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CHAPTER I 

INTRODUCTION 

Purpose and Scope 

For the past half century, psychologists have been 

intimately concerned with the definition and evaluation of 

intelligence. Much work has been devoted to the problem of 

identifying and measuring the basic elements of intelligence, 

and, more recently, it was observed that it is not profitable 

to identify general intelligence with intellectual ability, 

but that it must be thought of as part of a greater entity, 

the total personality with which it shares comroon elements 

(Fronra 6c Hartman, 1955). Thus, Wechsler (1959) operationally 

defines intelligence as "the aggregate or global capacity of 

the individual to act purposefully, to think rationally, and 

to deal effectively with his environment." It is the 

aggregate because it is composed of elements which, while not 

being completely independent, are qualitatively differentiable. 

Despite the fact that intelligence is not just the sum of 

intellectual abilities, the only way we have been able to 

evaluate it quantitatively is by measuring the various 



aspects of these abilities. 

Test results have shown that the intelligence level 

which an individual attains will often depend upon the type 

of test used-the converse also having been demonstrated 

(Spearman & Jones, 1950). When large samples are examined 

with a number of different intelligence tests, those who 

score high on any of them also tend to make high scores on 

the others, with the same holding true for those who achieve 

only low or intermediate scores. The seeming inconsistency 

of specificity, yet interdependence, has been a long standing 

problem in psychology. Spearman (1927) made the first 

important contribution toward resolving this problem. He 

introduced a method for accounting for the variance between 

paired sets of correlated measures, known today as factor 

analysis, and tried to show by this method that intellectual 

abilities are a function of two factors. He called one of 

these factors a general intellectual factor "G," and the other 

a specific factor "S." The "G" factor was conceived by 

Spearman and Jones (1950) as being coroposed of the quality 

of "abstractness" or the ability to deal with abstract ideas, 

and "noegenesis" which is the ability to educe relations and 

correlates. The "S" factor is a specific factor, specific to 



any particular ability and in every case different from that 

of all others. 

Spearman's conceptions have been the subject of a great 

deal of investigation and discussion. The interpretation of 

the general factor in particular has been the focus of 

attention. Wechsler (1950) defines "G" as involving broad 

mental organization, being independent of the modality or 

contextual structure from which it is elicited, which cannot 

be exclusively identified with any single intellectual ability 

and for this reason cannot be described in concrete operational 

terms. Thomson (1950) has defined "G" statistically. He 

describes it as a recurrent statistical quantity due to the 

fact that every test of a complex nature contains comroon 

elements. Thus, if a battery of tests is composed of a 

number of tests containing many cororoon elements, the tests 

so combined will permit the extraction of a comroon or 

universal factor. This factor will be universal to the tests 

because it derives from the collective influence of the 

comroon elements relevant to the tests. "G," then, is a 

measure of a collective communality which necessarily 

emerges from the intercorrelation of any broad sample of 



mental abilities. Adcock et al. (1954) suggest two 

interpretations of "G" based on the general factor which 

they extracted from the Wechsler-Bellevue Scale. One 

interpretation of "G" which they propose is that it is a 

factor of common function, in the sense that the same or 

similar operations may be involved in a variety of different 

activities. For example, a person with good neuromuscular 

endowment may be expected to excel in various manipulative 

skills or athletic abilities. Similarly, speed of per

ception may, without rouch differentiation, be involved in 

solving an arithmetical problem, in retaining memory for 

words, or in rapidly perceiving the approach to a puzzle. 

Their second interpretation of "G" is that it is a factor 

resulting from "vicarious function," or, that one type of 

ability may substitute for another in a variety of situations. 

More specifically, this states that any ability may be 

substituted for any other ability in the intellective process, 

provided it contributes to the saroe end effect. There are 

many ways of solving a problem, and if the criterion is 

successful achievement it makes little difference in roost 

cases how the task was accomplished, provided it is completed 



satisfactorily. G is the factor which best accounts for 

this potential and explains its systematic high comrounality 

on all tests of intelligence. 

In analyzing various tests of intelligence, Wechsler 

(1958) arrived at the concept of "functional equivalence," 

an assuroption which he feels is implicit in any scale com

posed of a variety of intellective tasks. This he states 

is necessary for the validation of the arithmetic employed 

in arriving at a final measure of intelligence. This 

arithmetic consists of assigning a numerical value to each 

correct response, of adding the credits so obtained into a 

simple sum, and then treating equal sums as equivalent, 

regardless of the nature of the test items which contribute 

to the total. The reason one can add together scores 

obtained from tests requiring such seemingly different 

abilities as those involved in solving arithmetic problems, 

repeating digits, and defining words is because they are all 

alike in certain ways. This means that they all contain a 

common characteristic or common factor. 

Empirical validation of this assuroption has been furnished 

by factor analysis. Factor analysis is a statistical tech-



nique for separating comroon sources of variance between 

intercorrelated measures when these measures are spatially 

arranged in certain ways. It aims to determine the smallest 

number of variables that roust be posited in order to account 

for the observed variance and to calculate the degree to 

which they enter into the measures used. 

Factor analysis has shown that mental factors do exist 

and that they are descriptive of actual modes of mental 

operation (Guilford, 1956). These factors manifest them

selves objectively in different forms of behavior. A 

factorially defined segment of behavior constitutes one 

ability, and such segments are generally grouped into 

broad classifications such as verbal, spatial, numerical, 

and other types of abilities. An important question which 

confronts the application of factor theory to the concept 

of general intelligence is the determination of the nature 

of the factors, in terms of both number and identity, and 

as determinants of intellectual functioning. According to 

Spearman (1927), only one general factor was needed to account 

for basic intellectual ability. This general factor he 

originally defined as a mathematical quantity "intended 



to explain the correlations that exist between most diverse 

sorts of cognitive performances." However, in light of 

subsequent findings, it soon became apparent that "G" stood 

for something else. His conception changed from "G" as 

solely a mathematical concept to its also being a psychologi

cal quantity. It was now conceived of as a measure of the 

individual's capacity to do intellectual work. Stern (1956) 

and Wechsler (1959) both distinguish between mental factors 

and the process by which these factors are integrated into 

intellective behavior. Stern (1956) using a model borrowed 

from quantum mechanics, suggests that primary mental factors, 

because of their group character, possess the property of 

"connectivity" which is manifested psychologically as a 

"coupling" among several intellective factors. Wechsler 

(1959) feels that Stern's mathematical model helps to explain 

the psychologist's dilemma when trying to measure global 

intelligence through the summation of intellectual abilities. 

Thus, no addition of factors seems to account for the total 

variance in an intelligence test battery because the variance 

in performance is due not only to the direct contributions of 

the factors, but also to their integration. He then goes on 
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to interpret "G" not as a factor in the same sense that 

verbal comprehension, memory, etc., are factors in intelli

gence; but only in the sense of its being one of the variables 

which accounts for a large part of the communal variance in 

a battery of intelligence tests. Unlike all other factors 

"G" cannot be associated with any unique or single ability; 

it is involved in many different types of abilities; it is in 

essence not an ability at all, but a property of the "mind." 

It is the property of the "mind" which in terms of Stern's 

(1956) conceptualization determines its capacity for 

"collective coupling." Since the total percent of variance 

accounted for (seldom more than 607o) is generally independent 

of the number of factors extracted, the authors state that in 

order to completely measure intelligence it is insufficient 

to extend the range of abilities measured, but call for new 

tests which manifest greater "coupling." 

This, at present, seems to be the predominant point of 

view as to what comprises intellectual functioning. A number 

of other factors observed by Alexander (1935) and Wechsler 

(1943), and termed by Wechsler the "non-intellective factors" 

in general intelligence have been recognized to contribute to 

general intelligence, yet the weight of their contribution has 



not been adequately estimated due to an inability to directly 

measure and quantify these factors. What amount of variance 

could be accounted for by these factors is not presently 

known. 

In recent years, a new approach to scientific investi

gation concerned with the transmission of information has 

stimulated a good deal of research. While this theoretical 

framework was originally developed to better help investi

gators understand communications and computer systems, it is 

of great value to the psychologist interested in other areas, 

and has been suggested for use in the study of intelligence 

(Welford, 1958). It provides a general type of mathematics 

and it requires no underlying assumptions about metrics or 

variables, while at the saroe time allowing a multivariate 

type of analysis. Since the information in a discrete 

statistical distribution does not depend upon the unit of 

measurement, we can extend the concept to situations where 

we have no metric. It also enables us to compare results 

obtained in quite different experimental situations where 

it would be meaningless to compare data based on different 

metrics. Using information theory concepts, the amounts 

of relatedness can be determined and this approach can be 
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extended to relations involving any number of terms. Informa

tion theory can best describe the strength of coupling between 

components of a system, parts of a structure, members of an 

organization, and parts of an ordered sequence in time. By 

applying concepts developed within information theory it may 

now be possible to look at intellect from a new vantage point 

and to identify and measure certain intellective factors and 

their relationships. Clarke (1962), in discussing genetic 

and physiological aspects of intelligence utilizes a coroputer 

model. He draws the analogy between intellectual abilities 

and basic operations of the computer. He considers genetic 

factors to be the determinants of the complexity of the basic 

operations of the computer, entering into the transactions of 

the organisro with its environment and determining the broad 

categories of skills which could be acquired by a system of 

this complexity. This would show up best in differences 

between species; rats have simpler basic programming than 

apes, and apes than men. While the author feels that it is 

premature to explain further what he means by "complexity of 

basic computer function," he suggests further study of the 

properties of the system such as, switching speed, span of 

short-term memory, period of temporal and spatial summation. 
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and the number and capacity of channels. 

