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FOREWORD |

In recent years the teaching of reading at all
educational levels has received much attention both
from the educational community and from the gen-
eral public. Any changes in the tzaciung of reading
must necessarily stem from the resulis of research.
Currently, completed research is being scrutinized,
and new concepts and theories are being investigated.
The complex nature of the reading process has been
recognized, and new approaches and theories havo
been advanced. Dr. Holmes’ project represenis not
only theory coastruction but alsc experimental re-

: search. Educational change will occur when results
. of research, such as that conducted by Dr. Holmes
: and reported here, are implemented in the classroom.

Ravrer C. M. Fuynr,
Associate Commissioner for
Educational Research and. Development.
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Chepter |. Theory and Problem
The Substrata-Factor Theory of Reading ’

TIn essence, the Subsrata-Factor Theory holds that, normally, reading
is an audiovisual verbal processing-skill of symbolic reasoning, sustained
by the interfacils‘ation of an intricate hierarchy of substrate factors that
Rage been mobilized as a psychological working-system and pressed into
service in accordance with the purposes of the reader (Holmes, 1948, 1953,
1954, 1957, 1959, 1961).

Substrata fcelors s-e thought of as neurological memory systems
composed of smaller subsystems of the brain containing various kinds
of information, such as auditory, visual, and kinesthetic associations
which in a cultural milieu bestow a sense of reality upon symbolically
represented thought units. Such systems of subsystems gain an
interfacilitation, in Hebb’s (1949) sense, when their mobilized cell-
assemblies fire in phase. By this means, appropriate, but diverse
subeets of information, learned under different circumstances at dif-
ferent tim's, and therefore, stored in different parts of the brain, can be
brought simultaneously into awareness when triggered by appropriate
symbols on the printed page. These substraia factors are dynamically
and functionally tied together in a working-system. As the efficiency
of the neurointerfacilitation of the recding working-system increases,
the effectiveness of the child’s reading correspondingly increases. Such
diverse substrata factors initially become associated into a particular
working-system by the psychocatalytic action of what the Theory hy-
pothesizes as “mobilizers.” Mobilzers, then, may work at several
levels.

More will be said about substrata factors under ‘“Discussion of Basic
Assumptions” in appendix A.

Mobilizers are psychologically defined as the focal points of deep-
seated value systems, the fundamental ideas that the individual holds
of himself and his developing relationship to his environment. As
conative tendencies with or without conscious awareness, mobilizing
neuromechanisms function to select from one’s repertoire of subabili-
ties those which will maximize one’s chances of solving a specific
problem and forwarding the realization of self-fulfillment in general.

1 Much of the msterial !n this chapter was presented in an address before the Fifth Annual Conference of
the Internstional Reading Associstion, New York, May i980, and was subsequently published iu New
Frontiers in Resding—Internstional Reading Associstion, Conference Proceedings; Vol. 5, 1900, p. 115-121.
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4 SPEED AND POWER OF READING IN HIGH SCHOOL

Mobilizers play their major role as the fundamental driving value
systems from which spring the many and specific attitudes and anxie-
ties * which a person holds toward the purpose and worth of (a) life
and death, (b) the social and physical nature of the universe, and (c)
the self’s expanding personslity. Consequent patterns of behavior
are directed by such value-attitudes. Neurologically, mobilizers may
be thought of as controlling the electrochemical biases in the brain’s
scanning-search mechanism that govern which cell-assemblies shall
be selected and momentarily tied into a particular neural pattern or
working-system of communication. Thus, mobilizers function at all
levels. At first, they function to form what might be termed micro-
systems of closely related information; these microsystems are com-
bined into subsystems of more diverse yet still related information
which might be identified as substrata factors. These substrats
factors, in turn, may then be integrated into functional hierarchies or
working systems which themselves may be organized into even more
comprehensive working systems.

A working-system may be described as a dynamic set of subabilities
which have een mobilized for the purpose of solving a particular
problem. Neurologically, a working-system is conceptualized as a
nerve-net pattern in the brain, functionally linking together the
various substrata factors into a cerebral communications system.

The Theory maintains that the relative power of a total working-

| system is dependent upon the logical order and substantive content

; of the material stored in each of the substrata factors. Some interest-

| ing ways of looking at both intra- and inter-individual likenesses and
differences follow from this premise. For instance, it is hypothesized
thst an individual will solve the same problem at different times in
his life by using different working-systems. Moreover, different indi-
viduals may perform the same task with equal success by drawing
upon Jdifferent sets of subabilities. In other words, there is mors than
one way to solve an intellectual problem.

The Theory postulates that the pattern of substrata factors in a
child’s reading hierarchy will undergo a gradient shift ® as he matures
in reading. Advancing through the grades, a child increases his pro-
ficiency over a succession of newly learned subskills. Consequently,
the substrata-factor patterns which underlie his speed and power of
reading will also tend to change. Furthermcre, this reorganization
in the structure of his hierarchy will reflect the interaction and

2 The theory bolds that, without values, thers can be no anxieties. Furthermore, other things remsining
constsnt, the Intensity of an anxiety is directly proportional to the strength of the value threstened.

3 Experiments, by the senior suthor and bis stafl, supported by a 3-year grant from the Carnegle Corpore-
tion of New York, are currently being conducted 4t the Institute of Human Development, University of
Califo-nis at Berkeley, to test hypothesss derived from this sspect of the Theory.
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THEORY AND RELATED RESEARCH 5

impact of the biochemical and neurophysiological factors of growth
and development; the psychoeducational factors of learning; the

nature, clarity, and sequential organization (breadth and depth) of 4
the material studied ; the methods by which the child has heen taught

to think about what he reads; and especially, his changing value

systems. This hypothetical construct (Le., expanding working-

systems of substrata factors) broadens our insight into the dynamics

by which individual differences may develop. Two children, for

instance, may read quite differently not only because one child has

more and better information stored in this or that particular substrata ’
factor, but also because, for reading, one child has a working-system
that is superior to that of the other.

What a child knows depends upon the repertoire of information
stored in his cell-assemblies; but how he thinks and how he reasons
with what he knows depends, first, upon the number and nature of
his genetically determined neuroconfigurations; and second, upon the
number, nature, and flexibility of the functional-configurations, or
working-systemns, into which he can efficiently organize his mental
repertoire of information. Pedagogically speaking, a child’s reason-
ing -yrocess is determined by the way in which facts, concepts, atti-
tudes, interests, abilities, etc., are psychologically superimposed upon
his basic neuroconfigurations.

Other things being equal, then, individual differences in the ability to
reason about what is being read (thay is, to manipulate mentally the
inflow of new ideas so that they bear a meaningful reiationship to
what one has already learned) depend both upon the essential nature of
the stored information and the associative logic of the conceptualizing-
activity-of-perceptual-process stimulated within the brain by the meaning-
fulness of the sequential inpul of information at the time of presentation
and reception. To reason creatively is a more complicated process
(Holmes, 1961).

