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ABSTRACT OF THE THESIS
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Mary Victoria Hanson Brizan
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Supervising Professor: Dr, Ronald E. Tinney

The general purpose cf this thesis is to add to the
knowledge of the parallels existing, in both the wverbal and
arithmetic learning processes, between éymbolism and concretencss.

The first specific purpose was to determine +the relation-
ship between the visualization azbility and erithmetic ability in
sixth grade chiléren., All the sixth grade children (109 studecnts)
from two schools in Saanich School District were included in this
corrclation study.

The second specific purpose was to investigate the inter-
acticn between visualization Jevel and prescntation mode, and their
variable relationship in cases of above and below average arithmetic

achievement, From the group of 109 students whec were present for all
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criteria testing on the Stanford Achievement Test, and the Guilford
Zimmerman Perceptual Tests, subjects were randomly discarded until
five students were selected, for each of nins cells for a three
by three analysis of variance on the scores.

The task, which was the learning of paired stimulus
foreign words with English words--wms presented in two modes;
iconic mode which used actual pictures or sounds, and symbclic
mode which used only the words themselves, Three sensory medalities
of auditory, visual, and auditory-visual were equally varied in the
stimulus content., (Tactual modality was used in a pilot study,
the results of which are reported in an appendix). Although each
student was a participant in all the presentations, the order of
présentation vas veried for all the groups, with one control group
receiving a completely scrambled task.

Statistical treatment included 109 subjects for the
correlation study, 1C9 subjects for the multiple group discriminant
function analysis, and 45 subjscts for the threc way analysis of
variance with repsated measurss on two levels,

Within the limitations deseribed in the papsr, the
following conclusions are made.

1., Arithmetic tests of computation, concepts and applications correlate
positively with the perceptual tests of perceptual speed, spatial
orientation and spatial wvisualization., Although each had a differ-

ent individual relationship, the significant relationship was
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between spatial visualization and arithmetic concepts.
The students in the high arithmetic grouping did learn signif-
icantly more words than the children in the low ability group-
ing for the symbolic mode only. When the pictures of the words
vere presented, there was no significant difference in the scores.
Presumably then, high arithmetic gbility is related to the ability
to form an internal image for the symbol, and to remember this
internal image.
High visuelizers did not learn significantly more words presented
in either mode,
For the iconic mode, the measuring of the arithmetic abilities
wvas more valid than the measuring of the visualization a2bility,
The comparisons changed more with the highness or lowness of the
arithmetic ability than with the highness or lowmess of the vis-
ualization ability., Some comments on the reliability and diffuse-
ness of the perceptual tests were made,
Symbolization level of words was found to be more important than
presentation mode for the high and medium ability groups, and this
was related to the need for concreteness., The low arithmetic
low visualization group preferred the symbolic presentation over
the iconic presentation, and for this group only, the presentation
mode was found to be more important than the symbolization level of
the words. Giving a2 picture did not necescsarily help the mediation

process nor the memory process.
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The thesis also contains an extensive review of the
1itersture including (1) an outline of research studice deseribing
characteristics of sensory modelitics; (2) resezrch deoling with
ing;

L 5 S e "
presentation modes and infermation processing

deseribing complexity levels and content types of meesages, to-

levels of messagce (4) a review of research articles Crzeribing

Jearner charscteristics in arithmetic learning; (5] =2 seleeted

problem,
The thsegis also contains an extensive arrvay of cuggestions
o+ 1 J

for both a more intensive study of the currcsnt data, and an extension

of the methcd cf the study to include other aress.
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Chapter I

INTRODUCTION

A comparison of the effectiveness of the material avail-
able for remediation in reading with the materisls available for
remediation in arithmetic lead to the unhappy conclusion that, while
the needs of the students with a reading disability may be approp-
riately matched with the available materials, there is some consid-
erable doubt whether many_of the students with specific arithmetic
disabilities can be significantly helped to understand arithmetic
better because of their use of any of the available materials.

Attitudes toward reading disability have changed from
equating reading disability with lack of intelligence to understand-
ing the part various physiological,l psychological,2 and environ-
mental factors 3 play in the reading process. Although research
articles, periodicals, and books attributing reading disability to
one cause have been gradually displaced by research articles

attributing multiple causes for reading dissbility,-- no such

l. perceptual deficits, such as inadequate auditory discrimination,
unequal depth perception, or extremely low or high thresholds for
reaction to tactual stimulation.

2. emotional disturbance either caused by or as a cause.

3. extremely low Socio-Economic Status, or home environment which
derogates learning and provides little related stimulus material
or related experiences
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progression or alteration of views was evident in the analysis
of articles dealing with arithmetic disability. The idea that
level of arithmetic ability is related to the general level of
reasoning ability was the main view that was presented in the
educational research and educational methods literature.

Barakat (1950) used tests of cognitive ability and math-
ematical attainments, and found that a "basic or generasl ability
roughly identifisble with innate intelligence appears to play by
far the largest kind in mathematical attainments of every kind".
Blackwell (1949), Vernon (1939), Sutherland (1941), and Coombs
(1944) stress the very large part played by the general intell-
ectual factor as'compared with specific factors in arithmetic.

Although the causes of acalculia, or very severe arith-
metic disability were discussed intensively in literature dealing
with the neurology and neuropsychology of the learning processes,
these findings and theories do not appear to have been related to
or transferred into the literature of the general methods and re-
mediation literature of the teacher.

The National Foundation for Educational Research in England
and Wales published a report of an extensive survey of arithmetic
research studies made by Biggs (1962): which states,

there has been a diversion of interest from the more

obvious cognitive, to non-cognitive or affective,

determinants; an increasingly large number of papers
deal with interactions between anxiety, rigidity, frus-
tration, introversion, etc.;--and attempts have been
made to relate this theoretical work; but such attempts

have not been marked with a great deal of success,--at
least in the case of Arithmetical performance.
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Measurement of the reading and language processes was
described in terms of many-faceted abilities and disabilitiés, while
measurement of the arithmetic process was still described in con-~
ceptual, reasoning, symbolic, or memory-linked terms.

What made the learning situation for arithmetic different
from that of reading or language? Children with reading or lang-
uage disability, children with arithmetic disability, and children
with both reading and arithmetic disability can be found in any
classroom. The communalities of environments have not overcome the
individual differences within each child. In the past, these indiv-
idual differences, where arithmetic was concerned, were assumed to
be individual differences in intellectusl ability. The knowledge
gained through research and analysis has hardly changed this view.
Mathematical research has followed two major directions:--one which
looks very closely at mathematical learning itself to see what con-
sistent principles arise through "response analysis" sﬁudies such as
those by Brownell (1944), Thyne (1954), and Saad (1957); and the
other involves the application of the principles derived from general
psychology to the learning of mathematics. (Biggs, 1952). Notwith-
standing the quality of the knowledge thus made available, the extent
of the circulation of such knowledge is such that, these same indiv-
idual differences (previously referred to where arithmetic is con-
cerned) are still assumed ( at least in the minds of the fellow

students) to be individual differences in intellectual ability.
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4 belief in intelligence as the only cause of any disability
interfered with attempts to remediate. When remediation was seen as
requiring an increase in conceptual skills; individuals and theorists
found their explanatory and descriptive task difficult to achieve in
practical terms, Furthermore, the assumption that there was "one
cause" discouraged conjecture. Postulating a multiplicity of unknown
causes and searching for these causes was the process that brought
reading from the conceptual to the variable humsn cause.

