INFORMATION TO USERS

This material was produced from a microfilm copy of the original document. While
the most advanced technological means to photograph and reproduce this document
have been used, the quality is heavily dependent upon the quality of the original
submitted.
The following explanation of techniques is provided to help you understand
markings or patterns which may appear on this reproduction.
1. The sign or "target" for pages apparently lacking from the document
photographed is "Missing Page(s)". If it was possible to obtain the missing
page(s) or section, they are spliced into the film along with adjacent pages.
This may have necessitated cutting thru an image and duplicating adjacent
pages to insure you complete continuity.
2. When an image on the film is obliterated with a large round black mark, it
is an indication that the photographer suspected that the copy may have
moved during exposure and thus cause a blurred image. You will find a
good image of the page in the adjacent frame.
3. When a map, drawing or chart, etc., was part of the material being
photographed the photographer followed a definite method in
"sectioning" the material. It is customary to begin photoing at the upper
left hand corner of a large sheet and to continue photoing from left to
right in equal sections with a small overlap. If necessary, sectioning is
continued again — beginning below the first row and continuing on until
complete.
4. The majority of users indicate that the textual content is of greatest value,
however, a somewhat higher quality reproduction could be made from
"photographs" if essential to the understanding of the dissertation. Silver
prints of "photographs" may be ordered at additional charge by writing
the Order Department, giving the catalog number, title, author and
specific pages you wish reproduced.
5. PLEASE NOTE: Some pages may have indistinct print. Filmed as
received.

Xerox University Microfilms
300 North Zeeb Road
Ann Arbor, Michigan 48106

& •

I

-

-

-

-

-

.

.

.

\

|

;

.

74-12,439

1
)

KLEIN, A1bertha Genevieve Bates, 1914DEVELOPING SPATIAL MEMORY FOR FIGURES.

;
j

The University of Arizona, Ed.D., 1973
Education, psychology

!

j University Microfilms, A XEROX Company, Ann Arbor, Michigan ;

©

1974

ALBERTHA GENEVIEVE BATES KLEIN

ALL RIGHTS RESERVED

THIS DISSERTATION HAS BEEN MICROFILMED EXACTLY AS RECEIVED.

DEVELOPING SPATIAL MEMORY FOR FIGURES

by

Albertha Genevieve Bates Klein

A Dissertation Submitted to the Faculty of the
DEPARTMENT OF EDUCATIONAL PSYCHOLOGY
In Partial Fulfillment of the Requirements
For the Degree of
DOCTOR OF EDUCATION
In the Graduate College
THE UNIVERSITY OF ARIZONA

19 7 3

Trill UNIVERSITY OF ARIZONA
GRADUATE COLLEGE

I hereby recomnend that this dissertation prepared under my
direction by

Albertha Genevieve Bates Klein

entitled DEVELOPING SPATIAL MEMORY FOR FIGURES

be accepted as fulfilling the dissertation requ irement of the
degree of

D OCTOR OF EDUCATION

/ ~{!; /(

~issertation

/Je

1

Director

ll

After inspection of the final copy of the dissertation, the
folloHing members of the Final Examination Committee concur in
its approval and recommend its acceptance::':

,

..

"This approval and acceptance is contingent on the candidate's
adequate performance and defense of this dissertation at the
final oral examination. The inclusion of this sheet bound into
the library copy of the dissertation is evidence of satisfactory
performance at the final examination.

STATEMENT BY AUTHOR
This dissertation has been submitted in partial
fulfillment of requirements for an advanced degree at The
University of Arizona and is deposited in the University
Library to be made available to borrowers under rules of
the Library.
Brief quotations from this dissertation are
allowable without special permission, provided that
accurate acknowledgment of source is made. Requests for
permission for extended quotation from or reproduction of
this manuscript in whole or in part may be granted by the
copyright holder.

SIGNED:

ACKNOWLEDGMENTS
Those who have assisted with this project include a
great many public school children and their families, pro
fessional and paraprofessional persons, university students,
friends, and neighbors.

A sincere thank you is extended to

every one.
Major contributions were made by a number of persons
in particular.

My appreciation is extended to Dr. John R.

Bergan, my major advisor, for encouragement and guidance
throughout the project, and to members of my doctoral com
mittee for their consideration and support.
Provisions for conducting an experimental study such
as this in a school setting were made by the Tucson Public
Schools, my own school district, in which I have worked for
many years.

I am grateful to the administrative staff for

assistance in a number of ways, and to Phillip J. Bramley,
Principal, and the staff of Corbett Elementary School who
made it possible to gather the necessary data.
Finally, I express gratitude to my family, and
especially to our daughter, Martha Kay Klein Buckler, a
l

mother and former teacher, whose assistance in implementing
the experimental phase was invaluable.

A very special kind

of gratitude is due my husband, Peter, for domestic and
iv

personal sacrifices without which it would have been
impossible to complete this study.

TABLE OF CONTENTS
Page
LIST OF ILLUSTRATIONS

ix

LIST OF TABLES

X

ABSTRACT

xi

CHAPTER
I.

II.

III.

INTRODUCTION

1

The Problem
Theoretical Considerations
Spatial Perception as a Prerequisite
for Other Perceptual Abilities ....
Memory for Spatial Percepts as an
Essential Ability for Development
of Reading Skills
Purpose
General Purpose
Specific Purpose
Definitions
Definition of Spatial Perception ....
Definition of Spatial Memory
Definition of Figures
Hypotheses to be Tested

6
8
8
9
10
10
14
16
17

THE BISTRUCTURAL'MODEL OF SPATIAL MEMORY ....

18

The Two-Phase Model for Spatial Memory ...
Phase One: Perception
Phase Two: Memory
The Connecting Time Continuum
Uses of the Spatial Memory Model
Identification of Control Variable
Combinations
Control Variable Combinations
Selected for This Study

20
21
22
25
25

RELATED LITERATURE

3
4
4

25
26
29

Spatial Perception
Structural Bases for Spatial
Perception

vi

29
29

vii
TABLE OF CONTENTS—Continued
Page
Perceptual Tasks and Their Role in
Letter Form Identification
Perception of Spatial Stimulus
Characteristics . . . . . . . . . . .
The Influence of Content on Spatial
Perception
Physiological Aspects of Spatial
Perception
•
Developmental Studies of Perception . .
Spatial Memory
A Structural Basis for Spatial
Memory
Figural Memory Tasks and Their Role
in Letter Form Identification ....
Memory for Figural Products of Spatial
Information
The Nature of Spatial Memory Content . .
Memory and Interference Effects ....
Spatial Memory from a Learning and
Development Point of View
Spatial Memory Tests and Methodological
Considerations
Spatial Memory Tests
Methodological Considerations
IV.

k

METHOD
Subjects and Sample Selection
The Test of Spatial Memory for Figures ...
Construction of the Test for
Spatial Memory Measurement
Production of the Spatial Memory
Test Items
Response Forms for the Spatial
Memory Test
The Use of Coding Systems
Scoring Guide
Test Administration
Technical and Physical Provisions ...
Advance Preparation of Children for
Using the Test Response Forms ....
Test Instructions
Calendar Schedule for Testing
Application of Spatial Memory
Instruction
Instructional Variations

32
36
39
42
44
50
50
51
53
55
59
61
66
66
68
72
72
76
76
78
79
81
82
83
83
84
85
87
88
88

viii
TABLE OF CONTENTS—Continued
Page
Lessons for Spatial Memory
Instruction
Instructional Materials
V.

RESEARCH AND ANALYSIS
The Research Design
Results
Statistical Analysis

VI.

DISCUSSION AND CONCLUSIONS
Discussion of Results and Experimental
Conditions
Suggestions for Future Studies and
Practical Applications
Summary and Conclusions

APPENDIX:

FIGURAL CONTENT OF ITEMS ON THE TEST OF
SPATIAL MEMORY FOR FIGURES

REFERENCES CITED

89
91
93
93
94
96
100
100
102
104
106
109

LIST OF ILLUSTRATIONS
Figure

Page

1.

The Bistructural Model of Spatial Memory ....

19

2.

Time-Task Combinations for Instructional
Variations

27

Charted Derivation of Sample Groups and
Number in Each

74

4.

A Spatial Memory Test Item

76

5.

Illustration: Spatial Memory Test Response
Form

80

Groups of Subjects on the Experimental
Design

93

3.

6.

ix

LIST OF TABLES
Table
1.
2.

3.

4.

Page
Figures for Instruction, Classified by
Content and Numbered by Lesson

92

Means (M) and Standard Deviations (S.D.)
for Groups on Pre- and Posttest Raw
Scores

94

Means and Standard Deviations by Subtests
on Content Categories, by Pre- and
Posttest Raw Scores

95

Analysis of Variance for Experimental
Training, Sex, and Testing Effect, on
Posttest Raw Scores

97

x

1

ABSTRACT
Background
Concern for a high proportion of reading problems
among the nation's school children has led to investigations
seeking causes and corrective measures.

A number of studies

indicate that, to the end of first grade, development of
visual perception is a good predictor of reading achievement.
Continued progress in reading requires letter recog
nition, an ability involving memory for certain perceived
locational characteristics which serve as distinguishing
marks for discriminating forms or figures.

Hence, letter

and word recognition involve spatial memory.
The importance of spatial memory to reading suggested
an experimental study to assess effects of spatial memory
training on spatial memory ability.

Because no group test

/

of spatial memory for young primary-age children was found,
the Test of Spatial Memory for Figures was constructed for
this study.
Objectives
Information was sought concerning two questions:
1.

Will spatial memory for figures improve with spatial
memory training with groups of beginning first grade
children?

xi

xii
2.

Will instructional variations differentially affect
spatial memory for figures, resulting in differences
between groups who receive spatial memory training?
The Bistructural Model of Spatial Memory
The bistructural model of spatial memory was

developed to classify defining variables of two functions:
perception and memory.

These are represented as two sub

structures with an interlinking time continuum.

The dual

substructures contain four parallel dimensions of spatial
memory: (1) sense modality, visual; (2) products, units of
spatial information; (3) content, figural; and (4) spatial
memory tasks, match recognition, reproduction-reconstruction
and identification-visualization.
Instructional variations developed from the model
were time duration series of stimulus exposure and spatial
memory tasks.

These were termed simultaneous matching,

successive matching, simultaneous reproduction, and
successive reproduction.
Procedure
Subjects were the 111 first grade children, 59 boys
and 52 girls, enrolled in Corbett Elementary School,
District One, Tucson Public Schools, Arizona.

Sample groups

were selected by random procedure for a Solomon Four-Group
research design.

xiii
Two-stage spatial memory test items on slide films
were projected on a screen: standard figure, 5 seconds;
blank screen, 3 seconds; set of three alternatives.

The

task was to find the alternative positioned like the
standard, indicating choices on picture- number- and colorcoded response forms.

Items were presented in subtest sets

of 10 for each of five content categories: geometric forms,
cultural artifacts, living things, nonverbal symbols, and
verbal symbols.

Total score was the number of items

correct.
The test was administered to groups of about 30
children.

Pretest and posttest were scheduled in the first

semester, about 8 weeks intervening, during which experi
mental groups received instruction.
Results and Conclusions
Analysis of variance on posttest scores for three
main effects—spatial memory instruction, sex, and testing
effect—produced the following results:
1.

Development of spatial memory ability by instruction
was not supported.

Spurt in development of visual

perception in 6- and 7-year old children generally
and a low test ceiling may partially explain this
outcome.

Possible fault in the measuring instrument

also is indicated by low positive test-retest
correlations of .72 and .67.

Results might have

xiv
been quite different with kindergarten children, a
conclusion which suggests need for a follow-up
study.
2.

Analysis of variance on types of applied instruction
and sex indicated no differences.

No significant

interactions emerged.
3.

Effect of testing received substantial support.
This indicates that the spatial memory testing
experience is very likely to exert positive influ
ence on subsequent performance in a similar situa
tion.

CHAPTER I
INTRODUCTION
Many first grade children begin school without
certain basic abilities believed necessary for success in
starting to read.

This problem has been attributed, in

considerable part, to a lag in development of visual
perceptual abilities adequate for beginning academically
related learning activities (Frostig and Home, 1964).
Studies by Frostig and associates (1963) in various
school systems show approximately 20 to 25 per cent of
children starting first grade with inadequate perceptual
maturity for beginning reading, arithmetic, and writing
without putting forth undue effort.

Nationwide estimates of

school children with reading problems vary from 10 to 25
per cent, "a considerable proportion of whom can be assumed
to have continuing visual perceptual problems" (Frostig and
Horne, 1964, pp. 7, 13); that is, problems with respect to
the ability to recognize stimuli such as letters of the
alphabet and sequences of letters in words.
Using The Marianne Frostig Developmental Test of
Visual Perception as the perceptual measure, a correlation
of between +.4 and +.5 between visual perception scores and
reading achievement scores has been found at the first grade

level in the usual school setting (Frostig et al., 1963).
Evidence from a number of studies; e.g., Appleton and
Sprague (cited by Frostig et al., 1963, pp. 493ff), is
presented to indicate that the Frostig test is a good
predictor of reading achievement to the end of first grade.
"At the third grade level, the correlation between
visual perception and reading achievement is very slight"
(Frostig and Home, 1964, p. 11).

This suggests that,

generally, heavy reliance upon visual perception occurs
during early levels when young school children are starting
to read, with less reliance upon visual perceptual abilities
seeming to be needed as the child continues in reading
development.

However, lacking basic abilities for even

starting to read, a child cannot be expected to progress
satisfactorily to the third grade level.
The preceding information implies that a realistic
beginning reading program for young school children must be
consistent with children's perceptual development.

Con

versely, it is quite likely that experiences involving
figures, forms, or shapes, such as letters of the alphabet,
may further perceptual development.
For continued academic development, an instructional
program intended to build a set of basic skills in beginning
reading must point in the direction of goals beyond the
beginning level.

This requires development of abilities
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which act concomitantly with perception, such as perceptual
memory.
The Problem
A search of the literature for studies devoted
specifically to spatial memory revealed that available
information was extremely limited.

However, many studies

were found dealing with various aspects of visual percep
tion.
The problem overall for this study, then, was to
seek information pertinent to spatial memory through
experimental investigation.

The complex nature of the

problem is indicated by the conceptualization of spatial
memory as a concomitant functioning of two mental
processes, visual perception and memory for a particular
kind of perception—perception for the spatial or locational properties that serve as distinguishing marks for
discriminating among forms or figures such as numerals and
letters of the alphabet.
The immediate problem was to collect data for
assessing the effects of spatial memory training on spatial
memory ability in young primary-age school children.

No

public school kindergarten had been available for these
children; so they were just starting formal reading instruc
tion.
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Measurement of results presented a problem, since no
group test of spatial memory appropriate for young schoolage children was found to exist.

