they are not the right shape. C and D are correct both in shape and size. You 
cannot make E from this pattern.

— In the test there will always be a row of five figures for each pattern.

— In every row there is at least one correct figure.

— Usually more than one is correct. In fact, in some cases, all five may be correct.

Now look at the pattern for Example Y and the five choices for it. Note that when the pattern is folded, 
the figure must have two gray surfaces. One of these is a large surface which could be either the top or 
bottom of a box. The other is a small surface which would be one end of the box.



Example Y

Notice — all the "boxes” made from this pattern are correct in shape, but the sides which you see are 
different. Some of these figures can be made from this pattern while others cannot. Let us look at them.

— Figure A is correct. If the large gray surface is shown as the top, then the end surface of gray 
can be shown facing towards you.

— Figure B is wrong. The long, narrow side is not gray in the pattern.

— Figure C is correct. The two gray surfaces can both be hidden by placing the large gray surface
at the bottom and the gray end to the back.

— Figure D is wrong. The gray end is all right, but there is no long gray side in the pattern.

— Figure E is correct. One can show the box so that the large gray surface is at the bottom (as
it was in C), but with the gray end showing at the front.

So, you see, there are three figures (A, C and E) which can be made from the pattern in Example Y, and 
two figures (B and D) which cannot be made from this pattern.

Remember that the surface you see in the pattern must always be the OUTSIDE surface of the completed 
figure.

Now let's see how we mark our answers on the separate Answer Sheet. A sample is shown here.

For Example X we found that only figures C and D could be made, Sa m p l e  o f  A n s w e r  Sh e e t

so the spaces under C and D opposite X have been blackened. For X

Example Y, A is a correct figure, C is correct, and E is correct, so 

opposite Y we have blackened in the spaces under A, C and E. Y

In taking the test:

— Study each pattern.

— Decide which of the figures can be made from the pattern.

— Show your choices on the Answer Sheet by blackening in the little space under the letter which 
is the same as that of the figure you have chosen in the booklet.

— If you decide a certain figure cannot be made from the Pattern, make no mark on the Answer
Sheet.

A B C D E
i! I IA B C D E

I Ii I I

Do Not Write Anything in This Booklet 
Use Separate Answer Sheet 

You Will Be Told When to Begin
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TABLE 7. STUDENT NUMBERs AGE, IQ, FRESHMAN AND SENIOR
DATSRA SCORES, AND DIFFERENCES OF DATSRA SCORES BY GROUPS 
FOR 219 MALE GRADUATES OF ANTELOPE VALLEY JOINT UNION HIGH 
SCHOOL DISTRICT, 1961.

GROUP I
Student
Number

Age in 
Years & 
Tenths

CTMM
IQ

Score
DATSRA

Freshman
Scores
Senior

Difference of 
DATSRA Scores

. I 18.4 94 50 61 17
2 17.8 91 30 52 22
3 17.3 92 38 55 17
4 17.4 104 42 63 21
5 17.5 82 12 26 14
6 18.4 79 14 31 17
7 18.2 111 50 71 21
8 18.5 99 38 63 27
9 17.5 98 26 43 17

10 18.9 77 50 69 19
11 17.6 97 50 65 15
12 17.1 105 65 94 29
13 17.7 91 30 52 22
14 19.1 76 22 48 26
15 19.9 100 54 76 22
16 17.1 90 12 28 16
17 17 .8 85 65 78 13
18 18.3 97 34 50 16
19 17.4 90 50 65 15
20 16.9 115 75 85 10
21 17.5 106 60 68 8
22 17.5 105 56 74 18
23 17.5 114 38 56 18
24 17.6 95 57 79 22

GROUP 2 
25 17.3 93 38 65 27
26 17.6 97 24 48 24
27 I 17.9 99 34 55 21
28 18.8 84 22 38 ' 16
29 18.5 81 22 • 35 13
30 17.1 95 54 79 25
31 19.0 76 60 79 19
32 17.9 82 50 71 21
33 17 .3 103 65 82 17
34 17.5 H O 50 69 19
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TABLE 7 (Continued)