Creative studies of the learning process could help explore
the multiple causes of arithmetic disability. Experiences, concepts,
words and skills a2ll inter-relate in the conceptual framework from
which memories fiow, yet each remains distinct in certein aspects,
and a man listening to a speaker may follow the man's words, ignor-
ing the concepts; or he may attend only to the concepts of which the
words are symbols, ignoring the words, The ideational flow of arith-
metic can change emphasis from verbal description to ciarify the ideas
represented by the concrete quantities, measures, or numbers;--to
mental imagery of these same concrete quantities to clarify the
verbal description or components. The strength of the reliance upon
varying degrees of symbolic concreteness or verbal reinforcement is
a personal idiosyncrasy, in that the tendency to attend to words might
be accompanied by a tendency to prefer verbal reinforcements of arith-
metical ideas; while a tendency to attend to the verbal concepts
might be accompanied by a tendency to create the mental images

of the arithmetical ideas.
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Although there are other important variables relevant to
the learning process, such as memory levels, concept levels of
varying abstractness, and activation patterns for memory skills
and conceptual skills, the purpose of this paper is to explore the
reasons for the parallels between symbolism and concreteness in
both the verbal and arithmetic learning process. Research studies
investigating the factors of iconic learning or concreteness,
symbolic learning or integrated concreteness, and their effects

in verbal and arithmetic learning are also included.



Chapter II

STATEMENT OF THE PROBLEM
The tendency toward symbolic concreteness varies from
perfect ability to visualize to a complete inability to visualize.
Arithmetic ability also varies from the perfect ability to learn
arithmetic to a complete inability to recognize number. The par-
allel does exist, and the amount of visualization ability really
determines the amount of arithmetical gbility. The problem be-
comes the description of the facets of visualization aﬂility and
of adequately measuring the amount of this visualization ability
which each person has. The problem also involves the experimental
manipulation of a learning task, which demonstrates in a support-
ing way, this same variability as it related to arithmeticel and
verbal learning. These abilities, with some of their components,
and the reasons for including them as variables, are described in

the ensuing chapters.

The Importance of Presentation Mode.

Studies of relationships between the method of presenting
material to be learned, and methods which the learner was required
to use in the responding, have been reported from various content
areas. Visual and Audio Presentation in Machine Programmed

Instruction (Allen, 1965), reported an evaluation of interaction
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of presentation modes, program types, and content as they affect
the learner characteristics. Each experiment used 18 treatments
in a factorial design with randomly selected groups of about 400
eighth grade students. Audio presentation modes were: silent,

1, and directive. Visual modes were printed verbal,

redundant
still graphic, and motion picture. Programs were either linear

or branching. Frogram content involved nonconcrete referents,
concrete referents, and action-process. Content was held constant
in each experiment. Equipment and student selection factors were
carefully controlleds Immediate post-test scores on four differ-
ent measures were statistically analyzed and several significant
relationships for specific conditions emerged. Although no con-
sistent patterns of superiority for any relationship between visual,
audio or programming variables were demonstrated and few consistent
relationships between presentation modes and learner characteristics
were found, one major conclusion was that even under selected
conditions, a relationship could be demonstrated between content
and presentation mode,

The assumption made at the beginning of Allen's experiment

seemed to be that in whatever varying amounts the abilities to util-

1. the same information presented in more ways than is needed to
understand the concept. For other studies dealing with learning
at different levels, and programmed learning, see Eustace, 1969;
Earhard, 1968; and Feldman, 1965,
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ize sensory stimulation from the various sensory stimuli (aﬁditory,
visual, tactual, olfactory, gustatory, proprioceptive, haptic, or
kinesthetic) are present in humans, that these abilities exist in
equal relative amounts; but these abilities were never tested for,
or otherwise considered to be a variable.

Assuming instead that there is a difference in the facility
with which each individual utilizes each of his sensory modalities,
these differences, if taken over a large group of thirty or more
individuals would tend to approach the average. or have their divers-
ified effects cancelled; and in the effective learning resultant from
the presentationé, the individual differences would be hidden.
Probably my way of stating this statistical principle, emphasizes
that there is no satisfactory method which easily and reliably
assessed the relative strengths of preference and the effects of
the various sensory modes of stimulation and response in any one

individual.,

The Importance of Sensory Mode

Allen's study which described presentation modes and their
interactions with sensory modality prompted a more discriminating
search of the literature describing characteristics of sensory
modalities and differential effects which sensory modalities had on
learning. The difficulty of finding studies which described similar
conditions of factors and modalities made generalizations difficult
to make, but the following significant studies were described in the

literature.
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McLaughlin (1967) reported the results of a study in which
he presented trigrams in auditory, visual, tactual, audiovisual,
audio-tactual, and visuo-tactile modes to retarded children, and
found differential preference for mode on this task. The order of
preference from most to least was (a) visual and audio visual
(b) visuo tactile and auditory-visual-tactile (c¢) audio tactile
(d) auditory and (e) tactile.

But again, similar to the Allen experiment, the individual
orders of preference are hidden within the average orders which have
been reported. For each subject the order was not necessarily the
same as the general order reported for the group.

Conway (1968) using 4 sec., 2 sec., 1 sec., and .6 sec.
presentation times for simultaneous presentation of spoken word
and printed word, found that recall following 10 learning trials
was audio-visual equals audio equals visual, for all of the pres-
entation rates. Particularly significant were the times for the
presentation speed of .6 sece. with no evidence of overloading.

Conway then suggested a learner strategy which implemented
the simple efficiency of processing only one of the inputs,

Again, although the averages reported could be hiding the
individual differences, a multi-sensory presentation is based on the
assumption that although each of us is different we can choose the
modality which suits us, provided that particular sensory stimulation
is there for us to choose. The results of the Conway study, emphas-

ize the fact that for most individuals redundancy is not interfering.



The Importance of Visualization Ability

Studies which had mentioned relationships most signif—
icantly related to the arithmetic process as it had been seen in

the disabled learner, were those relating to symbolization level1

and visualization 1eve12, independent of intelligence. Christiansen
and Stone (1968) compared visualizers and non-visualizers on learn-
ing tasks which used concrete and abstract nouns as mediatorsB,

and found that mediation was related to both the type of mediator
used in the learning task and the subject's ability to visualize.
Statistical significance beyond the .0l level of significance, as
indicated by an analysis of varianceA, showed concrete nouns to

be more effective mediators than gbstract nouns.

1, Symbolization level is generally assumed to extend from concrete
or actusl article to abstract or name of article., Equivalently,
names of articles themselves which are concrete (car) to names of
jdeas which are hard to materialize internally (goodness).

