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Torty randomly selected school children, in four

treatment groups of tenu 5ACh (each comprised of children from the §,
8, and 12 year age levels) participated in a study to determine tthe
extent to which the capacity for infornation processed by a child
increases in amount with development. Apprehension span (perception
and transforma’“ion of aural our visual inputs leading up to
reconstruction or verbal description output) was measured. A
srecially desiqned form board varying on three binary dimensions and
thirty-tvo plastic aaomnetric shapes varying on five binary dimensiors
vas the baszic test raterial to which a subject responded by either
describing or reconstructing a given stimulus dAesian. Scores were
calculated on the basis of match between the reference subset of
shapes and the form board performance. A 3 r 2 x 2 complete factorial

design was useAd,

Resilts indicate that there is a differential

decrease in differances in the apprehension span of children with
development. Correlations bhetween the total of eight apprehension
span tasks and the drimary Mental Abilities Test support the
conclusion that information is processed through the non-verbal mode
and hottlenecks in a child's processing of information are mainly
those involving translation into and out of another medium such &s
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INTELLECTUAL DEVELOPMENT AND THE ABILITY TO PROCESS
VISUAL AND VERBAL INFORMATIONI

B. (Randy) Randhawa, University of Saskatchewan

Saskatoon, Canada

How much information does a child process from the visual and the
auditory world? This problem has its historic roots in Wundt's (1912)
study of sensory perception., He found that the span of consciousness was
sixteen, or eight pairs of clicks when the clicks were grouped in pairs.
Howrever, this span could be enlarged to forty clicks at one time for more
complicated rhythmic pattern., Numerous publishcd studies on digit span
suggest a limit on the number of digits that can be processed and output
by normal individuals. Millar /1956) generalized the case to include making
judgments of length, time, etc., and concluded that the limit of capacity for
processing information ‘vas seven plus or minus two. Chomsaky (1965)
points out the litnits of embeddings one can process in grammar, a limit
set not by the rules of grammar but by the memory span of the listeners.
This study is concerned with the extent to which the capactiy for ififormation
processed by the child increases in amount with development,

Gibson (1966) has shown convincingly that the amount of informatian in

in the visual world is unspecifiably large.” Only a small amount of this may

Presented at annual meeting of American Educational Research Assnciation,
Minneapolis, Minresota, March 2.6, 1970,



Only a small amount of this may be perceived by an individual, Sperling (1960)
demonstrated that the amount of information of partial reports was a sharply
decreasing function of the time at which the instruction was given, The
asymptotic value of this function was the value for the whole reports (immediate
memory reports), The masimum number of items an individual can give in r whole

report is called his span of immediate memory.

It can be argued here that the reported information in all suck s*udies
is not a mirror reflection of the stimulus portions which Ss could repnrt but
is rather a sequential process of input, storage {even momentery), transmission,
and output, For the purposes of this study these 1imits of processing sha’l
be considered as the child's "apprehension span"; in it shall be includ(i the
perception and transformation leading up to some performance, This term has
some advantugeous implications., Firstly, it is operational, that is, capable
of being measured, Secondly, it implies that a child may have different
apprehension spans for dealing with different rorms of information (visual,
auditory, ete.). Thirdly, it acknowledges ihe impossivility cf assessing the
anovnt of information picked up independently of some output, there beirg no
access to the firat part, Fourtnly, and historically, apprehension has been
vsed auv a dynthetic sct, in which a perceivid object 1s des.ribed in terms of
time and space, With this conception c¢f “apprehension span" it can be statedl
that this study as aan &attempl to shov how apprehenaion epan changes develop-
mentally,

There are abundant non-empirical and qualitative generalisaticvas prevalent
in literature suggesting differential laformation processing by childraa at
various developmental levels, For example, Bruncr (1966) contended that