Gaird and Ingles (1961), employing this theoretical 

approach in evaluating the efficiency of basic processes 

and in deriving clinical testing procedures, developed and 

utilized dichotic digit repetition tests to measure short 

term memory storage. 

The basic information theory model involves a message 

(idea, stimulus, signal, etc.) which is encoded and sent 

out by a transmitter over some particular channel (which is 

invariably characterized by some interfering noise). The 

signal is then picked up by a receiver, decoded in some way, 

and, hopefully, the message received is similar, if not 

identical, to the message sent. Information in this model, 

according to Shannon (1948), is that which is communicated so 

that behavior is modified. Information is that which tends 

to eliminate confusion or random activity. Consequently, 

Shannon (1948) states "the amount of information contained in 

a given message depends upon the number of alternative pos

sibilities which the message eliminates." Garner (1962) 

further defines information as that which occurs only if 

there exists some a priori uncertainty, and the amount of 

information is determined by the amount of the uncertainty--
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or, more exactly, it is determined by the amount by which the 

uncertainty has been reduced. 

It is possible to consider a set of stimuli as the input 

to a human, and the human's responses as the output of the 

system. Thus, when the human is considered as a communica

tion system, the resulting uncertainty is obtained from a 

matrix in which stimuli form one variable, and the responses 

the other variable and the information transmitted becomes a 

measure of the discriminating ability of the human subject. 

If the subject's judgments are accurate, then nearly all of 

the input information will be transmitted. If errors are 

made, then the transmitted information is considered less than 

the input. It has been shown that as the amount of input 

information is increased, that is, the amount of uncertain

ty is increased, the subject will begin to make more and more 

errors, and has been demonstrated that increasing input infor

mation results in the transmitted information at first 

increasing and then eventually leveling off at an asymptotic 

value (Beebe-Center, Rogers, & O'Connell, 1955; Garner, 1953; 

Hake & Garner, 1951; Pollack, 1952; Pollack, 1953; Pollack 6c 

Picks, 1954). This asymptotic value is called the channel 

capacity of the subject, and represents the greatest amount 
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of information that he can give about a stimulus. It is the 

upper limit to the extent that he can match his responses to 

the stimulus input. 

Channel capacity would seem to be a valuable concept to 

utilize in the study of intellect. While some workers have 

objected to the use of computers and communications models 

(Wechsler, 1963) because of their mechanical aspects, others 

have found this approach helpful. Welford (1958) has found 

it profitable to use this concept in dealing with problems 

of intelligence test score decline with age. He suggests the 

IQ decline may be a function of such factors as a reduction 

in channel capacity. In terms of Kelly's (1963) view of 

man as a scientist concerned with prediction and the anti

cipation of events, and therefore, the resolution of uncer

tainty, the concept of channel capacity takes on broader 

implications. If individuals have differentiable channel 

capacities and these capacities differ among different 

individuals, then one would expect that those individuals 

with greater channel capacity would be more capable of 

resolving uncertainty, predicting more accurately, and 

transmitting more reliably. In effect, this is what we 

mean by efficient and intelligent behavior. If individuals 

differ in their ability to transmit information or to resolve 
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the uncertainty of stimulus situations, then we may now be 

able to observe and quantitatively measure a parameter of 

intellect underlying the other measurable factors such as 

verbal, spatial, and numerical, etc. The differences in the 

channel capacities of individuals may then be related to their 

level of intellectual functioning. 

The purpose of this study is to investigate the relation

ship between intelligence and channel capacity. 

Review of Previous Research 

A number of studies have been performed to evaluate 

man's effectiveness as a transmitter. Many of these are 

summarized in Miller's (1956) paper "The magical number 

seven, plus or minus two: Some limits on our capacity for 

processing information." As the title of this article in

dicates. Miller found that in reviewing studies that eval

uated man's channel capacity for various sensory channels 

and under various conditions of stimulus complexity, the 

results were remarkably consistent. For example, under 

conditions in which a stimulus series where all but one 

dimension are held constant (uni-dimensional stimulus), 
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such as an auditory stimulus of either varied pitch or 

intensity, or a visual stimulus of either varied brightness 

or hue, were judged by observers, the number of stimuli 

which could be perfectly discriminated ranged from 5 to 9. 

In informational terms the range would be from about 2.25 bits 

of information to 3.16 bits. The bit is defined as log^n, 

where n equals the number of stimuli to be discriminated. 

Therefore, two equally probable alternatives would yield 1 

bit, 4 alternatives, 2 bits, 8 alternatives, 3 bits, etc. 

The general rule is that every time the number of alternatives 

is increased by a factor of 2, 1 bit of information is added. 

This unit, the bit, does not refer in any way to other units 

of measurement such as inches, pounds, liters, etc. 

Pv-eview of Pvesearch on Channel Capacity for Uni-dimensional 

Stimuli 

Pollack (1952) used tones of different frequencies as 

the stimuli and asked observers to identify these by assigning 

numerals to the tones. A tone was sounded and the observer 

was asked to respond by giving a numeral. After the judgment 
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had been made, the observer was told the correct scale 

identification of the tone. Pollack found that when only 2 

or 3 tones were used, they were never confused. With 4 tones 

confusions were rare, but with 5 or more tones, confusion 

became increasingly greater, and with 14 tones many errors 

were r.ade. As the number of alternative tones increased 

from 2 to 14, the input information increased from 1 to 3.8 

bits. The results showed that the amount of information 

transmitted behaved in a way similar to the way in which a 

communication channel would have been expected to behave. 

The transmitted information increased linearly to about 2 

bits and then reached an asymptotic level approximately 2.5 

bits. This then was called the channel capacity of the 

observer for absolute judgments of pitch. This means that 

one can never pick more than 6 different pitches that an 

observer will never confuse. In an extension of this 

experiment. Pollack (1952) tested his results to see whether 

they were dependent upon the spacing of the tones. He 

varied his conditions in several ways and found that placing 

the pitches in different groupings decreased the transmission 

by only a very small amount and the channel capacity for 

pitch remained at about 6 tones. 
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Garner (1953) extended the study to loudness. He spaced 

his tones between 15 and 110 db., using 4, 5, 6, 7, 10 and 20 

stimulus intensity scales. He found the channel capacity for 

absolute judgments of loudness ^o be 2.3 bits, or about 5 

perfectly discriminable alternatives. 

A ccusiderable amount of work has been done with regard 

to the channel capacity for judgments of various visual 

stimuli. i*̂ ke and Garner (1951) evaluated channel capacity 

for visual positions. They asked observers to interpolate 

visually between 2 scale markers. They used scales of 5, 

10, 20 or 50 different positions. They found the channel 

capacity for absolute judgments of visual position to be 

3.25 bits. 

Erikson (1952) observed that the channel capacity for 

visual size is 2.8 bits, for hue 3.1 bits, and for brightness 

2.3 bits. 

The results of other work done with absolute judgments 

ii. visual coding experiments is reported by McCormick (1964) . 

For example, color was found to be 3.1 bits, area 1.7 to 2.3 

bits depending upon the experimental conditions, visual 

number 2.7 bits, brightness 1.7 to 2.0 bits, and flash rate 

2.0 to 2.3 bits. 
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In other sensory modalities Beebe-Center, Rogers and 

O'Connell (1955) experimented in absolute judgments for 

taste intensities. They found the channel capacity for 

saltiness to be 1.9 bits and for sweetness 1.7 bits. Engen 

and Pfaffman (1960) found the channel capacity for judgments 

of odor on a single dimension to be 2.0 bits. 

Review of Research on the Utilization of Two Sensory 

Modalities to Facilitate Information Transmission 

Two or more sensory channels can be used in combination 

in the transmission of inputs. Usually these two are visual 

and auditory. It has been demonstrated that the simultaneous 

presentation of identical information visually and aurally 

increases the probability of reception of the information. 

Buckner and McGrath (1961) did a study in which three of the 

conditions were: a visual task in which subjects detected an 

increment in the brightness of an intermittent light that was 

on for one second and off for two; an auditory task in which 

the subjects detected an increment in loudness of an inter

mittent 750 cps tone that was on for one second and off for 

two; a..d a combined visual and auditory task in which both 
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visual and auditory signals occurred simultaneously. The 

results showed that the use of a combination of visual and 

auditory signals resulted in a higher percentage of detection 

of the sigr.cils. The advantage of the combined signal was 

consistent throughout the hour long testing sessions and 

did not deteriorate as did the individual visual and 

auditory signals. 

Klerrnier (1958) had subjects press one of three keys in 

response to a visual signal, an auditory signal, or a combined 

signal. The results showed clearly improved performance when' 

the response was made to a combined signal. 

Discussion Of Related Research 

As a result of these experiments, it is felt among some 

workers (Miller, 1956; Quastler, 1954) that there is an upper 

limit of information that can be received by human beings, 

taki.ig into account such variables as the time interval, 

method of transmission, stimulus dimensions, and sensory 

modalities. Miller (1956, p.86) said: 

There seems to be some limitations 
built into us either by learning or 
by the design of our nervous systems. 
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a limit that keeps our channel 
capacities in this general range. 

Most of t:.e aforementioned research has tended to agree with 

this point of view in terras of uni-dimensional stimuli, and 

several have indicated methods whereby greater informational 

loads may be handled by human observers. 