In the field of psychceducation the Substrata-Factor Theory rejects
the strict one-directional “cause and effect” hypothesis that has been
so fruitful in classical physics. Instead, the Theory embraces the
hypothesis that for the individual there is a mutual and reciprocal
cause-and-effect relationship among the covert and overt responses
made during the reading act, the cognitive manipulation of the sub-
strata-factor content, and the perception of the socially intrinsic
mesningfulness of the symbolic notations in the task-stimuli (Holmes,
1954). Mutual-and-reciprocal causation may be thought of as the
“relative impact and support (not neceesarily equal in both direc-
tions),” which factor A gives to B,C,D . . . Nand B, C, D...N
to A, when A is the more complex or more difficult ability (Holmes,
1954). The improvement of a relevant substrata factor results in an

17-693 0—66——2
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6 SPEED AND POWER OF READING IN HIGH SCHOOL

improvement of reading sbility, and likewise, participation in the
reading act results not only in an increase in the interfacilitating
efficiency of the working-system, but also an increase in the content
of the separate substrata factors and the perceptual discrimination of
the symbols on the printed page.

Maruyama (1960) has recently given this notion a more generalized
atd elegant expression:

Though multilateral mutual simultaneous causal relation-
ships were implicit in the classical concepts of equilibrium in
chemical processes, mutual inductance in electricity, homeo-
stasis in biology, oscillatory circvit in radio enginsering,
‘“vicious circle’” In economy, stability and instability in the
evolution theory, etc., it took the impact of cybernetics, auto-
matic control engineering and servomechanisms to make it
explicit, amenable to rigorous mathematical treatment, and
respectable as a scientific principle.

Maruysma also stressed the importance of the initial kick phenom-
enon in the ‘“mutual-and-reciprocal causation” hypothesis (Holmes,

1954):

Myrdal (1957) further points out the importance of the
direction of the initial kick, which determines .iia direction of
the subsequent deviation amplification. In underdeveloped
countries not free market, but state interference and planni
are essential, which can zive a kick to a favorable direction of
economic growth. The resulting development (output) will
be far greater than the initial kick (input) due to the ampli-
fication effect of the mutual causation. This process of self-
amplification has a profound significance for the philosophy
of causality. This process makes it possible ihat dissimilar
developments may take place from similar backgrounds due
to small, possibly imperceptible differences in the initial kick.
. . . This amounts to saying that ‘‘very similar initial con-
ditions may produce entirely different developments.”

(Maruyama, 1960).

Hence, in the Substrata-Factor Theory of Reading, the scrvo-
mechanistic and interfaclitating aspects of a working-system take into
consideration the long-term effects of such “initial kick” differentials,
i.e., teaching the child phonics prior to a look-say vocabulary may
result in a different reading ability than teaching the child a look-say
vocabulary prior to phonics, when, in fact, the amount and kinds of
things taught are identical in the two overall programs. It is the
sequential input of information that gives a different structural con-
figuration to the cerebral communications systems and thus results
in a different working-system, a different learning product.
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THEORY AND RELATED RESEARCH 7

The Problem

First, s representative sample of 400 high school students was
analyzed to determine the patterns of substrata factors which underlie
Speed and Power of Reading in the general high school population.
Second, from this sample known-groups were drawn, and each was
analyzed to determine the substratra-factor pattern underlying its
ability to read with speed and/or power. Furthermore, in order to
gain as much insight as possible into the nature of the substrats
factors, profile and centroid factor analyses were made for the various
groups.

This project was a further investigation of the Substrata-Factor
Theory, and was designed to test two hypotheses in the following
known-groups:

s. Total Sample

b. Boys vs. Girls

c. Bright vs. Dull

d. Fast vs. Slow Readers

e. Powerful vs. Nonpowerful Readers

1. The major hypothesis is that different known-groups will mobilize
different substrata-factor hierarchies for the purpose of reading with
speed and/or power; i.e., there is more than one way to solve an
intellectual problem.

2. The minor Aypothesiz is that a student must learn to read by
learning to integrate that characteristic hierarchy or “working- -
system’’ of substrata factors which will maximize the use of his strong
abilities and minimize the use of his weak ones.

3. Beyond the testing of the above hypotheses, there is expected to
accrue from the study a body of precise and important information
on the very nature of the substrata factors which underlie the ability
of high school students to read with speed and power—and this infor-
mation is not dependent upon the validity of the hypotheses!

4. The experimental design places individuals who are alike on
certain criteria into known-groups. A statistical analysis of each
group is made to obtain a best estimate of the general pattern of
abilities which underlies speed and/or power of reading. Such a
pattern of abilitie, of course, characterizes the mean, or theoreti-
cally most representative, individual for each group.

©
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Chaoter Il. A Review of Relsted Research

Reviews of the literature in the field of reading (Holmes, 1948, 1953,
1954; Gilbert and Ho'mes, 1955; Bower and Holmes, 1959; Singer,
1960; Holmes and Singer, 19¢4) reveal no other study which has had
the specific objectives of the present investigation. However, the
following three inquiries are nertinent especially to the initial phase
of the present experiment. Others more germane to the factor analytic
phase will be reviewed later in an appropriate place.

In the first of the three studies, Holmes developed part of the
methodology and investigated for college students in general some of
the basic questions and hypotheses which the present investigation
will study in specific known-groups at ine high school level. In the
second, Singer tested, at the fourtii-grade level, the validity of the
generalized major hypothesis of the Substrata-Factor Theory of Read-

. ing. And in the third, Michael investigated differential success in a

training program in two pilot populations of the U.S. Army Air Force.
Although his statistical techniques were different, his results would
have been predicted by the Substrata-Factor Theory. These studies
will now be developed in greater detail.

1. Holmes (1948, 1954) investigated ‘Factors Underlying Major
Reading Disabilities at the College Level” by modifying and extending
the Wherry-Doolittle multiple correlation technique to yield substrata
factors. A substrata analysis, as the Wherry-Doolittle-Holmes
multiple correlation technique is called, (a) yields successive sets of
subvariables; (b) gives each set a definite place in a complex hierarchy
of subabilities; and (c) discovers statistically significant contribntions
which each subability in the hierarchy makes to the subcriterion
immediately above it and also the major criterion itself.

By using the substrata technique, the proper experimental design,
a working sample of 126, and a cross-validating sample of 94 college
students, he was able to select, out of a total of 40 variables, only those
which made a direct or an indirect statistically significant and inde-
pendent contribution to the variances of the criteria, speed and power
of reading. The selected variables numbered 7 for speed and 10 for
power. This meant a tremendous increase in efficiency in teaching
reading at the college level. For instead of the 40 variables (all of
which are reported in the literature to be highly related to reading),
the teacher now need be concerned with only 13 (a 4-variable overlap
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THEORY AND RELATED RESEARCH 9

for speed and power was discovered), plus other variables not tested for
in this study.