"intellectual development if marked by increasing capacity to dela with several
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sequences during the same period of time, and to allocate times and attention
in & manner appropriate to these multiple demands" (p, 6), For example, a
child centers on only one dimension, i,e,, "height or "width", at a time
in Piaget's conservation tasks during the pre-operational stage (2 to 7 years)
whereas subsequently, he utilizes both aspects of the information available
and gives an appropriate regponse ~- both dimensions are specified by the
child in his reszponse, However, for the younger children, it is not at all
clear as to whe:e the problem lies, Is it that the older child is picking up
more information? Or is he picking up the same information but Just using it
in a new and efficient way? These questions will be attacked by considering
the apprehensisn spans of children at various developmental levels,

As epprehension span has been defined above to include both input and
output phi.ses, it follows that there is more than one apprehension span, It
is one of the concerns of this study to examine the relaticnship between the
visual apprehension sran and the auditory apprehension span, particularly as
thay chenge with aga. In this context the primary question will become the
specification of the factors that eithar limit or expand that apprchension span,
It is obvicus that a child's response, for example, on Piaget's conservation
task, is inadequate by adult criterion, It could be said here that the child
is not processing tle required information, Rut one would be unable to specify
the linitation in terms of the locus of the difficulty., Is it a matter of
iuformation pankup, {,e,, perception, or & matter of the mutput phase? As was
previously suggested it 78 reasontdble to expect that there are different appre-
hension spans for various types of input and output, Although these nay all.
change uith development, they may all change differentially; that is, relative
to one another,

The output modelities of concern here are reconstruction (R) and verbal
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description (VD) of the visual (V) and auditory (AU) inputs, Thase will be
described later,

The two output modalities in combination with the two input modalities and
the intervening storage, transformations, etc, would give rise to four different
apprehension spans, This means that a particular input and ouviput combination
would not necegsarily yleld the maximum output potentiality of the processor
but instead would reflect the effect of input, storage, ard transformational
constraints,

For illustrative purposes, consider now the apriori developmental model
implied by this view (Fig., 1). On the 1nput.side, the model postulates that
children have dif'ferential capacity to perceive the stimulus array dependent
upon the level of development, These capacities are represented by the diameters

Insert figure 1 about here

of the concentric conlc sections for each of the V sand AU modes for the input
gystems ~= smallest for the younger c¢hildren, ‘This amount of perceived infor-
nation is stored, transformed if necessary, and retrieved by the processor for
performance into the specified outjut modulity =-- R or VD, Similarly, the
capacities of children to output information under these output modes are repe
regented by the diameters of the dirferent output systems., In one sense then,
a single cone for output in one mode is slightly misleading in that we may
expect different amounts of output in one system depending on the form of the
input., The samé point holds f¢r input, The diameters of conic sections in
Figwre 1 shov the maximum capacities only,

Regardless of the process assumed to underlie children‘'s perforaance in
these tasks, it is clear that "apprehension span" will reflect %e information

processing limits of human Sg. The model indicates that the span increases with
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development in all. of these apprehension spans., The general assumption is
that the amount of information perceived, stored, transformed, and output
increases developmentaliy. As each "apprehension span" is operationally defined
in terms of a form of input and a form of output, there are at least four such
spans, and it is reasonable to expect that these spans may differ, Finally, one
may focus on the manner in which these spans change developmentally, perhaps
all increasing but perhaps some more radically than others, The model alsv
suggests that "apprehension span" is a function of input and output systems,
Thus developmental changes in each of these systems can be studled specifically.