V;hile the argument as to whether human channel capacities 

are variable or constant has become an important area of 

discussion (Hake, 1954; Quastler, 1954); the relationship 

of individual differences to information processing capa

bilities has not received notable attention. Much of the 

research in this field has been done under group testing 

conditions, with homogeneous groups generally composed of 

college or university students, most probably with above 

average IQs. Despite this, it is often recognized in a 

general fashion that individual differences effect informa

tion transmission (McCormick, 1964; Miller, 1956). Pollack 

and Picks (1954), using two different groups of subjects, 

one group of enlisted military and laboratory personnel and 

the other university students, found differences in some of 

their data dependent upon what they called the level of 

"proficiency" of the subjects. Garner (1953) reported 
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"observer effects." He found that a great deal of decreased 

accuracy of judgment had to do with the fact that different 

subjects were responding in different ways. Miller (1956) 

stated that musically sophisticated people with perfect 

pitch can identify a far greater number of different pitches 

than the usual normal observer. He is unable to explain this 

phenomenon, and this is unfortunate since it would seem that 

much of our understanding of the true nature of channel 

capacity depends upon whether these skills are innate or 

learned. In constructing mechanical systems, the channel 

capacities are built in and can be reprogrammed and modified 

in accordance with the particular needs and available equip

ment. Whether or not the human nervous system operates in 

a similar fashion is an unanswered and highly complex area 

at present. In the absence of our ability to analyze and 

synthesize the circuitry of the nervous system, it would seem 

appropriate to study the relationships between behavioral 

variables, such as intelligence and personality, and channel 

capacity, in particular, the interaction between what we 

call intelligence and channel capacity. If an individual's 

ability to act intelligently is related to his capacity to 

resolve uncertainty and to utilize sensory channels 
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differentially, this would add to our knowledge of what is 

involved in intelligent behavior, what some factors may be 

that interfere with intelligent functioning, and yield a 

rationale for training intellectually deficient individuals. 

Review-? of Factor Analytic Research Studies of the Wechsler 

Adult Intelligence Scale 

The Wechsler Adult Intelligence Scale (WAIS), published 

in 1955, was developed as a revision of the 1939 VJechsler-

Bellevue Intelligence Scale: Form I (W-BI). It is intended 

to test the intelligence of persons from the age of 16 

througa the age of 64 years. The WAIS is based on the 

premise that general intelligence is not a unique entity, 

but rather a complex constellation of interacting factors. 

General intelligence is conceived of by Wechsler (1958) as 

a composite aggregate resulting from the interaction of a 

varying number of primary abilities. It is these abilities 

that are measured by an intelligence scale such as the WAIS, 

and insofar £.s they enter into some global measure of 

intelligence, the individual subtests that compose a battery 

lose their separate identities. They each become different 
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measures of whatever the scale is presumed to measure. For 

this reason a number of authors have seen the need and impor

tance of knowing the factorial composition of the WAIS, not 

only because some subtests may be better measures of intel

ligence than others, but also because they serve to define 

the t.bilities one is presumably measuring (Cohen, 1951, 

Cohen, 1952b; Saunders, 1959; Wechsler, 1958). 

Since the publication of the W-BI in 1939, there have 

been a number of factorial studies. These were extended to 

the WAIS which, while standardized on a new population and 

containing additional items, remained essentially the same 

as the W-BI in structure and content. Consequently, most 

of the factor studies of the two tests have yielded similar 

results. 

Most of the factorial studies have used Thurstone's 

centroid method of factor extractions, with some limited to 

simple orthogonal solutions, while others preceded to oblique 

solutions. The number of factors identified has seldom 

exceeded four, of which three are recurrently reported. 

Birren (1952) working with elderly subjects, derived three 

major factors which he called Verbal Comprehension, Closure, 

and Rote Memory. He tentatively identified a fourth factor 
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as Induction. That same year, Alderdice and Butler (1952) 

working with mental defectives, found only a general and a 

performance factor. Cohen (1952) factor analyzed the W-BI 

subtests usinj, ^aree types of psychiatric patients. He 

demonstrated that the factors underlying success on a test 

are a function of the sample of people taking the test. The 

primary factors which he isolated were called the Verbal 

factor, Non-Verbal factor, and Distractability. The general 

factor "G" emerged as a second order factor due to the 

particular factoring method used. In 1956, Davis reported 

a factor study of the W-BI together with other reference 

test variables. He found ten distinct factors each of which 

was correlated with at least one Wechsler subtest. 

Thus far, there have been only two complete factorial 

studies of the WAIS, that of Cohen (1957a), and Saunders 

(1959). 

Cohen (1957a), testing a normal sample over a broad 

range from 18 to 75 years of age, found that the same major 

factors were operative over the entire age range, and that 

these were essentially the same factors as had been identi

fied for the neuropsychiatric samples on the W-BI. The 

procedure involved use of Thurstone's complete centroid 
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method, and rotation to a criterion of oblique simple 

stricture using Thurstone's method of two-dimensional 

sections and a positive manifold with an attempt to 

maxi ize the variables within a t.05 and t.lO hyperplane. 

The intercorrelations among the primary factors were 

determined and subjected to a second-order general factor 

analysis to obtain the correlations of the subtests with 

the second-order general factor and also with the primary 

factor specifics. The latter yielded the independent 

contributions of the general and primary factors to the 

total variance of each subtest. From this the contribution 

by the general factor and each primary specific to the total 

cest was determined. 

The factors isolated were called: 

Factor A - Verbal Comprehension. This is described as 

vocabulary richness and verbal-symbolic manipulative 

ability. 

Factor B - Perceptual Organization. This is described as 

the organization of nonverbal, visually perceived material 

against a time limit. 

Factor C - Memory. This vjas, in effect, a renaming of what 

was previously called Freedom from Distractability (Cohen, 
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1952a; Cohen 1952b). This is described as involving both 

immediate memory as well as the efficiency with which 

previously learned material can be called up when needed. 

Factor D - A Picture Completion specific. 

Factor E - A Digit Symbol specific. 

G - A second order factor interpreted as present general 

intellectual functioning. 

The most important factor which emerged was the general 

educti/e factor "G." It showed large loadings in all tests 

and accounted for about 507o of the total variances contributed 

by all tests. It also accounted for from 667o to 757o of the 

communal variance, that is 2/3 to 3/4 of all the variance 

shared by two or more tests. The other three or four 

principle factors account from five to eight per cent of the 

variance. Then, dependent upon the point to which the factor-

ialization was carried, several other factors emerged which 

contributed at most one to three per cent to the total. 

VJechsler (1958) states, that, in his opinion, factors con

tributing less than XL should be regarded as specifics; those 

contributing 35% or more as truly general factors. The 

factorial composition of tl.e Wechsler tests involves all 

three types with "G" continually emerging as the only general 
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factor. 

Three broad factors were extracted from the WAIS by 

Cohen (1957a). The verbal comprehension factor involves 

the ability to derive meaning from words singly or in 

combination. This factor loads the Information, Comprehen

sion, Similarities, and Vocabulary subtests. The non-verbal, 

performance, or perceptual organization factor is most con

sistently loaded on by the Object Assembly and Block Design 

subtests. Picture Arrangement is also comprehended by this 

factor, though with a much lower loading. The third broad 

factor which emerged was a general memory factory. This 

refers to a general retentiveness and not any historic 

memory types such as visual, auditory, recent, remote, etc. 

Arithmetic and Digit Span are the only two subtests loading 

on this factor. Nevertheless, its contribution to the total 

variance is considerable, being almost equal to that of the 

verbal and perceptual organization factors. 

In addition to the general factor and the three broad 

factors, Cohen (1957a) reports two unidentified factors. 

Unlike the factors extracted from the W-BI by Davis (1956) 

when he used supplementary reference tests to the eleven 

W-BI subtests, Cohen (1957a) extracted these by extending 
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factorialization of the V/AIS. These additional factors 

account for a very small fraction of the total variance; 

less than 2%. 
4 

Factor D loads Picture Completion alone in 25 to 34 

year olds, and loads variously witn Similarities, Picture 

Arrangement, and Digit Symbol, depending upon the age level. 

Cohen (1957b) feels that since these loadings are inconsis

tent, they are not trustworthy for use in interpreting the 

factor. Factor D, then, is seen as a quasi-specific factor. 

VJechsler (1958) interprets Factor D as a "relevance" factor. 

By this he means appropriateness of response. Irrelevancies 

arise from impairment of the subjects' perceptual or cognitive 

processes involving concentrative and perseverative abilities. 

Factor E presents a similar state of affairs as exists 

for Factor D. It loads Digit Symbol alone in the 25 to 34 

yeai age group, with Digit Span in the 18 to 19 year olds, 

and with Picture Arrangement in the 45 to 54 year group. The 

author also interprets this as a quasi-specific which he 

leaves uninterpreted other than identifying it as a Digit 

Symbol factor. Ivechsler (1958) tentatively interprets this 

factor as a measure of the individual's capacity to resist 

distraction. 
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Saunders (1959) in evaluating factor analytic studies of 

the V:-BI and WAIS, states that it must be borne in mind that 

common factor analysis, using communality estimates in the 

diagonal of an 11 by 11 subtest intercorrelation matrix 

and assuming the conventional factor analytic reasoning, 

cannot require more than seven factors under any conditions, 

and can provide a very good fit to the observed correlations 

with even fewer factors. He feels that it is therefore 

reasonable to suspect that the typical three-factor result 

may depend more on this limiting feature of the methodology 

rather than on any reality of the data. He cites Cohen's 

(1957a) extraction of five factors as support of this 

hypothesis and preceded to collect and analyze data in a 

manner capable of establishing at least as many dimensions 

as there are tests, yet which does not force the results. 