Even more important, from a theoretical point of view, wos the fact
that the mathematically related hierarchy of subabilities which the
substrata analysis produced gave a clearer picture of how such subskills
might be organized by the mind for the purpose of solving a reading
problem. Here, then, was a statistical model of a functioning brain, a
model which caught something of the dynamics involved by showing
how subskills might be integrated to form more complicated and
higher level abilities.
| Specifically, out of the 40 variables referred to above, the “Flow-
g Sheet”’ (fig. 1) depicts those that the substrata analysis selected out
i of the matrix as making direct or indirect independent contributions
:

to speed and/or power of reading. By way of example, the chart may
be read as follows: the use of phonetics (see third order, left-hand
side of chart) is important to speed of reading because, along with
vocabulary-in-context, span of recognition, and some other abilities
not tested for in this analysis,! it enters into the constellation of sub-
abilities that make up “word sense.” Word sense, then, combines
with intelligence, spelling, and vocabulary-in-context, and together
these make contributions as factors underlying the skill which we
call “word discrimination.” Finally, on the highest level, word sense,
word discrimingation, and span of recognition become integrated to
culminate in what we measure as Speed of Reading per se. Similarly,
the hierarchy leading to Power of Reading may be worked out starting
with, say, phonetics. The number adjacent to the name of each
variable gives its percent contribution to the variance of the predicted
criterion or subcriterion.

2. Singer (1960) attempted a theoretical integration of conceptual -
ability into the Substrata-Factor Theory of Reading and tested several
hypotheses derived from this integration by analyzing the results of
36 tesis given to 60 elementary school pupils. Substrata and centroid
factor analyses of his data confirmed, at the fourth-grade level, the fun-
damental hypothesis of the Substrata-Factor Theory, originally formu-
lated and substantiated at the college level by Holmes (1954):

General reading is a composite of “speed’”’ and “power”’ of ;
reading, and underlying each component is a multiplicity of :
related and measurable factors. Disabilities in reading should,
therefore, bear an inverse relationship to the quantitative levels
of each such component and, hence, manifest detectable de-
ficiencies in such underlying factors.

The following Lypothesis was also confirmed: A substrata analysis of a
matrix of appropriate subskills will precipitate various conceptual

N

1 From the flow sheet (fig. 1), it is obvious that a residual or unsccounted-for variance in the criterion must
be attributed to variables not asseesed in this study.
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THEORY AND RELATED RESEARCH 11

abilities as important subabilities underlying individual differences in
speed and/or power of reading.

A centroid factor analysis demonsirated that Speed and Power of
Reading are multidimensional abilities which subsume different
amounts of the same centroid factors. Both the certroid and sub-
strata factor analyses yielded evidence to indicate that a shift in the
reading task necessitates a reorganization in the working-system of the
fourth-grade reader.

The substrata analysis, depicted in figure 2, revealed that there are
at least three substrata factor sequences at the fourth-grade level.
These may be broadly categorized as word-mesaning, word-recognition,
and reasoning-in-context. More specifically, figure 2 shows that
Power of Reading at the first level of analysis is dependent upon
Mental Age, Suffixes, Vocabulary in Isolation, and Matching Sounds
in Words; a suppressor-iike effect augmented the contributions to
variance of the szlected variables. Next to the names of the pre-
dictor variables are their percent contributions to variance of the
critezion being predicted. From this set of predictors it can be
inferred that in Power of Read-.ug the reader brings to bear upon the
reading task those mental processes which enable him to relate ideas,
infer relations, abstract and generalize; in short, to reason while he
is reading. In so doing, he cslls upon his ability to remember the
meanings of words and his capacity for analyzing and 2iscriminating
their meaning from contextual clues. If the reader does not know a
word at sight, but can associate its meaning when he hears the word,
then he can incrzase his power of reading through his skill in sounding
out & word presented in its whole word form. Thus, visual and aural
factors complement each other in the transformation of printed stimuli
into mental processes so that meaning can be associated to them from
the reader’s experiential background end conceptual processes. Alto-
gether 89 percent of the variance of Power of Reading was accounted
for by these four variables selected out of the total matrix.

Vocabulery in Isolation was further analyzed into Mental Age,
Suffixes, Word Recognition in.Context, and aresidualintrinsic to Vocab-
ulary ability. From these predictors, it can be inferred that Vocabu-
lary is dependent on the capability of developing a meaningful residual
from events and situations, the ability to discriminate and judge
meanitgs of words, and skills in using context clues and other word-
recognition processes for transforming visual stimuli into mental
processes for the association of meaning.

Matching Sounds in Words was also analyzed at the second level.
Underlying it were Spelling Recall and Blending Werd Sounds, and

sorething intrinsic to Matching Sounds in Words. At the third

ievel, the variance in Word Recognition in Ccntext was accounted
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THEORY AND RELATED RESEARCH 12

for by Spelling Recognition, Prefixes, Spelling Recall, and something
intrinsic to Word Recognition in Context. These substrata sequences
demonstrate, in agreemert with Holmes’ findings (1954, 1959), the
commurality and differences in both types of spelling (recall and
recognition) and word-recognition abilities; thev also emphasize the
prominence of the word-recognitior. substrata in reading at the
intermediat= grade level.

3. Michael (1949) compared two AAF pilot populations, using
both factor analytic and multiple correlstion techniques. Iis study
investigated the factorial structure and the value of a battery of
tests for predicting success ini two different pilot training populations
of the U.S. Army Air Force. The twe known-groups consisted of
815 Weat Point cadets and 356 Negro cadets. Eighteen tests were
given the West Point cadets and 21 were adininistered to the Negro
cadets. The scores were placed in stanine form, and the resultant
intercorrelations were factor analyzed.

The factors whick emerged were: verbal, number, reascning,
perceptual speed, spatial relations, mechanical experience, pilot-
intere-t, psychomotor coordination, and a kinesthetic factor.

From the point of view of the pressnt study, however, the most
interesting finding of Michael’s work was the fact that while “pilot-
interest” was the most important factor contributing to success for
the West Point cadets, tke “kinesthetic” factor was the most important
for the Negro cadets. Each group, of course, was in competition
with itself only. Fron the standpoint of the Substrata-Factor
Theory, the implication is clear: differently constituted subgroups
of flying cadets call upon (a) different subabilities, and (b) differcnt
amounts of the same subabilities, in order to succeed in intragroap
competition at the same task, viz., to succeed in the AAF pilot training

program.
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Chapter lll. The Subjects

A total sample of 400 students ! was drawn at random from the total
population of students atter:-sing the University of ( alifornia Demon-
stration Secondary School during the summer of 1953. Tabile i pre-
sents a breakdown of the sample by grade and sex. The right-hand
column gives the percent sampled from the actual number enrolled in
each grade.

Informal interviews, conducted by counselors to uncover reasons
behind formal declarations, revealed that students took work in sum-
mer session in order to make up a failure, improve a grade, add a
“solid,” follow an interest in a special subject outside their declared
course of study (e.g., typing for college-preparatory students), c: to
work off an extra solid or two in order to have more time to participate
in sports or engage in student government activities in the coming
year. Furthermore, some students indicated that parents wanted
them to attend, that a friend of the family had suggested it; that a
friend was going; or that they wanted to graduate from high school :n
3 years, and this wis a way to do it.