2. Visualization level refers to the ability to see something
internally, the proof of which is accepted to be a drawing, a
word, or an explanation, or a reference through some other symbol.

3. Mediation is learning through an intervening or go-between
variable; connected but not directly connected with the original.
The mediator used in this reported experiment was word-noun.

4o Subjects were 240 seventh-grade students, divided into equal
groups of 30, with approximately equal numbers of boys and girls.
Lorge-Thorndike IQ scores were available for all., Two training
lists were used to determine that there was no significant dif-
ference in learning rate. Groups in which the IQ's differed by
more than one point, were submitted to an analysis of co-variance,
using the Lorge-Thorndike scores.
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The Christiansen and Stone experiment clearly indicated
the differential effects of visualization ability. Limitations of
this study were that only the visual sensory channel or modality
was used, and although the symbolic and abstract levels were used
in the content of the learning task, the tactual presentation was
only symbolic. The significance of the scores for the low and high
visualizers could be increased if the presentation modes included
both iconic and symbolic presentation, and if the sensory modalities

contained auditory as well as visual.

The Importance of Symbolization Level

Paivio and Foth (1970) compared the effects of verbal
mediation and imagery inducement in lists of abstract content and
concrete content. Imagery mediation was produced by drawing images,
and verbal mediation was induced by writing phrases or writing
sentences. Recall tests revealed that verbal mediation produced
higher recall for abstract pairs while imagery mediation produced
better recall for concrete pairse.

Bruner (1964, 1965, 1968) has suggested that the young
child adjusts to his environment on the basis of concrete perceptual
cues while the older child is able to represent and to deal with his
world on an abstract symbolic level, this transformation being
achieved through the verbal-symbolic training provided in school.
Butters (1969) has found that verbal practice significantly improves
verbal mediation while perceptual practice makes perceptual categor-

ization more efficient and possibly interferes with the development
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of verbal mediation. Pettifor (1968) studied the role of language
in the development of abstract thinking in both deaf and hard-of-
hearing children, and found that lack of language interfered with
the development of conceptual thinking.
The difference between verbal and imagery mediation is
even more critical in the learning of arithmetic, where the material

sc often includes both the 'iconic! and the symbolic.

A Necessary Synthesis in Arithmetic Disability

The importance of presentation mcde, sensory modality and
visualization level has been discussed. Their relationships to
arithmetic disability have been most clearly described by Kaliski
(1962)., Her list of characteristics common to children with both
language and reading disability or arithmetic disability contained
some common elements.

(1) Fluctuating attention

(2) Perceptual disturbances--visual and/or auditory or kinesthetic,
related to

(3) Figure-background confusion, i.e. difficulty or inability in
differentiating the foreground from the background, as in

(a) Picture identification and disecrimination
(b) Identification and discrimination of Patterns of sounds
(¢) Identification and reproduction of patterns by touch

(4) Distortion of body image

(5) Visual and motor incoordination

(6) Disturbed spatial, size, sequence, and temporal relationships

(7) Motor disinhibition



(8) Left-right confusion

(9) Perseveration

(10) Language disabilities

(11) Deficient conceptualization
(12) Need for concreteness

Kaliski emphasized that items from (6) to (12) appeared to
be the most predictive of the development of arithmetic ability.
While some learning was accomplished in the language arts by
children who showed varying degrees of these disabilities, little
or no learning was accomplished in arithmetic.

Although the elements are grouped differently, and are
described in more mathematical style, we find a similaf listing in
Breuckner & Grossnickle (1953). 'Disturbed sequence' as described
by Kaliski, is considered by Breuckner & Grossnickle to be 'visual
memory span of -forms, numbers, ideas and concepts, and ability to
keep related events or ideas in mind'; while 'perceptual disturb-
ances' are detailed as 'accurate visual discrimination and perception,
auditory discrimination of sounds, visual maturity, and freedom
from reversals.'

Schonell & Schonell (1956) consider that achievement in
mechanical arithmetic, problem arithmetic, and mental arithmetic
require slightly different elements. Their pattern of factors
influencing arithmetical attainment is as follows: general int-

elligence, general and school experiential background, and comput-
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ational accuracy being common elements to all three types of arith-
metic. Spatial ability is needed specifically for mechanical arith-
metic and problem arithmetic; visual imagery is needed for problem
arithmetic and mental arithmetic; memory of number combinations is
needed for mechanical arithmetic and mental asrithmetic; wverbal
ability is needed for problem arithmetic; and auditory memory is

needed for mental arithmetic,

Theoretical Matrix of Contributing Variables

The manipulable and control variables were chosen from the
following list. Each one of the items was considered as a separate
dinmension and as a possible manipulable variable.

(a) Sensory modalities--visual, auditory, tactual, and combinations
(b) Presentation Modes--iconic coding and symbolic coding
(¢) Symbolization levels--abstract word or concrete word meaning
(d) Visualization levels--low visualizers and high visualizers
(e) Achievement levels--low arithmetic and high arithmetic
--low language and high language

(f) Intelligence levels--low intelligence and high intelligence
(g) Socio-Economic Status--low and high Socio-Economic Status
(h) Response mode--visual, auditory, tactual, vocal

--iconic coding and symbolic coding
(i) Sex
(j) Grade in school

(k) Years in school

(1) Age
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Limitations in Theoretical Assumptions and Delineation of this Study

Presentation mode was considered a means by which it might
be possible to distinguish between conceptualization as a cause, and
conceptualization as a concomitant item but not a cause, necessarily,
of arithmetic disability. Kaliski has referred to a deficiency in
this area as being critical.

The inclusion of symbolization level was considered a means
of distinguishing language disability from arithmetic disability and
a means of assuring significant results which could be measurable.

The inclusion of visualization ability was also considered
as a means by which it might be possible to distinguish betwen lang-
uage and arithmetic disabilities. Imagery related to other modalities
had been generally found to be included in the term visualization,
but these were not necessarily of equal strengths. The ability of the
subject to evoke imagery related to all the senses should have been
considered and measured or controlled, before visualization levels
and their relations to arithmetic and language were accepted.

Some measurable correlations between language disability
and arithmetic disability were referenced through visualization
levels, and might be of value in explaining the discrepancies between

language and arithmetic in children who have multiple disabilities.

SUMMARY
The problem of describing visualization ability, measuring
the amount of this visualization ability, and demonstrating an inter-

relationship between visualization ability and arithmetical gbility
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was introduced. The importance of presentation mode, sensory
modalities, symbolization levels, and their possible relationships
to arithmetic and language disability were also introduced. Some
limitations of application and further considerations regarding

measurement need to be made,



Chapter 111
DEFINITION OF TERMS AND BASIC ASSUMPTIONS

Sensory Modalities

Most of the literature emphasized the perceptive qualities
of the different sense modalities, and articles tended to be un-
related to the act of learning material as we know it in the school
setting,s From these articles and books dcaling with pure perceptive
processes, those which seemed to be related to both perception and
the learning process were selected.

Unimodal. Unimodal refers to learning through one sensory
mode at a time, such as visual, auditory, or haptic. Usually these
relationships between learning and any one of the sensory modes is
measured separately.