Student
Number

I Age in 
Years & 
Tenths

CTMM
IQ

Score
DATSRA

Freshman
Scores
Senior

Difference of 
DATSRA Scores

35 17.7 102 60 74 14
36 18.7 81 38 60 22
37 17.2 95 54 ' 70 25
38 17.9 109 46 68 22

, 39 17.6 92 12 17 5
40 17.7 91 55 76 21

GROUP 3
41 19.3 108 54 65 11
42 18.7 107 65 84 20
43 19.5 115 91 91 0
44 18.6 89 84 96 11
45 17.5 91 57 71 14
46 18.0 74 ' 11 24 13
47 17.0 97 25 45 20
48 17 .0 88 10 24 14
49 18 ,2 94 27 46 19
50 ' 18.1 92 75 84 9
51 18.3 95 47 63 16
52 17.9 86 16 30 14
53 18.2 103 32 52 20
54 17.3 100 38 61 23
55 17.7 97 36 56 20
56 17 .7 94 39 59 20
57 17.9 96 37 61 24
58 17.9 98 56 71 15
59 18.0 101 52 67 15

GROUP 4
60 17.6 100 37 60 23
61 17.5 94 39 63 24
62 17.5 93 34 60 26
63 17.0 97 49 61 12
64 17.8 97 35 55 20
65 17.8 93 27 43 16
66 17.7 99 47 65 18
67 17.9 100 44 63 19
68 18.0 95 32 44 12
69 18 .2 96 42 60 18
70 17.6 99 57 • 76 19
71 17.3 97 46 60 14
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TABLE 7 (Continued

. . .

"STuSelaic Age In Cl1MM DATSKA Scores ~0iT3feFence™oT™
Number Years, & 

Tenths IQScore
Freshman Senior DATSRA Scores

72 17.8 97 50 65 15
73 17.7 90 26 55 29
74 18.1 101 50 59 9
75 17.4 108 46 6$ 22
76 17.6 99 57 68 11

GROUP 5
77 17.4 99 24 50 26
78 17.5 103 41 63 22
79 17.6 101 31 56 25
80 17.5 104 43 65 22
81 17 .2 103 36 59 23
82 16.6 103 52 65 13
83 17.5 102 46 63 17
84 17.3 115 57 70 13
85 20.5 83 15 28 13
86 17.1 105 30 48 18
87 18.0 105 54 70 16
88 18.1 95 57 73 16
89 17.8 101 27 53 26
90 17 .8 102 35 60 25
91 18.1 89 24 48 24
92 18.1 97 36 53- 17 '
93 17.8 99 42 64 22
94 17.7 102 58 77 19
95 17.9 98 39 60 21
96 18.0 100 33 5V 24
97 18.3 92 • 49 66 17
98 20.5 95 12 18 6

GROUP 6
99 18.6 103 52 74 22

100 17.0 91 27 48 21
101 18.0 91 57 71 14
102 17.2 99 85 96 11
103 19.6 95 34 65 31
104 17.7 102 65 82 17
105 18.5 92 12 20 8
106 17.7 107 50 65 15
107 17.4 I'll 65 74 9
108 17.8 105 42 85 23
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TABLE 7 (Continued)

Student
Number

Age in 
Years & 
Tenths

T m
IQ

Score
DATSRA

Freshman
Scores
Senior

Difference of 
DATSRA scores

109 17.8 115 50 71 21
H O 17.3 102 42 52 10
111 17.0 108 60 79 19
112 19.3 123 77 85 8
113 18.5 130 65 79 14
114 17.7 I 100 46 68 22
115 17.5 112 42 61 19
116 17.0 90 54 82 ' 28
117 18.2. 112 58 74 16
118 18.1 90 54 82 28
119 17.3 118 76 85 9
120 20.9 71 46 71 25
121 17.7 104 65 91 26
122 17.4 126 65 79 14
123 18.1; 98 42 61 19
124 18.3, , 98 54 65 11
125 18.0 86 44 76 32
126 17.8 124 83 94 11.
127 17.2 105 22 38 16
128 17.8 115 54 71 17
129 19.7 100 38 61 23
130 18.0 99 30 43 13
131 17.1 118 76 85 15
132 17.3 102 46 63 17
133 17.1 102 46 60 14
134 17.2 109 42 61 19
135 20.5 87 22 38 16
136 19.1 116 50 71 21
137 17.4 113 71 81 10