Table 1.—Sample clasifed according to grade and sex

Sample
Mnll)lee Fem;llee Tof;lle Sch&o: otal
SAID sam SAIN] to

Grade ol

N N N N Percent
IX . 35 26 61 131 46.6
p_ N 62 54 116 208 55. 8
p.« 80 79 159 251 63.3
X 34 30 64 118 54.2
Total __ ... 211 189 400 1708 56. 5

1 The total student body contsined 251 students, but the 243 (951-708) students not indicated in the table
were special students; not in grades IX, X, X1, or X1I, they were, for the most part, Sth-graders enrolled
in summer school for 8 single music or band cless.

1 Actuslly 428 were drawn, but 28 were deleted in order to “parify” the bomogeneity of the working
ssmple. Of the 28, 20 were in grade VIII, 2 in college, snd 6 were over 21 yearsof sge. In general, the
*hthwmhmcbmduwchaﬁn,mdthwommmmwmu
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18 SPEED AND POWER OF READING IN HIGH SCHOOL

The students in the sample came from 67 different schools and gave
as their “home address’” 28 differen: towns or cities in California.
Four students came from. out of State, and one from the island of
Tahiti.

Uniike any other high school, the Demonstration Sckool draws
pupils from the entire San Francisco Bay area; consequently, the
students in the Demonstration School are more likely to be represenia-
tive of the general high school population than a sample drawn from

any one school during the regulsr academic year.




Chapter IV. The Tests and Their Reliability

Tests Used in Assessing Dependent Variables

S. Speed of Reading, Criterion Test. The criterion, Speed of
Reading, was assessed on the Diagnostic Examination of Silent
Reading Abilities: Rate of Comprehension Scale; Part I, Form B by
Van Wagenen (1953). This test is constructed on the validity-
assumption that the faster a subject can detect the use of an absurd
word within a relatively simple paragraph, the faster is his rate of

reading comprehension.

Sample: Jane needed a spool of silk thread to finish her new dress. But
when she went to the store for her mother she forgot to get the
buitcns she needed.

P. Power of Reading, Criterion Test. TkLe criterion scores on
Power of Reading were computed by summing the equivalent C-scores
obtained in the following five subtests of the Dvorak-Van Wagenen
Diagnostic Examination of Silent Readirg Abilities: Junior Division;
Part ITI, Form M (1952):

a. Ability to grasp the central thought of the paragraph.

b. Ability to note the clearly stated details.

c. Ability to interpret the content of the paragraph.

d. Ability to grasp an idea when spread through several sen-

tences.

e. Ability to draw inferences from ideas in a paragraph.

Each subtest contains 20 tasks, arranged in a heterogeneous manner
to avoid “mental set.” The validity of this test is prima facie,
insofar as the student must read and understand the material and
meaning of the paragraph to be able to answer the various questions
asked about each. Note that this is a power test, since there is no
time limit; and each student could reread any or all of the subtest
paragraphs as many times as he felt necessary for him to grasp the
meaning. The task is much like that which a student faces when he
does his homework. He reads a chapter and then answers the
questions ai the end. If he carnot answer them, he goes back and
rereads the passage with a new mental set, adjusted to the specific
questions being asked.

19
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20 SPEED AND POWER OF READING IN HIGE SCHOOL

Sample Puragraph Sample Questions

It was P-orez, a friar, on whom A. The parsgraph is mainly

Columbus called with his littl: son about
Diego, and explained his need for men 1. Peres, the f{riar. 2.
and ships to prove the world is round. Queen Isabclla. 3. the
The friar interested his friend, Queen ships in which Columbus
Isabella of Spein, in the plans of sailed. 4. the voyage ol
Columbus. But when the three ships Columbus. 5. the palace
that carried Columbus to America of the Queen . . . ... ..
sailed from Spain, Diego was left to fri f
stay at the palace of the Queen Untll = 1 e 3. Trego.
Diego’sfather. 5.the father
of Columbus . . ......
C. Diego was left at bome be-

cause he was

1. a friar. 2. too young.
3. notinterested. 4. afraid
to go. 5. didn’t know his
father was going. .. ...
D. When Diego was left at the
pelace, he was
1. happy. 2. glad. 3. re-
lieved. 4. joyous. 5. un-

happy . -« ¢ e e v oo .
In spite of the opportunity to reread each passage, marked individual
differences in performance on this reading test were very evident at
the high school level.

Tests Used in Assessing Independent Variables

A. Mental Abilities

The SRA Primary Mental Abilities Test; Intermediate, Form
AM by Thurstone and Thurstone (1948) was used to assess various
dimensions of mental ability. The subtests purport to tap the
following mental abilities: .

1. Visual Verbal Meaning Test. This test is designed to
the ability to understand idzas when they are expressed in words.

Sample: The first word in the following Yine is BIG

BIG A Il B. Large C. Down D. Sour

One of the words means ihe same as BIG. This word is Large.
Large is answer B.

2. Spatial Relations Test. This test assesses the ability to imagine
how an object or figure will look when rotated or rearranged in space.

o e A
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SAMPLE, TESTS, AND METHODOLOGY 21
Sample: A B C D E F
A B C D E F

J viclelM %] 72

Figures C, E, and F ar LIKE the first figure.
3. Inductive Reasoning Test. This test is meant to assess the
ability to solve logical problems, i.e., to foresee and plan. However,
it does 80 in a very narrow range of context.

Sample: Study the series of letters below. What letter should come
NEXT?

cadaecafa glale

You should have blackened g on the Answer Sheet.

4. Word Fluency Test. The Word Fluency Test was designed to
assess the ability to wiite and talk easily. This ability differs from
Visual Verbal Meaning because it concerns the speed and ease with
which words can be used, rather than the degree of understanding of
verbal concepts.

Sample: Look at the words in the list below. Each word begins with d
doll
dinner
daisy
Wken the examiner gives the signal, you will be given a new
letter. You are to write as many words as you can which begin
with the new letter.

5. Speed of Addition Test. The Speed of Addition Test is supposed
to assess basic number ability; i.e., the ability to handle simple quanti-
tative problems rapidly and accurately.

Sample: Check the sums of the problems below.

16 42
38 61
45 83
89 186

6. Mechanical Aptitude Test. Mechanical ability was tested on the
Bennett and Fry Test of Mechanical Comprehension, Form BB (1941).
This test purports to measure the capacity of an individual to under-
stand various types of physical and mechanical relationships. This
kind of abiiity is important in mechanical jobs, in many trades, in
engineering, and in the physical sciences. Some students may have
it and call upon it to help them solve problems in power reading;
others may not have it and, therefore, could not call upon it as one of
their “strengths.”

777-593 0—66——3
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22 SPEED AND POWER OF READING IN HIGH SCHOOL

Sample: Which room has more cf an echo?