Because of the importance

of spatial memory to reading and other academically related
learning, the Test of Spatial Memory for Figures for use
with groups of young children was constructed for this
study.
Theoretical Considerations
Two major theoretical considerations apply in the
concept of spatial memory as an essential function pre
requisite for reading.

First, some degree of spatial or

locational perception is involved in every kind of percep
tual ability believed most pertinent for reading.

Second,

memory for re-presented stimuli, e.g., recognition of
letters and words, is necessary for continued progress in
learning to read.
Spatial Perception as a Prerequisite for
Other Perceptual Abilities
Spatial components are present in other kinds of
perception.

Those visual perceptual abilities considered

most relevant for reading and other academic learning are
either predominately spatial in character or they are based
on the presupposition that spatial perception already
exists.

The Frostig program for the development of visual
perception is a case in point (Frostig and Home, 1964).
This program consists of five sets of worksheet exercises,
a set for each of the five abilities included as diagnostic
subtests in The Marianne Frostig Developmental Test of
Visual Perception.

Of these five abilities, selected

because they "seem to have the greatest relevance to
academic development" (Frostig and Home, 1964, p. 10), two
are predominately positional or spatial: perception of
position in space and perception of spatial relationships.
Spatial perceptual abilities are also essentially basic to
the remaining three abilities: perceptual constancy, visual
motor coordination, and figure-ground perception (see
Frostig and Home, 1964, pp. 50, 60-61, 66).
Guilford (1967) presents Eleanor J. Gibson's list
of specific features that a child must be able to perceive
as a first step in starting to read.

"Distinguishing marks

(properties) are in the form of straight versus curved lines
and their various combinations and positions within each
letter; angle of slant, from vertical to horizontal; open
and closed portions; and so on" (p. 264).

The child must

also be able to perceive serial order of the lines and
their points of intersection that are distinctive to each
letter, and serial order of letters in words.

Perceiving

distinguishing marks such as these requires considerable
ability in spatial perception.
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Memory for Spatial Percepts as an Essential Ability
for Development of Reading Skills
For continued reading development, memory must
function as a concomitant of spatial perception, sometimes
called "pattern vision" (Frostig and Home, 1964, p. 51).
The more complex the pattern, the greater the role that
visualization and visual memory play in efficient and rapid
performance of tasks requiring ability to perceive spatial
relationships.
This is certainly true of printed material for
reading, a stimulus situation which presents highly complex
patterns of stimuli containing familiar units in frequently
changing combinations.

Considerations with respect to the

limited span of information intake of which an individual
is capable (Guilford, 1967) and the temporal nature of the
stimulus situation presented for reading provide indications
of the important role of recognition, a form of memory, for
integrating perceived parts into a total picture (Frostig
and Horne, 1964).
Bartlett (1932) explains the temporal basis for the
relationship noted between figural perception and recogni
tion in terms of the original presentation of a stimulus and
its re-presentation.

"Recognition occurs when, some object

being re-presented, the immediate perceptual pattern is
compared with a revived percept . . . and a judgment of
likeness is passed.

Such judgments are involved in tasks

which require matching—a recognition process which occurs
when a visually present stimulus figure is compared with a
revived percept" (p. 191).
Closeness of association between visual perception
and recognition is apparent in descriptions which do not
make a clear separation between the two processes (see
Frostig and Horne, 1964; Piaget, 1968).

Gibson (cited by

Guilford, 1967) makes direct reference to perception as
recognition of spatial properties of reading, i.e., letters
to which Guilford (1967) refers as "units of figural
information" (p. 267).

Perceptual learning is said to

occur when these units are stockpiled in memory storage.
Further indication of close association between
memory and perception appears in reviewing of task require
ments for the two kinds of tests.

In memory tests con

sisting of double-stage items (see Guilford, 1967, pp. 111112), Piaget (1968) includes matching, a recognition task,
and reproduction, a reconstruction task, as task require
ments on certain measures of figurative memory.

Perceptual

measures for some reported studies of visual perception
also employ a double-stage format and require a recognition
type task response (see Bergan, 1967, pp. 21-22, 75; Rey,
cited by Wohlwill, 1966, p. 109).

Directions for

administering two of the subtests, figure-ground perception
and perceptual constancy, in The Marianne Frostig Develop
mental Test of Visual Perception require removal of the

standard from sight before the response is performed, hence
clearly indicating that the tasks involve memory.
The lack of clear separation between perceptual and
memory processes which has been noted here permits the
student to make inferences with educational implications.
Obviously, recognition of symbolic forms is a goal of
visual perceptual training for academic development.
Achievement of this objective involves development of
spatial memory—recognition of spatial properties which
serve as distinguishing marks for printed symbols.
Purpose
General Purpose
The general purpose of this study was to gather
information with respect to the development of spatial
memory for figures with beginning first grade children.
Such information might be applied in the planning of
developmental programs for young children who are getting
ready to read.
The need for improving instructional programs for
young school children is indicated by findings such as
those presented by Frostig and associates (1963).

These

findings point to a large incidence of learning problems
associated with inadequate perceptual development for
satisfactorily performing initial reading tasks usually
presented at the first grade level.
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Memory was chosen as the focal point for this study
because memory for what has been perceived is essential for
continued progress in learning (Guilford, 1967; Kephart,
1960).

Immediate recognition of stimuli, such as letters

of the alphabet upon re-presentation, is an objective of
visual perceptual training (Frostig and Home, 1964;
Guilford, 1967).

Recognition is a memory task (Bartlett,

1932; Piaget, 1968).
Numerous investigations dealing with visual percep
tion but relatively few on perceptual memory have been found
in the literature.

At present the place of memory in

perceptual training has not been thoroughly investigated.
Specific Purpose
The specific purpose of this study was to discover
whether spatial memory for figures, as measured by the
Test of Spatial Memory for Figures. could be improved
through spatial memory training applied with groups of
beginning first grade school children.

The training was

designed as several sets of spatial memory experiences,
since an accumulation of experiences is presumed to
encourage development of perception (Frostig et al., 1963)
and to provide units of information for stockpiling in
memory storage (Guilford, 1967).

Plans for the spatial

memory training included learning activities which employed
instructional variations with matching and reproduction, two
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tasks which have been associated with visual perception
(Bergan, 1967), and with the figurative component of memory
(Piaget, 1968).
Specifically, answers were sought to the following
questions:
1.

Will spatial memory for figures improve with spatial
memory training experimentally applied with groups
of beginning first grade children?

2.

Will different types of instructional variation
produce differences between groups in spatial memory
ability?
Definitions
Terms which define this study are spatial percep

tion, spatial memory, and figures.

These terms indicate the

areas of educational psychology with which this investiga
tion is concerned.
Definition of Spatial Perception
Perception is a process for gathering information
about stimuli according to some imposed structure.

The term

spatial refers to visual perception for a particular
property or characteristic of a stimulus object.

Figures

(forms or shapes) used as stimulus objects for this study
are external to the observer and appropriate for information
intake through the visual receptor channel.

The Structure of Visual Perception developed by
Bergan (1967) as a definitional model consists of four
variables for defining perception: stimulus characteristics,
perceptual tasks, content categories, and the sense
modality which serves as the receptive channel—visual in
this particular model (Bergan, 1967, Fig. 4, p. 19).
The spatial concept as it applies in this study
appears on the model as the stimulus characteristic, posi
tion in space.

Figures are represented by the stimulus

characteristic, form, limited by position in space.
The same variables that define perception in
general also define perception for a particular property,
e.g., the spatial property in a perceptual situation.

In

the following description of the defining variables of
perception application is made specifically to the spatial
attribute.
Stimulus characteristics are those perceivable
properties of external stimuli which can be described in
terms of quality and quantity.
subjective component.

A qualifier suggests a

This is frequently, though not

necessarily, stated verbally; e.g., "the line looks
tilted."

A quantifier is a measurement value which

objectively describes stimulus dimensions; e.g., "the
protractor measures the angle of slant of a line from a
horizontal point of reference at 45 degrees."
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Constant and varying dimension values impose
limitations which can produce interdimensional effects.

For

example, a distant object appears smaller than a near
object.

Hence location with reference to the observer

imposes a perceptual limitation on size.
Task requirements comprise the perceptual task, the
set of perceptual requirements for the observers.

Percep

tual requirements specify the response conditions that
enable the observer to report what he has perceived and
determine, in part, what he will perceive.
Bergan (1967) lists three components of a perceptual
task: variations in number and arrangement of stimuli, the
nature of the instructions to the observer, and the kind of
observer behavior required.
the percept.

Stimulus variations may change

Instructions influence perceptual expectancy,

thereby indirectly influencing perception.

The kind of

observer behavior required influences the manner in which
the observer performs the perceptual task.
Spatial implications exist in all three components
of a perceptual task.

Relative location is involved in

number and arrangement of stimulus elements in the percep
tual situation.

Nature of instructions and kind of overt

observer behavior required determine, in part, the extent to
which the observer is likely to be aware of spatial charac
teristics in the perceptual stimulus situation.
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Content categories are culturally founded classifi
cations; content of a perceived object is identified by
means of cues provided by stimulus characteristics.

Cues

make it possible for the observer to attach meaning to
perceivable stimuli.

Variation in stimulus characteris

tics may alter the cues and so result in content changes
for the observer.
Form is the stimulus characteristic most widely
used to define content categories.

For instance, some

forms are classified as geometric, others as letter and
word symbols, still others as numerical symbols, and so on.
Some categories of forms, e.g., geometric designs and
letter forms, are not basically different from one another
(Bergan, 1967).
Yet it has been noted that individuals may respond
differently to materials in different content categories
despite basic likenesses.

Bergan (1967) attributes this

phenomenon to cultural factors.
Thurstone, and

Goins

He cites Guilford, .

for documentation on the existence

of separate intellectual and perceptual abilities for
certain content categories.
Sense modalities are sensory channels for informa
tion input and processing.

Each modality is responsible

for processing a kind of stimulus information specifically
suited for that particular modality, and so provides a set
of perceptual experiences that are, in many instances,
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unique to itself.

That is, certain visual stimuli are

appropriate for visual receptors but are not appropriate
for auditory receptors.
Where flexibility exists across receptors, some
stimuli are appropriate for more than one sense.

For

example, spatial position is associated with visual,
kinesthetic, auditory, tactual, and other sensory receptors.
Definition of Spatial Memory
Spatial memory can be defined by defining memory
in relation to perceived spatial components in a stimulus
situation.

Guilford (1967) defines memory as "retention

or storage, with some degree of availability, of information
in the same form in which it was committed to storage and in
connection with the same cues with which it was learned"
(p. 211).

Memory is said to occur only if it has been

preceded by cognition, a broader category which includes
perception (Guilford, 1967).

Spatial memory is memory for

a formerly perceived positional or spatial stimulus charac
teristic.
It can be assumed that four variables comprise
Guilford's (1967) definition of memory.

These are: (1)

retention of information, (2) availability or retrievability
of retained information, (3) form similarity of the re
trieved to the retained information, and (4) a cue-connected
component.

These variables can apply to spatial information.
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Retention of information refers to the storage of
information.

Guilford (1967) defines information as "that

which an organism discriminates," an occurrence in the
individual's "psychological field" (p. 221).

Information

gathering occurs on a first presentation of a stimulus;
awareness is a determinant in this process.

Memory applies

to that information which is stored; for example, this
study is concerned with retained information pertaining to
the perceived spatial attributes of figures.
Availability of stored information refers to a
concept pertaining to retention or retrieval.
implies the existence of stored information.

Retention
Guilford

(1967) explains that "memory traces are available when
normal empirical evidence can be found for the continued
existence of the information these traces have held"
(p. 211).
The form of retrieved information, according to
Guilford's (1967) definition of memory, specifies
retrieval of information "in the same form in which it was
committed to memory."

"The same form" means with the same

kind of content and the same kind of product (pp. 211-213).
If a formerly perceivei stimulus item yielded information
in the form of a unit product with figural content visually
processed, then memory would revive the trace as a visual
unit of figural information.
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Memory for cues is indicated if retrieval of a
stored item of information o curs "in connection with the
same cues with which it was learned."

This suggests that an

item of information and cues for it are parts of the same
memory package.

For example, if a boundary such as a

rectangular outline is a background cue, then spatial
position of a shape is both learned and remembered in
connection with that cue.
Definition of Figures
In this study figures are defined as stimulus
objects external to the observer and appropriate for visual
input and processing.

They are concrete objects or repre

sentations with a relatively discrete "thing" quality.
Regardless of classifications on cultural content, all
visual shapes used here have a basic figural content.
In this report, figures, forms, and shapes are used
as synonymous terms.

Stimulus characteristics which may be

perceived visually are the form, itself, e.g., a triangle,
numeral, or letter of the alphabet, or a property of the
form, e.g., size hue, location features, and so on.
According to Guilford's (1967) definition, "Figural
information is in concrete form, as perceived or as recalled
in the form of images" (p. 227).

Piaget's (1968) use of

"figurative" is taken here to mean "figural."
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When taken as the product of contributing concepts,
the construct spatial memory would seem to represent more
than the summed total of variables that define perception of
a spatial attribute plus those that define memory.

Defini

tion of spatial memory may be facilitated with a bistructural model depicting a two-phase process on a time line
(see Figure 1, p. 19).
Hypotheses to be Tested
The hypotheses to be tested were as follows:
1.

Some kind of spatial memory instruction will produce
a significant difference between treatment and
control groups of beginning first grade children
with respect to spatial memory abilities as
measured by the Test of Spatial Memory for Figures.

2.

Instructional variations will differentially effect
spatial memory for figures, resulting in a signifi
cant difference between the groups who receive
spatial memory training.

CHAPTER II
THE BISTRUCTURAL MODEL OF SPATIAL MEMORY
Figure 1 illustrates spatial memory as a bistructure
with the two phases, perception and memory.

The serial

nature of memory for a spatial percept is indicated by the
line connecting the two substructures.
Phase I, Perception, is taken from Bergan's (1967)
structure of visual perception.

This model is a morpho

logical structure of cells, each representing a definition
of visual perception formed by the combination of three
dimensions: stimulus characteristics, content, and percep
tual task.

Perceptual measures may be defined in terms of

the model (see Bergan, 1967, Fig. 4, p. 19).
Phase II, Memory, is taken from Guilford's (1967)
structure of intellect.

This model is a morphological

structure for organizing intellectual-aptitude factors
found by factor analysis.

These factors are cross-

classified along three dimensions: mental operations,
products, and content (see Guilford, 1967, Fig. 3.9, p. 63).
The Guilford (1967) structure is like the Bergan

I
(1967) model in that both are morphological, with three
dimensions.

Content categories are the same for both.

Perception is dealt with in each according to the
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The Bistructural Model of Spatial Memory — Visual Modality (V).