This model has an advantage in tha: as apprehension spans differ from
one another in only one way it becomes possible to specify the inpuat or output
compdnents vhich are primarily restrictive in the information that nay te processed,
Thus is the AU=-R apprehension span is restricted relative to the VOR apprehension
span it is possible to infer that it is the verbal input that is the primary
liniting factor,

The model has an additional advantage in that a transformatioual analysis
for each inputeoutput pair would enable us to deteimine the factors involved
in different apprehension spans, For example, it may be hypotlhesized, that an
8 is presented a visual design and is required tc reconstruct the design from
the given materials immediately after the exposure, the 8 is faced with a match-
ing problem, In order to describe a design verbally after its visual exposure
in the context of the materials involved, a transformation is required--non-verbal
images must be analyzed into components corresponding to words. On thz other
hand, when an 8 reconstructs a design after an auditory or verbal description, the
S ngain must make a transformation of verbal audition into non-verbval equivalents,
and of synthesis of the isolated components into a representative design, Finally,
the task of a verbal deseription from an auditory display would, perhaps, require
tvo transformations, verdal sudition into non-verbdal percepts and the non-verdal

percepts into verbal equivalents appropriate for the task at hand; these specula-




tions will be examined in the light of the data at the end of this study. The
exact opposite could as easily be hypothesized, It is possible that the basic
form of information storege for a verbal adult is in verbal mode in which case
the perceptual=reconstructive task would involve the most transformations
and the verbal-verbal ones +' least (Glanzer and Clark, 1963, 1964),

On the basis of empirical results from this study a posteriori nodel will
be proposed,

Method

SHPLE

The 8s were 40 children, comprising four treatmeni groups of ten each,
from cach of the 5,8, and 12 year age levels, These children were selezted
randomly from the children in attendance at a sub-urban junior and senior
elementary school in Ontario,
MATERIALS

A form board varying on three binary dimensicneg and thirty-two plastic
geometrical shapes varying on five binary dimensions (25) designed and des~
cribed by Randhawa {1969} were used as the basic test materials, These
shapes were placed in a tray airanged in four adjacent sub-gets of eight each
suck that all of the five dimensions were equiprobable, Ten colosed slides,
to be usec as visual stirmlus and practice materials, were prepared with a
randonly seleccted shape eadbedded in a forme-board slot, Co.responding to these
slides representing five each of the six and eight bits of stimulus information,
vhich is based on the smount of reduction in uncertainty required for correct
response == 10g, N where n is the number of possidle outcomes, verbal massages
were pre-recorded in the same order as the order of visual stimuli for each
S in V=R or V.VD treatment groups. The orderings were deterained in advance
so as to present both visual and suditory stimuli to the 8s in their respactive
treatment groups in suck a way that the subsets of stinuii of different type

and couplexity were randomized within their respective subsets with the order of




the subsets fixed,
TASKS

The stimulus and the response modes of the four information processing
tasks for measuring the four apprehension spans were VR, V=VD, AU-R, and
AU-VD, The stimulus information (bits) was caiculated on the basis of the
number of shapeas in the raferenc3 subset and the formeboard, For example, for
a six bit task, one of subsets of eight shapes and the form-board would be the
relevant reference naterials, Whereas for an eight bit task, all of the thirty-
two shapes and the form-board would be the relevant reference materials, The
response information (bits) was calculated on the basis of reduction of uncer-
tainty in the context of reference subset of shapes and the formeboard,

For the V=R and AU-R conditions, the S was required to raproduce the design
with the given materials after each presentation of the stimulus, But for the
V-VD and AU-VD conditions, the S was required to give a verbal de-~cription of
the design after each presentation of the stinulus in the context of the refer=
ence materials.,

DESIGNS

A3 x 2 x 2 complete fuctorial design was used, The first factor was the
three age levels (5, 8, and 12), the second factor was the two stimulus modes
(visual and auditory), and the third factor vas the two response rodes (reconstruc-
tion and description), There were 10 Sg in each of the twelve groups and a §
performed only one of the four tasks in cne of the ten different orders selected
80 that the S8 in a group exhausted all of the orders,

PROCEDURE

About two weeks before the experiment proper all the selected Ss were given
Primary Mental Abilities {PMA) tests. Raw scores of the §8 in the four subtests

(verbal meaning, number facility, spatial relations, and perceptual epeed) and the




total of PMA tests were converted into deviation quotient scores., These
scores were used to determine the extent of correlations with the dependent
:2:1ab1es. apprehension spans, under the four experimental conditions for
the total group.