>
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7. Verbal Analogies Test. The subtest, Verbal Analogies (Percep-
tion of Relations), taken from the Dvorak-Van Wagenen Diagnostic
Examination of Silent Reading Abilities: Junior Division; Part II,
Form M (1952) was used to assess individual differences in this aresa
of verbal intelligence.

Sample: sky : blue :: grasc : 1. grows 2. hay 3. ripe 4. green
5. lawn

B. Linguistic Abilities

The linguistic abilities which prior research had indicated might be
related to reading ability at this level were assessed on certain sub-
scales of two standardized tests and one semistandardized test.

From Part II, Form M, of the Dvorak-Van Wagenen Diagnostic
Examination of Silent Reading Abilities: Junior Division, the follow-
ing subscales were used:

8. Vocabulary in Context Test. The stimulus words were taken from
the first 10,000 words in the Thorndike Word List, and were included
in short sentences to give the exact meaning. The five words, from

which one is to be selected, are all more difficult than the stimulus
word. This approximates the situation when one is trying to think
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SAMPLE, TESTS, AND METHODOLOGY 23

of the best word to express soms meaning that one has in mind.

Sample: He felt very sad 1. timid 2. happy 3. weary i sorrowful
5. hungry

9. Vocabulary in Isolation Test. The content of the Vocabulary in
Isolation scale was also taken from the first 10,000 words in the
Thorndike Word List. By contrast, in each task, the five words from
which one is to be selected are all easier than the stimulus word. The
difficulty values of words were derived from testing some 800 pupils

in grades IV, VI, VIII, and XII.
Sample: simple_.______ 1. hard 2. funny 3. easy 4. busy 5. tiny

10. Range of Information Test. The items of this scale were selected
from many different fields of information that are not emphasized in
classroom work, yet lie within the experience of school pupils.

Sample: Thesunrisesinthe 1. evening 2. west 3. south 4. morning
5. north

From the Diagnostic Examination of Visual Perception and Lin-
guistic Abilities by Holmes (1954), the following subscales were used:

11. Phonetic Association Test. This is a test of ability to recognize
a word correciiy when given only its phonetic spelling. The task is
to see a word that is spelled more or less the way it sounds, recognize
the sound, and write it correctly. If the student’s written response
could be recognized as the correct word, even if misspelled, it was
given credit in this test.

Sample: In the examples below, read the word and sound it to yourself .

Then write the correct spelling for that word in the space to the
right of it.
1. mlk milk 4. jmp
2. hpy happy 5. laf
3. rng ring 6. enuf

12. Word Sense Test. This test is for the purpose of assessing the
student’s ability to think of the correct word in a parsgzaph when
given only a hint. Vocabulary, syntax, context cues, and phonetic
associations arc ai! called upon to decide which words would be best
to use in the blarnks in order to give the paragraph its best overall
meaning. Nore: The Word Sense Test is the forerunner of “Cloze”
Test.

e
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24 SPEED AND POWER OF READING IN HIGH SCHOOL

Sample: As you read the paragraph, decide in each case what word the
underlined letter-group or seems to represent.
Your word sense will tell you what word the author would use
Write the corrcet words in the answer column.

A high ski* student wks® at many a. school
activities. He stdys® his hmwk,4 b. works
attends clses,® and may have a c. studies
part-time ____*. d. homework
e. clases
f. job

13. Homonymic Meaning Test. This test is designed to assess
the student’s ability to discriminate between two words which look
and sound very similar, and to identify the one which has the same
meaning as the keyword. The Homonymic Meaning Test is very
similar to the Word-Discrimination Test used by Holmes (1948, 1954)
in his college study and the Word Recognition in Context Test used
by Singer (1960) &t the fourth-grade level.

Sample: DirecTions: Each keyword on the left is followed by several
choices. If one of the choices has the same meaning as the
Kerword, place £ heavy black mark between the pair of dolled lines
on the wrwer sheei which has the same number as your choice.

If no correct answer is given, mark the fifth choice (col. 5)
on the answer sheet for that item.

ExaurLES
Keyword(s) Choices
A. surpass (1) exceed (2) accede )
B. low tone (1) base (2) bass (3) boss (5)

14, 15. Prefizes and Suffizes Tests. In the test on common prefixes
and suffixes, the student is asked to select from four definitions the
one which means the same as the affix.

Sample: DirectioNs: The un- part of the word “unusua ” js called a
prefix. Un means “not” in this case; thus, the word unusual
means “not usual” The -ous part of the word “famous’ is

E called a suffix. Ous means “full of” in this case; thus, the word
famous means “full of fame.”

ExaupLES
Prefiz Choices
un- (1) with (2) along (3) not (4) over
Sufiiz
-ous (1) full of (2) more  (3) less (4) greatest

16. Latin and Greek Roots Test. 1In this test, a list of English words
constituting a “word family” is used; then the root from which they
have been derived is given. After each root, a series of definition-
words is given, only one of which has the same meaning as the root.
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Here the student examines the word family and from several words
abstracts the meaning of the commsna root.
Semple: A. FExceed, cicceed, concede, intercede, ard recede are all

derived from the Latin root cedere which means: (1) to prosper,
(2) to agree, (3) to fight, (4) to be with, (5) to go.

Note: YOU ARE NOT EXPECTED TO KNOW THE ROOT,
BUT YOU ARE EXPECTED TO TRY TO REASON
ITOUT.

For instance, your reasoning in the above example should go
something like this:

exceed means to surpass, or to go beyond
succeed “ “ achieve, or to goon
concede “ ¢ yield, or to go along with
intercede  “ “ intervene, or to go between
recede “ % withdraw, or i6 go back

Therefore, to go is the common-root-idea which forms ilic basis
of all these words. Hence, you should mark (5) on the answer
sheet.

17. Visual Spelling Recognition Test. In this Multiple Choice
Spelling Test each word is spelled in four different ways. The student
is to choose the one which he thinks is spelled correctly.

Sample:
Cloices N1~
1 2 3 4 L
A. donn dahn done dume (5)

C. Visval-Verbal Perception

Visual-Verbal Perception was measured on four subtests in Section
A of the Diagnostic Examination of Visual Perception and Linguistic
Abilities by Holmes (1954). The subscales us-d are as follows:

18. Dot Figure and Ground Test. Thi~ dot-embedded configuration
test assesses the student’s ability to detect the dotted outline of a
letter or number when it is hidden in a cloud of dots. The “hidden”’
dot-symbol must be abstracted as a figure from the random dots that
make up the background.

Sample: DirecTions: 1. This is a test of your ability to see the doited outline
of a leiter or number when it is hidden in a cloud of dots. 2. If you
see more than one figure, choose the one that appears to you to be
the best or “strongest.”
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19. Cue-Symbol Closure Test. This dot-and-line configuratior test
is designed to determine the ability of the student to induce from s
minimum of visual cues what block letter or number might he con-
structed from such cues.

Sample: The dots and lines may make more than one figure; if so, any
one will do. Some have more than one right answes.