GROUP 7 
138 18.4 125 83 95 12
139 18.0 105 47 67 20
140 17.7 99 26 52 26
141 17.8 H O 34 60 26
142 17.9 107 27 55 28
143 17.5 97 38 56 18
144 17.4 108 34 52 18
145 17.3 99 62 76 14
146 17.9 113 42 68 26
147 17.8 loo 46. 63 17
148 17.8 117 79 91 12



135
TABLE 7 (Continued)

Student
Number

Age , in 
Years & 
Tenths

CTHM
IQScore

BATSHir
Freshman

Scores
Senior

Difference of 
DATSRA Scores

149 17.8 114 77 89 12
150 17.8 103 48 63 15
151 17.0 111 54 68 14
152 17.5 112 65 76 11
153 17.8 102 50 65 15
154 18 .0 100 42 71 ■ 29
155 17.7 108 65 . 95 30
156 17.4 116 34 60 26
157 17.3 121 57 76 19

GROUP 8 
158 18.2 113 75 91 16
159 17.5 108 81 95 14
160 19.1 95 79 91 14
161 19.6 92 38 60 22
162 18.0; 85 57 68 11
163 17.6! 124 77 91 14
164 17.1! 112 76 92 16
165 18.3 82 57 76 19
166 17.5 102 38 60 22
167 '17.5 97 . 57 70 13
168 17.3 99 34 52 18
169 19.5 95 46 68 22
170 17.6 106 81 94 13
171 17.8 124 65 96 31
172 18.1 H O 65 94 29
173 17.5 102 38 65 27
174 18.3 103 38 60 22
175 18.3 103 55 74 19
176 17.7 106 85 95 10
177 17.7 124 77 91 14
178 17 .6 119 65 74 9
179 17.3 116 54 74 20
180 17.6 97 65 76 11
181 19.1 125 42 65 23
182 17.5 100 40 60 20
183 17.6 112 24 53 29
184 17.6 103 43 60 17
185 17.5 97 47 68 21
186 17.7 101 44 63 19
187 17.4 120 76 89 13
188 17.3 106 38 61 23
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TABLE 7 (Continued)

Student
Number

Age in 
Years & 
Tenths

CTMM
IQScore

DATSRA
Freshman

Scores' 
Senior.

Difference of 
DATSRA Scores

189 17,2 107 67 82 15
190 17.1 101 37 60 23
191 18.1 112 52 67 15
192 18.0 94 38 60 22
193 17.9 107 50 65 15
194 17.8 108 52 74 22
195 17.7 98 33 53 - 20
196 17.4 106 55 71 16
197 17.3 103 39 59 20
198 17.2 H O 58 77 19
199 17.1 101 27 50 23
200 17.5 104 39 57 18

GROUP 9
201 17.7 109 83 94 11
202 17.6 H O 56 74 18
203 17.8 112 44 63 19
204 18.0 107 35 60 25
205 17.6 114 41 64 23
206 17 .7 105 51 67 16
207 17.6 113 55 69 14
208 17.5 114 39 65 26
209 17.3 111 59 73 14
210 17.4 107 30 46 16
211 17.4 117 53 71 18
212 17.3 109 50 64 14
213 17.1 122 69 85 16
214 16.9 115 59 77 18
215 17.4 125 77 82 5
216 17.5 114 38 60 22
217 17 .3 112 59 79 20
218 17.5 118 92 92 0
219 17.2 101 42 65 23

J
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TABLE 8 . WORKSHEET FOR COMPUTING SINGLE CLASSIFICATION
ANALYSIS OF VARIANCE AND PEARSON PRODUCT-MOMENT CORRELATION 
COEFFICIENT.

a b C d e f g h i
Group N N-I X X2 c2 /a d-e f/b log g bh

I 24 23 436 8551 7920 631 27.44 1.43838 32.94
2 16 15 311 6503 6045 458 30.54 1.48487 22.27

3 19 18 298 5252. 4674 578 32.11 1.50644 27.11
4 17 16 307 6043 5544 499 31.19 1.49402 23.90
5 22 21 425 8783 8210 573 27.27 1.43569 30.15
6 39 38 680 13330 11856 1474 38.78 1.58861 60.37
7 20 19 388 8322 7528 795 41.83 1.62149 30.81
8 43 42 799 15970 14846 1124 26.21 1.41847 59.56
9 19 18 318 6079 5323 756 41.99 1.62315 29.22