The analytic procedure involved scoring as many as possible 

of the subtests as split-halves. This resulted in doubling 

the number of variables without recourse to test extraneous 

to the WAIS. This resulted in some sacrifice of the reli

ability level of the variables; however, this was compen

sated for by using a sufficient number of cases. This scoring 

procedure yielded 19 variables, with a numerical raw score 
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for every variable for every case in each sample. A cor

relation matrix for the 19 variables was then factored. In 

this factoring, it was assumed that there should be 11 fac

tors, and a total of 16 iterations were carried out with 

successively improved communality estimates, starting with 

initial communalities of zero for all variables. The factors 

were then machir.e rotated to a normal verimax criterion for 

simple structure. 

The results suggest that the 11 factors may be divided 

into three groups. The first group includes Factors I 

through V H . Each of these factors was identified by its 

two highest loadings, which were derived from the two parts 

of what is normally the same test. These factors are: 

Factor I - Block Design, Factor II - Information, Factor 

III - Similarities, Factor IV - Digit Span, Factor V -^ 

A-'ithmetic, Factor VI - Picture Completion, and Factor 

VII - Picture Arrangement. These seven factors appear 

to be relatively independent of item content and to de

pend primarily on item form or type. 

The second group of factors include Factor VIII -

Comprehension, Factor IX - Comprehension, and Factor X -

Digit Symbol. The third group includes only Factor XI, 
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which x̂?as not interpreted. Factor VIII had a loading for 

the even Comprehension score and appears to be more depen

dent on item content than on item form. It is suggested 

that this factor probably measures a subject's conventional 

understanding of certain basic principles affecting inter

personal relations. Factor IX was marked by three loadings, 

all of a lower order of magnitude and all from parts of 

different tests. This again seems to be dealing with a 

content factor, and is interpreted as a "Breadth of Practical 

Experience" factor. Factor X has a strong loading for Digit 

Symbol which was not possible to split into operationally 

independent parts, and is interpreted as representing a 

distinct dimension solely as a function of item type. 

In his summary, Saunders (1959) states that his results 

are consistent with prior factor studies of the VJechsler 

which have found only three to five factors, and considers 

the aifferences in results as superficial, being attributed 

to li.-:)iting features in the methodology of these prior studies 

Statement of Hypotheses 

This study will attempt to show that there is a re-
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lationship between channel capacity and intellectual function

ing, that an individual's ability to process information is 

positively related to his level of intellectual functioning, 

and that the ability to resolve uncertain situations is a 

primary factor in intelligence. The hypotheses to be tested 

are as follows: 

1. Null Hypothesis: There will be no difference in 

channel capacity between subjects with high IQs and 

those with low IQs. 

Research Hypothesis: Subjects with defective IQ 

scores will have a significantly lower channel 

capacity than subjects with superior IQs. 

2. Null Hypothesis: There will be no difference in 

the ability to process information presented 

through two sensory channels simultaneously 

oetween subjects with high IQs and subjects 

with low IQs. 

Research Hypothesis: Subjects with both high and 

low IQs will have a greater channel capacity for 

information presented through two sensory channels 

simultaneously than for uni-dimensional stimuli. 
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3. Null Hypothesis; There will be no difference in the 

facilitating effects on the transmission of informa

tion presented through two sensory channels simul

taneously between subjects with high IQs and sub

jects with low IQs. 

Research Hypothesis: Subjects with high IQs will 

benefit significantly more from the facilitating 

effects on the transmission of information presented 

through two sensory channels simultaneously, than 

will low IQ subjects. 

4. Null Hypothesis: There will be no difference 

between channel capacity and any other primary 

factor on the Vv'echsler Adult Intelligence Scale. 

Research Hypothesis: Channel capacity is a sepa

rate intellective factor differing significantly 

from the other primary intellective factors needed 

for succec^sful performance on the Wechsler Adult 

Intelligence Scale. 



CHAPTER II 

METHODS AND PROCEDURES 

General Procedure 

Eighteen male subjects with normal hearing and normal 

or corrected vision participated in this experiment. Each 

jubjwCt was individually administered a WAIS by an experi

enced examiner. The WAIS was the intelligence measure 

selected because of its general acceptance among psycholo

gists as the best standardized scale of its kind for 

evaluating the general intelligence of adults and because 

of the wide variety of tasks it presents. A description 

of the scales will be found in Appendix A. 

The channel capacity of each subject was then evaluated. 

The subjects were individually tested in a completely en

closed cubicle in the Psychology Clinic at Texas Technological 

College. The subject was seated in a comfortable chair ap

proximately 15 inches from the response box. The room was 

dimly lighted by a 7 watt night light, located approximately 

14 inches above the floor and to the rear of the response 

34 
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box. This provided enough illumination so that the subject 

could orient himself in the room, yet was dim enough to 

allow the visual stimuli to be readily perceptible. The 

room was also equipped with a one-way viewing window which 

allowed the experimenter to visually monitor the subject. 

Tr.e electronic control apparatus was located in an adjoin

ing room. 

Prior to the actual testing, the subjects were told 

c „y that they were participating in an experiment which 

would help psychologists to know more about how people 

hear and see. The instructions presented during the test 

situation itself are presented in Appendix B. They were 

developed from the Lorge and Thorndike (1944) word lists, 

with no word used being, above a fourth grade vocabulary 

level. This was done to make the instructions readily 

understandable to all subjects. The instructions were 

prerecorded on magnetic tape and presented to the subject 

through earphones. This insured the standardization of 

instructions and also eliminated the need for the experi

menter to enter the testing room after a subject had been 

seated. 
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Pre-Test Condition 

A pre-test condition and two experimental conditions 

were presented. The pre-test condition was designed to 

familiarize the subject with the apparatus and with the 

method to be used for making judgments. The subject first 

heard three sounds in series from low to loud. These sounds 

differed only in intensity, with frequency being held con

stant. The purpose of this was to inform the subject of 

the scale relationships of the sounds to one another. Each 

sound was presented individually and the subject was required 

to make a judgment as to the relative position of each on a 

scale fjcm low to high intensity. The first three buttons 

on the panel of the response box were illuminated indicat

ing which buttons were to be used in making a response. The 

jud̂ T;ent was made by pressing the appropriately illuminated 

button. Each series of sounds was presented eight times. 

The order of the sounds within each series was the same 

as the order of the first eight series of the first test 

condition. This wc : used in order to expedite the famili

arization process and to facilitate the transition from the 
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practice to the test trials. v;hen a subject made a correct 

judgment the red light marked "Right" became illuminated, 

informing him that his response was correct. 

Condition I 

The first experimental condition was designed to 

measure channel capacity for uni-dimensional stimuli 

presented through one sensory modality. The subject 

received the same three sounds as in the pre-test con

dition. He received 24 trials on each series. The stimuli 

within each series were randomized, with the sole restric

tions that every stimulus be presented an equal number of 

times. The three sounds were presented in series from low 

to high in order to know the proper placement of each sound. 

The sounds were then presented individually and the subject 

was required to make judgments by pushing the appropriately 

illuminated buttons. Unlike the pre-test condition, the 

red li^ht did not go on when a correct response was made, 

nor was it used in any of the following test conditions. 

This was done to reduce the effects of speed of learning. 
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Following the 25 randomized presentations of the 3-sound 

series, randomized 5, 8, and 12-sound series were presented 

in the same manner. Verbal directions were given with each 

change in the number of sounds to be judged, and the number 

of illuminated buttons was correspondingly increased. Only 

correct responses were recorded. Failure to respond was 

treated as an incorrect response. 

Condition II 

The second experimental condition, was designed to 

measure channel capacity for uni-dimensional stimuli pre

sented through two sensory modalities simultaneously. The 

subjects were presented a series of sounds simultaneously 

coupled with varying intensities of visual brightness. These 

were graded so that the least intense sound was paired with 

the dimmest light and the loudest sound with the brightest 

light, with those falling in between being presented at a 

level of illumination corresponding to the scale position of 

its associated sound. Series of 3, 5, 8, and 12 pairs of 

stimuli were presented in accordance with the procedures 

outlined for Cor.dition I. 
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Subjects 

Ei::hteen males participated as subjects in this 

experiment. Twelve of these were undergraduate students 

taking an introductory course in psychology at Texas 

Technological College. The other six subjects were students 

in the special education program at the Levelland High 

School, in Levelland, Texas. 

The following procedure was used in selecting the 

tv.-lve undergraduate students. The Otis Quick Scoring 

Mental Ability Tests, Form Gamma EM was administered to 

the entire class of 75 students. This test was chosen 

because of its ease of administration and scoring and its 

high correlation with the VJAIS (Buros, 1965). On the basis 

of the results of this screening test, those students 

achieving IQ scores of 120 or higher, and those achieving 

IQ scores between 90-110 were administered the V̂ 'AIS. 