Interneurosensory ILearning

Intraneurosensory refers to learning involving predominantly
one system in the brain, interneurosensory learning refers to more
than one system, while integrative learning refers to learning which
utilizes gll of the systems functioning simultaneously. Reports of
studies in which one or combinations of two of the modalities have

been used, form the majority of the reported studies.
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Bimodal, Combinations of modalities are listed under the
following:

(a) haptic visual--which refers to touch and vision or to the transfer

from touch to vision and vice-versa.

(b) auditory visual--which refers to the transfer from auditory to
visual or the reverse. This is usually tested by a task, half
of which is visual and half of which is auditory.

(¢) auditory tactile--which refers to the transfer from the auditory
to the tactile and the reverse,

Few experiments report any significance of results when
using combinations of sensory modalities other than those listed
above,

Multi-modal. Combinations of space and time with the mod-
alities of vision, touch, and hearing are generally described as
temporal and spatial. These combinations implicitly include the
proprioceptive and kinesthetic senses. Their influence on test
conditions was acknowledged but so far has not been measured
independently. The most common combinations ere:

(a) haptic spatial visual--which refers to the effects of touch and
vision considered together and separately to estimate distances.

(b) spatial visual--studies used space and vision, (Spatial visual
combinations were related to creative imagery in the stimulation
of uses from common objects.)

(c) temporal spatial visual--which refers to the effects of time and
distances as measures of visual recognition.

(d) temporal visual--dynamic as opposed to static.
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Reported superiorities of auditory presentation mode
over visual presentation mode in some of the experiments may be

complicated by uncontrolled spatial and temporal effects.

Imagery.
Imagery is here considered to refer to the ability of

individuals to recall the sight, sound, feel or movement associated
with the stimulus in whatever form it is given. Visual imagery
refers to the ability to recall the image, and to revisualize or
draw or point to a representation of the original image. Auditory
image is considered to refer to the ability to associate ideas with
various sounds, to recall these and to be able to reproduce them.

A description of imagery related to other modalities is somewhat
elusive, and will not be attempted, but will be considered to be

implicitly included in any learning experience.

Mode of Presentation

Mode of presentation can refer to timing and other physical
conditions of an experiment or learning situation. Variations in
timing have been reported as having direct effects on results. A
progression in the physical equipment such as, the use of an actual
article, to the more abstract line drawing of an article, to the most
abstract use of the printed word or sounded word for the article, have
been reported as having a direct effect on results. The presence or
lack of certain background noises or material which add to, detract

from, or interfere with the stimulus material have also been reported
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as having a direct effect on the results,

Information Processing

Ambiguities exist regarding modalities snd channels.

The use of the term information processing in the comparison of
methods of coding distinguish modality from channel., Coding systems
refer to a progression of stimulus material from actual article, to
a picture of the article, to printed word of the name of the article,
when presented in the visual modality. When presented in the audit-
ory modality, coding system refers to the progression made from the
sound made by an object, the imitation of the sound made by the
object, to the spoken name of the sound made by the object, to the
spoken name of the object.

Crossing the iconic visual coding (picture facsimile) with
the iconic auditory coding (sound made by the object), has been
reported in the literature as synonymous with crossing the symbolic
visual coding (printed word) and symbolic auditory coding (sound of
the name of the object). These presentations are of unequal com-
plexity, although the results have often been erroneously reported

as interchangeable,



Chapter IV
REVIEW OF THE LITERATURE

The present study deals with the interaction between
visualization level and presentation mode, and their variable
relationship in cases of above and below average arithmetic
achievement, Comparisons are made between critsrion scores
achieved by four different experimental groups, in both high and
low achievement and visualization categories. Since the basic
purpose is to discover a measurable characteristic of either
high or low arithmetic achievement, or to eliminate the pos-
sibility of wvisualization level or presentation mode as a
measurable variable, research that investigates the effects of
sensory modalities, presentation modes, visualization levels
together with visual imagery and symbolization levels is surveyed.

This chapter will be divided into five parts: (1) an
outline of research studies describing characteristics of sensory
modalities. This section is included, even though the final
procedure adopted was partly a multi-sensory presentation, as it
was felt that the necessity of appreciating fully the reasons for
the choice could only be made through a survey of the important

findings in the entire field. (2) research dealing with pres-

- 2] -
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entation mode and information processing is presented; (3) the
research describing complexity levels and content types of messages,
together with symbolization levels of messages and visualization
levels of messages; (4) a review of research articles describing
learner characteristics in arithmetic learning; (5) a selected
review of research describing some learner characteristics in
language adoption and foreign language learning; and, finally,

(6) a section which relates this research to the specific problem.

SENSORY MODES

Unimodal

Lingual Tactile, The sensory awareness and perceptual
relationships needed in learning the movements for speaking were
assessed by McCall (1969) through the application of wisps of
cotton to one, or simulteneously to two parts of the tongue. Irreg-
ularities were considered to interfere with normal speech develop-
ment, although temporary loss of sensitivity through anaesthesia
did not interfere with speech, as subjects were able to compensate.
This was hypothesized as proprioceptive and kinaesthetic memory in
the muscles used in speaking. However, in any prolonged lack of
sensitivity of lingual musculature, these patterns were presumed to

be either not learned or soon forgotten.

Kingesthetic. KXinaesthetic memory has been measured

through kinesthetically monitored performances, and implications for
learning were found to be interacting with & number of reinforcements:

--memory trace (Norrie, 1969), spatial relaticnships (Churchill, 1969),
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immediate or delayed recall (Wilberg, 1969), and uneven or unequal
memory images in short-term visual and kinesthetic storage (Posner,
1966). Arithmetical concepts require that the learner have a min-
imum of these abilities in order to succeed.

Auditory. Auditory perception has been defined by Blair
(1969), as "aural deficiency", and is related to a group of diverse
problems in which the auditory system can be incapable of providing
the child‘with acoustic information in a normal manner, thus inter-
fering with the development of speech, language, and possibly, cog-
nitive deveiopment, The auditory system is composed of the neuro-
anatomical pathways extending from the end organ of the.ear to the
auditory cortex of the brain. Disruptions in this system may result
in a variety of auditory disorders, including reduced sensitivity to
the sound spectrum, phonemic discrimination difficulties, and imper-
fect comprehension of spoken messages. Related and somewhat similar
information about the importance of auditory perception is made by
Sabatino (1960); Clements & Peters (1962); McCarthy & KIrk (1961),
Johnson & Myklebust (1967); and Frierson & Barbe (1967). Research
in learning obviously should not rely on auditory stimulation alone.

Visual. Vision affects the performance and achievement of
every child. (Cohen, 1968). The memory for visual events occurring
at and near the rate of eye fixations has been studied (Poter &
Levy, 1969). By varying the presentation rates, and indiscriminately
mixing the presentation time, Potter & Levy showed that rapidly

presented pictures are processed one by one for precisely the time
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each is in view and are not held with other items in a short-term
store.