=

~ oo o

20. Word Embedded Test. The Word Embedded Test is another
exercise in figure and ground, using both meaningful and nonsense
verbel symbol combinations. A simple word is embedded, or hidden,
in four different nonsense letter combinations, and the student is
asked to abstract from the four the largest meaningful and common
element making up a word.

Sample:
Hidden word
aboato boato erboat anboat boat

21. Perception of Reversals Test. This serial-order letter-reversal
tcst requires the student to detect serial-order similarities and dif-
ferences in pairs of nonsense words or letter combinations. Taking
the test as a whole, ascenders, scenders, and descenders are arranged
tc come systematically at initial, central, and final positions in the
two letter combinations offered. Mirror-image letters and letter
combinations are used as distractors to true serial-order reversals.

Sample: If the serial order of the pair of letter-groups is exactly reversed
from the first part to the second, mark “T”’ for “True” on your

answer sheet. ]
A. bux xub A. True F
B. bux xud B. T False

C. qcghuh huhgaq C.T F

D. abede  ebeda D.T F
Reumevser: IF THE SAME LETTERS ARE EXACTLY
REVERSED, MARK “T”’; OTHERWISE MARK “F.”

D. Listening Comprehension

22. Avding Test. The California Auding Test by Caffrey (1952)
is designed 0 esiitnate the ability of students to understand spoken
Englist. The total score on Revised Standardized Edition, Form F,
was used.
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Dimmecrioxns: This te.t c.)s for no reading and no writing on your
part. I'll read to you snd ask you questions about what I read.

SamrLE: “Columbus was a general (PAUSE) a chemist (PAUSE) an
explorer (PAUSE—AND THEN, WITH FINAL IN-
TONATION) a Turkish prince.”

On your answer sheet you would blacken spaze (3) to indicate that

the thizd answer, “an explorer,” is the best one.

Section four contains vocabulary items.
For example, the word s shade:
SamrLE: She used a shade too much lipstick.
In this sentence, skade mesans
abeence of light color alittle a screen

E. Auditory Perception and Elements of Musical Ability

Holmes’ modification (1954) of the Kwalwasser-Dykema Test for
Aptitude in Elements of Music (1930) was used to measure the various
elements of auditory images. The rationale for including this test in
the battery rests on the hypothesis that within the substrata factors
which underlie certain audiovisual verbal abilities like spelling, pho-
netics, auding, etc., one might expect to find individual differences in
the elements of auditory images. The following subecales constituted
the battery of tests.

23. Tonal Memory 27. Tone-Time Interval

24. Tone-Quality Discrimination
Discrimination 28. Rhythm Discrimination

25. Tone-Intensity 29. Pitch Discrimination
Discrimination 30. Musical Taste

26. Tonal Movement

F. Academic Attitudes-Habits

The California Study Methods Tests, Form 4-B, by Carter (1954)
was used to judge four aspects of studiousness:

31. School Adjustment and Morale Test. This scale measures self-
confidence and happiness in school situations.

32. Scholarly Values Test. This is a scholarly motivation and val-
ues test and assesses the degree to which a student has the same val-
ues and attitudes of his peers who are the successful scholars.

33. Mechanics of Study Test. This scale seeks to evaluaw the tech-
niques the student uses when he is studying.

34. Effective Study Plan Test. This planning-and-deliberation scale
measures the student’s tendency to make a systematic approach to the
problem of getting schoolwork done.

G. Interest

The Kuder Preference Record for Vocational Interest, Form CM
(1948), was used to estimate individual differences in the interests
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of students. The statement has often been heard that a student
simply is not interested in reading, and that is why le is a poor reader.
Or, a student is interested in other tnings, and that is why he will not
read books. The question arises, then, does manifest interest in a
nonliterary direction preclude excellence in reading. on the one hand,

and/or does manifest interest in literature assure success in reading,
on the other? To answer these kinds of questions, the 10 following
interest scales of the Kuder Preference Record were used:

35. Outdoor Interest 40. Artistic Interest
36. Mechanical Interest 41. Literary Interest
37. Computational Interest  42. Musical Interest
38. Science Interest 43. Social Service Interest
39. Persuasive Interest 44. Clerical Interest

H. Emotional-Social Problems

The SRA Youth Inventory, Form A, by Remmers and Shimberg
(1949) was used to estimate the degree to which different types of
teenage problems were being experienced by the students in our
sample. Since it is believed that success and failure in schoolwork
can both affect, and be affected by, the emotional and social problems
(real or fancied) experienced by a student, this battery was included
mthepooloftestamthehopethatsomeoftheamlysismightmse
out pertinent relationships between reading and various kinds of
problems, should they exist. The specific areas assessed by the SRA
Youth Inventory are:

45. School Problems 49. Home-Family Problems
46. Postgraduation Anxie- 50. Boy-Girl Problems
ties 51. Health Problems
47. Problems with Self 52. Things in General
48. Probleras with Others
I. Musicality

53. Musical Appreciation Test. The Kyme (1954) Test of Musi-
cality was used to appraise the students’ esthetic judgment of music.
It was expected that capability as shown by a good score in this fest
might be related to success in auding.

). Age
54. Chrmwlomoal Agc The chronological age of each student in
the sample was given in months.

Psychometric Characteristics of Insiruments Used

Table 2 presente in snmmary form the test names, number of items
per test, time limits for each test, and reliability data for the dependent
end independent variables. All relisbilities were taken from the
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publishers’ manuals, except for the 12 subtests of the Holmes (1954)
Diagnostic Examination of Visual Perception and Linguistic Abilities.’
These reliabilities were calculated from the scores of the first 100
subjects drawn in the present sample of 400 by the odd-even or sepa-
rately timed halves method, whichever was appropriate. All such
Pearson product moment reliabilities were corrected by the Spearman-
Brown Prophecy Formiilzs. It will be readily observed upon scruti-
nizing the table that all but two of the various subtest reliabilities
surpass by a comfortable margin Kelley’s (1947) minimal standard
for group testing.