Individuals who reported visual or hearing defects were 

excluded from the study, as were students who had had 

more tr.an three years of formal musical training. This 

latter criterion was used to control for the effects of 

training on tone discrimination. The results of the WAIS 
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examination led to the selection of the twelve individuals 

who were placed into two groups. . The third group was 

selected after WAIS tests were administ.-red to those classi-

fied as mentally defective oy the Levelland school authori

ties. Individuals whose school records indicated visual or 

hearing defects, or diagnosed brain damage were excluded 

from the study. Vhile it was obviously impossible to equate 

this group with the others in terms of level of education, 

an attempt was raade to control for the possible effects of 

school experience by having only those mental defectives 

involved in a school program serve as subjects. 

Group I consisted of six subjects who obtained a WAIS 

IQ of 120 or higher. The mean IQ was 130.66. The mean age 

was 19 years 4 months. 

Group II consisted of six subjects who obtained a WAIS 

IQ between 90 and 110. The mean IQ was 105.66. The mean 

age was 21 years 8 months. 

Group III consisted of six subjects who obtained a WAIS 

IQ between 60 and 75. The mean IQ was 73.00. The mean age 

was 18 years 1 month. 



41 

apparatus 

Response 3c-

The response box was 28 inches wide, 8 inches high, 

and had a 60 degree sloping panel which faced the subject. 

Mounted en the panel were 12 push buttons which were 

colored green i.hen they became illuminated. Each button was 

labeled by a wnite number on a black background. Directly 

above and to the center of this series of buttons was a 

single red light labeled with the word "Right". On top 

w.nd in the center of the response box was mounted a 

stimulus projector having a 2 x 3 inch translucent screen. 

Approximately 5 inches behind the screen was housed a matrix 

of 12 number 47 lamps. A wall jack in the testing room 

received the set of stereo earphones fitted with foam 

rubber cups through which the subject heard the auditory 

stimuli. 

Control Apparatus 

The control apparatus was located in the cubicle 

adjoining the testing room. It was mounted on two 



42 

standard 19 inch racks. Three stepping switches controlled 

the randomized stimulus presentations. Stimulus duration 

and intra-trial intervals were regulated by two commercial 

electronic timers. A third timer controlled the intervals 

between blocks of stir:uli. All stimuli were presented 

automatically, with the exception of the initial information 

sequences of each series. These were presented by the 

experinienter manually depressing the switches controlling 

each stimulus. The auditory stiz-uli were provided by a 

standard laboratory audio generator. Audio signals were 

amplified by a Ballantine audio volt meter--amplifier, and 

attentuated by a series of 11 "L" pads. These were selected 

and regulated by the stepping relays. The visual stimuli were 

provided by the matrix of lamps mounted in the stimulus 

projector on the response box. Each lamp was controlled 

'oy its own switching relay which was in turn regulated by 

the stepping relays. 

Pvecording A.pparatus 

The push buttons on the response box were wired through 

the program regulating stepping relays so that only correct 
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responses were recorded. The recording was done by a Grason-

Stadtler cumulative print out counter. 

Experimental Stimuli and Time Intervals 

In the first experimental condition the subject was 

presented a series of auditory stimuli having a constant 

pitch and variable intensity. The signals were composed of 

a 400 cycle per second square wave ranging in intensity from 

2 

72 to 94 decibels (db), at a reference of .0002 dynes/cm , 

in 2 ab steps. Thus, in the 3 sound series the stimuli were 

at 72, 74, and 76 db levels; in the 5 sound series they were 

72, 74, 76, 78, and 80 db; and so on through the 12 sound 

series. 

In the second experimental condition the subject was 

presented the same series of auditory stimuli coupled with 

a series of variable light intensities. These varied from 

.025 to .300 candle power in .023 candle power steps, and 

presentation followed the same procedures as when the auditory 

signals were presented alone. 

Each stimulus remained on for one second and there was 

a t-.«Jo second -.nterval between :,tiu)ul̂ 3 presentations. The 

sets of stimuli were separated from one another by a four 
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second interval. Thus, there was a four second interval 

^etween each set of three stimuli; each set of five stimuli; 

etc. The time intervals between the presentation of the 

different stimulus series were variable depending upon the 

len-th of the presented verbal instructions. Each series 

v.cLS introduced by verbal instructions. 

Design for Analysis of Data 

'2's.e following statistical analyses were accomplished 

in testing the research hypotheses: 

1. A three-way factorial design, Analysis of Variance, 

in which there were repeated observations on the last two 

factors, was used to evaluate the differences in channel 

capacity between the IQ groups. This is a Case I design 

^s presented by Winer (1962). The "number of correct 

responses" obtained as channel capacity scores were trans-

forr:.ed. These observations were proportions having a 

bincinial distribution and tne Arcsin transformation was 

used to stabilize tne variances (Guilford, 1954) . V;nen 

significant F ratios were observed, the differences between 

incxividual means were subjected to an analysis using Tukey's 
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(a) test (Winer, 1962). 

2, A factor analysis using the WAIS full scale IQ, 

verbal IQ, performance IQ, all subtest scaled scores, and 

channel capacity scores, as variables, was performed in 

order to extract the coc.Ton variances. (Sweney 6t Burdsal, 

1965), This consisted of the following steps: 

1. The score matrix was analyzed using Pearson's 

Product Moment Correlation. 

2. The correlation matrix was factored by 

Thurstone's centroid method. Factoring was 

terminated when either of the following 

criteria was approached: 

a. h^ less than 1.00. 

b. Latent root equal to or less than .90. 

c. Fifteen factors were extracted. 

d. 95% of the variance had been accounted for. 

3. The centroid factors were rotated using a Promax 

solution. Rotation was terminated when the 

fourth power of the hyperplane loadings were 

maximized. 

3. A stepwise regression v;aj then utilized to identify 

those channel capacity variables which be^t predicted a 
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criterion of WAIS full scale IQ. This program computes a 

sequence of multiple linear regression equations in a step

wise manner. At each step one variable is added to the 

regression equation. The variable added is the one which 

makes the greatest reduction in the error sum of squares; 

and equivalently it is the variable which would have the 

highest F value. Variables are automatically removed when 

their F values reach 0.005 and become too low. (Biomedical 

Computer Programs, 1965). The multiple Pv and per cent of 

extracted variance yielded by this equation were then 

corrected for small sample size (Guilford, 1965). 
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RESULTS 

List of Variables 

For the purpose of efiiciently identifying the variables 

employed in this investigation, the following abbreviations 

will be used: 

WAIS Variables 

1. Verbal IQ 

2. Performance IQ 

3. Full Scale IQ 

4. Information 

5. Comprehension 

6. Arithmetic 

7. S imi l a r i t i e s 

8. Digit Span 

9. Vocabulary 

10. Digit Symbol 

11. Picture Completion 

12. Block Design 

Abbreviation 

VIQ 

PIQ 

FSIQ 

INF 

COMP 

ARITH 

SIM 

DS 

VOC 

DSY 

PC 

BD 

47 
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WAIS Variables Abbreviation 

13. Picture Arrangement 

14. Object Assembly 

PA 

OA 

Channel Capacity Variables 

15. 3 stimuli, Uni-dimensional 

16. 5 stimuli, Uni-dimensional 

17. 8 stimuli, Uni-dimensional 

18. 12 stimuli, Uni-dimensional 

19. Total, Uni-dimensional 

20. 3 stimuli, two sensory modes 

21. 5 stimuli, two sensory modes 

22. 8 stimuli, two sensory modes 

23. 12 stimuli, two sensory modes 

24. Total, two sensory modes 

25. Grand Total 

3 UNI 

5 UNI 

8 UNI 

12 UNI 

TUNI 

3 XM 

5 XM 

8 XM 

12 XM 

TXM 

GT 

Analyses Of Variance 

The results of the analyses of variance are summarized 

in Table 1. This table presents the analyses of variance 
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for the IQ level, uni-dimensional and two sensory mode 

stimulus conditions, and the various stimulus series. It 

can be readily seen that there was a significant difference 

between the IQ groups in their performance on the channel 

capacity tasks. This difference was found to be significant 

beyond the .01 level of confidence. An analysis of variance 

of simple main effects revealed that both the high and average 

IQ groups differed significantly from the low IQ group. This 

is graphically presented in Figure 1. The significant inter

action between IQ level and the amount of information is 

reflected in the A X C results. The means were subjected 

to a Tukey's (a) test in order to discover at which points 

the differences between groups occurred. The results indicated 

significant differences between the high and low IQ groups 

on the 3 and 5 stimulus series, the high IQ group having 

made more correct responses. The average IQ group, while 

not differing significantly from the high IQ group on the 

3-stimulus series, did differ significantly from the low 

IQ group. The average IQ group did not differ significantly 

from the other two groups on any of the remaining stimulus 

series. The relationship between IQ group and amount of 

LUPBOCK. TEXAS 



50 

TABLE 1. 

Analysis of Variance for IQ, Stimulus Condition, 
and Amount of Information 

Source df Mean Square 

Between Subjects 

Between IQ (A) 
Subj. Within Groups 

Within Subjects 

Stimulus Cond. (B) 
A X B 
B X Subj. Within Groups 
Between Amount Info. (C) 
A X C 
C X Subj. Within Groups 
B X C 
A X B X C 
BC X Subj. Within Groups 

Total 

17 

2 
15 

162 

1 
2 
15 
4 
8 
60 
4 
8 
60 

179 

3267.3546 
230.9523 

352.3242 
99.0212 
60.0747 

1704.6817 
210.1051 
32.7753 
113.6458 
14.4909 
18.5266 

6004.9312 

14. 

5, 

52, 
6 

6 

.1473** 

.8647* 
N. S. 