Piaget (1970) considers that the concepts of movement and
speed especially touch upon the fields of mathematics and science.
Movement and speed give rise toc long elaborations of responses at
first sensori-motor, then intuitive and finally operational. He also
believes that movement really marks the transition from one perception
to another; and that one must recognize the reciprocity between a
transformation as such--namely, movement; and successive states
arising from the transformation--namely, perception. In this sense,
every movenent may be regarded as a transformation of the perceptual
field and every perceptual field as a group of relationships deter-
mined by movements. (Piaget, 1967).

A comparison between the effects of using either pictures or
words in a recognition task was made, (Jenkins & Neale, 1967). Vary-
ing the presentation to interfere with expectancy or prevent the
formation of a learning set, resulted in the following order of max-
imal learning. (See picture-recognize picture; PP; See word-recognize
picture; WP; See picture-recognize word; PW; See word-recognize word;
WW). PP was much greater than WP, Matheson (1968), compared the
strength of after-images from visual forms, which had been presented
with varying amcunts of auditory stimulation, and found that after-
image was significantly greater with auditory stimulation than without

auditory stimulation.



Bimodal

Haptic Visuval. Information about the size of a stimulus is

used to estimate distance. When the stimulus article is handled but
not seen, and then is used as the basis for distence estimation, the
true distance of the objeczt is underestimated, (Coltheart, 1969).
Although not stated in this article, it seems to prove explicitly
that vision is either better than (or is complementary to) haptic
exploration, and that both vision and touch ars necessary in the
forming of an accurate space estimate.

Rasaf (1968) investigated the relationship between haptic
exploration and sight in the discrimination of forms of different
shapes and sizes. The ability to attend to both modes followed a
developmental course and was modified tc some sxtent by the nature
of the stimulus and by the experimental testing condition. When the
order of presentation was varied, the rank order from the highest to
lowest was found to be visual-to-visual, visuval~to-haptic, haptic-
to-visual, haptic-to-haptic. When the conflict involved the size of
the objects, the visual-to-haptic appeared to be somewhat more dif-
ficult.

Milne (1968) attempted to measure cross-modal transfer in
both directions, from touch to vision. The learning task which involved
transferring symbols of symmetrical and non-symmetrical forms was
investigated in children of ages 9, 11, and 14 years of age. Intramodal
visual learning and relearning speeds were constant with age; ability

to learn or relearn by touch showed a strong developmental trend;
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cross-modal ability was constant with age, within an age where
intramodal tactual facility was still developing: and evidence of
directionality of transfer was constant with age.

These findings may demonstrate that tactual learning can
be more accurate than visual learning, even when tactual learning
is slower. The inclusion of some tactual presentation was based on
the results of this research.

‘Auditorx-Visual. Relative strengths of auditory over wvisual
mode depend upon the other variables in the experiment. When rhythm
and timing ere involved in the ability to judge the length of the
stimulus, Goldstone (1964 & 1968) found that auditory durations
were judged as 16nger than visual ones, when using both verbal categ-
ory scaling procedures and nonverbal methods of production.

Although mosi studies report positive relationships between
the degree of language disorder and degree of auditory-visual integ-
ration, Belmont, Birch & Belmont (1968) using a rhythm sequence
matching task, did not find any dependency upon verbal mediation.
Beery (1967) used an avgmented procedure and found that the perform-
ance of reading disability children was definitely inferior in aud-
itory-visual integration, and that the effect did not seem to depend
on age, nationality, form or length of test, or the manner in which
the stimuli were presented.

This research emphasized the importance of redundancy when

testing for mediated relationships, and cautions against pairing a
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stimulus from one sensory modality (vision) with learning in another
modality (auditory)--unless this transfer or cross-over is the
specific unknown variable being tested. In this study, the relation-
gship of both the stimulus and the paired stimulus to a basic unknown
is what is being tested, and not primarily the cross-over of learning.

Schulz and Hopkins (1969) in presenting paired associates
found that the learning of highly meaningful material is largely
unaffectéd by mode (auditory or visual) but gave evidence to suggest
that subjects process visually received material differently than
they do auditorially received material. Again caution was suggested

in interpreting single modality testing.

Cross Modal

Visual Tactual Spatial. Attneave and Benson (1969) discussed

spatial coding of tactile stimulation. Using a visual condition and a
blindfolded conditicn-, and alternating procedures randomly to permit
both free association and patterned responses, researchers found that
spatial coding is represented primarily in visual terms, even when
based on input from another modality than vision,.

This idea that input to one modality may be mapped or coded
into the representational system of another modality was reported also
by Conrad, who indicated that visually presented sequences of words or
letters are temporarily held in auditory memory, (Conrad, 1963!
Sperling, 1963).

Different modalities appeared to have qualitatively different
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facilities for data handling and Sensory information seemed to be
transferred to the modality best able to process and store it.

Implications for learning or testing relationships, as well
as for teaching, are noted, (Bill and Teft, 1969).

Tactual Motor. Knights et al (1967) investigated the

performance of retardates on five discrimination tasks, and found
that although tactual perception in mongoloids (as measured on an
exploratory task) was poorer than in normal children, their visual
perception appeared to be equivalent to normals. A relationship
between touch and mental imagery was considered in that inner crit-
eria for touch would be the image, while the inner criteria for the
image would be the touch discrimination. Some connection with arith-
metic and visualization might lie here, (Gibson, 1962; Cann, 1967).
Piaget (1967) describes perception as the knowledge of
objects resulting from direct contact with them. To learn to rec-
ognize geometrical shapes the child has to explore the whole contour
before he can make the transition from the tactile-kinaesthetic to the
visual-image. "After the co-ordination of vision with grasping there
occurs a complete transformation of perceptual space. An object passed
from one hand to the other, turned over in &ll directions, touched at
the same time as it is looked at, is from a spatial point of view an
entirely different thing from the same object seen. From being purely
perceptual, space has become partly representational. Both perceptional
and representational construction are to some extent repetitive and

possess a factor in common: this common factor is motor activity".
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Temporal Spatial Visual. Studies of many authors have

presented a resumee of superiority for auditory presentation of
verbal information when compared to visual presentation (Frey, 1970;
Fisher, 1968; and Colgate, 1968)., Murdock (1969) attempted to det-
ermine whether this superiority of auditory over visual might be
based on temporal spatial components, and found that even when assoc-
iations wefe defined spatially, auditory presentation resulted in more
accurate performance than visual presentation. Recall in this exper-
iment was noi a function of time, but was a functicn of space.
Abravanel (1968) investigated the development of haptic and visual
sense modalities in children between the ages of three and six years.
Cross modal sameness-difference judgments and recognition matches
were made in which accuracy required differentiating spatial position.
Subjects aged three and four years showed little accuracy, whereas
significant increases in accuracy were found by ages five and six.
The implications were discussed in terms of perceptual activity and
integrative mechanisms which rely heavily on reproductive imagery.
Goodnow (1968) compared imaginative uses for objects using
the conditions of looking only and of handling and looking. His
findings indicated that the latter produced more "non-standard" uses.
It was hypothesized that these 'non-standard" uses which depended
primarily on changes in the composition of the spatial position of
the subject, came more readily to mind when an object was both seen

and handled. These results emphasized the role of manipulative
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activity in the development of knowledge, and supported the inclusion
of touch as one presentation modality, (Cappon, Banks & Craig, 1968).