Table 2.—P.ychometric charaeteristics of instruments wsed in amessing

dependent and i dent vosicbles
Number| Test
Variable of time Test reliability
items | (in min-
utes)
Dependent
S. Speed of Reading_________________ 56 5 0.98
P. Power of Reading_________________ 100 1y .94
Independent
A. Mental abilities:
1. Visual verbal meaning_________ 50 4 .92
2. Spatial relations_ _______._____ 20 5 . 96
3. Inductive reasoning_ __________ 30 6 .93
4 Word fluency_________________ t X 5 .90
5. Speed of addition_____________ 70 6 .89
6. Mechanical aptitude___________ 60 U .80
7. Verbal analogies _ ________.____ 40 U .92
B. Linguisti~ abilities:
8. Vocabulary in context _________ 40 U .93
9. Vocabulary in isolation________ 40 U .91
10. Range of information__________ 410 U .89
11. Phonetic association___________ 100 16 .97
12. Wordsense___________________ 75 18 .97
- 13. Homonymic meaning__________ 60 8 .94
14, Prefixes______________________ 20 5 .77
15. Suffixes______________________ 20 5 .68
15. Latin and Greek roots___._____ 35 7 .87
17. Visual spelling recognition_____ 35 5 .94
C. Verbal perception:
18. Dot figure and ground_________ 216 8 .93
19. Cue-symbol closure.._.___._____ 108 7 .91
20. Word embedded - _____________ 100 9 .98
21. Perception of reversals_________ 120 10 .98
See footnotes at end of table,

! The revised editions, Forms A and B, of Holmes’ battery may be obtsined from the Psychological-Edu-
cationsl Services Assoctation, Pebble Beach, Califorria.
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Table 2.—Psychometric characteristics of instruments weed in amesing
dependent and independent variables—Continved

Number| Test
Variable of time Test reliability J
items | (in min-
utes)
Independent—Continued

D. ‘istening comprehension:
*%.Auding______________________ 75 3CT 0. 88

E. Elements of musical ability:
23. Tonal memory________________ 25 CT .73
24. Tone-quality - ___________ 30 CT .70
25. Tone-intensity_._.moneeceeeo - 30 CT .79
26. Tonal movement______________ 30 CT .88
27. Tone-time interval____________ 25 CT .50
28. Rhythm _ ____________________ 25 CT .71
29. Pigch________________________ 40 CT .72
30. Musical taste_________________ 20 CT .43

F. Academic attitudes—habits: Boys Girls
31. School adjustment and riorale__ 15 U 0. 68 0.74
32. Scholarly values_______________ 15 U .71 .64
33. Mechanics of study___________ 18 U .44 .47 '
34. Effectivestudy plan___________ 17 U .89 .93

G. Interest:
35. Outdoorinterest ______________ 123 U . 90 .89
36. Mechanical interest ___________ 102 U .63 .86
37. Computationa!l interest________ 84 U .86 .85
38. Scienceinterest_______________ 105 U .89 .90
39. Persussive intcrest ____________ 128 U .86 .84
40. Artisticinterest_______________ 78 U .90 .90
41. Literaryinterest______________ 63 U .88 .87
42. Musical interest ______________ 45 U . 90 .84
43. Social service interest__________ 120 U .88 .86
44. Clerical interest ___ ___________ 153 U . 86 .90

H. Emotional-social problems: Total
45. School provlems ______________ 33 U 0. 84
46. Postgraduation anxieties_______ 37 U .90
47. Problems withself__..__________ 44 U .88
48. Problems withothers__________ 40 U .88
49. Home-family problems_________ 53 U .94
50. Boy-girl problems__________.__ 32 U .87
51. Health problems______________ 25 U .75
52. Conflictin values._.___________. 34 U .89

I. Musicality:
53. Musical appreciation__________ 52 CT .80

1 U=Unlimited time.

1 X = Any number of responses the subject gives within time Jimit.
2 T = Coiitolied iime; i.e., item is read or played to students who have s given smount cf time to respond.




Chapter V. Statistical Methodology of the Substrata-Factor
Analysis

The Wherry-Doolittle-Holmes Substrata-Factor Analysis (Holmes,
1948, 1954) is an extension of the Wherry-Doolittle Test Selection
Method (Garrett, 1947). This extension makes it possible to discover
not only the “best’ ! team of tests out of a total battery that might
be selected for the prediction of a criterion, but also allows one to
determine the substructural organization of the various elements which
underlie a particular criterion or subcriterion. In other words, while
the Wherry-Doolittle gives the best team of tests for predicting the
success of a criterion at the first level, the extension of the method,
1.e., the substrata analysis, yields those substrata factors at the second
and third levels which best account for the distribution of variance
in each of the tests selected as predictors in the first and second level.
The process may be thought of as a derivative analysis which yields
sets of predictor tests at levels which are successively more and more
remotely related to the major criterion.

The substrata-factor analysis begins by selecting first that test in
the total correlation matrix which is the most valid predictor of the
criterion. After partialing out from the correlation matrix that part
of the vaniance in the criterion which has been accounted for by the
first selected variable, a systematic search is made among the rest of
the variables for the next best predictor; that is, the one which wll
account for the greatest amount of residual variance in the criterion.
The method then systematically proceeds to partial out from the
matrix the variance accounted for by the first and the second selected
variables and then to search systematically among the remaining
variables in the matrix for that particular one which will make the
next greatest contribution to the variance of the criterion over and
above that already accounted for by the first and serond selected
tests. The process of selecting more and more predictors continues
until an F-test, applied to the results, indicates that, at the 1-percent
level of confidence, the last selected variable no longer makes a signif-
icant contribution to the variance of the criterion over and above
that already accounted for by the previously selected tests.

It is a well-recognized fact that the process of selecting a set of
variables from an array of tests by this technique inadvertently cap-
italizes on the variationr of chance factors in sampling, and thet this

14Best” in the sense that s minimum number of preferential variables are s. cted which tend to yleld the
maximum prediction of the criterion.
31
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leads to an overestimation of the maltiple correlation for the general
population. Wherry, in modifying the Doolittle method for comput-
ing the multiple correlation, developed a shrinkage formula to correct
systematically for this cumulative bias inherent in the original test
selection method. The application of the shrinkage formala enables
one to adjust the Doolittle multiple correlation so that it will be a
better estimate of the multiple correlation that would be obtained if
the same selected variables were used to predict tiie same criterion
in another sample selected from the same population. The formula
used for shrinking the biased estimate of R 1s as follows:

P ()]
where:

R equals the “shrunken R” or adjusted multiple correlation,
R equals the biased estimate of the multiple correlation,

N equals the sample size,

m equals the number of predictors selected.

In the present study, the selection of additional predictors for each
substrata criterion was stopped when the F-test indicated that the
null hypothesis could not be rejected at the 1-percent level of con-
fidence.?

The McNemar (1955) F-test is expressed by the following formula:

F‘—_- R;—R;/(ml—ml)
(1—R3)/(N—m,—1)

where:

R, is the multiple correlation based on the selected m;variables,?

R, is the multiple correlation based on m, variables, selected
from among the m, variables,

N is the sample size,

m, is the number of predictors previously selected,

F  is the resulting ratio which is determined to be, or not to be,
significant by entering a table in which n,—m;—m,, and
ny=N—m,—1. Where: n, and n, are degrees of freedom.