.0111** 

.4101** 

.1341** 
N. S. 

*Significant beyond the .05 level 
**Significant beyond the .01 level 
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FIGURE 1. 

Channel Capacity of High, Average, and Low IQ Groups 
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information is presented graphically in Figure 2. 

Significant differences were also observed between 

the two simulus conditions. The significance of B beyond 

the .05 level reflects the greater mean number of correct 

responses made to the two sensory modality tasks as opposed 

to the uni-dimensional tasks. The B X C interaction was 

significant beyond the .01 level. This indicates that a 

difference was observed between the amount of information 

which could be correctly processed and the particular 

stimulus condition. An analysis of simple main effects 

revealed that there were significant differences between 

the various levels of information within both the uni-

dimensional and two-sense modality conditions. A second 

analysis of variance of simple main effects disclosed that 

the only significant difference between amounts of information 

within the two stimulus conditions, occurred on the 3-stimulus 

series. A Tukey's (a) test was utilized in order to identify 

the points at which differences occur within each of the 

stimulus conditions. The results of this test indicated 
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FIGURE 2. 

Channel Capacity of High, Average, and Low IQ Groups 
for Di f fe ren t Levels of Information 
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that in the uni-dimensional condition the significant dif

ferences occurred between the 3-stimuii series and the 8 

and 12-stimuli series. There was no difference between the 

3 and 5-stimuli series, nor were differences observed between 

the 5, 8, and 12-stimuli series. In the two sense modality 

condition the 3-stimuli series differed from all the others 

significantly. Here, the mean number of correct judgments 

for these stimuli were significantly higher than any of the 

others. This finding is presented graphically in Figure 3. 

The significance of C, or the amount of information 

presented in the channel capacity task, beyond the .01 level, 

indicates that a significant difference was observed between 

the mean number of correct judgments made to the different 

stimulus series. An analysis of simple main effects for the 

different levels of C revealed that the mean number of correct 

judgments made to the 3-stimuli series was the only score 

which differed significantly from the others. A Tukey's (a) 

test was accomplished to see if this effect was consistent 

throughout the three IQ groups. The results indicated that 

this had occurred within both the high and average IQ groups. 
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FIGURE 3. 

Channel Capacity for the Uni-dimensional and Two Sensory 
Modality Conditions Under Different Levels of Information 
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The mean of the 3-stimuli series was significantly higher 

than the means of either the 5, 8 or 12-stimuli series. The 

means of the 5, 8 and 12-stimuli series did not significantly 

diffor from one another in either the high or average IQ 

groups, with only one exception. In the high IQ group there 

was a significant difference between the means of the 5 and 

12-stimuli series. In the low IQ group, however, no signifi

cant differences between means were observed. 

The lack of significance in the A x B interaction suggests 

the absence of significant differences between IQ groups when' 

the amount of information available to the subjects was 

altered by adding the brightness dimension. The absence of 

a significant A x B x C interaction, reflects the lack of a 

significant interaction between the level of IQ, the type 

of stimulus condition, and the amount of information presented 

in the channel capacity tasks. 

Results Of Factor Analysis 

The correlation matrix, in which 14 WAIS scores and 

11 channel capacity scores serve as variables, is presented 

in Table 2. Of these correlations, 807« are significant at 



Table 2, Correlation Matrix 
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Table 2, Correlation Matrix (cont,) 
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the .05 level, while 46% reach significance at the .01 level. 

The preponderance of high correlations reflects the homogeneity 

of the task variables. 

The reference vector loadings which were the basis for 

factor interpretation are presented in hierarchical order 

with all loadings below .300 being eliminated. This more 

stringent criterion was arbitrarily decided upon due to the 

relatively small sample size. Loadings on Factor 1 are 

presented in Table 3. This is clearly a V-AIS factor with 

13 of the V:AIS variables loading heavily on this factor. 

Digit Span is the only WAIS variable which does not have a 

.300 or higher loading. Factor 2 is presented in Table 4. 

This appears to be a channel capacity factor, with the 

channel capacity variables loading heavily on this factor 

and only one WAIS variable; the single WAIS variable which 

did not load highly on the WAIS factor. These two factors 

accounted for 777o of the total extracted variance. A 

correlation of .70 was yielded between factors indicating 

their high degree of relatedness. 
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Variable 

PA 

SIM 

INF 

COMP 

FSIQ 

VOC 

PIQ 

VIQ 

DSY 

BD 

OA 

ARITH 

PC 

3 XM 

3 UNI 

TABLE 3. 

Factor 1 
WAIS Factor 

Loading 

.744 

.710 

.710 

.700 

.688 

.680 

.669 

.667 

.617 

.607 

.569 

.535 

.465 

.354 

.330 
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TABLE 4 

Factor 2 
Channel Capacity Factor 

Variable 

12 UNI 

12 XM 

CT 

TXM 

8 UNI 

TUNI 

5 XM 

8 XM 

5 UNI 

3 UNI 

DS 

Loading 

.761 

.741 

.656 

.649 

.635 

.603 

.594 

.581 

.425 

.330 

.317 
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.csults of the stepwise regression procedure are 

presented in Table 5. This was accomplished using WAIS 

FSIQ as the criterion and the channel capacity variables 

as predictors. This formula yielded those channel capacity 

variables which best predict \'AIS FSIQ. The table indicates 

both the obtained multiple correlations and per cent of 

variance and the data corrected for small samples. All 

of the corrected correlations were significant beyond the 

.01 level. 



64 

TABLE 5. 

Summary Of Stepwise Regression With WAIS FSIQ As The Criterion 
And Channel Capacity Variables As The Predictors 
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CHAPTER IV 

DISCUSSION 

IQ Level and Channel Capacity 

This study verified the hypothesis that individuals with 

high IQs have a greater channel capacity than low IQ individ

uals. Significant differences in channel capacity were not 

observed between the high IQ and average IQ subjects. Both 

the high IQ and average IQ subjects made a greater total 

number of correct judgments than did the low IQ subjects, 

with the high IQs differing significantly from the low IQs. 

The high and average IQ subjects also made more correct 

judgments as the amount of task uncertainty was increased 

and the amount of information about the stimulus decreased 

up to the 8-stimuli series. It appears that a channel capacity 

task utilizing a 3-stimuli series can differentiate between 

high and low IQ individuals, and between average and low IQ 

individuals, yet fails to discriminate the high from the 

average IQ groups. A 5-stimuli series task was able to 

differentiate between the high IQ and low IQ groups, but was 

65 
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unable to differentiate the average IQ group from either the 

high or low IQ -roups. The 8 and 12-stimuli series failed 

to differentiate any of the groups. This finding suggests 

that 3 and 5-stirauli series are the most useful individual 

channel capacity tasks for differentiating between IQ groups. 

Vihile the high and average groups were able to adequately 

process the information presented in the 3 and 5-stimuli 

series, confusion hampered performance during the 8 and 12-

stimuli series. This is consistent with the findings 

sumir.arized by Miller (1957). The absence of significant 

differences between any of the task means obtained from 

the low IQ group lends support to Miller's (1957) view that 

channel capacity is not invariant. WTiile every individual 

in all probability does have a measurable upper limit to 

his channel capacity, it is different for different indi

viduals. The absence of significant differences between 

the high IQ and average IQ subjects is difficult to explain 

at this time. While this observation may be an artifact of 

small sample size, it is also possible that the differences 

in channel capacity between individuals of average and above 

average intelligence are truly minimal. It may be that the 

more significant differences occur not in the amount of 
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information that can be processed, but rather what happens 

to the information as it is being processed. In these groups 

it may well be the encoding process which differentiates 

individuals and not merely channel capacity. The present 

study does, however, lend support to the hypothesis that 

channel capacity is a component in that construct which is 

called intelligence. 

IQ Level and Channel Capacity Conditions 

This study clearly demonstrated that there are differences 

in the amount of information which an individual can trans

mit, depending upon the degree of task uncertainty. In this 

investigation, task uncertainty was reduced by adding more 

stimulus information in the form of a gradient of visual 

brightness coupled with sound intensity levels. This appears 

to be the first time that this phenomenon has been observed 

using subjects as their own controls. Reducing the degree 

of task uncertainty by adding the visual dimension, signi

ficantly increased the subjects' ability to make correct 

judgments only on the 3-stiiDuli series. This occurred in 

all IQ groups. While the low IQ subjects were still not 
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able to transmit as much information as the high or average 

IQ subjects, they were, nonetheless, able to utilize the 

added information about the task. The hypothesis that high 

IQ subjects would make better use of the additional infor

mation than would the low IQ subjects was not substantiated. 

This finding suggests that the presentation of information 

through more than one sense modality simultaneously, has a 

facilitating effect on transmission regardless of the 

individual's IQ or initial ability to adequately process 

information, but only for tasks already having a low degree 

of uncertainty. Adding the light stimuli to other stimuli 

already having a high degree of uncertainty, does not appear 

to provide the additional information required in order to 

increase the number of correct responses which can be made. 

This would tend to support a training anNa educational 

approach for low IQ individuals, which maintains a low number 

of stimuli presented, with new stimuli added only so long as 

they serve to reduce the degree of task uncertainty. This 

study suggests that an appropriate way of doing this is by 

transmitting information through a combination of sensory 

modalities when making presentations. This is presented 
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as an alternative to the approaches which utilize simple task 

redundancy as a means of reducing task uncertainty. The 

results of efforts by educators using this type of redundancy 

procedure often indicate that "'practice does not make perfect." 