PHASE I: Perception

PHASE II: Memory

Content: Fgl - Figural
Content: Fgl - Figural
Product: Un - Units
Stimulus Characteristics:
Memory Tasks:
Sp.F/B - Spatial attribute of
Rgn - Recognition
Figures limited by
Rc - Reconstruction
Background
Vz - Visualization
Sp.F/K - Spatial attribute of
Figures limited by
Kinesthesis
Perceptual Tasks:
M - Matching
I - Identification
R - Reproduction
Dots represent other components and combinations that could be added.
Cells represent combinations of Perceptual Components: content, stimulus charac
teristics, tasks, and combinations of Memory Components; content, products, tasks,
The line connecting the cubes represents the serial time sequence for Phase I and
Phase II operations.

psychologist's point of focus.

The spatial memory bi-

structure lies somewhere between the two.
The Two-Phase Model for Spatial Memory
The two-phase model on a time line evolves logically
from the nature of the memory process.

Memory cannot occur

without an object, something first experienced and then
remembered.

This study specifies a spatial percept appro

priate for the visual modality as the object to be acted
upon by the memory operation.
The Phase I substructure defines the perception
phase of spatial memory.

This phase provides the

experience to be remembered: visual perception of the
spatial attribute of a figure.
The Phase II substructure defines the memory
component of spatial memory.

In this phase, memory acts

upon that which was previously perceived—the spatial
percept.
The bistructural model provides a framework for
visualizing a series of overlays, showing Phase I and
Phase II variables in common and those distinctive to each.
The model can be expanded to generate definitions of memory
on other operations.

Priorities determine the order of

subclasses on the model; e.g., forms limited by background
(F/B) also

apply to

forms limited kinesthetically (F/K).
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Phase One: Perception
Perceptual Tasks.
perceptual tasks.

The perception phase involves two

Matching (M) refers to selecting, from

among a set of alternatives, a stimulus that matches a
standard; e.g., selecting the spatial attribute of a
previously viewed figure from among a set of identical
figures variously positioned.

Reproduction (R) means

duplicating a standard; e.g., using a set of identical
figures and background to copy the spatial position of
the figure-on-ground from a pattern.

Identification (I)

means denoting what is seen; e.g., naming words seen on
a projection screen.
Stimulus Characteristics.

The model contains two

stimulus characteristics, differentiated only by their
limitations.

In this context, use of the terms a form, a

shape. and a figure will be used interchangeably.

The code

Sp.F/B signifies perception of the spatial attribute of a
form limited by background.

The code Sp.F/K signifies

spatial perception of a figure limited kinesthetically.
Kinesthesis refers to sensory processing that involves
bodily movements, with muscular (tonic) intake of informa
tion.
Perceptual Content.

In the spatial memory model,

perceptual content refers to the figural aspect basic to all
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visually perceivable shapes, regardless of other possible
meanings.

For subtests of the spatial memory test and for

instructional materials, the figures have been further
classified into the following five subcategories: Geometric
Forms. e.g., outlined shapes of rectangles, triangles, and
the like; Cultural Artifacts, e.g., outlined shapes with
pictorial quality representing man-made items such as kites,
boats, and scissors; Living Things. e.g., picture outlines
representing living things such as frogs and trees, the
human body and its parts; Nonverbal Symbols, e.g., numerals,
road signs, and musical notations; and Verbal Symbols, e.g.,
letters of the alphabet.
Phase Two: Memory
Memory Tasks.

Memory consists of two components,

figurative and operative.

This classification, presented by

Jean Piaget (1968, p. 14) in his book of lectures On the
Development of Memory and Identity is taken as the basis for
the memory tasks on the Phase II substructure of the spatial
memory model.

The figurative aspect is the one which

applies to memory for perceptions.

Piaget lists and

describes three kinds of memory tasks that belong in the
figurative category: recognition, reconstruction, and
mental imagery.

Mental imagery is represented by visualiza

tion on the spatial memory model because the memory task
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involved here is immediate recognition of visual informa
tion.
Each memory task on a re-presentation of a prior
perceptual event is performed in conjunction with a
corresponding perceptual task on the immediate perceptual
event.

The following definitions of three figurative

memory tasks are derived from descriptions by Piaget
(1968).

The corresponding perceptual tasks are taken from

definitions by Bergan (1967).
Memory tasks with corresponding perceptual tasks are
as follows: (1) Recognition (Rgn)—Matching (M), (2)
Reconstruction (Rc)—Reproduction (R), (3) Visualization
(Vz)—Identification (I).
Figure 1).

(See the spatial memory model,

Piaget describes reconstruction as imitation,

and mental imagery as formation of "mental images necessary
for evocation."

The latter has been interpreted as

visualization on the spatial memory model.
Definitional spatial memory tasks for this study
were formulated from the preceding combinations as follows.
Match recognition was required for the spatial memory test
and for one type of instruction.

Reproduction-reconstruction

was used for a second type of instruction.

Identification—

visualization was used with all instructional groups in a
supplementary activity, denoting position with words such
as up-down and left-right.
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These compound terms are definitional.

Elsewhere in

this report attempts are made to simplify spatial memory
task terminology to avoid awkward phrasing.
Products.

Products are defined in terms of visual

units (Un), single items of information having a "thing"
characteristic.

Properties or attributes of the unit

objects are also classified as units (Guilford, 1967, pp.
251-253); e.g., a spatial attribute is a unit product.

The

term units in the memory substructure is an inclusive
classification for spatial stimulus characteristics.
Memory Content.

Content in the memory phase is

essentially the same as content in the perceptual phase.
For example, a perceived triangle is remembered as the
geometric form, triangle; a perceived kite is remembered as
the cultural artifact, kite; and so on.
Regardless of content, where form is a unit product
and the stimulus characteristic to be perceived is a spatial
component, the locational aspect of that figure may also be
considered as a memory unit.

The figure, its content, and

its location appear inseparable.

In this study, spatial

position as an external visual stimulus attaches to an
object or figure that has classifiable content.
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The Connecting Time Continuum
The time continuum on the spatial memory model is
represented by a connecting line between the perception and
memory substructures.

The time line indicates that percep

tion and memory occur in serial order.

Guilford (1967)

implies an operational time sequence, asserting that "there
is memory if and only if there has been cognition" (p. 252).
Uses of the Spatial Memory Model
Identification of Control Variable
Combinations
The bistructural model was devised initially to pro
vide a defining framework for spatial memory; but it has
proven useful also for constructing alternative combinations
of control variables which could be studied.

For example,

any number of variations can be produced by varying length
of time duration on stimulus exposure alone.
By analyzing learning activities in terms of task,
variations in performance can be applied to the same task.
Performance of pencil and paper drawings and positionally
arranging three-dimensional objects are examples of such
activity variations for the same perceptual task, duplica
tion of a standard.
The time line on the model suggests that a memory
task for spatial perception can be devised by regulating
duration time of stimulus exposure in relation to

performance of overt activity.

The perceptual phase indi

cates the ordered series: standard (stimulus) exposed—
standard duplicated.

For the memory phase, the ordered

series becomes: standard exposed—standard hidden from
view—standard duplicated.

Hence the nature of the task

may be varied by varying visual availability of the
standard (stimulus figure or set).
Where the stimulus standard is available during
duplication, a perceptual task, e.g., reproduction, is
indicated.

Where the stimulus standard is hidden from view

during duplication, performance requires a memory task,
e.g., recognition or reconstruction, depending upon the
kind of activity involved.

In this case, if the stimulus

characteristic to be perceived and remembered is location
of a figure, the task then becomes a spatial memory task.
Control Variable Combinations Selected for
This Study
Control variable combinations selected for this
study are task requirements and duration time of stimulus
exposure in relation to initiation of performance of a
learning activity.

Figure 2 shows the combinations which

were used to develop the four instructional variations
employed in the experimental project.
From Figure 2 it can be seen that the name for the
perceptual task has been used.
perception precedes memory.

This has been done because

The term "time—task" has been
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Variable 1

Variable Combinations

Variable 2

Matching
Simultaneous ^
Reproduction
Time
Duration

Task
Components
^Matching
Successive
Reproduction

Figure 2.

Time-Task Combinations for Instructional
Variations — Variable 1—Time Duration: Time
duration of stimulus exposure. Simultaneous—
Stimulus figure or standard visually available
throughout performance; Successive—Stimulus
figure or standard hidden from view before
performance is initiated. Variable 2—Task
Components: Perceptual tasks are Matching and
Reproduction. (When memory is required, the
spatial memory tasks become Match Recognition
and Reproduction-Reconstruction.)
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used to simplify terminology.

Time-task combinations

developed as instructional variations for this study are as
follows: Simultaneous Matching, Successive Matching,
Simultaneous Reproduction, Successive Reproduction.
The memory component is indicated by the stimulus
exposure time duration series.

Memory is required when a

successive series is used with a response based upon a
previously viewed stimulus.

This is a relevant feature of

the double-stage memory test.

The time-task control for the

Test of Spatial Memory for Figures is Successive Matching.
When a response is performed with a simultaneous
stimulus presentation, memory is not necessarily required.
Although an available stimulus figure would seem to indicate
a perceptual task, it cannot be said that the task is not
also performed with the aid of memory.
Designation of the variable control combinations
by use of the perceptual task terms only is an attempt to
simplify terminology, as previously explained.

Because

successive time duration series require task performance
after the stimulus figure is removed from sight, these tasks
demand memory.

Definitionally, successive time-tasks are

Match Recognition and Reproduction-Reconstruction in terms
of the spatial memory construct for this study (see above,
p. 23).

CHAPTER III
RELATED LITERATURE
Since studies specifically focused on spatial memory
were not found, it was necessary to extract embedded informa
tion from related literature.

The importance of spatial

perception is indicated by the fact that the subject of this
study is memory for perceived spatial information.

This

accounts for the considerable attention that has been given
to perception in this report.
Spatial Perception
Structural Bases for Spatial Perception
The Structure of Visual Perception.

Bergan (1967,

Fig. 4, p. 19) presents a Structure of Visual Perception
which classifies position in space as one stimulus charac
teristic which may be visually perceived.

In this report,

a preceding description of Bergan's perceptual model is
included to serve as a basis for spatial perception on the
spatial memory bistructure (see above, p. 18).
"Stimulus characteristics" is one of four dimensions
that define perception on the Bergan (1967) model.

The

others are contents, perceptual tasks, and the perceptual
modality, visual.
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Bergan's (1967) structure can be used to generate
definitions of perception as an operation for gathering
information about external stimuli appropriate for visual
processing.

Position in space is included as a separate

stimulus characteristic and as a stimulus characteristic
with a kinesthetic limitation.

Position in space also

serves as a limitation on other stimulus characteristics,
e.g., form limited by position in space.
Perceptual tasks on the Bergan (1967) model are
specific and can be translated in terms of familiar learning
activities for school children, e.g., letter discrimination,
matching letters and short words, and reproducing letter
forms from rolls of plasticine clay.

In the same way,

perceptual tasks selected from the Bergan (1967) model for
the perception phase of spatial memory were interpreted in
terms of activities for this study.
The Structure of Intellect.

Guilford (1967) in

cludes visual perception as a part of the intellectual
process, cognition, along the operational dimension of his
Structure of Intellect (pp. 60 ff and Figure 3.9, p. 63).
In this report, a preceding description of Guilford's is
given as the modular basis for spatial memory on the spatial
memory bistructure.
other dimensions:

The Guilford (1967) model contains two
contents and products.
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Guilford (1967) defines perception as a part of
cognition.

He defines cognition as "awareness, immediate

discovery or rediscovery, or recognition of information in
various forms; comprehension or understanding" (p. 71).
Guilford (1967) indicates that certain restrictions
apply to perception:

immediacy of information input from

sensory events and information in the form of figural units.
Units are described as relatively discrete items of informa
tion having a "thing" character, a figural quality.

Cogni

tion of figural units of visual information is represented
on the structure of intellect by the factor code CFU-V (pp.
71-72).
Several figural cognition abilities have been
demonstrated by factor analysis of results obtained from a
number of visually presented tests.

On this type of test,

the examinee processes his information in visual form
(Guilford, 1967).
Guilford (1967) notes that the factor CFU-V was
evidently first reported by Thurstone, who interpreted this
factor as "speed of perception."

Letters of the alphabet,

forms which can be used as figural units, comprise the
material for four of Thurstone's visual-figural tests:
Perceptual Span S, in which the examinee (E) identifies
letters flashed on the periphery of vision; Peripheral Span
D, in which E reports whether the peripheral letter is the
same as the fixated letter; Dark Adaptation, in which E's

speed of seeing dim letters after bright stimulation is
measured; and Mutilated Words, in which E recognizes words
with parts of letter erased.
Guilford's (1967) structure of intellect defines
figural units of the kind described as "figures" used for
this study.

One set of figures contains letters of the

alphabet.
Perceptual Tasks and Their Role in Letter
Form Identification
When the material for visual perception is taken as
figural items of information, e.g., letters of the alphabet
tasks for perceiving these forms are also applied to per
ceiving the properties of these forms.

Because spatial

properties distinctive to each letter form serve as dis
tinguishing marks for letter identification (see above, p.
5), it is reasonable to believe that perception of the
spatial characteristics distinctive to each letter must
occur with lightning speed.
This presumption is supported by Thurstone's
interpretation of CFU-V, cognition of figural units—visual
as "speed of perception," and by his selection of certain
perceptual measures with speed as a factor in performance
of perceptual tasks (see above, p. 31).

Bergan's (1967)

findings indicate the existence of a substantial relation
ship between speed of processing information and children's
reading achievement.
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Trembly (1971) describes perceptual speed as an
intellectual ability which he calls "the visual dexterity
factor in learning."

First recognized as indicative of

aptitude for certain types of jobs, it is included in
tests such as the Differential Aptitudes Tests by Bennet,
Seashore, and Wesman (1966) (see Trembly, 1971).

It is

also a recognized help in immediately observing words,
numbers, and symbols for academic work.

Findings indicate

that boys are two to three years behind girls in the
development of visual dexterity.
Two perceptual tasks frequently involved in learning
activities presented for young primary-age children starting
to read are discrimination and matching symbols such as
letters of the alphabet and short words.
another usual learning task.

Reproduction is

Bergan (1967) describes and

defines these as types of perceptual tasks.
Wohlwill (1966) presents findings by Ling that the
mechanisms for shape discrimination, judging differences
between shapes, function at an early age.

He found that

babies as young as six months could be taught to discrimi
nate between various geometrical shapes.

His procedure

employed the use of sugar-coated three-dimensional forms
which coincided with rewards (p. 103).
Arnoult (cited by Wohlwill, 1966) points out that
discrimination and matching are two distinct kinds of per
ceptual tasks, "not related in a simple way."

Jones (cited

by Wohlwill, 1966) has reported on comparisons of the two
tasks in relation to school age and mental age which
indicated that similarities in forms were "harder to see
and express" for children in lower grades.
Matching paired with recognition, a task usually
attributed to memory, is sometimes given as a perceptual
I

task.

Bergan (1967) includes such a task in his list of
i

perceptual tasks .