Other figures needed for Bartlett’s Test:
j = it X)2 = 15,697,444
k c (I! X)2 = 71,677
I • f X2 - (±  X)2 = 34.1

N
■ N-9

BI - log I = 1.53250

Bartlett’s Test:
% 2= 2.3026 ]jN-9) log I - if]

c



TABLE 8 (Continued)

Bartlett’s Test:

X  2 = 2.3026 |il0 (1.53250) - 316.33]
= 2.3026 (5.49) = 12.64

Pearson Product-Moment Coefficient of Correlation 
Formulas
r . N S X V  - SX SY

V C NSX2-(Z Ya-(SY)iI
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TABLE 9. PRE-TEST AND POST-TEST SCORES OF 21 BEGINNING
ALGEBRA STUDENTS ON DATSRA, ANTELOPE VALLEY COLLEGE,
1963.

Student1
Pre-test
Scores

Post-test , 
Scores

Student Pre-test
Scores

Post-test 
Scores

I 57 50 12 35 72
2 87 89 13 22 76
3 78 81 14 73 64
4 68 72 1 15 71 80
5 35 52 16 27 45
6 69 66 17 61 59
7 5 22 18 16 8
8 22 35 19 72 70'
9 94 96 20 82 80

10 35 . 55 21 68 73
11 68 73

Mean Pre-test Score 54„0
Mean Post-test Score 62.7
Mean Difference 8.7
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TABLE 10. PRE-TEST AND POST-TEST SCORES ON DATSRA FOR 8
ART STUDENTS, ANTELOPE VALLEY COLLEGE, 1963.

Student Pre-test Post-test 
Score Score

Student Pre-test Post-test
Score Score

Mean Pre-test Score 60.7 
Mean Post-test Score 63.3 
Mean Difference 2.6

TABLE 11. PRE-TEST AND POST-TEST SCORES ON DATSRA FOR 12
CALCULUS STUDENTS, ANTELOPE VALLEY COLLEGE, 1963.

Student Pre-test
Score

Post-test
Score

Student Pre-test
Score

Post-test
Score

I 39 71 .7 93 93
2 55 70 8 76 86
3 76 73 9 56 59
4 84 81 10 88 89
5 97 97 11 71 75
6 76 82 12 61 60

Mean Pre-test Score 72.7 
Mean Post-test Score 78.0 
Mean Difference 5.3
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TABLE 12. PRE-TEST AND POST-TEST SCORES ON DATSRA FOR 13
ANALYTIC GEOMETRY STUDENTS, ANTELOPE VALLEY COLLEGE, 1963.

Student Pre-testScore Post-test Score Student Pre-testScore Post-test Score

I 27 68 8 80 82
2 83 85 9 75 93
3 78 74 10 62 90
4 85 95 11 43 38
5 63 78 12 40 65
6 45 20 13 56 ' , 43
7 82 85

Mean iPre-test Score 63
Mean Post -test Score 70.6
Mean Difference 7.6
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TABLE 13. . PRE-TEST AND POST-TEST SCORES' ON DATSRA FOR 42
BIOLOGY STUDENTS., ANTELOPE VALLEY COLLEGE, 1963

Student Pre-test' Post-test Student Pre-test Post-test
Score Score Sc ore Score

I 62 64 22 28 -2
2 39 49 23 79 83
3 59 58 24 60 62
4 20 17 25 60 67
5 50 69 26 71 83
6 67 86 27 79 74
7 76 58 28 79 89
8 75 71' 29 57' 48
9 34 27 30 62 74

10 63 45 31 79 63
11 44 62 32 79 79
12 78 79 33 71 76
13 27 8 34 20 52
14 50 47 35 66 70
15 32 28 36 82 90
16 87 82 37 59 61
17 52 50 38 77 75
18 70 67 39 28 24
19 79 84 40 66 73
20 80 80 41 77 57
21 11 32 42 46 51

Mean Pre-test Score 59.0 
Mean Post-test Score 59.8
Mean Difference 0:8
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