Altering tae stimulus conditions rather than keeping them 

exactly the saroe, may have more facilitating effects on 

learning. The effects demonstrated in this study should be 

followed up by investigations utilizing additional sensory 

modalities, as well as various parameters of a particular 

modality, as channels for information transmission. These 

should be accomplished using an intra rather than inter 

subject design. This would enable the effects to be 

evaluated in terms of an individual's capacity to transmit 

information, rather than just the amount of information 

which is transmitted. This appears to be particularly 

relevant in light of the present findings when channel 

capacity was observed to be integrally related to one 

organismic variable. This type of study may also lead 

to a model for evaluating, in hierarchical order, those 

sensory modalities which an individual uses in relating to 

ais environment. Significant findings in this area would 
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help in developing specific techniques for teaching those 

handicapped in particular educational areas. 

Channel Capacity and l;AIS Performance 

The last hypothesis put forth, was designed to test the 

relationship between chan.iel capacity and intelligence as 

measured by the \:AIS. This was done in an attempt to bridge 

a conceptual and ampiricle gap that psychologists have for 

years been hard pressed to define. Spearman (1956) identified 

a basic element in intellectual functioning which he called 

'G." This he defined as having the quality of "relatedness." 

Stern (1956) and Wechsler (1958) have both stated that "G" 

does not tell enough and that there are other processes which 

are involved in "coupling" or "relatedness" of intellective 

factors. The hypothesis that channel capacity is such an 

integrating intellective factor was tested in this investi

gation. In the present study, "G" was not extracted as a 

separate factor. This was probably due to the small sample 

size and to the use of discrete, well differentiated groups. 

The high loadings of 13 of the 14 WAIS variables on Factor 1 

suggests that "G" is, nonetheless, represented. This factor, 
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called the \/AIS Factor, is correlated .70 with Factor 2; the 

Channel Capacity Factor. This indicates that those intellec

tive factors represented by the V̂ AIS are highly related to 

caannel capacity. Using the Coefficient of Determination 

(Guilford, 1965), the Channel Capacity Factor accounted for 

497. of the variance in the WAIS Factor. The two channel 

capacity variables which loaded on the WAIS Factor were the 

3-stimuli uni-dimensional and the 3-stimuli two sense modality 

variables. These were the two channel capacity variables 

revealed by the analysis of variance as being the best for 

differentiating between IQ groups. It would seem that these 

variables have much in common with the tasks generally used 

to evaluate intellectual level. These were the channel 

capacity tasks which had the most information for the subjects. 

It would seem that these highly structured tasks bear a 

greater resemblance to the structured items of the WAIS than 

they do to the other channel capacity variables. On the 

other hand, tne single \\AIS variable which loaded higher on 

the Channel Capacity Factor than on the WAIS Factor, was 

Digit Span. The Digit Span task requires the subject to 

repeat series of randomized digits, with each new series 

file:////AIS
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having more digits than the preceding set. The task involves 

immediate memory for digit series in which the amount of 

inforQ'.ation is progressively reduced and uncertainty is 

increased. The resemblance between the Digit Span and 

channel capacity tasks is apparent. 

The finding of these two independent variables which 

are highly correlated, suggested that performance on channel 

capacity tasks will predict WAIS performance. Analysis 

using a stepwise regression, with WAIS full scale IQ as the 

criterion, yielded eight channel capacity variables as 

predictors. The eight variables accounted for 88% of the 

variance. Of this, 847o was accounted for by the first four 

variables, with the next four contributing little. For the 

purpose of predicting WAIS full scale, the TUNI, 12XM, TXM, 

and 3blNl channel capacity variables were used. The equation 

Y' = alpha + B]_ X^ + B2X2. . .B̂ Xĵ  (Guilford, 1965) was employed. 

The relationship between the obtained and predicted full scale 

IQ scores is presented in Table 6. It can be clearly seen 

that these channel capacity variables readily differentiate 

the IQ groups. Of the 18 predictions attempted, only two 

confused IQ levels. A predicted IQ for one average subject 
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TABLE 6. 

Obtained and Predicted WAIS Full Scale IQs 

Obtained IQ Predicted IQ 

141 128.38 
135 119.83 
132 126.43 
129 129.59 
124 122.41 
123 133.93 
110 109.10 
110 106.27 
109 107.49 
104 110.80 
101 112.10 
100 117.33 
75 78.26 
74 90.40 
74 80.68 
73 86.43 
73 67.39 
69 51,16 
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reached into the bright-normal level and one borderline 

aefective obtained an average predicted score. The re

maining predicted scores deviate by, at the most, 10 points 

from the obtained IQ level. A Spearman's Rho was calculated, 

yielding a correlation of .86 between the obtained and 

predicted IQ scores, indicacing the accuracy of prediction. 

Thus, using the 3-stimuli uni-dimensional, 12-stimuli two 

sense mode, total-two sense mode, and 3-stimuli uni-dimen

sional channel capacity variables, prediction of WAIS full 

scale IQ was made possible to the point where low IQ, average 

IQ, and high IQ subjects could be consistently differentiated. 

V.'hile it is presently difficult to generalize from this data 

due to the small sample size, the trend, nevertheless, suggests 

tnat channel capacity is potentially a good predictor of IQ. 

Farther research is needed in this area, with the aim in mind 

of developing a non-verbal, culture-free test of intelligence. 

This type of instrument would prove extremely useful in 

evaluating individuals from varying cultural backgrounds as 

well as those suffering from specific types of disabilities 

where language is affected; such as in aphasia. 



CHAPTER V 

SUMMARY AND CONCLUSIONS 

Summary 

Tae purpose of this study was to investigate the relation

ship between intelligence, as it is measured by the Wechsler 

Adult Intelligence Scale, and channel capacity. Four 

hypotheses were tested. The first hypothesis stated that 

a significant difference would be observed between the 

channel capacity of high and low IQ subjects. The second 

hypothesis stated that using a two sensory mode channel 

capacity task would increase channel capacity in all groups. 

Tae third hypothesis stated that the increase in information 

would be greater for the high IQ than the low IQ group. The 

a.ast hypothesis was designed to test the relationship between 

channel capacity and the Wechsler Adult Intelligence Scale. 

It was hypothesized that channel capacity is a separate 

intellective factor related to performance on the Wechsler 

Scales. 

The subjects used v̂ ere placed into nigh, average and 

low IQ groups, depending upon their WAIS full scale IQ 

75 
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score. They then performed a number of channel capacity 

tasks under two conditions. In the first condition they 

made absolute judgment of 3, 5, 8, and 12-stimuli series, 

with variations in sound intensity level as the stimulus 

parameter. In the second condition they followed the same 

procedures with the added stimulus parameter of variations 

in visual brightness. 

The results of this study indicated that differences 

in channel capacity do exist between the high and low IQ 

groups. V7hile the mean total number of correct judgments 

were significantly different, the 3 and 5-stimuli series 

were the tasks which contained the significant differences. 

The average IQ group scored significantly higher than the 

low IQ group, but their performance did not differ signi

ficantly from that of the high IQ subjects. 

The data further revealed that adding tne second sensory 

mode as a channel for information transmission significantly 

increased the number of correct judgments made by all groups. 

Here again, the significant increase occurred in the 3-

stimuli series, or, that task having associated with it the 

lowest degree of uncertainty. The hypothesis stating that 
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the aigh IQ subjects would, under the two sensory modality 

condition, increase channel capacity more significantly than 

the low IQ subjects, was not substantiated. 

The relationship between channel capacity and those 

intellective factors involved in performance on the WAIS 

was investigated by means of a factor analysis and a step

wise regression. The results yielded two factors, a WAIS 

Factor and a Channel Capacity Factor, which were highly 

correlated. All of the IQ variables, with the exception 

of Digit Span, loaded on the WAIS Factor. The 3-stimuli 

across sensory modalities tasks also loaded on the WAIS 

Factor. The Channel Capacity Factor was loaded on by all 

of tae channel capacity variables and by the Digit Span 

variable. The stepwise regression yielded eight channel 

capacity factors which accounted for 887« of the variance 

in predicting WAIS full scale IQ. The first four of these 

variables were then used as predictors of full scale IQ. 

Tae correlation between the obtained and predicted IQ scores 

was .87. 
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Conclusions 

From the data of the investigation, it is concluded that: 

1. There is a difference in channel capacity between 

high and average IQ, and low IQ subjects. This difference 

occurs on tasks having a low degree of uncertainty and a 

high level of information. There is no difference in channel 

capacity between high and average IQ subjects. At this level 

it is the encoding process which bears investigation. 

2. Presenting information through two, rather than 

one sensory channel, increases the channel capacity of 

high, average and low IQ subjects. This occurs on tasks 

having a low degree of uncertainty and a high level of 

information. It does not facilitate the transmission of 

information when stimulus uncertainty is high. 

3. Subjects with high IQs cannot make better use of 

the facilitating effects of information presented through 

two sensory modalities than can either average or low IQ 

subjects. 

4. Channel capacity is a separate factor, yet highly 

related to those intellective factors involved in WAIS per

formance. Selected channel capacity variables can be used 



79 

to predict IQ with a high degree of accuracy. 