He defines match recognition as

"selecting from a series of alternatives the stimulus which
matches a standard; e.g., selecting a word from a prepared
list to match a word flashed on a screen"(p. 21).
Match recognition is given as the task on the Speed
of Processing Information Test (Bergan, 1967).

This test

is similar to memory tests in that it is double-stage.
Wohlwill (1966) also describes a perceptual test
with a memory component.

This test was used in a study by

Rey (cited by Wohlwill, 1966).

The subjects's task was

"to specify (from memory) which dots moved on any given
trial and in what direction."

Errors in specifying

direction were interpreted as errors in perceiving visual
movement, not as errors in memory for which dots moved in
what direction.
Conversely, where memory is a recognition task, it
is occasionally associated with perception.

Piaget (1968)

does not differentiate the two in his description of the
most elementary memory task with a figurative component as
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"perceptual in the case of recognition" (p. 14).

Frostig

and Horne (1964), in an attempt to differentiate between
sensory input of information and mental processing
components of the perceptual task, describe mental proces
sing as "recognition and integration of stimuli" (p. 7).
Bartlett (1932) implies that the memory task,
recognition, is associated with the perceptual task,
matching.

"In recognizing, the psychological material which

persists 'matches' some immediately present sensory pattern"
(p. 191).
The literature seems to indicate that a number of
perceptual tasks are needed for letter identification and
reading.

Where the standard that is used for two of these

tasks, discrimination and matching, is an external stimulus
figure, a strong perceptual component is indicated.

Where

the standard is not external to the observer, but rather is
retrieved from an internal source, e.g., memory storage,
the task involves memory.
Identification and understanding of meaning is the
last essential task in perception—the final stage of per
ceptual process (Vernon, 1966).

Identification is said to

occur when the visual pattern takes on the meaning of an
external object, form, or figure such as a letter of the
alphabet.
In identification of forms, the subject makes no
comparative judgments about them.

"Rather, he makes
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absolute judgments about them, giving each a unique name as
is appears" (Hake, 1966, p. 147).

Others who have defined

identification as a perceptual task which can involve naming,
or who have commented on the frequency of naming in per
ception, include Bartlett, Gemelli, and McGranahan (cited by
Hake, 1966).

Bergan (1967) also includes identification

with naming as a perceptual task.
Vernon (1966) points out that naming is fundamental
during the development of perception in children.

"By

naming, the child establishes for himself the stability and
continuity of a particular object, and also relates it to
the conceptual category to which it belongs" (p. 71).
Mention is made of experimental results of Bartlett and Hall
(cited in Vernon, 1966).

These suggest that individuals

tend to perceive most readily that which they can name most
easily.
Perception of Spatial Stimulus Characteristics
Although Bergan (1967, Fig. 4, p. 19) identifies
spatial position as a separate stimulus characteristic, he
also notes the existence of an association of spatial
components and shapes or forms.

This is shown on the

Structure of Visual Perception as form limited by position
in space.
Three kinds of form dimensions, i.e., discriminable
attributes capable of quantitative variation, are given

37
(Bergan, 1967).

Spatial position is an example of a

stimulus characteristic with transpositional dimensions.
Transpositional dimensions are separate from form and in
volve changes which do not affect structure or information
content of the form or figure.
However, numerous studies have produced evidence
that spatial position does influence apparent shape, but not
to the extent of the retinal image (see Hake, 1966, pp. 142159).

Bergan (1967) also points out that changes in the

position of words in relation to the location of the child's
eyes would amount to the same thing as changing the shapes
of the words; but if the child has achieved adequate object
constancy, the letters would not appear to be altered in
shape to an extent that would make them unrecognizable.
Hunton (cited by Wohlwill, 1966) has reported
findings that, in the description of complex meaningful
pictures, inversion of the stimulus has the effect, up to
age seven, of interfering with perception of the relation
ship between the objects (Wohlwill, 1966).

It is a well-

known fact, Wohlwill points out, supported by studies of the
early development of reading skills, e.g., Davidson, Vernon,
Rice (cited by Wohlwill, 1966), that children experience
great difficulty in discriminating between forms which are
mirror images or up-down reversals of one another.

This is

demonstrated by observations that children starting to read
frequently have difficulty in discriminating b from d_f a
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skill that depends upon the positional characteristic
entirely, the form of both being identical.
Hence, spatial position has been found to be a
determining stimulus characteristic for perceiving some
kinds of forms, even though form, itself, is the primary
determiner of what is perceived.

The extent to which

experience with form is a determiner is demonstrated by
studies such as those of Piaget and his associates.

They

report findings that accuracy in form perception increases
with age in children up to 12 or 14 years (see Wohlwill,
1966).
Background effects have also been found to provide
competing stimuli in form perception of children.

Witkin

et al. (cited by Wohlwill, 1966) investigated the influence
of the framework in perceptual development.

A rod-and-frame

test was used with the frame in close spatial proximity to
the target stimulus.

The influence of the framework was

found to be strongest at younger age levels (Wohlwill, 1966).
Sex differences have been found on response to the field in
which a form appears, females being found more field dependent,
generally, than males beginning at about age 8 but not
before (Bergan, 1967).
Such differences in response to stimulus character
istics are not, of course, due to structural changes in the
stimulus situation.
are of two kinds:

Stimulus characteristics of background
the boundaries of the figure it contains
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and its own structural makeup.

Bergan (1967) observes that

the dimensionality of background is presumed to be the same
as that which defines form but that current literature lacks
studies on this aspect of visual perception.
Frostig and Home (1964) note a similarity between
figure-ground perception and the perception of spatial
relationships.

They maintain that both involve the percep

tion of relationships.

Kephart (1960) also notes the in

fluence of shift in figure and ground on spatial perception.
This review of literature on perceptual stimulus
characteristics has included certain conditions which in
fluence appearance of stimuli.

Spatial properties in the

stimulus situation contribute to such a set of conditions.
Therefore, spatial stimulus characteristics must be taken
into account in presenting instruction with stimulus objects
such as letters or the alphabet, singly and in series which
comprise words.
The Influence of Content on Spatial Perception
Bergan (1967) states that there is presumably no
inherent basis for the establishment of a content character
istic where a form percept is involved.

He explains that a

number or word presented visually, for instance, is not
fundamentally different from a geometric design.

This would

certainly seem to be a reasonable conclusion where the
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attribute to be perceived is simply the spatial position of
a figure—any figure, regardless of content.
Yet, Bergan (1967) cites a number of studies which
have yielded evidence to the contrary.

These are reported

by Goins, Thurstone, and Guilford, among others.
Prom Goins, Bergan (1967) describes an early study
by Gates involving third through eighth grade children.
Gates used discrimination tests of visual perception with
content consisting of words, nonsense syllables, and geo
metric forms.

These were found to correlate poorly with

each other and with achievement.

However, when Gates used

tests for discriminating the correct form of a word and in
correct alternatives, he found a high relationship with
reading.

Goins cites others whose work supports certain of

Gates' findings, e.g., Sister Mary of the Visitation and
Sister Mary Phelan (Bergan, 1967).

Sister Mary Phelan con

cluded that relationships across tests used with fourth and
sixth grade children were a reflection of item content
(Bergan, 1967).
Wohlwill (1966) describes an experiment by Wapner
and Werner introducing the dimension of meaningful content
into a developmental study on perceptual speed.

They

presented pairs of outline drawings on moving belts.

The

task was to adjust the speed of the variable drawing on one
belt to the speed of its mate (the standard) on another
belt.

Adults adjusted the variable to practically coincide
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with the standard.

To an extent progressively increasing

with decreasing age, children overestimated the speed of the
variable.

This was taken to indicate that the dynamic

quality in the drawing affected speed of movement.
Guilford (1967) has reported extensive factoranalytical results which show a difference in abilities
required for dealing with different kinds of content; e.g.,
verbal-meaningful and visual-figural content.

He classifies

content categories on his structure of intellect as follows:
figural. pertaining to visual information with thing-like,
concrete object quality or pictorial representation;
symbolic. with information in the form of tokens or signs;
semantic. with a verbalization component related to language;
and behavioral. with essentially nonverbal information in
volved in human interactions, e.g., awareness of attention,
perceptions, thoughts, desires, feelings, moods, emotions,
intentions, and actions of other persons.
Allport (1955) discusses the unsolved problem of
meaningful content in perception.

He deplores the fact that

the vital role of meaning has been a neglected aspect of
perceptual theory.

He cites Woodworth as one psychologist

who recognized object and situational meaning as a basic
\

feature of the psychology of perception.

Allport considers

that "meaning may well be . . . some aggregate of relation
ships and happenings within the organism.

Our task now is to
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find out what this pattern of happening is by the aid of
such experimental ingenuity as we can muster" (p. 537).
Guilford's (1967) content categories are classifica
tions for meaning.

Content of the product is included in

operational definitions generated from the structure of
intellect.
Bergan (1967) includes the same content categories
on his structure of visual perception as content categories
on the structure of intellect.

Content categories of items

used in the five subtests for the Test of Spatial Memory for
Figures have been adapted from the Guilford (1967) model and
generally designated "figural," although they also may
contain symbolic and semantic meanings.
Physiological Aspects of Spatial Perception
Physiological aspects of spatial perception dis
cussed here deal with physical mechanisms and systems of the
human body for perceiving spatial information.

The functions

of spatial receptors are related to kinds of spatial estima
tion required for adaptation in environmental situations.
Hilgard (1957) calls physiological input systems for
certain spatial information "distance receptors" (p. 332
ff.).

Another term sometimes used is "sensory modalities."

Bergan (1967) lists seven modalities for perceptual input
of spatial information: "visual, kinesthetic, olfactory,
auditory, tactual, pain and pressure senses" (p. 6).
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It is generally conceded that no one sensory
modality necessarily functions alone to gather spatial
information.

Experimental evidence has been reported

which supports a theory of integrated action of sensory
receptors.

It has been hypothesized that this integration

involves the afferent neurons and cortical processes that
act together with sensory receptors as a physical system
for spatial perception and the development of a space
structure (Allport, 1955; Kephart, 1960).
The relationship of a perceiver to an object or
figure in space is the origin of spatial perception.

This

phenomenon cannot be observed as "things" or objects; it is
a percept based upon cues in the environment interacting
with the observer to give him a spatial estimate.
There are three types of spatial estimations or
judgments: first, distance estimates from the observer to
a point in space; second, estimates on a two-dimensional
space containing a line; and third, estimates on a threedimensional space containing a manipulable object (Bergan,
1967).

This report concerns the second and third types

of estimates.
Indicators for spatial estimation are of two kinds:
environmental cues and messages relayed to the central
nervous system by conduction along the neural tract for a
particular sense organ, e.g., the optic nerve.

Of the

several senses which serve as spatial indicators, the
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kinesthetic sense (movement) is the most direct; the visual
sense (eyesight) is the most efficient.
Visual indicators of space include perspective
(depth perception) by a stereoptic mechanism for binocular
and monocular vision.

In visual examinations, stereoptic

or depth tests include the Keystone Telebinocular, the
Bausch and Lomb Orthorater, and the American Optical
Company Sitescreener.

Other spatial indicators aided by

optical muscle regulators include convergence and .
accommodation (see Morgan, 1961).
Kephart (1960) explains some of the advantages of
visual over kinesthetic spatial indicators.

Vision is

faster than movement; vision yields a more accurate estimate
unclouded by a time component (if the perceiver has learned
eye motor skills); and vision can produce simultaneous
estimates from a number of objects in space (perception of
spatial relationships).

This is considered an advantage

of prime importance for achievement in academic activities
such as reading.
Developmental Studies of Perception
Developmental studies clearly indicate age group
differences in visual perception of figures or forms and
related spatial aspects.

However, problems pertinent to

developmental studies, e.g., suitable statistical analyses
and other methodological considerations, have led to
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uncertain conclusions in some instances (see Wohlwill,
1966, pp. 84-86).
A number of behavioral and developmental factors
contribute to unclear interpretations for some develop
mental investigations.

Such factors include physiological

growth patterns of sensory receptor organs, attention
factors, factors of perceptual set, and cumulative back
ground of perceptual experiences (Hilgard, 1957).
Pollack (1969) concludes from his study of the
literature that two processes underlie age changes in
perception (pp. 402-404).

One is related to a progressive

loss of receptor sensitivity with physiological aging.

The

second is related to age changes involving cognitive
functions which differentiate and integrate perceptual
information into a space structure.
Bergan (1967) discusses this operational difference.
Citing a study on size constancy by Joynson and Newson,
Bergan notes that their findings "suggest that there are
cues in the perceptual situation which permit some subjects
to choose between phenomenal and judgmental responses.

It

is important to know whether such cues are cognitive or
perceptual" (p. 39).

Developmental studies cannot be

properly interpreted on an age group basis unless the
operational component is taken into account.
Cues in the perceptual situation involve psycho
physical experiences related to external stimulus objects
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and events in the environment and their properties, e.g.,
size, hue, location.

It has been found that relative

orientation of forms in space is a frequent determinant in
making comparative judgments of figures (Hake, 1966).
Cues in the stimulus situation also include posi
tion, size and distance factors, space between reference
stimuli in the visual field, tip or slant of the stimulus
object, rotation and conditions adhering to the figure or
shape, itself.

In general, it has been found that increase

in age is accompanied by more accurate perceptual judgments,
that less variety and redundancy of cues is required, and
that reliance on cues with a strong kinesthetic component
is replaced by increased reliance on visual cues.
Position refers to the arrangement of a set of
stimuli, distance from the observer, and distances between
simultaneously presented stimuli.

Serial order of stimulus

presentation is another aspect of arrangement of stimuli.
Akishige (cited by Wohwill, 1966) has found a greater
degree of constancy where the standard is in the far
position in relation to the observer.

Piaget and Lambercier

(cited by Wohwill, 1966) found over-estimation at all age
levels, but this appears after age 8 only when the standard
is near the observer.

More systematic studies are needed

on accuracy of perception and the absolute distance of the
stimulus from the observer with controls on lateral and
depth distances, and also on the effects of serial
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presentation, before developmental interpretations can be
positively made.
Size of the stimulus figure is related to its
distance from the observer; and comparative sizes of more
than one figure viewed simultaneously are related to
respective distances from the observer and comparative
distances between stimulus objects.
judgments have a spatial connotation.

Both kinds of
A high correlation

has been found between judgments of relative size and
distance in young children of 5 and 7 years by DenisPrinzhorn, Wohwill (1966) reports.
Perceptual correspondence between actual charac
teristics of observed figures and their altered appearance
involves object constancy.

It is generally recognized that

orientation influences the perceived shape of a figure;
e.g., moving a school book from the center to the side of
the visual field can alter the appearance of a shape, as a
letter or numeral (Bergan, 1967).

A tendency toward

stabilizing the space structure results in adjustments to
counteract such distortions.
Sex is mentioned by Thouless (cited by Hake, 1966)
as one among several factors found to affect amount of
constancy.