Ss in each group were randomly assigned to one of the four treatments.

In all treatments, the S was first acquainted with the shapes and the
form-board as the E read the instructions,

After giving instructions, two practice trials were given in the four
treatments in the same order to all the Ss. During these presentations, any
questions or misunderstandings of the instxuctions were clarified and the
practice trials were repeated if necessary.

In the first treatment (V-R), the S was shown a deaign, projected individ-
vally on a white screen placed about ten feet in front of the §, for five
seconds., Immediately after this presentation, the E uncovered the refer-
ence shapes and the assistant exposed the form-board. The S was then required
to reconttruct the design, i.e., to pick a shape from the shapes shown and
to gut it in one of the slots of the form-board. The response in terms of
codes was recorded.

In the second treatment (V-VD), the stimuli were presented exactly as in
the first treatment., The S, at the instant the form--board and the reference
shapes were uncovered, began a verbal description of the design. The £
was practiced to use tle rewote control switch on the microphone of the tape
recorder and was led to believe that his messages were transmitted into
another area where one of his schoolmates was to make an identical design, as

that eeen and described by the S, from identical shapes and form-board. This

prevented the S from simply pointing at the ehapes and the form-board and




saying "This one in this one', etc. Without such instructions and emphasis,
responses of the above sort were evidenced in a pilot study done by the E.

The assistant kept a record of the dimensions encoded by the S. These entries
were checked against the tape recorded responses for accuracy.

The stimuli in the third and the fourth treatments were verbal messages
tape recorded in advance, in ten different orders corresponding to the
orders of the visual stimuli for presentation. The § in the third treatment
(AU-R) was required to respond in the reconstruction mode exactly similar to
treatment one after the presentation of the stimulus. While in the fourth
treatment (AU-VD), the S responded in the description mode exactly similar
to treatment two after the stimulus was presented.

SCORING

Ss' responses on each task were converted into scores in bits. The
score in bits on a particular task responded in the reconstruction mode was
the number of matching dimensions on the stimulus and the response in the
case of non-redundant, all dimensions wera relevant for perfect performance;
while the 6 bit tasks contained 2 bits of redundancy, two of the dimensions
were irreievant--without attending to these dimensions perfect score was
posyible. The score on a task responded in description mode was simply
the number of matching relevant dimensions in the stimulus and resronse.

For example, if the relevant dimensions in a 6 bit stimulua taks were 'small,
green, circle, bottom, right, blue" and an S's response was 'large, red,
circle, bottom, left, yellow" then the score on this task for the S would
be 2 bits.
Results
The main effects means on the apprehension span tasks are presented in

Table 1 and MANOVA tests of significance on these tasks, using F-ratios as




test statistics for testing the equality of mean vectors, are provided
in Table 2, In general, the results in Tables 1 and 2 support the hypothesis

of significant differences in apprehension spans of children at the three

age levels. The results uphold the hypothesis of significant differences

in apprehension spans of children under the visual (V) and auditory (AU)

input (stimulus) conditions and also under the reconstruction (R) and verbal
description (VD) output (response) conditions. A significant interaction
between age and response indicates a differential decrease in differences in
the apprehension spans of children with development. Figures 2a and 2b
present the average apprehension spans of the three age groups of children for
the two response modes on one each of the 6~bit and 8-bit components.

These figures show clearly that the average apprehension spans of children

for the two output modalities converge with development.