This study represents a step toward understanding human 

intellectual functioning using a relatively new psycholo

gical model in association with established experimental 

procedures. This study has provided insights into how 

individuals process basic sensory information and how this 

in turn is related to intellectual functioning. It is hoped 

that further research into intellectual functioning will be 

performed utilizing an information theory model. 
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APPENDIX A: DESCRIPTION OF THE WECHSLER ADULT INTELLIGENCE 

SCALE 

The Wechsler Adult Intelligence Scale is composed of 

eleven subtests, six being grouped together on the basis 

of their primary verbal content, and five due to their 

essential nonverbal or performance quality. The scale 

yields three scores and three quotients, one each for the 

verbal and performance groups and a full scale score and 

quotient, as well as raw and weighted scores for each subtest, 

VJithin each subtest, items believed to tap the same function 

are grouped together; the items being arranged in a sequence 

of increasing difficulty. 

The WAIS subtests are: 

1. Information. This consists of twenty-nine items 

covering a wide range of information. It attempts to provide 

an adequate sampling of information acquired by a person who 

has had the usual opportunities of American society. Its 

inclusion in the WAIS is based on the assumption that the 

range of an individual's information is an indication of his 

intellectual capacity, and that the more intelligent have 

broader interests, more curiosity, and seek more mental 

stimulation. 
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2. Comprehension. This consists of fourteen items 

dealing with problem situations and proverb interpretations. 

The individual must comprehend what is involved in the 

situation or proverbs and provide verbal answers or inter

pretations. Success on this subtest depends upon possession 

of practical information and the ability to evaluate and 

utilize past experience in making a verbal response. 

3. Arithmetical Reasoning. This consists of fourteen 

items touching upon commonplace situations and involving 

practical mental calculations. The subtest is designed 

to evaluate "mental alertness" rather than arithmetical 

skill since the items do not require computation skills 

beyond those taught in the seventh grade or what the 

average adult could acquire by himself in the course of 

day to day transactions. 

4. Memory Span for Digits, Forward and Backward. 

This consists of two sets of digits varying in length 

from three to nine forward and from three to eight backward. 

The subject is required to repeat each series of digits heard 

only once. This is a test of immediate recall or immediate 

memory span and also evaluates attention and concentrated 

effort. 
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5. Similarities. This consists of thirteen sets of 

paired words; for each pair the individual is required to 

state the similarity or similarities that exist. It evaluates 

an individual's ability to perceive common elements of the 

terms he is asked to compare, and, at high levels, his ability 

to bring them under a single concept. 

6. Vocabulary. This consists of forty words chosen 

from a dictionary according to a sampling formula which 

enabled the author to omit obsolete, technical, or esoteric 

words. Any recognized meaning is an acceptable response 

and there is no penalty for inelegance of language. The 

test is designed to evaluate not only the number of words 

that an individual knows, but also his learning ability, 

his fund of verbal information, and the general range of 

his ideas. 

7. Digit Symbol. This consists of ninety divided 

rectangles, in the upper half of each rectangle is a digit, 

the lower half blank. The individual must fill in the blank 

space under each digit with the appropriate symbol from a 

sample series. This test is designed to evaluate an 

individual's ability to associate symbols with speed and 

accuracy. 
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8. Picture Completion. This consists of twenty-one 

cards, each of which shows a picture that is incomplete in 

some detail. The individual is required to note and name 

the missing part. This test is designed to evaluate the 

individual's perceptual and conceptual abilities insofar as 

these are involved in the visual recognition and identifi

cation of familiar objects and forms. It also is aimed 

at measuring the ability of the individual to differentiate 

essential from non-essential details. 

9. Block Design. This consists of ten designs which 

the individual constructs using either four or nine identical 

cubes. The cubes are colored on each side, having white, 

red, and diagonally divided half red and half white sides. 

This test, requiring the individual to use the cubes to 

reproduce a pictured design, is geared at evaluating his 

ability to perceive patterns, analyze them into their 

component parts, and to reproduce each with speed and 

accuracy. 

10. Picture Arrangement. This consists of eight 

series of pictures. Each series is presented to the 

indiviĉ ual in a disarranged order for him to arrange into 

a correct sequence so that they tell a sensible story. 
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This test is designed to evaluate an individual's ability to 

comprehend and evaluate a total situation, whose content is 

practical or social in nature, without the use of verbali

zation . 

11. Object Assembly. This consists of four familiar 

objects, each one cut into several parts, which have to be 

assembled to make the whole figure. This test is aimed at 

evaluating an individual's ability to perceive and put 

parts together into a familiar configuration. 

M: 
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APPENDIX B: INSTRUCTIONS PRESENTED TO SUBJECTS 

Pre-test Condition Instructions 

This study has two parts and will help us to learn 

more about how people hear and see things. 

The box in front of you has twelve push buttons which 

light up. As you see they are numbered from one to twelve. 

When they light up they are colored green. The single light 

above the buttons is red. As you see, the word "Right" is 

written above it. This is not a push button, it is just a 

light. On top of the box in front of you is a little box 

with a window. In here you will see a light which will be 

different in how bright it is. Now please push in the 

buttons and get the feel of them. 

In the first part of this study we want to see how 

well you can tell different sounds apart. You will first 

hear three different sounds. One will be a low sound, one 

will be a loud sound, and one will be in the middle. You 

will first hear the three sounds together. Listen to them 

carefully. You will then hear each sound one at a time. 

When you hear the sound alone you are to press the button 

which stands for that sound. For example, if you think 
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you are hearing the loudest sound then you would press button 

three. If you think it is the lowest sound, then press button 

one, and, if you taink it is the middle sound, then push the 

middle button, the one marked number two. Press each button 

only once and be sure you press only one button each time 

you hear a tone. You have two seconds to press a button. 

If you fail to press a button for a sound, just go on to 

the next one as it comes. In this first part, if you press 

the correct button the red light will go on to tell you 

that you were right. 

We are now going to begin. Listen to the first three 

sounds carefully. Then when you hear each sound alone, push 

the button which you think is the right one. Remember, you 

are just using buttons one, two, and three. Ready, begin. 

Instructions For Test Condition I--Three Stimuli 

You will now hear three sounds again. Listen to the 

first threa sounds carefully. Then when you hear each 

sound alone, push the button which you think is the right 

one. You are using buttons one, two, and three. Button 

three stands for the loudest sound, button two for the next 

loudest sound, and button one for the lowest sound. The 
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red light will not go on and you will not be told if you are 

right or wrong. Ready, begin. 

Instructions For Test Condition I--Five Stimuli 

You will now hear five sounds. Listen to the first 

five sounds carefully. Then when you hear each sound alone, 

push the button which you think is the right one. You are 

now using buttons one, two, three, four, and five. Button 

five stands for the loudest sound, button four for the next 

loudest sound. Ready, begin. 

Instructions For Test Condition I--Eight Stimuli 

You will now hear eight sounds. Listen to the first 

eight sounds carefully. Then when you hear each sound alone, 

push the button which you think is the right one. You are 

now using buttons, one, two, three, four, five, six, seven, 

and eight. Now button eight stands for the loudest sound, 

button seven for the next loudest, and so on until button one, 

which stands for the lowest sound. Ready, begin. 
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Instructions For Test Condition I--Twelve Stimuli 

You will now hear twelve sounds. Listen to the first 

twelve sounds carefully. Then when you hear each sound alone, 

push the button which you think is the right one. You are 

now using all twelve of the buttons. Button twelve stands 

for the loudest sound, button eleven for the next loudest, 

and so on until button one which stands for the lowest sound. 

Ready, begin. 

Instructions For Test Condition II—Three Stimuli 

We will now begin the last part of the study. You will 

hear three different sounds. As before, one sound will be a 

loud sound, one will be a low sound, and one will be in the 

middle, but this time the sounds will have with them a light. 

You will see the light in the window on top. The light will 

come on at the same time as the sound. The lights will be 

different in how bright or strong they are. The loudest 

sound will also have the brightest light, the middle sound 

the next brightest, and the lowest sound the least bright 

light. Listen and watch carefully to the first three sounds 

and lights. Then when you hear and see each sound with its 



95 

light alone, push the button which you think is the right one. 

You are now using buttons one, two, and three. Button three 

stands for the loudest sound with the brightest light, button 

two for the next loudest sound with the next brightest light, 

and button one for the lowest sound and least brightest light. 

Ready, begin. 

Instructions For Test Condition II--Five Stimuli 

You will now hear five different sounds and see five 

different brightnesses of light. Listen and watch carefully 

to the first five sounds and lights. Then when you hear 

and see each sound with its light alone, push the button 

which you think is the right one. You are now using buttons 

one, two, three, four, and five. Button five stands for the 

loudest sound with the brightest light, button four for the 

next loudest sound with the next brightest light, and so on. 

Ready, begin. 

Instructions For Test Condition II--Eight Stimuli 

You will now hear eight different sounds and see eight 

different brightnesses of light. Listen and watch carefully 
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to the first eight sounds and lights. Then when you hear 

and see each sound with its light alone, push the button 

which you think is the right one. You are now using buttons 

one, two, three, four, five, six, seven, and eight. Button 

eight stands for the loudest sound with the brightest light, 

button seven for the next loudest sound with the next bright

est light, and so on. Ready, begin. 

Instructions For Test Condition II--Twelve Stimuli 

You will now hear twelve different sounds and see twelve 

different brightnesses of light. Listen and watch carefully 

to the first twelve sounds and lights. Then when you hear 

and see each sound with its light alone, push the button 

which you think is the right one. You are now using all 

twelve buttons. Button twelve stands for the loudest sound 

with the brightest light, button eleven for the next loudest 

sound with the next brightest light, and so on. Ready, begin 
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