This agrees with Bergan's (1967) report on

findings by Witkin as to sex differences with respect to
field dependence found to occur in children as young as 8
years, but not below that age.

The bias appears to be in
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favor of boys, which Witkin accounts for on the basis of
cultural male-female roles, with boys cast in a more
independent role than that generally associated with girls.
Other aspects of instructional concern involve
identification of forms and related developmental factors.
Closure would seem pertinent, as well as findings on
developmental trends and perception of parts versus wholes.
It has been found that children from kindergarten level up
to age 10 show improvement in integration of perceived
parts into wholes, with the greatest spurt occurring from
7 to 8 years of age.
Wohlwill's (1966) discussion on developmental
changes gives evidence to substantially confirm that younger
school-age children respond less well than older on
identification of figures that are incomplete.

However.

when the whole, itself, does not represent a strongly
competing aspect of the stimulus, identification from added
details was found to be almost perfect from 4 years on,
according to Van der Torren (cited by Wohlwill, 1966).
Schober and Schober (cited by Wohlwill, 1966)
reported that the presence of a completed outline of the
object seemed to interfere with the young child•s perception
of parts of the figure.

This might be expected, since a

solid heavy-line contour completely closing the shape would
represent a strongly competing cue.

This aids young

school children, ages 5 and 6 approximately, to recognize
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the whole shape.

Improvement of recognition for dash-

outlined figures increases with increasing age of children.
Inconsistency in experimental situations has led
to problems in generalizing across developmental studies
of perception involving tilted or slanted figures.

For

example, Wohwill (1966) discusses the need to specify
exactly what constitutes the spatial framework.
Findings persistently show, however, that young
children do not readily perceive horizontal-vertical
dimensions on the position of geometric shapes.

With

respect to position, Bergan (1967) cites reported
findings as follows:

Ling found that positional rotations

of 180 degrees did not affect object discrimination in the
very young, and Frank found a lack of discrimination on
mirror images of shapes in 5-, 6-, and 7-year-old children;
reversal errors, such as confused discrimination of the
letters Id and d_, were found by Davidson up to a mental age
of 7% years; and inversion errors, as in the letters £ and
d_ were found to discontinue at mental age 6.

Davidson also

found a large percentage of word reversals, e.g., "saw"
for "was," among word recognition errors made by 5- and 6year-old children.
Frostig and Home (1964) place the period of
maximum visual perceptual development at ages 3\ to 7%
years.

This includes the years when the child is in

kindergarten and the lower primary grades.
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Spatial Memory
Since little in the literature was found to deal
specifically and primarily with spatial memory, literature
concerned more generally with memory was reviewed.

Some

general information was included here, when it seemed
applicable to memory for spatial attributes of figures.
A Structural Basis for Spatial Memory
The Structure of Intellect (Guilford, 1967) is a
comprehensive structure which includes memory as an
intellectual operation.

This structure shows, by order of

placement along the operational dimension, that memory
follows cognition, a broad class which includes perception.
Memory is for products of information, and these
come in six kinds along a second dimension on the Structure
of Intellect (Guilford, 1967, Fig. 3.9, p. 63).

Content,

the third dimension on the structure, is a classification
for kinds of meaning which products of information contain.
For this study, the content is figural; the product is a
unit of spatial information; and the operation is retention
of this kind of units of figural information in memory
storage.
On the Structure of Intellect model, it was
predicted that memory abilities would parallel other
o'peration categories.

Guilford (1967, p. 136) reports

that finding of quite a number of memory abilities on the
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model has justified this prediction.

This development also

provides justification for the representation of spatial
perception and spatial memory as a set of bistructural
operations on the spatial memory model constructed for this
study (see above, Figure 1).
Figural Memory Tasks and Their Role in
Letter Form Identification
In a report of a series of memory studies conducted
by Piaget and his associates, three figurative memory tasks
were presented as those which were used for figural memory
tasks.

These are: "perceptual in the case of recognition,

imitative in the case of reconstruction, and mental imagery
in the case of memory images necessary for evocation"
(Piaget, 1968, p. 14).
Bartlett (1932) distinguishes four main theories of
recognition: (1) a judgment of likeness, when some object
is re-presented, by comparison with a prior experience; (2)
a revived percept in image form which "fuses" with the
immediate perceptual pattern; (3) an affective response
commonly called a "feeling of familiarity"; and (4) an
immediate intellectual appreciation or "knowledge" of oldness
or similarity.

These descriptions reveal specific

mechanisms that are said to be functioning at the instant
of recognition.
Writers who take an educational point of view with
respect to development of visual perception make no attempt
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to evade the issue of recognition as a part of the percep
tual task.

Frostig, Miller, and Home (1966) state that

visual perception, as the term is used in the Frostig
program, "is the ability to recognize and discriminate
visual stimuli and to interpret them with previous
experiences.

Proficiency in visual perception helps

children learn to read, write, and spell, to do arithmetic,
and to develop all of the other skills necessary for success
in school work" (pp. 5-6).

Gibson (cited by Guilford, 1967)

explains letter discrimination, a perceptual task frequently
required in learning activities for beginning readers at
the early first grade level, as a task which involves
learning "to recognize each letter" and its distinguishing
marks, which possess several spatial components in con
siderable amount.
Bergan (1967, Fig. 4, p. 19) includes two perceptual
tasks with a memory component in his category of perceptual
tasks on the Structure of Visual Perception.

These are:

(1) match recognition,"selecting from a series of alterna
tive the stimulus which matches a standard; e.g., selecting
a word from a prepared list to match a word flashed on a
screen"; and (2) discrimination recognition, "selecting from
I •

a series of alternatives the one which is different from
the others, e.g., selecting the shape which is different
from other shapes in a series" (p. 21).

The format for

perceptual tests involving these kinds of tasks is
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double-stage: first, presenting information to be perceived;
and second, presenting a test item requiring a given kind of
performed response.
One difference between the two-stage perceptual test
described above and the two-stage memory test described by
Guilford (1967) has been explained in terms of applied
controls.

For example, forced pacing may be used to make

recognition difficult (see Guilford, 1967, p. 72), and so
provide a testing situation that measures perception, for
the most part.

For this study, the memory task on the

Test of Spatial Memory for Figures is recognition, with a
perceptual matching task.

Reconstruction and evocation are

also employed in certain of the instructional variations for
spatial memory training.
Memory for Figural Products of Spatial
Information
Memory for spatial stimulus characteristics of
figures is memory for figural products of information
(Guilford, 1967).

Different sense modalities, e.g., visual,

auditory, kinesthetic, are involved in gathering such
information.

Units of visual information may be gathered

about shapes, figures or forms and properties of these,
e.g., size, continuity, and position.
A considerable number of studies has been concerned
with recognition or reproduction of forms with various
physical characteristics.

Features of stimulus objects
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and patterns which have been studied include symmetry and
redundancy, horizontal and vertical orientation of figures,
random forms vs. constrained or structured forms.
Other kinds of studies have focused on memory for
classes of forms as constructed by probability methodology;
e.g., generation of metric figures by Fitts et al. (cited
by Hake, 1966).

Locational stimulus features were included

in these forms, classified according to stimulus charac
teristics.
Attneav (cited by Hake, 1966) has reported experi
ments on symmetry, information, and memory for patterns
using patterns of dots as stimuli.

He compared memory for

asymmetrical vs. symmetrical patterns of dots, varying the
amount of information (dot components).

In one of three

experiments, the subject was required to learn to respond
to letters of the alphabet by reproducing the patterns
which are observable in letter forms.

Typically,

symmetrical patterns were found more difficult to learn;
but once learned, they were more easily remembered than
asymmetrical patterns with the same number of components.
The same general result has also been reported by others;
e.g., Rappaport^ and Pollack and Klemmer (cited by Hake,
1966).
Results indicate that no simple relation exists
between certain stimulus characteristics of each figure
and memory for the figure, or for properties of the figure
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such as spatial relationships and position in space.
Observers perceive these forms and their properties in terms
of their own viewing habits (Hake, 1966); memory for the
perceptions has also been shown to vary significantly from
individual to individual (Guilford, 1967).
In accord with earlier gestalt concepts introduced
by Wulf, Gardner and Lohrenz (cited by Guilford, 1966) have
classified individuals as two types with respect to the
manner in which they retain visual-figural information:
sharpeners and levelers.

Sharpeners tend to sharpen or

accentuate distinctive features of a stimulus object;
levelers tend to smooth out distinctive features and
retain perceptual experiences in classes or systems.

This

suggests that, in teaching a class of young primary age
children starting to read, some individuals will need to
have distinguishing marks such as locational features of
letters pointed out to them in order to discriminate a
letter among other letters of the alphabet.
The Nature of Spatial Memory Content
The content of memory for spatial features of
shapes or forms is figural information, concrete and
perceived or recalled in the form of images (Guilford,
1967).

This implies some degree of structuring; in the

case of a positional memory image, the structuring is
dependent upon units of spatial information.
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Garner (cited by Guilford, 1967) has suggested that
this kind of structure is the foundation for meaning, not
semantic but indigenous to figures—figural meaning.
structure may be external or internal.

The

Examples of internal

and external structure can be found in The Marianne Frostiq
Developmental Test of Visual Perception, subtest IV, Posi
tion in Space.

For discrimination of left and right

positions, chairs placed facing left or right are used for
an item with external structuring; for matching, beachball
designs consisting of lines variously placed on the balls
are used for an item with internal structuring.
The term images is often used to describe memory
phenomena.

Images, sometimes called memory images, are

defined as "revivals that resemble but need not exactly copy
a past experience" (English and English, 1965, p. 252).
The image may be sensory, verbal, or both.
defines images as memory phenomena.

Guilford (1967)

"To the extent that

images are revivals of perceived experience, they are in
the category of figural information"; but not all figural
memory is imagery (pp. 212-213).
Titchener (cited by Allport, 1955) developed a
theory, more physiological than psychological, in which
i

images were said to originate in postural attitude—a
continually changing adjustment to a constantly changing
environment.

"Kinesthetic images" were thought to replace

bodily sensations and integrate with visual experiences in
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a "purely imaginal" context of meaning.

Titchener also

considered words as contextual providers and the process of
recognition, in its earlier but not later stages, as likely
to be one in which the name of an object or person is
matched to the visual experience.
Bartlett (1932) defines imagery as "a device for
picking bits out of schemes, for increasing the chance of
variability in the reconstruction of past stimuli and
situations, for surmounting the chronology of presentations"
(p. 219).

He describes images in comparison with percepts

as "relatively fleeting, fragmentary, flickering and of a
low order intensity ..." (p. 216).
The term, memory traces, like images, appears in the
literature as a concept for phenomena which can be inferred
but which cannot be directly observed.

Both Hilgard (1957,

p. 584) and English and English (1965, p. 316) define the
trace as "the inferred change in the nervous system which
persists between the time that something is learned and the
time that it is recalled."
Guilford (1967) points out that there is more than
one kind of memory trace.

He cites Kintsch, who has

developed a mathematical theory to account for paired
associates learning, on memory for units and memory for the
connections or implications between units.
experimental tests supported this theory.

Kintsch's
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According to Osgood (1953) well organized material
leaves more stable traces than less well organized.

The

formulation of memory traces is not a conscious process.
However, they are believed to communicate with present
stimuli of a similar nature in a manner that would seem to
affect behavior.
Studies are reported on behaviors which have been
observed and interpreted to support theory; but few have
been studies on memory.

One of the few examples found in

the literature is a report On the Development of Memory
and Identity by Piaget (1968), in which he describes a
series of experiments on memory and operations.
Piaget (1968) hypothesizes that behaviors of young
children (ages 3-10 years) in performance of memory tasks
over different time intervals of retention depend at any
given moment upon operational level.

He concludes that

these operations do exist, and "have subsequently shown
themselves to be essential in the development of mental
imagery (Piaget and Inhelder, 1966), of language (Sinclair
deZwart, 1966) and now of memory" (p. 16).
Piaget*s (1968) experiments included one type where
the subjects were asked to reconstruct with manipulable
materials the model they had seen earlier.

He identifies

the memory task as recognition, a figurative aspect of
memory.

He poses the question of the relationship between

"schemes" and mental images for future study (p. 14).
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Memory and Interference Effects
Interference from an information point of view may
be defined as "anything that tends to destroy discrimina
tions and hence to lose information" (Guilford, 1967, p.
302).

The term "interference" is used rather loosely in the

literature with reference both to intervening information
or "noise" that results in loss of retention for target
memory stimuli and to other conditions that are conducive to
such loss.

Some references are less than clear on whether

interference is a factor in retention or retrieval or both.
Guilford (1967) attempts to clarify this point in a
discussion of the double-stage memory test.

He observes

that the memory test provides two opportunities for the
examinee to alter his intended task: the interval between
the target stimulus presentation and retention, and the
interval between memorizing and testing.
In memory tests such as Broadbent's (cited by
Guilford, 1967) where the focus of studies was on inter-,
ference effects vs. the decay hypothesis, Guilford notes
that interference conditions are confounded with delay
between stimulus presentation and recall.

In one experiment

Broadbent flashed several items on a screen.

After differ

ent small delays a pointer appeared showing the location
of the items that were to be reported later.

Even with a

one-second period and in spite of the fact that longer
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delays would allow more time for rehearsal, the longer the
delay, the poorer the score.
Observations have also been made on delays in
dialing telephone numbers.

Even dialing 0 before a tele

phone number can produce sufficient delay to cause loss of
memory for the number.

Also, push-button telephones have

been found to be faster than dial telephones and so aid in
memory for numbers.
Factors of attention within individuals have also
been found to influence memory.

For instance, a person is

much more likely to remember a telephone number if he
intends to do so, particularly if he projects need for the
number at some future time.

Lack of intent to remember has

been considered as one kind of internal interference.
However, Bartlett (1932) found results from
experiments on memory for picture-writing signs which
indicate that determination to remember is not the same
thing as intent.

He found more omissions of picture signs

among subjects who willed themselves to remember.

He

interpreted this as a kind of interference, and suggested
that it might be related to a sense of unpleasant urgency.
"With no interfering events," Guilford (1967) notes,
"figural information may pass into permanent storage in
figural form" (p. 302).

He postulates that fixation of

information results from perseverative activity, a kind of
automatic rehearsal explained by Hebb (cited by Guilford,

61
1967) as a physiological phenomenon of "reverberating
circuits" in the cerebral tissues.
Spatial Memory from a Learning and Development
Point of View
Although assessing development of spatial memory was
not the purpose of a developmental study involving memory as
reported by Piaget (1968), a number of similarities with the
spatial memory study reported here have been noted.

The

Geneva study is the only one discovered in the literature
with so many parallels; for this reason, it is presented
here in considerable detail.
Piaget's (1968) report contains interpretations on
levels of operational development, measured on the per
formance of 55 children, 3 to 10 years of age, with
figurative memory tasks.