MANOVA tests for simple effects for apprehension span tasks are provided
in Table 3. It 1is seen here that age effects are significant for each of the
individual input and output modalities and also for each of input and output

pairs. Also the stimulus effects are significantly different under eacl. of
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TABLE 1

Task Main Effects Means

Effect

Variate Age Group Stimulus Response

5 8 12 v AU R VD
I 3.100 4.425 5,075 4.317 4,083 5.050 3.350
II 2.975 4,225 4,925 4,333 3.750 4.867 3.217
IIT 3.175 4.325 4,925 4.550 3.733 5.383  2.900
v 3.000 4.250 4.850 4,583  3.483 4,900 3.167
A 3.675 5.925 6.600 5.633 5.167 6.650 4.150
B 3.600 5.257 6.500 5.483  4.817 6.617 3.633
C 3.525 5.357 6.225 5,317 4,767 6.133 3.950
D 3.800 5.175 6.550 15.250 5.100 6.567 3.783

i




TABLE 2

MANOVA Tests of Significance, Tasks

Source dafl F Probability
Age 16/202 10.35 0.0001%
Stimulus 8/101 4.94 0.0001%
Responge 8/101 40.11 0.0001%*
Age x Stimulus 16/202 1.48 0.1079
Age x Response 16/202 2.36 0.0031%
Stimulus x kesbonse 8/101 1.94 0.0628
Age x Stimulus x Response 16/202 1.05 0.4037

ldf for numerator/df for denominator in this and the following tables.

* indicates significance at .05 level in all the tables testing

significance.
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TABLE 3

MANOVA Tests for Simple Effects, Tasks

Source df F Probability

Age for V-R i6/40 4.46 .0001%
Age for V-VD 16/40 5.47 .0001*
Age for AU-R 16/40 3.79 .0004*
Age for AU-VD 16/40 3.50 .0007%
Age for R 16/94 5.23 .0001%
Stimulus for R 8/47 3.79 .0017%
Age x Stimulus for R 16/94 1.23 .2584

Age for VD 16/94 5.78 .0001%
Stimulus for VD 8/47 3.40 .0037%
Age x Stimulus for VD 16/94 1.23 .2590

Age for V 16/94 6/60 .00N1*
Response for V 8/47 25.32 .0001*
Age x Response for V 16/94 3.03 .0005%
Age for AU 16/94 6.37 .0001%
Response for AU 8/47 21.96 .0001 %
Age x Response for AU 16/94 1.21 . 2784




the two response modalities. The same is the case for the response effects
under each of the stimulus modalities. The only significant interaction is
noted between age and response modality for the visual stimulus modality.
It should be pointed out, however, that multivariate analysis of covariance
with the total IQ as the independent variable gave almost identical results,
Combined correlations between the total c¢f the eight apprehension span

tasks and the PMA for tlie four experimental conditions are given in Table 4.

Discussion

All the four apprehension spans, i.e.,, V-R, V-VD, AU-R and AU-VD, were
found to increase with age as expected. Children's ability to process infor-
mation from visual and auditory inputs regardless of the modes of output
(reconstruction and verbal description) increases with development. Similarly
the children showed significant improvement in their ability to process
information in either reconstruction or verbal description mode of output
regardless of the mode of input of Jnformatiuvn.

‘Two modes of informaticn input in genexal as well as with regard to each
of the two modes of information output had differential effects on apprehension
spans such that apprehension spans for visual inputs were greater than
apprehension spans for auditory inputs, Similarly, apprehension spans for
reconstruction outputs were greater than apprehension spans for verbal des-
ceription outputs,

It has been observed at each age level that the apprehension spans can
be ordered with the decreasing order of size in the foilowing manner: (1)

Apprehension Span V-R; (2) Apprehcnsion Span AU-R; (3) Apprehension Span




TABLE 4

Correlations between the Total of the 8 Apprehension
Span Tagks and the PMA for the Four Conditions

PMA Tests V-R AU-R V-VvD AU-VD
Verbal Meaning .25 .06 Jabk +26
Number Facility .06 34 24 49%
Perceptual Speed .63% .79% LT1% .69%
Spatial Relations .21 . 50% -.20 37%
Total IQ .51% .65% AT7% +59%




V-VD; and (4) Apprehension Span AU-VD, It is apparent here that the two
conditions involving unimodal transformations are at the opposite ends of the
scale, Visual~-recontruction input-output combination is the least difficult
whereas auditory (verbally encoded messages)--verbal description in the
context of the stimulus materials combination is the most difficult. From
this it was inferred that Ss did not require any modality transformation for
V-R tasks, i.e., visual percepts formed during the visual presentations had
to be matched with the perceptual alternatives to construct the design. But
Ss required two transformations in performing AU-VD tasks, From audition a
transformation was needed to convert the information to a non-verbal form
and in order to make an informationally adequate message Ss were required to
transform the now non=verbal information back into a verbal form.