Long (1967) in working with educable mentally retarded
children, found a relationship between intelligence and sensory
mode preference, and suggested that modality preference had an import-
ant bearing on learning.
To fully understand the complexity of this problem area

(mode of-learning), the results of the following studies may be con-
sidered, In an experiment on concept formation (Haygood, 1965),
concept inztances were presented to college students in an auditory
and in a visual{mode simultaneously., Four different kinds of concepts
giving two dimensional solutions were used. The two relevant dimensicns
were auditory and visual:--information in the two modes was completely
redundant or divided in such a way that one dimension was visual and
the other auditory. Performance across the first three conditions did
not differ significantly but the cross-modal concept was the more dif-
ficult of the three. Cooper and Gaeth (1967) have reported a study of
paired-associate learning in which the interaction of mode (auditory
versus visual) with meaningfulness revealed no mode difference for
highly meaningful material (words), whereas the visual mode was sup-
erior for less-meaningful material (trigrams). The study was reported
with results from fourth,-fifth,-sixth,-tenth,-and twelfth,-grade
subjects, and a developmental interaction was significant such that the
auditory was better for the younger and the visual mode was better for

the older subjects.
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This research emphasized the necessity for both redundancy
and multi-modal presentation of stimuli and for a consideration of

age and intelligence level.

VISUAL TMAGERY AND ABSTRACTNESS

Sensory Modality and Imagery

Leibovitz (1968) reviewed sensory modality and imagery,
tracing beliefs from earlier researchers who thought that the indiv-
idual who was good in one form of imagery was also good in other forms
of imagery as well. Leibovitz selected forty words such that each of
the six sensory modalities (seeing, hearing, touching, tasting, smell-
ing, and movement) were represented. He showed eight stimulus items
to provoke the dominant imagery, then used the Q-sort technique to
elicit imagery for the above mentioned forty words. The results clearly
supported the hypothesis that imagery ability was not a general trait,
that people who easily produce imagery in one modality could be def-
icient in others, and clearly contradicted the notion that imagery
ebility was the same across different sensory modalities.

Robertson and Youniss (1969) used Piaget's analysis of mental
imsgery as part of the child's operational intelligence, and invest-
igated levels of imagery found in deaf and hearing subjects. Their
results provided positive evidence for a developmentally advanced
symbolization in a deaf population. (Piaget posits that the avail-

ability of symbols per se lead only to behaviour which is as "mature"
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as the thinking structure themselves). This study supported sym-
bolic functioning as separate from linguistic skills, and led to the
investigation of its relation to arithmetic.

Piaget (1967) considérs the image to be a product of imit-
ation "It is in fact, an internalized imitation, one that can be
made without resort to external gestures, though it is at first
associated with such gestures. Imitation is basically a continuation
of the adaptive movements characteristic of actions. The whole trend
of events appears to suggest that the power to imagine shapes visually
when they are perceived through the sense of touch alone, is an
expression of the sensori-motor schema involvecd in their perception.

A visual image is really an image of potential action",

Symbolization Level

The effects of noun imagery, noun frequency, and noun mean-
ingfulness have been studied in verbal discrimination and in paired-
associate learning trials. Paivio and Rowe (1970) found high imagery
words easier to discriminate with meaningfulness insignificantly related
to discrimination. Bower (1970) found that types of imagery differecd
in effectiveness. The most effective was interactive imagery which
required the subject to link two stimulus pairs with a sentence, to
separation imagery which required that the subjects form two distinct
and unrelated images for each stimulus pair, to rote repetition which
gave no auxiliary directions. Paivio and Foth (1970) found that there

was a difference in recall for imagery type and mediator type. In the
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case of concrete pairs of words interactive imagery produced better
recall, while for abstract pairs verbal mediation produced better
recall.

Paivio, Yuille, and Rogers (1969) compared the effects of
noun imagery and meaningfulness in free and serial recall. Inter-
action effects in both the Free recall and Serial recall experiments
yielded significantly greater positive effects for imagery than for
meaningfulness.

Paivio and Yuille (1969) found that in successive trials
subjects abandon the use of ineffective associative strategies and
adopt mediation strategies appropriate to the meaning of the item-
to-be-learned. imagery appeared to be a preferred type of mediator
when at least one member of the pair was concrete and high in its
capacity to evoke images,

Medigtional Learning

Craig and Silverman (1969) found that verbal mediation was
within the capabilities of kindergarten and first grade children, but
that they did not mediate unless required to do so, and when they did,
there was no appreciable effect noticed on their scores. Meichenbaum
and Goodman (1969) found that freedom to mediate, organize, and inter-
pret stimuli and regulate their own temp led subjects to achieve better
results, Superficially, this finding would appear to be significant
for those who control their own behaviour by means other than verbal-

izations,
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Probably the most defailed work in this field is that
reported by Bruner et al (1956). He investigated the attainment of
two main kinds of concepts, conjunction and disjunction. He gave
to a large number of subjects, cards which could vary in four pos-
sible ways: colour, type of figure, number of figures, and border.

By varying these attributes consistently he was able to show how
different groups of people make widely differing uses of the avail-
able cues, or adopt different strategies, in attaining specific kinds
of concepts. Even when conditions were highly controlled in the
laboratory, with a limited number of concepts and a limited number
of cues for the subject, the process was an extremely complicated
and to a degree an idiosyncratic one.

Bruner draws attention to the "focussers" and the "scanners®
in his cognition experiments. In order to test the generality of
focussing versus scanning strategies he and Tajfell (1959) asked
some of their subjects to estimate the number of dots in various
groups of dots presented too quickly for accurate counting. The
subjects distinctly fell into two groups--those who guessed within
narrow, and those who guessed within wide limites. Narrow categ-
orizers seemed to count samples of dots and estimate the total size
in this way; while the broad categorizers arrived at the result by
means of some form of global intuitive guess.

Piaget has drawn attention to the fact that there are var-
iations in kinds of thinking according to chronological or mental age;

Bruner has shown that people of the same age, and even of the similar
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level of "intelligence", attain specific concepts according to quite

different strategies, some of which are more efficient than others.

Information Processing

Information processing is a function of sensory modality,
interneurosensory modality, methods of presentation, levels and div-
isions of materials, and response mode. Conway (1967) clarified some
of the ambiguity regarding modalities and channels. The presentation
of a picture of a cow and the printed word "cow" is a combination of
coding systems (concrete and abstract) employing a single sensory
modality, (visual); while the simultaneous presentation of a picﬁure
of a cow and the spoken word "cow" is both a combination of coding
systems (abstract and concrete) and of sensory modalities (visual and
auditory).

Conway (1968) added an investigation of redundant materials
in auditory, visual, and auditory-visual learning and found auditory
learning equals visual learning equals auditory-visual learning at

all rates and channels.