Memory for configurations was

assessed over different intervals of retention; e.g., after
one hour, a week later, and finally after about six months.
For one experiment, an ordered configuration of ten
sticks varying in size from 9 to 15 centimeters was used.
The children were told to look carefully so they could
later draw what they would see.

Several perceptual models

were presented with increasing variation in length, and in
>

number and arrangement of sticks.
After six months, all the children said they
remembered the patterns; but generally they did not give the
same drawing or description.

Some kinds of changes were
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interpreted as an indication that the memory was better than
after one week.
By "better" Piaget (1968) explains that the
arrangements of sticks showed development of structural
operations.

Structural levels were measured by arrange

ments from equality to dichotomies to trichotomies to
little series.

Improvement usually progressed from one

level to the next above.

Change was interpreted as a

reflection of the assimilation of "schemes" in coded form,
as indicated by the way children understood the model, not
"Copied" it.

Piaget points out that copying is a very

different thing.
The first experiment was followed by variations.
One of these required the children to describe the model
verbally at the time of encoding, instead of just looking
at it.

This was done to determine the possible role of

language in the organization of the mnemonic code.

Results

showed that there was very little difference in memory where
verbal description was employed as an aid for retention of
perceptual configurations.
Piaget (1968) notes that this finding is supported
by findings of Sinclair deZwart (cited by Piaget, 1968) that
i

language development is dependent upon operation development
and not vice versa.

This is presented as the best experi-

' mental refutation of "J. Bruner's hypothesis that language
and symbolic functions constitute the principal factors in

63
the formation of operational structures and conservation"
(p. 6).
Another experiment, from among about 20 in the
series, dealt with the subject's operational system of
spatial coordinates.

This was an experiment on memory for

the horizontal level of water in a half-filled jar tipped
at a 45 degree angle.

The percentage of responses indi

cated correct or "better" memory after six months to be
highest among children 7 to 9 years of age.

Progress in

conservation, the notion of what happens to the water level
when the bottle is tipped, was said to be the cause for
improved memory.
Several other memory experiments for spatial
arrangements of figures were described.

One of them, an

assymetric model, used two overlapping red rings, with sets
of solid-color blue circles, red circles, and green squares
(see Piaget, 1968, Fig. 3, p. 12).

All three types of

figurative memory tasks, recognition, reconstruction, and
evocation, were used with this figurative model.
Six months later, it was found that evocation was
rather poor for 5— to 8-year—olds, but 60 per cent to 70
per cent of the children recognized the correct model among
10 choices.

Across the board, reconstruction with

manipulable materials for constructing the model was ahead
of evocation.

The reconstruction task was taken to be an
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intermediate task between recognition and evocation of
mental images.
Certain features of the developmental studies on
memory reported by Piaget (1968) resemble some features of
the spati 1 memory project.

Both were concerned with young

children; but the age range, about 6 to 8 years, for this
spatial memory study is narrower than the Piaget age range,
3 to 5 years.

Figural activities were performed with sets

of objects or forms, manipulable in some experiments.

The

same memory tasks were used.
Piaget (1968) explains that other experiments used
an imitation task "where part of the figure was arbitrary"
(p. 13).

He also includes this as a kind of reconstruction.

In some ways, however, the description of this last type of
task seems to fit the perceptual task, reproduction, used
experimentally in the spatial memory study.

Where part of

the reconstruction task is on an arbitrary configuration,
the activity would appear to be one requiring duplication.
Learning in relation to operational development in
young children is discussed in other works by Piaget (1966,
1967) in terms of perceptual experiences from infancy
upward.

Vernon (1966) cites Michotte on the possibility

that the child may not have to learn that certain spatial
and temporal patterns indicate permanence and reality; "but
what he must learn is which stimulus patterns possess these
qualities" (pp. 63-64).

Then, as a following step, the

65
educator would be likely to specify that the child learn
which spatial elements discriminate particular stimuli,
e.g., figures such as letters of the alphabet.
Writers express relationships between learning and
the operations, perception and memory, in different ways.
According to Guilford (1967), perceptual learning "comes
about by way of developing constancies (units of figural
information) and stockpiling them in memory storage" (p.
267).

In his summary on memory, he makes a distinction

between retention and recall in relation to perceptual
learning resulting from experiences, noting that recall
depends upon retention and retention depends upon learning.
"There is evidence that later experiences can have appreci
able effects upon previously stored information" (p. 311).
Bartlett (1932) expresses relationship between
perception and memory with respect to prior experiences as
follows.

"What goes under the name of perception is, in

the wide sense of the term, recall."

For the perceiver,

memory "fills up the gaps of his perception by the aid of
what he has experienced before in similar situations, ..."
(p. 15).
The relationship between perceptual learning and
memory is clearly demonstrated in a class of young children
getting ready to read.

Learning basic visual reading skills

depends upon learning to recognize positional attributes of
figures.

Hence, instruction to aid in building these
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skills must proceed step-by-step.

Any classroom teacher can

testify that a child who lacks memory for today's lesson is
not ready for tomorrow's next step.
Spatial Memory Tests and Methodological
Considerations
Spatial Memory Tests
No tests which could be designated precisely as
spatial memory tests which could be used with groups in the
school setting were found in the literature.

Thurstone's

(cited by Guilford, 1967) first Primary Mental Abilities
(PMA) analyses in 1938 brought out a factor with strong
loadings on rote memory for both a Figure Recognition Test
and a Word Recognition Test.

Guilford (1967) indicates that

confounding is suggested by interpretation of factorial
results.
The best visual memory test on Army Air Forces
analyses dealt with examination of maps of local terrain.
At a later time, a test for recognition of segments of that
terrain was administered.
Two memory tests have been proposed as measures of
spatial memory for figures.

One of these is the Graham

Kendall Memory for Designs Test: the other, the Bannatyne
Visuo-Spatial Memory Test.
In the Graham Kendall Memory for Designs Test a
design is shown to the subject and he is asked to reproduce
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it by drawing it from memory (Buros, 1965).

As Piaget

(1968) has pointed out, accuracy in reproduction is not a
true measure of memory.

This test measures visual motor

development and drawing ability.
The Bannatyne Visuo-Spatial Memory Test was designed
to eliminate the motor element from measurement of visual
pattern memory.

Instructions to the subject are that one

of the designs will be the same as the original and he will
be asked to point to it.

The test score is determined by

the number of errors made on 15 test items.
The test is administered to subjects individually.
It is double-stage.

The stimulus figure is shown for four

seconds; a blank page, 1 second; followed by the response
page containing 8 alternatives, only one of which matches
the stage-one stimulus figure.

Variations for the alterna

tives are: simplification, mirror reversal, rotation,
fragmentation, altered proportions, complication, and
symmetry.

Some of the figures are composed of continuous

and intersecting lines, others of outline shapes with
adjacent dots, and two of dots only.

One stimulus figure

consists of two discontinuous lines spatially related
(Wright, 1969).
At the time the spatial memory study for this report
was proposed, the Bannatyne test was unpublished, in
process of development.

It is not clear whether some of

the variations on alternatives for the stimulus figure are
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spatial variations only or whether they may be varied on
other stimulus characteristics.
on this test.

More information is needed

Also, it would not have been practical to use

with large groups of children in the school setting, where a
group test was needed.
Methodological Considerations
Reports of contemporary studies mention time as a
methodological consideration.

Time limitation on duration

of stimulus exposure has been used as a control on legi
bility tasks such as discrimination, identification, and
recognition, with measures on identification-time and
correctness of response (see Hake, 1966, pp. 146-149).
The time component on stimulus exposure duration is
critical for studies on perceptual speed (see Bergan,
1967) and visual perception of movement (see Wohiwill,
1966).

Time is also a factor in setting up experiments on

interference effects, e.g., visual masking studies (see
Bergan, 1967).
Time-related methodology has been studied by
Arnoult, Gagne, and Vanderplas (cited by Hake, 1966), using
time duration of stimulus exposure varying from .01 sec. to
1 sec. in four discrimination methods as applied to nonsense
forms generated by a random method.

The first and second

methods employed successive stimulus exposures of 1 sec. and
.02 sec. respectively with frequency counts on how many

exposures of these time durations were required for correct
response of "alike" and "different."
The third method did not employ a rigid time
control for stimulus duration.

Instead, it provided for

exposure of the stimulus figure simultaneous with task
performance, the exposed stimulus remaining in sight until
the subjects had completed the task on it.

This kind of

stimulus exposure time duration was employed for some
instructional variations used in the study reported for
this dissertation.
A fourth method explored by Arnoult, Gagne, and
Vanderplas (cited by Hake, 1966) employed a Dodge-type
mirror tachistoscope with successive sets of exposures
ranging from 10 to 100 msec.

This method yielded the

clearest differentiation among forms, although the rank
order of discrimination of forms was similar in every
method.
Bergan (1967), in discussing tachistoscopic methods
for perceptual speed training, which involve recognition
tasks, reports on a study by Schaffer and Gould.

They

found that the group trained by means of a tachistoscope
did achieve increase in scanning speed but made more errors
than the group that did not receive such training.
In the reproduced location of a visually perceived
point, Key (cited by Wohlwill, 1966) reported a steady
decrease in deviation from the true point following a

5-second fixation period.

Guilford (1967) also reports an

exposure time of 5 seconds for each of 10 designs presented
singly on a test called Reproduction of Designs, used in a
memory investigation by Kelly.

A 5-second time duration

of stimulus exposure was employed also for the spatial
memory test used in this report.
Choice of exposure time duration must be made in
relation to the prevailing set of conditions.

These

include stimulus conditions such as complexity, brightness,
size, and kind of forms, e.g., outline or solid figure.
Related spatial considerations include distance of the
stimulus from the observer; attitude of figures, e.g.,
upright as on a screen or flat as on a desk; and distance
between figures in a set.
A study of exposure time together with other
methodological factors has been conducted by Adams et al.
(cited by Hake, 1966).

They studied 11 different measures

of the discriminability of a set of 16 stimulus forms
composed of 4 basic block figures each of which appeared
once as an outline figure and once as a solid shape.

The

11 measures included two determinations of size thresholds,
four measures of identification time under different condi
tions of illumination, two measures of sorting performance,
and two learning measures.
The two learning measures were found to agree
closely with identification time under high illumination
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and less closely with sorting time.

Identification-time

measures with low illumination correlated somewhat with all
others.

Factor analysis yielded three orthogonal factors

from the intercorrelations of methods: (1) a contrast factor
associated with differences between outline and solid
figures; (2) a symmetric-asymmetric shapes factor, with
learning and identification-time measures under high
illumination having the highest loadings; and (3) a factor
related to time-identification which was more difficult to
identify (see Hake, 1966).

CHAPTER IV
METHOD
Subjects and Sample Selection
Initially 120 first-grade children were included in
the experimental phase of the study, all enrolled in Corbett
Elementary School, District One, the Tucson Public Schools,
Arizona.

The population of the neighborhood consisted

primarily of middle class families with a mixture of racial
and cultural backgrounds representative of Tucson schools
in general.
In the final posttest phase of the experiment, 111
children remained.

There were 59 boys and 52 girls.

Nine

of the original subjects were lost, largely due to transfer
of military service-connected families.
The experiment was conducted in the fall of 1970,
and extended approximately over an eight-week period.
Chronological ages of the children in December, at time of
posttesting, ranged from 5 years, 10 months to 7 years, 11
months.

The average age for all enrolled first graders was

6 years, 4 months.
Sample groups for the study were planned as shown on
the Solomon Four-Group research design, described in Chapter
V (see Figure 6, p. 93).

Subjects were numbered from 1
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through 120, and the numbers were written on cardboard
circles about 2Jg inches in diameter.

The 120 numbered

circles were mixed thoroughly and placed in a large card
board box.

Numbers were drawn for alternate assignment to

groups as shown in Figure 3.
First, the total population was randomly assigned,
by the procedure described above, to two groups:
and No Pretest, 60 subjects in each group.

Pretest

Those assigned

to the Pretest group were then randomly selected for groups
receiving instruction and no instruction, 30 subjects in
each.

The same procedure was followed to produce groups

receiving instruction and no instruction for the No Pretest
group, 30 subjects in each.
Those receiving No Instruction numbered thirty (30n)
in the Pretest group and thirty (30n) in the No Pretest
group.

Thus, the No Instruction group totaled 60 subjects

in all.
From this point, it was necessary to randomly assign
the sixty subjects in the Instruction group to instructional
variations.

The Pretest-Instruction group of 30n was

assigned to two types of instructional task:
and Reproduction (15n).

Matching (15n)

The same was then done with the No

Pretest-Instruction group of 30n with 15 subjects assigned
to Matching and 15 to Reproduction.
Then the Pretest-Instruction-with-Matching group
(15n) and the No Pretest-Instruction-with-Matching group

POPULATION

(120N)

No
Pretest
(60n)

Pretest
(60n)

No
Instruction
(30n)

Matching
(15n)

Sim.
(7n)
Figure 3.

Instruction
(30n)

Instruction
(30n)

Sue.
(8n)

Reproduction
(15n)

Sim.
(8n)

Sue.
(7n)

Matching
(15n)
1
Sim.
(8n)

Sue.
(7n)

No
Instruction
(30n)

Reproduction
(15n)

Sim.
(7n)

Sue.
(8n)

Charted Derivation of Sample Groups and Number in Each — N = Total
number of subjects; n = sample number of subjects. Sim. = simultaneous
time duration of stimulus exposure; Sue. = successive time duration of
stimulus exposure. Groups were generated by random selection of
subjects.
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(15n) were assigned to two conditions of time duration for
stimulus exposure:

Simultaneous and Successive.

This

produced a group of 30 subjects, half from the Pretest
group and half from the No Pretest group, to receive
instruction employing the time-task approaches:
Matching (15n) and Successive Matching (15n).

Simultaneous

The re

maining 30, again half from the Pretest group and half from
the No Pretest group, were assigned in the same way to the
time-task instructional variations:

Simultaneous Repro

duction (15n) and Successive Reproduction (15n) (see above,
Figure 2).
The agreement with the school where the project was
conducted was that all the first grade children would be
able to participate.

Hence, it was not possible to randomly

select subjects to be dropped in order to achieve even
numbers for the four instructional samples.

This problem

was solved by assigning the 15 subjects in each of the four
instructional variations—Simultaneous Matching, Successive
Matching, Simultaneous Reproduction, Successive Reproduction
—in numbers of 7 and 8, equally apportioned for the two
groups. Pretest and No Pretest as shown in Figure 3.
At time of posttesting, 8 of the 120 subjects had
moved away from the Corbett School area, and one child who
had been hospitalized was unable to take the posttest.
left a total of 111 subjects.

This

The project ended with 27

subjects in the Pretest-Instruction group and 28 each in
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the remaining groups on the Four-Group design (see Figure
6, p. 93).
The Test of Spatial Memory for Figures
Construction of the Test for Spatial Memory
Measurement
The spatial memory test consisted of 50 double-stage
items, each a set of two picture slide films shown on a
projection screen.