Similarly, the twn intervening conditions AU-R and V-VD may be presumed
to involve one transformatiorn. AU-R condition would require a verbal to
non~verbal transformation whereas V-VD demanded a visual to verbal trans-
formation. This inference corresponds to the data that these tasks were of
intermediate difficulty. The fact that AU-R is superior to V-VD leads to
the conclusion that the encoding process into language is more demanding
than the corresponding decoding transformation.

This interpretation is contrary to the contentions of Glanzer and Clark
(1963, 1964). They proposed a verbal loop hypothesis by which Ss are expected
to process verbal or visual information through the verbal mode. This would
imply, of course, that Ss would find verbal-verbal processing easier than
visual-verbal, verbal-visual, or visual-visual. This ic precisely the opposite
of what was found in the present study. The results and inference here, in

line with that suggested by Rosenfeld (1967), is that information is processed




through the non-verbal mode. Th& position is inherent in Olson's (1969)
proposed theiry of the nature of the processing of semantic information. A
pictorial representation of the nature of this information processing can be
given as an elaboration of the 1llustrative model proposed at the beginning
of this study. (See Fig. 3)

This model implies that the basic mode of information processing is that
involving the perception of referent objects and events in the world and
responding to these events which in the diagrem is labelled cognition or seman-

tics. This system of apprehending the world elaborates with development so

that it can handle increasing amounts of information. This developmental

growth is indicated by the concentric conic sections at the input and output
ends of the model. Language input is presumed to be processed in two ways.
Surface features of the language, syntax and phonological cues, may be processed
in the language system inself independent of meaning (Chomsky, 1957). Semantics
or meaning, however, is processed in terms of the perceptual or cognitive

system elaborated by experience with réferent objects and events. These
transformations into and out of the semantic system are what impose the primary
bottlenecks in information processing and it is these systems that appear to
develop most significantly with age. This point shall come up again when the
correlations of these apprehension spans with the PMA tests are discussed.

A general interaction between age and mode of output was significant such
that differences between apprehension spans for reconstruction and verbal
description modes of output decreased with development. However, this
interaction between age and mode of output was significant only for visual.

input. These interactions imply that the apprehension spans are not developing
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uniformly but rather that they are developing differentially, those involviug
verbal output appearing to change more with development than those not involving
verbzl transformations.

Previously some conjecture about intelligence was made, which can be
construed as the ability to apprehend--implying preceiving, storing, and
outputting-~information. Specifically all four of the apprehension spans
that have been examined increase with age. However, some aspects of this
ability increase realitive to some others. The differential between these
apprehension spans is dramatic for the 5 year olds as compared to that
differential for the 12 year olds. That is, the apprehension span for young
children in dealing with visual input 1s better than that for dealing with
auditory information while for the 12 year olds that differential has con-
siderably diminished. But in the output phase, a young child's non-verbal
performance radically supersedes his ability to verbally describe what he
has seen while for 12 year olds again this differential has been reduced.

This leads us to conclude that the bottlenecks in a child's processing
of information are primarily those involving translations into and out of
another medium, i.e., language. It is this skill which is primarily develop-
mental. Some evidence for this point is found in the correlation with intelli-
gence tests--the PMA, Performance on visual-reconstruction tasks correlated
somewhat less with the PMA than do the verbally dependent apprehension spans.
The magnitudes of these correlations indicate that the tasks used in this

study measure to some extent what is conventionally called intelligence.
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