Review of Research Studies in Arithmetic

Broadly speaking, there are two major kinds of research
into mathematical ability. One involves the application of the
principles derived from general psycholegy to the learning of math-
ematics; and the other involves looking very closely at mathematical
learning itself‘to see what consistent principles arise therefrom.

Studies in the last category, by virtue of their methodology, are called



"response analysis" studies of which there are two kinds.

The first kind of these 'response analysis' gtudies
consist of the analyses of children's errors in mathematics
(Judd, 1927; Buswell, 1927; Brownell, 19Z4; Thyne, 1954; Saad,
1957). The general procedure is to take a mathematicsl example
and break it down into its logical constituents and classify
children's errors in terms of the logical context in which they
occur. However descriptive these studies are, they tend to
resemble lzbelling of errors in such terms as "over-estimation"
or in Saad's more "psychological" terms, "verbal fixation"-- we
are not told a thing of the nature of the processes causing the
child to over-estimate or to repeat verbal formula.

A more significant kind of response analytic study is
the factorial design--this time, the emphasis is not upon instances
where the thinking process has gone wrong., These studies have been
guided by an attempt to discover if mathematical ability is a
group factor quite apart from general intelligence, or g, on the
other hand, and various numerical, spatial and other specific factors,
on the other. The studies fall neatly into two roughly equal groups,
those which indicate that there is not a specific mathematical fac-
tor (Cameron, 1925; Oldham, 1937; Mitchell, 193%; Blackwell, 1940)
and those vhich indicate equally clearly that there is (Vernon, 1950;

Barakat, 1951; Hamza, 1952; Lee, 1955; Werdelin, 1958; Wrigley, 1958).
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The most recent studies state that there is, a specific
mathematical factor, although it is necessary to note that these
studies are performed on older or secondary school pupils.

Research which involves the application of the principles
derived from general psychology to the learning of mathematics
probably began with Thorndike (1922) who viewed the main psychol-
ogical basis of arithmetic teaching as a behaviouristic one:--
viewing skills and habits as fabrics of connections.

This view of arithmetic as a series of bonds and rule-
governed operaticns which are rote learned according to the usual
S-R principles of repetition and drive reducticn clearly ignored the
structured or loéical side of arithmetic., As a reaction against
this view the principles of gestalt psychology were invoked.

The stress here is on whole relationships and parts making
a whole: and a problem is said to produce vectors in the child,
pressing towards '"closure" and this closure takes place when he hits
upon the right solution by a "flash of insight". (Wertheimer, 19%9).

This psychological narrative did not take into account the
developmental aspects of learning, and we have seen that the factor
analytic work indicates that this could be an important feature as
far as mathematical learning is concerned.

The most versatile approach to mathematical learning has
been that of Piaget (1952) who contends that the child's concept of
space, topological notions, such as proximity, separation, order,

enclosure, and continuity arise first, and that projective and
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euclidian notions arise later. In the development of the child's
concept of number his grasp of order relations and cardinal number
grow hand in hand. A child progresses through the four major stages
of mental growth as follows: sensori-motor intelligence (birth to
two years); period of preparation for and organization of concrete
operations (2 to 11 years); which is subdivided into (a) pre-oper-
ational thought (2 to 7 years) and (b) concrete operations; and the
period of formal operations (11 and onwards).

Noting that Piaget also says "--there are three factors
that play a part in preparing the child to advance from one stage
of mental growth to the next; and these are "maturation of the
nervous system, éxperience acquired in interaction with the physical
environment, and the influence of the social milieu", we see that
.passive education might be lacking, in its 'wait and see' attitude.

"Physical action is one of the bases of learning. To
learn effectively, the child must be a participant in events, not
merely a spectator. The physical action is merely the foundation
for the mental operation that we want to develop. We should create
opportunities for the child to be less and less dependent on the
physical action until the action is entirely internalized as a
mental operation".

For Piaget, the so-called 'concrete' operations of a person
are mental cperations with propositions about some real system of
objects and relations that the person perceives. What is concrete,

in this sense, or not concrete, is relative to the person's past
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experience and his mental maturity. "For the kindergarten child
adding a set of two beads with a set of three beads is concrete,
but adding numbers 2 and 3 is not concrete. For the sixth grade
student adding the numbers 2 and 3 is probably concrete, but
adding X and Y is probably not concrete. Moreover, in the dev-
elopment of new concepts in all stages of learning, it is necess-
ary to proceed from the concrete to the abstracti".

- Thought becomes "operational" in the sense that real
concepts are formed, however, until the age of eleven it must
remain 'concretely' operational, and be directly related to the
world he knows, and sees and touches.

At early adolescence he reaches the formal operational
stage, which differs from the preceding in that cognitive processes
are not limited to concrete situations i.e. the cognitive processes
use concepts relating to other concepts, where formerly the cognitive
processes had to relate to experiences.

In Piaget's and in some studies other than Piaget's own, it
is evident that the conceptual level may depend as much upon environ-
mental experiences as genetic endowment. Churchill (1955) found
that with appropriate play experiences the development of certain
number concepts appeared to be accelerated by as much as a year
over the ages Piaget quotes. Similarly Beard (1960) found that the
children were a year in advance in conceptions of quantity and some
spatial concepts. Similarly Carpenter (1955), Williams (1958),

Mannix (1960), and Beard (1960), show the stage sequence to be
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more closely related to mental rather than chronological or experi-
ential age. |

Piaget's work gives us an insight into (a) the logical
constitution of different kinds of thinking and how they differ,
and (b) the relationship between these and the different stages in,
the child's development. Specifically, he shows that for thinking
of all kinds, and number and spatial thinking in particular, the
underlying principles of reversibility and conservation need to be

made operational.
RELATING THE PROBLEM TO PREVIOUS RESEARCH

Althouéh we have limited knowledge of the processes
mediating the final consummation of the experience which is learning,
it is obvious that there are definite physiological prerequisites
for this phenomenon.

Penfield and Roberts (1966) have described many relation-
ships between imperfections in the brain and processes such as
speech, memory, and motor movement.

Gerard (1953) vividly described activity in the brain in
terms of swelling of nerve fibres, sprouting of new branches when the
fibres are in an activated state; breaking of twig-like branches off
during electric shock, and reverberating inter-related redundancy of
stimulus networks.

Penfield and Roberts (1969) have delineated speech areas,

visual areas, and motor areas., Anderson (1968) has described a
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physiological-chemical~biological type of learning and memory.

Davis (1966) suggested that the neurons in the brain which
correspond to the tested modality were increased in excitability
because of their anatomical proximity to the neurons of the accessory
modality that were firing at the same time. In such a theory, a
neuron is capable of responding to the excitement of at least two
modalities and can choose to contribute its effect to first one and
then to the other sense modality. 1Its selectivity would depend upon
the relative rate at which the two modalities bombard it with excite-
ment. The modality that bombarded it with the greater frequency
would have the better chance of finding such a mutually recruitable
neuron in a nonrefractory state and firing it.