The stage-one slide contained a single

black outline stimulus figure on a white background; stage
two contained three identical copies of the stimulus figure
with three positional alternatives.

The rectangular edge

of the projected slide film served as the boundary for frame
of reference.
Figures were positioned vertically, horizontally, or
slanted toward the corners; arrangement was random.

An

illustration of the two-stage test item is shown in Figure 4.

Q,

©
Figure 4.

A Spatial Memory Test Item — A—Slide Film
Projection Screen; B-^—Stage-One Stimulus
Figure; B-—Stage-Two Set of Alternatives
identifiea by colored numerals: a blue 1, red 2,
purple 3.
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The subject's task in Stage One was to memorize the
positional characteristics of the stimulus figure.

The task

for Stage Two was to recognize the locational features which
had been memorized.

Subjects indicated recognition by

pencil-marking a choice among the second-stage alternatives
on a response form designed with the spatial memory test
for groups of young children.
Fifty stimulus figures were selected for the test
items, 10 in each of five content categories.

Pictures

of objects within the experience of children, similar to
pictures found in workbooks and coloring books for young
children, were chosen for their appeal and adaptability
for simple line drawings.

Two extra pictures were chosen

for high-interest introductory or trial test items.
A numbered list of test items was prepared as
follows: 1T-2T, trial items; 1-10, Geometric Forms; 11-20,
Cultural Artifacts; 21-30, Living Things; 31-40, Nonverbal
Symbols; 41-50, Verbal Symbols (see above, pp. 21-22, and
Appendix).

Except for choosing a very simple figure for

the first item in each subtest, items within subtests were
ordered in a random manner and given test item numbers 1
through 50.

The test score was the number correct out of

the total 50 items.
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Production of the Spatial Memory Test Items
Patterns for the two trial figures and the 50
figures selected for test items were traced on high quality
non-glare white art paper suitable for photographing.
plates were photographed for each item.

Two

A single stage-one

figure was centered on a sheet of paper about 5x7 inches
for the first plate of each set.

Three alternative

figures, like that on the first plate except for positional
differences on two alternatives out of the three, were
traced on a sheet of paper about 10 x 12 inches for the
second plate of each set.

Spatial arrangement for

alternatives on the stage-two plate was varied and included
horizontal, vertical, and random placements of the figures
(see above, Figure 4).
Outlined figures were used with lines in heavy black
ink, using a felt-point pen.

Colored felt pens were used to

number alternatives for identifying choices: blue 1, red 2,
purple 3.
The completed plates were set on an easel against a
black background and photographed out-of-doors in strong
sunlight.

A standard camera for slide film photography and

Kodachrome colored film were used.
cially processed.

Negatives were commer
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Response Forms for the Spatial Memory Test
Test response forms were cards with cover-guides
designed for appeal and usability with young school children.
The response cards, measuring 5 x 10-15/16 inches, were
commercially printed.

The cover-guides, measuring approxi

mately 3-3/8 x 11-1/16 inches, were hand-made.
The forms made it possible for children to make
responses with a simple pencil mark or dot.

Figure 5 shows

the design for these forms.
Diagonal arrangement of strips and boxes for each
item response set of three alternatives was used to reduce
chance of errors on the part of children who might inadver
tantly mark in one space when intending to mark in another.
Punch holes were centered in each box to guide the pencil.
Cover-guides were like long envelopes, slit along
the bottom and fitted over response cards.

Cover guides

were made of oaktag; response cards were printed on heavy
paper.

Ends of the covers were closed with masking tape to

prevent cards from slipping.
A test "booklet" was assembled with six coverguides, each separated from the next by a different color
of newsprint measuring about 5 x 12 inches.

Response cards

were marked and inserted in the cover-guide booklets as
follows: first, Trials, for practice during the introduction
for the test, a blue newsprint strip, Subtest I, a yellow
strip, Subtest II, a green strip, Subtest III, a pink

Figure 5.

Illustration: Spatial Memory Test Response Form

Example: Response Form for Subtest I.
Format
X-X'
Z-Z'
x,z
X' ,Z'
x l« z l

X'

Codes
X2-X'
Zo-Z'

-

Front Side of Test Response Form
Reverse Side of Test Response Form
Cover-Guide Envelope
Response Card
Dashes show how card slides into cover-guide.
- An Item Response Set of Strip-Box Guides with
Centered Punch-holes for inserting pencil
- An Item Response Set of Corresponding Columns
(a column for each of the three possible
choices on each test item)
- Corresponding Picture Code (for items 1-5)
- Corresponding Picture Code (for items 6-10)
A card was used for each subtest; e.g.,
Subtest I as shown in the photographs.

Front
Item
1
2
3
4
5

Side
Set Name
Star
House
Jack-olantern
Ball
Heart

Item
6
7
8
9
10

Reverse Side
Set Name
Bunny
Flower
Tree
Sun
Balloon

x3-x.3

- A set of Corresponding Color-Coded Numbers
(matching color-coded numbers for alternatives
on items 1-5)
Z 3-Z'
- A set of Corresponding Color-Coded Numbers
3
(matching color-coded numbers for alternatives
on items 6-10)
X-X' Z-Z' - Color Code for Cover-Guide and Response
Card: B,B'—Blue; R,R'—Red; P,P'—Purple
(same for reverse side, Z-Z')
Information
X'
- Line for Child to Print Name; Child # (Subject
#); Subtest Number I (items 1-5)
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X~-••

0

Form, Front Side

r-r•••
MUl

Figure 5.

Illustration: Spatial Memory Test Response Form
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strip, Subtest IV, another blue strip, and Subtest V.

The

set was bound together with masking tape.
To save time and confusion, a test booklet was made
for each child in the group to be tested.

The colored

strips of newsprint between helped the children find the
proper response card when it was time to turn to the next.
It also helped the monitors who could glance over a row of
children and spot at once whether any child had lost his
place and needed assistance.
Once the test booklets were assembled, it was a
simple matter to remove and staple together the set of test
responses.

The booklets were then ready to insert a new

set of response cards for use when the test was administered
to another group.
The Use of Coding Systems
The use of a color code with newsprint slips to
serve as cues for turning to the next response card and
cover, as described in the previous section, is only onfe
instance of coding which was included in the test design.
Three kinds of codes were also used on the cover-guides and
response cards: picture codes, color codes, and number
codes (see Figure 5).
Picture codes were used for identification of item
response sets; e.g., children were instructed, "Mark in the
star sot."

Color and number codes were used to coordinate

/
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response forms and the stage-two set of alternatives on the
screen.

By photography with color film, alternatives on

each test item had been numbered in color: blue 1, red 2,
purple 3.

These matched colors of numbers and strip-boxes

on the cover-guide.

Colored columns on the test card were

less useful to the children than had been anticipated,
because the color of the columns showed very little through
the punch holes in the cover-guides.

However, the colored

columns proved very helpful for scoring as explained in the
section which follows.
Scoring Guide
A scoring guide was adapted from the cover-guide.
Use of the scoring guide revealed an unexpected advantage.
Where a cover had not been hand-fitted precisely, a child's
mark might fall infrequently on a between-columns line
within an item response set.

Here the vertical position of

the diagonal pencil-guide served to determine the child's
intention.

A mark in the top position indicated that the

choice was alternative number 1; the center position
indicated alternative number two; and the bottom position,
alternative number three.

Hence the diagonal feature

contributed much to accuracy in scoring.
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Test Administration
Technical and Physical Provisions
A 40-incn picture projection screen and a Honeywell
Preview Slide Projector, Model 630, were used to show the
test items which had been prepared on slide films.

The

projector was equipped with an automatic slide changer and
carousel slide film carriers.
The carriers were stacked with test items in order
as they appeared on the numbered list of test items used
in preparation of the hand-drawn plates for photographing
(see above, p. 77, and Appendix).

Three spaces on the

carrier were required for each test item: the first space
for the first-stage slide, the second space with no slide in
order to provide a blank screen between stages, and the
third space for the second-stage slide.
A stop watch was used for timing exposure of the
stage-one stimulus figure, which was presented for 5
seconds viewing.

The automatic slide changer was adjusted

to allow 3 seconds of blank screen, followed by exposure of
the stage-two set of alternatives.

This picture remained

on the screen until the children had sufficient time to
mark their response forms, about 8 seconds.

Because of the

I

difference in viewing times, it was necessary to operate the
projector manually, except for the slide changer.
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The projection screen was on a spring roller
centered above the front edge of a platform at one end of
the school's all-purpose room.

Since the test was to be

administered to groups of about 30 children at one time,
seating was arranged at three long cafeteria tables about
7 to 15 feet distant from the platform, and facing the
screen.

Each table accommodated 10 children, allowing

ample space between the children so that none could see
his neighbor's responses.

Children were also reminded to

"do your own work. "
Pour persons were required to administer the test
to 30 children: the examiner, an operator for the
projector, and two additional monitors.

The examiner

introduced the test, gave the instructions, and monitored
the front table.

The additional monitors checked the

remaining two tables.
The distance between the screen and projector was
about 10 feet.

Adjustments were made to produce a picture

with maximum size and contrast.

The projector level was

adjusted so that the edges of the film were horizontally
and vertically aligned with the edges of the screen.
Advance Preparation of Children for Using the
Test Response Forms
Children were prepared to use the test response
forms in a half-hour lesson which was presented to groups
of about 30 children a day or two before the test was
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administered.

This gave them an opportunity to become

familiar with the test forms.
Each child received a data processing card to
compare the repetitive pattern with that on the adapted
response form.

Practice in use of the forms was provided

with an auditory activity and with alternatives on a
picture chart.
Test Instructions
Test instructions included presentation of two
preliminary trial test items flashed on the screen.

Each

child received an introductory or trial test response form
for this.

Test instructions were carefully planned and

presented to make sure that every child understood the task
required on the test and knew how to mark his response.
Figures for the trial introductory items were a
teddy bear sitting and facing right and a bird standing and
facing left.

Position was discussed and choices among

alternatives were made together by the group.

Then each

child marked his correct response on his trial card.
For example, instructions on the first introductory
trial were as follows: "Look at the teddy bear.
is he facing?

See?

His arms are pointing toward the

windows in this room.
is pointing."
right.)

Which way

Point in the direction the teddy bear

(Children point toward the windows on their

86
Then the stage-two set of alternatives was flashed
on the screen.

"Here are three teddy bears.

them pointing to the right?"
on his head.

(NO.)

"Look!

Are all of
One is standing

This one is pointing left (examiner used a

pointer on the screen) and this one is pointing right—just
like the teddy bear we saw.
1.)

What number is

"What color is the numeral 1?"

has a blue 1.
blue 1.

(NUMBER

he?"

(BLUE.)

"Yes, the bear

Use the star set on your card.

Now find the

Mark a dot in the hole in the blue box."
Monitors checked at each table to make certain that

every child had marked the correct answer in the proper
place.

If not, he was shown where to mark and helped to do

the introductory trials correctly.
Following the trials, instructions to get ready for
the test were:

"Please lay your pencils down.

the first card—the one we just used.
paper do you see?"
paper.

(BLUE.)

"Good 1

Turn over

Now what color
Now turn over the blue

Here is our next card—right after the blue paper.

Find the black number 1 at the bottom of the card.
Here it is."

See?

(Examiner held up sample response form and

pointed to the black 1.)
tell you to mark.

"Do not use your pencils until I

Please lay your pencils down."

"Get ready to look at the next picture.
remember what you see.

Try to

NOWI (simultaneous with flashing

picture on the screen) LOOK AT THE PICTURE!"
stage-one alert signal was shortened to LOOK!

Later the
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After exposure of the phase-one stimulus figure for
5 seconds, followed by a 3-second period of blank screen,
the stage-two set of alternatives flashed on the screen.
The examiner said, "Choose the picture that is facing
(standing, sitting, pointing—whichever is suitable) the
same way as the first picture you saw.
the red 2, or the purple 3?
one dot in the star set."

Is it the blue 1,

Now take your pencil and mark

Later the stage-two test response

signal was shortened to MARK.
Picture cues, e.g., in the house set, in the tree
set, and so on, were mentioned frequently, but not every
time, to keep the children working in the right place.

The

first picture cue on each side of every cover-guide—the
star set and the bunny set—were always pointed out.
Monitors also kept check.

Occasionally children were

reminded, "Make just one dot.

Then put your pencil down and

wait for the next picture.11
Calendar Schedule for Testing
Scheduling at the school made it impossible to test
all the children on the same day.

Hence, in the school

setting, simultaneous time of testing was taken to mean
"within a one-week period."
The pretest was administered to the two pretest
groups October 10 and 11, 1970.

The posttest was
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administered to the four pretest and no pretest groups
December 7, 8, 10, and 11, 1970.
Application of Spatial Memory Instruction
Instructional Variations
Variations for the four types of applied instruction
presented with experimental groups of subjects were as
follows:
1.

Simultaneous Matching was presented by exposing a
standard set of stimulus figures (two or three small
identical objects on a background) and leaving them
in view for the duration of the response activity.
This required that the child select from among three
alternatives that set in which the stimulus figures
were positioned as those on the standard and record
the choice on a response form identical with the
forms used for the spatial memory test.

2.

Successive Matching, with the exception of time
duration on exposure of the standard set, was
exactly like simultaneous matching.

On the

successive time series, the standard set was
exposed for five seconds, then hidden from view,
immediately after which the children responded by
marking a spatial memory form.
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3.

Simultaneous Reproduction was presented by exposing
a standard set of stimulus figures and leaving them
in view throughout the response activity.

This

required the child to duplicate the standard with
an identical set of figures and background provided
for him.
4.

Successive Reproduction, with the exception of time
duration for exposure of the standard set, was
exactly like simultaneous reproduction.

On the

successive time series, the standard set was exposed
for five seconds, then hidden from view, immediately
after which the child responded by duplicating
the standard with an identical set of figures and
background provided for him.
Lessons for Spatial Memory Instruction
A series of lessons for spatial memory instruction
was presented to experimental groups in the time interval
between pre- and posttests.

Each treatment group received

the spatial memory lessons for about 15 minutes daily over
10 consecutive school days.

Lessons were scheduled

immediately after regular dismissal of the primary grades.
Children who were absent from school on an assigned lesson
day received make-up lessons.
Instructional groups consisted of 7 children each.
The children sat Indian-fashion on the floor in a
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semi-circle facing the instructor (examiner) who also sat on
the floor.
Lessons were exactly alike for all instructional
groups except for variations described above; i.e.,
identical materials were used for all groups, and all
lessons included a short continuing story from day to day.
The story featured a family with young school-age children
and their friends.

The story-adventure for the day was tied

in with spatial experiences, and the story was illustrated
with the objects which were to be used for that particular
learning activity.
Self-checking included verbalizing positional
words.'

For the reproduction type lessons, an approximate

positional duplication was considered correct; that is,
an allowance of 22% degrees was permitted.

Five instruc

tional trial items were presented for each lesson.
The self-checking procedure at the end of each
segment of the day's set of activities was employed to
provide immediate feedback for reinforcement.

Other kinds

of reinforcement included praise by the instructor and a
daily treat such as candy or a cookie.
While the children were engaged in individual
activities, they were encouraged to look only at their own
work.

This was sufficient for the groups that responded

with matching since the cover-guides on the response forms
made it difficult to see where their neighbors had marked.
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For the groups who responded by reproducing the instructor's
set of figures positioned on a background, each child was
provided with a cardboard screen, 9 x 24 inches with a
center fold, to partition off his own "private office."
For the successive time duration of stimulus exposure, the
instructor used the same kind of screen to hide the standard
set of stimulus figures at the appropriate times for this
kind of instructional approach.
Alert signals were used when sets of stimuli were
prepared behind a screen.

As the screen was removed, the

signal for viewing was "LOOK!" and for starting response
activity, "GO!"

Children were reminded from time to time

to "look carefully and remember the position of the
figures."
Instructional Materials
Instructional materials consisted of small 31
dimensional objects and simple background strips, some with
cartoon-type frames, two and later three, and some without
frames.

Materials were identical for all groups.
Table 1 designates objects, or figures, classified

by content and numbered in order of lessons.

Two-to-four

identical figures were used for each standard, alternative
and instructional set.
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Table 1.

Figures for Instruction, Classified by Content
and Numbered by Lesson

Geometric
Forms

Cultural
Artifacts

1
Rectangular
Bio cks

6
Graham
Cracker
Sandwiches
1 x 2 "

Living
Things

Nonverbal
Symbols

2
Plastic
Cars

3
Plastic
Lizards

5
4
7s Cut
The letter
from Sponge
K
(rotated
for L)

7
Plastic
Picnic
Knives

8
Miniature
Spacemen

9
9s and 6s

Verbal
Symbols

10
*>,d ,p,q

CHAPTER V
RESEARCH AND ANALYSIS
The Research Design
The plan provided for group assignment of subjects
and data collection based on the Solomon Four-Group Design
as presented by Campbell and Stanley (1966, pp. 24-26).
Groups were designated on the design as shown in Figure 6.

GROUP

NUMBER

TEST and TREATMENT

27

H
O

II

28

°3

III

28

IV

28

Figure 6.

X

MC
O

I

°4
X

°5
o

c

Groups of Subjects on the Experimental Design —
R—random assignment of subjects to groups and
groups to test and treatment conditions; N—
number of subjects in each group; 0—observations,
spatial memory test scores; X—treatment by
spatial memory instruction. Temporal order is
indicated left-to-right for test and treatment
conditions by groups. Vertical column of O's
shows simultaneous administration of tests
(within a one-week period). Pretests: 0., 03.
Posttests: 02, 0^, 05, 0g.

Figure 6 shows Groups I and II as pretest groups
(C>i, 0^).

Groups III and IV are groups not receiving a
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pretest.

Groups I and III are treatment groups, receiving

spatial memory training, indicated by X in Figure 6.
four groups received a posttest (C^, 0^, 05, 0g).

All

Unequal

numbers occurred from experimental mortality, leaving
Group I with only 27 subjects and the remaining groups with
28 subjects in each.
Results
Data in Table 2 are given as means and standard
deviations by pre- and posttest groups as shown in Figure 6.
Statistics are computed with raw scores.

Each subject's

score was the number of items correct out of 50 total for
the Test of Spatial Memory for Figures.

Table 3 shows

statistics by content categories.

Table 2.

Means (M) and Standard Deviations (S.D.) for
Groups on Pre- and Posttest Raw Scores

Pretest

Posttest

Number

M

S.D.

M

I

27

31.56

10.67

38.19

7.81

II

28

34.00

9.23

39.46

9.02

III

28

—

34.04

11.26

IV

28

31.68

10.33

Group

—

S.D.

Table 3.

Means and Standard Deviations by Subtests on Content Categories, by Preand Posttest Raw Scores

Pretest Groups
(No Prior Applied
Experience)
Content
Category
Subtests

I
M

Posttest Groups
(Prior Testing, Training, or Both)

II
S.D.

M

I

S.D.

M

II

III

IV

S.D.

M

S.D.

M

S.D.

M

S.D.

I

5.07

2.99

6.50

2.33

7.85

1.87

7.89

2.35

6.86

1.99

5.79

2.41

II

5.93

2.29

6.14

2.19

7.19

1.84

7.86

1.69

6.54

2.15

6.36

2.35

III

6.63

2.48

6.36

2.42

7.67

1.86

7.29

2.03

6.71

2.89

6.18

2.18

IV

7.19

2.48

7.18

2.37

7.70

1.84

7.75

2.43

6.71

2.72

6.71

2.88

V

6.74

2.84

7.82

2.25

7.78

1.97

8.68

1.85

7.21

2.83

6.64

2.59

Content of subtests and item numbers for each are as follows: I. Geometric
Forms, Items 1-10; II. Cultural Artifacts, Items 11-20; III. Living Things,
Items 21-30; IV. Nonverbal Symbols, Items 31-40; V. Verbal Symbols, Items 41-50.
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Statistical Analysis
Statistical tests were computed on observations to
provide information on test-retest reliability and
homogeneity of variance between experimental and control
groups.

A three-factor analysis of variance was done on

the posttest observations for the four-groups on the
experimental design to draw conclusions on the effects of
experimental treatment, testing, and sex.
Test-retest reliability was determined by computing
a Pearson Product-Moment correlation between pre- and
posttest scores for Group I and for Group II.

The posttest

was administered about eight weeks following administration
of the pretest, using the same form.

The coefficients

obtained were +.72 for Group I and +.67 for Group II.
Because of unequal cell numbers a test for
homogeneity of variance was performed on posttest observa
tions for experimental Group I and control Group II.

A

probability estimate on an F-scale indicated no difference
between groups other than that which could occur frequently
by chance.

This supported the assumption of homogeneous

variances necessary for proceeding with the three-factor
analysis of variance.
{

Results from the analysis of variance, using the
unweighted means solution, are presented in Table 4.
Factor A was two levels of applied training: Match
Recognition and Reproduction-Reconstruction.

Factor B was
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Table 4.

Analysis of Variance for Experimental Training,
Sex, and Testing Effect, on Posttest Raw Scores

df

MS

54

142.19

0.00

1
1
1

167.34
15.81
428.15

1.21
.11
3.09

Error—A

51

138.57

0.00

Within Groups

55

44.84

0.00

Source
Between Groups
A
B
AB

C
AC
BC
ABC

Training
Sex
Training x Sex

Testing
Training x Testing
Sex x Testing
Training x Sex x Testing
Error—B

1
„ 1
1"
1
51

F

981.05
7.12
.39
4.75

33.97*
.25
.01
.16
0.00

28.88

*p < .001.

two levels of sex designation, male and female.

Factor C

represented two levels of testing condition, pretested
groups and non-pretested groups.

On the research design,

Groups I and II are pretested, Groups III and IV nonpretested ; Groups I and III are experimental treatment
groups.

Pretest data were computed as Trial 1, posttest

as Trial 2.
Factor C, the effect of testing on the analysis of
variance table, was found significant.

An obtained F-value

of 33.97 provides substantial evidence that groups who had
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the pretest will score higher on the posttest than will
groups who did not have the pretest.

The testing effect

was demonstrated over an eight-week time interval between
pre- and posttest, with these groups of children.
Factor B, the effect of sex, was found not signifi
cant.

Boys and girls were distributed as follows:

Experimental group I, 16 boys, 11 girls; control group II,
16 boys, 12 girls.

Designations on sex for the analysis

were based on school records.
No support was found on the analysis for factor A,
the effect of training.

The obtained F-value (F = 1.21) was

so low that a high probability of error is indicated.

It is

very unlikely that any training effects under these experi
mental conditions and with the same size and kind of samples
could be attributed to any source other than chance.
An F-value of 3.09 was obtained for AB interaction,
training and

sex.

Obtained F-values for BC interaction

on sex and testing effect, and for ABC interaction,
training, sex, and testing, were very small.

No inter

action was judged significant.
An analysis of variance was computed on the four
types of treatment by applied instructional variations:
Type 1, Simultaneous Matching; Type 2, Successive Matching;
Type 3, Simul aneous Reproduction; and Type 4, Successive
Reproduction (see above, pp. 88-89).

The obtained F-value

(F = .189) was too low to lend support for a difference
between groups on type of instruction.

CHAPTER VI
DISCUSSION AND CONCLUSIONS
Discussion of Results and Experimental
Conditions
The testing effect was substantially supported
(p <.001) by analysis of variance on posttest observations
between experimental and control groups.

This indicates

that spatial memory as operationally defined by the test is
influenced for this population of beginning first-graders
by administration of the Test of Spatial Memory for Figures.
Results of the F-test on homogeneity of variance
for the groups lent justification to the decision to use
an unweighted means analysis.

A finding of no significant

difference supported the assumption of homogeneity of the
samples.
Statistics from pre- and posttest raw scores as
shown in Table 2 indicate that the test was too easy for
many of the children functioning at beginning first grade
level.

This suggests that the measuring instrument may have

been at fault.
Several factors may have contributed to the obtained
test-retest coefficients, which were positive but not high
(Group I, +.72; Group II, +.67).

With the age range of the

population for this study, about 6 to 8 years, visual
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perception develops very rapidly, especially if training is
interpolated between tests (Frostig et al. , 1963, p. 490).
The low ceiling found on the spatial memory test
would also tend to lower the reliability coefficients.
Differences between groups and between individuals within
groups might have emerged

more clearly on a measure with a

finer degree of discrimination, had such a group test been
available.
This gives rise to the question of appropriate
difficulty of the test for experimental studies at firstgrade level, and suggests that it might be more appro
priately used with kindergarten-level children.

Follow-up

studies with a broader range are needed to establish
reliability of the test at different levels of instruction
with respect to school grade placement.
Again, ceiling effect is the most likely explanation
for the finding of no significant difference between types
of instruction, an interesting outcome when compared with
findings of substantial support for testing effect.

One

mode of instruction designated by the simplified term,
successive matching, employed the same kind of spatial
memory task as that for the test-match recognition,
k

Identical response forms were used for this type of train
ing; and all five content categories on the subtests were
included in various instructional materials.
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Other factors which might have had some bearing on
findings for types of instruction were built into the school
situation.

Control of certain conditions in the experi

mental situation was impossible.

Two holidays, Veterans'

Day and Thanksgiving vacation, interrupted the regularity of
the school schedule; and preparations in the school for an
approaching Christmas program coincided with a portion of
the schedule for the spatial memory lessons.

Conditions of

this kind may have interjected affective elements which could
interfere with instructional impact.

Other kinds of noise,

unavoidable in a school setting, also may have contributed
to interference.
Suggestions for Future Studies and
Practical Applications
Several practical considerations should be noted
with respect to possible applications suggested by
statistical support for testing effect and not for treat
ment.

These include related influence of positive rein

forcement, use of the pretest for instructional purposes,
and instructional value in the testing situation for
helping children learn how to take a test.

Further

investigation is indicated on theses.
The major positive motivational condition for the
test appeared to be novelty; no feedback on responses was
provided.

In contrast, several kinds of positive
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reinforcement were applied for the spatial memory lessons;
e.g., immediate feedback, novelty in materials and presenta
tion, and extrinsic rewards.
Use of the spatial memory test for instruction is
suggested by the demonstrated testing effect.

It would

seem practical to apply a pretesting experience as an
instructional procedure for first-graders getting ready to
read.

A follow-up study might show that this could be done

toward the end of the kindergarten school year with even
more favorable results.
Only one use for a posttest as instructional
procedure comes to mind.

If a small group of children

seems to be having unusual difficulty with learning to read,
a second presentation of the spatial memory test items might
be of some help.

Additional items could be drawn and

photographed as supplementary training materials to be
presented in the same manner as that used for testing.
The value of experience in learning to take a test
should not be overlooked.

This involves following direc

tions and becoming familiar with test response forms.
Further studies could yield information with implications
for development of test formats and response forms for young
children.
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Summary and Conclusions
Analysis of variance on posttest observations
between groups led to the following conclusions on the
research hypotheses:
1.

There is no significant difference between control
groups and experimental groups receiving treatment
by applied instruction as measured by the Test of
Spatial Memory for Figures with sample groups from
this population of beginning first grade children.

2.

There is no significant difference between instruc
tional groups as to variations of instruction to
enhance spatial memory for figures as presented for
this study.
Other findings on the three-factor analysis of

variance for testing the variables training, sex, and
testing effect were as follows:
3.

A significant difference on the effect of six did
not receive support.

4.

Testing effect received substantial statistical
support (p < .001).

This high probability that

pretesting will result in group scores higher than
those for non-pretested groups indicates that pre
testing experience is very likely to exert a
positive influence on subsequent performance in
similar situations.
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5.

Results from the analysis produced no significant
interactions.

APPENDIX
FIGURAL CONTENT OF ITEMS ON THE TEST OF
SPATIAL MEMORY FOR FIGURES
Fiqural Content by Subtest Category and Item Number
I.

Geometric Forms
1.

Bilateral triangle

2.

Stick-shape rectangle, % x 3V

3.

Rectangle, 2 x 3\"

4.

Outline shape of stick with abutting circle

5.

Straight line, 3' long

6.

Outline bone-shape semi-circular ends connected
by straight parallel lines

7.

Elongated diamond

8.

Oval

9.

Horseshoe

10.

II.

Straight lines varied in length, joined at
angles to resemble a reversed 7.

Cultural Artifacts
11.

Four-legged bench

12.

Skillet

13.

Valentine heart

14.

Envelope

15.

Spinning top

16.

Folding fan
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17.

Sail boat

18.

Scroll

19.

Kite

20.

Bottle with ejector and spout

Living Things

IV.

^

21.

Stick-figure girl, standing

22.

Cat, standing

23.

Hand with index finger pointing

24.

Fido the dog, sitting

25.

Sea shell .

26.

Rear view of dog, a pointer

27.

Elephant

28.

Whale

29.

Stick-figure boy, sitting

30.

Flower on a bowed stem

Nonverbal Symbols
31.

Moon

32.

Botanical sign for staminate (male) plant

33.

The numeral 6

34.

Hands on a clock

35.

The numeral 9

36.

Skull and crossbones, pharmaceutical symbol for
poison

37.

The numeral 2

38.

The numeral 7
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V.

39.

Mathematical symbol for "greater than" or
"less than"

40.

Treble cleff (musical notation)

Verbal Symbols
41.

Capital K

42.

Capital Y

43.

Lower case g

44.

Capital N

45.

Lower case e

46.

Capital L

47.

Pug

48.

Lower case d

49.

Lower case b

50.

Capital G
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