The general similarity to be found in each of the fragments
of the above theories is some sort of physical basis for learning,
However, Penfield (1966) also described the formation of concepts,
as follows:

"These concepts have been formed gradually over

the years. Each time a thing is seen or heard or

experienced, the individual has a perception of it.

Each successive perception forms and prcbably alters

the permanent concept. The more concrete the exper-

ience the less conflicting the concept. Within the

brain ganglion equivalents of concepts are formed.

Experience over the years continues to re-inforce the

back-and-forth inter-neuronal-relationship between

the two."

That seems to be saying that concept formation, including

arithmetic concept formation is as much a function of the number of

integrational ways that the concept manages to penetrate the skull
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and reverberate around, as it is a function of those mechanisms
and abilities which convey that concept into the ganglionic net-
work for assimilation.

Kaliski, in Frierson & Barbe (1967) comments on the lack
of diagnostic tools to explain and predict failure in arithmetic, and
suggests that a study to determine the correlation between language
and arithmetic disability would be helpful. Kaliski compares the
language of arithmetic to a special or foreign language,

(Frierson & Barbe, 1967, pp. 461)
"Language disability may occur in the brain-

injured child in the receptive or expressive area or

in both. But even if we consider the child who has

no particular language disturbance, we must admit that

his mental apparatus must become geared and adapted to

the special language of arithmetic, which is a symbolic

coded language with its own peculiar stenograph-like

shortcuts, abbreviations, and telegraph-like style. 1In
the teaching of arithmetic to the non-handicapped

child, it is recognized that success or failure will

depend to a large extent upon the wording used in

teaching the numerical concepts and process."

And if the wording is so critical for the non-handicapped
consider the difficulty for the langusge handicapped.

Not necessarily being accompanied by a language disability
arithmetic disability is characterized by fuzzy spatial relation-
ship, size relationship, and temporal relationship. To the degree
that arithmetical terms are not normally discussed in every day
conversations, arithmetic processes might not be in the imagery
repertoire of the individual child.1

Another thing we might notice is that attitudes have a
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stronger relationship +to performance in the case of arithmetic than
in that of other school subjects. Davidson (1950) and Biggs (1962)
have demonstrated this general point. Davidson found that (a) the
correlations between attitude and attainment were higher in the case
of arithmetic than in that of English, and (b) that there was no
relationship between attitude and intelligence in the case of arith-
metic while there was in that of English; i.e. bright children were
just as likely to do badly in arithmetic when they disliked it as
dull children were. Attitude alone, in other words, has normally
only a slight relationship with actual performance in the case of
most school subjects, but when it comes to arithmetic and math-
ematics, there is a very clear and striking relationship.

The reason for this may well be that dislike for arith-
metic is accompanied by some other, and perhaps more deep-seated
emotional factor than dislike alone. Dreger and Aiken (1957) have
suggested that "number anxiety" is a term which usefully describes
this "thing" which people sometimes have about mathematics.

"The kind of anxiety that affects arithmetical
performance may initially have sprung from a general
disposition towards anxiety, but due to other specific
factors (such as a series of failures in school math-
ematics), now works independently of any such predis-
position."

Insufficient concrete experiences to make arithmetical concepts

operational, Piaget (1970), especially in relation to space,

movement speed, and time might also contribute.
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Sex Differences, The picture that emesrges from the studies

of Watts, Pidgeon & Yates (1952), Yates & Pidgeon (1957), and Anas-
tasits review of American literature on sex differences (1958), is
the following: ——

-~ av 7t girls are better then boys at mochanical
erithmetic and very much better by 10+, and also at
10+ they are better, but not strikingly so, in problem
arithmetic. lowever, at 14+, the difference between
the beoys! and girls! performance in mechanical arith-

- metic has virtually disappesred and in problem erith-
metic, boys are very much supsrior to the girls, The
superiority of the girls in primary school, in other
words, has become reversed towards the end of the normal
seccndary schooling, That this difference cannot be
vut down entirely to the earlier maturation of the girls,
can beo seen in one of the studies vhere it was found
that at 11 years of age, girls vith symptoms of early
puberty performed significantly batter on all the tests
administered than girle with nc pubertal symptoms,

SUMMARY

Summary of Sensory Studies,

First, a progressicn of studies dealing wvith sensory aware-
ness in perceptual relaticnships, and the wey in which mcvement marks
the transformation from one perceptual field to enother, Second, a
progression of visual studies including the connection between spatial
relationships and visual recall; the relaticnship between vision, move-
ment and speced; and the relation between accurate vision and touch
with the relatively greater accuracy of tactusl learning over visual
learning., Third, a progression cf auditory studies relating the
effects of interference in zuditory perception, and the intcraction

between the duration of after-images ard type of auditory stimulation,
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Fourth, a progression of visuvael, auditory, and tactuzl studies relat-
ing the differential effects of static versus dynamic comparisons of
visual versus auditory recall; the superiority of auditory over visual
recall, when recall was a function of space; the superiority of visual
over auditory for low meaningful material; the equality of recall for
visual and suditory with highly meaningful material; the interaction
between modes such that vision was used to remz=mber space, even vhen

tory cues; and the effects of redundancy with a multi-

Lo

besed on aud
modal. presentation., Fifth, a progression of tactual cstudies des-
cribing the relationship between touch and mental imagery, the
relation between touch and reproductive imegery, 2nd the relation-
ship between intelligence and sensory mode prefersnce, Sixth, the
_correlating dececriptions of Pizget relating perception as the know-
ledge of objects resulting from direct contact with them; represent-
ational and pzrceptional construction as reciprocated through motor
activity in the development of knowledge; (caution in pairing a
stimulus from one sensory modality --vicuel-- with lcarning in

anocther modality --suditery-- unless this transfeor or cross-over

was the sp.cific unknown variable being tested for,

Summary of Studies Relsting Visual Tmegery ond Abstractness.

First, a gencral description of imagery ability; that it
is not a gencral trait, and not the same across differcnt sensory
modalities; and that it has a symbolic function separate from

linguistic skillsyto Piaget who thinks of a visual imege as an
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image of potential action., Second, came a progression to the stronger
influences for imagery than for meaningfulness; imagery and mediation
types or verbal imagery with abstract nouns and interactive imagery
with concretes nouns; and greater when at least part of the interactive
concepts are concrete, Third, ceme variations in kinds of thinking
according to chronological or mental age; veriations and strategics
in concept formation irrespective of intelligence level; and a clar-
ifying description of information processing as a function of sensory
modality, interncurosensory modality, methods of presentation, levels

and divisions of moterials, and respoase modes,

Summary of Lrithmetie Studies,

Research includes response enalysis studies or descriptive
breakdowns into logical thinking patterns; a bresk-down or factorial
composition of the thinking process, such 23 numerical, or spatial;
the application of psycholegical princinles to the learning of arith-
metic; the Gestalt appreach; and Piaget's developmental stages, with
his emphasis on rhysical activity as one of the bases of learning.
Piaget gives his insights into the logical progressions fer thinking
of all kinds and number and spatial thinking in particular:--by his
description of how thought becomes operational through the stages
of concrete, concretely 