2 The Wherry slopping rule (Whesry, 1947) proved to be unsatisfactory under the conditions of the present
stady. Tbhe reason lies iri the fact that the tests themselves were selected with great care so that there was
a very gradual gradient from the highest to the lowest correlations of the independent variables with each
criterion. This, in combination with the use of the IBM 701 and 704 digital computers, where the
calculations are carried out to eight or more decimal pisces, caused the Wherry stopping rule to be virtuslly
inoperable. That is, it is & very rough-and-ready rule that is best applied when one is carrying calculstions
out to only four decimal places and where the variables in the battery show bro:d jumps In the size of the
gero-order correlations with the criterion. In other words, the Wherry stopping rule tends to stop the
extraction of tests when there is s wide gap betwoen the sizes of the zero-order correlation of the “‘last se-
Tected test with the criterion’” and the one about to be selected and fs, therefore, rejected as not mskings
significant independent contribution to the variance of the criterion over and sbove that sccounted for
by the previously selected tests. Under the present conditiuns of IBM accuracy and the nature of the
teat battery, a continuously shrinking incresac was detectsble in the sixth, seventh, and eighth decimal
pisce. Such incresses were completely beyond the sensitivity of the Wherry stopping rule. However,
the McNemar (1365) F-test proved to work very well even under the conditions specified above.

3 In the present study, m; was taken as the R computed from the selection of just one more varisble and
inversion of the matrix. Therefore, in esch F-test, m;—ms=1. This modification wes used as the most
conservative estimate for a random selection.
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By means of the F-test, as used here, one is able to determine whether
or not a next best test, added to the team of tests already selected,
makes a statistically significant contribution to the criterion under
consideration. That is, the null hypothesis is tested at the 1-percent
level of confidence (R,— R,=0).

In order to proceed with the explanation, it is necessary to intro-
duce the notion of subcriteria. Let us say that the best prediction of
the main criterion, Speed of Reading, is given by aset of five variables;
then these five predictor variables at Level I are designated as sub-
criteria, and each one is now analyzed to discover those independent
variables which underlie it at Level II. Then proceeding to the next
level, one asks, “What are the variables at Level 111 which best account
for the variance of the preferential variables found at Level 117
The diagram in figure 3 depicts a substrata analysis in schematic
form with generalized notation which shows how a “predictor’’
variable becomes a “subcriterion” for the next level of analysis.

To attain a simplified substrata structure of the hierarchy of abil-
ities which underlie reading, the general rule is applied that, once a
variable has been used, it cannot be used again at a subsequent level.
This is a refinement of the method followed by Holmes (1948) and by
Singer (1960). This refinement, or modification, toward a simplified
structure results directly from the nature of the original pool of tests.
After careful consideration of the literature, the tests, in fact, were
selected or constructed to assess all those facets of the mind which
might “explain” speed or power of reading. Because of this concerted
effort, the battery included a great number of tests each of which cor-
relates highly with the criteria, Speed and Power of Reading. Further-
more, as has been indicated before, throughout the entire range there
is a gradual decrease in zero-order correlation with the two main
criteria, Speed and Power, and with each of the suberiteria as well.
These conditions cause the substrata analysis to turn in on itself much
faster than it was observed to do in either the Holmes (1948, 1954) or
the Singer (1960) studies, and hence, necessitated the development of
the refined or “simplified structure technique.”

Three related points, however, should be mentioned: (1) Not all
selected predictor variables are used as subcriteria in & subsequeat
substrata analysis. If a variable appears to be so fundamental that
it would be difficult to justify an explanation of it ir: terms of any of
the other variables used in the study, it is not further analyzed; and
(2) the overall substrata analysis is halted when, in the judgment of
the experimenter, the hierarchy of explainable variables has reached a
point of diminishing returns. The substrata-factor hierarchy that is
built up by the substrata analysis tends to select out of the toial matrix
at the first level those variables which, by virtue of their high com-
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plexity, are relatively more closely related to success in the Speed or
Power of Reading criterion than are the other variables in the matrix.
The point of diminishing returns is reached when a subecriterion, pre-
cipitated from the matrix at any particular level, is already so funda-
mental that there are no other variables left in the matrix which
psychoeducational judgment would consider as likely candidates to
explain its variance at the next level. (3) Because the regression lines
of X on Y and Y on X are not the same, the statistical model used in
the substrata analysis does not reflect the reciprocal contributions to

i
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variance outlined in the Theory; that is, the reciprocal percent con-
tributions to variance cannot be inferred from the one-directional
substrata analysis of the preferential predictors of the criteria and
suberiteria at subsequent levels in the hierarchy of the working
system. However, the new W~D-H program for the 7094 has been
designed to calculate not only the X on Y and Y on X substrata
analyses, but also the fractionated contributions resulting from the
joint or shared variance. Kling (1964) in a doctoral study utilized
this program for the purpose of determining the mutual and reciprocal
contributions of the school subjects at the junior high school level.

Finally, the substrata analysis also calculates the contribution to
variance which each of the selected variables makes to the criterion
and calculates, at the next level, what the subpredictors contribute
to the variance of each of the subcriteria by multiplying each of the
zero-order 7’s by its appropriate beta weight. The generalized
formula is as follows:

R’=ﬁmfol+ﬁufu+ﬁafu+ o « « +BouTou
where:

R? is the “accounted for” or predicted variance,
B i8 the beta weight; that is, the partial regression coefficient.
For the first variable, 8y in its generalized form is Bor.033---7,
7 is the zero-order correlation with the criterion.

The beta weights are found in the Wherry-Doolittle format by
solving a set of simultaneous linear equations. This is equivalent
to inverting the selected matrix of variables and substituting the
elements of the matrix in the following general formula:

—pte
Bu=7’;"
where:

Bis 18 the beta weight for the i** variable for the j¢ criterion,
r i8 the inverse element of the i* variable for the 7*® criterion,
777 is the inverse element of the j® variable for the j* criterion.

When substituted in the above formula, these beta weights, to-
gether with the appropris.te zero-order correlations, sum up to the raw,
or unadjusted, B?. However, what is really wanted is the percent
contribution to variance of the criterion that each selected predictor
makes affer it has been corrected for bias of selection. To accomplish
this_correction, each percent contribution is multiplied by its ratio
of R*/R’. Thus, by prorating the values calculated from the fore-
going formula, we have, in fact, calculated the contributions to
variance after each preferential predictor has been adjusted for that
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bias which is inherent in the original test selection method. The
formal expression may be indicated thus:

—=Butu+PatutBufut - - - + BosFons
R =§ufu+Bofc+Bd'u+ .o +§o-fo-

and each of these terms is converted into percent contribution to the
variance of the criterion simply by multiplying through by100. (NoTe:
The R? is obtained from the shrinkage formula given on p. 32; while,
the B* of the ratio R?/R? is obtained from the formula on p. 35.)
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Chapter V1. A Substrata-Factor Analytic Study of Speed and

Power of Reading for the Total Sample of High School

Students
Introduction

The major hypothesis of this entire investigation is concerned with
discovering differences in the substrata-factor patterns which underlie
Speed and/or Power of Reading in various knczu-groups: boys vs.
girls, bright vs. dull readers, fast vs. slow resders, and powerful vs.
non-powerful readers. One may inquire then, why the study makes a
detailed analysis of the total group from which the known-subgroups
are drawn. The answer and rationale for this approach is twofold:
First, in psychology as in medicine, the abnormal ecan only be truly
understood in terms of the normal; hence, the true interpretations of the
substrata factors of the extreme groups can be understood only in
terms of the generalized patterns manifested by the total group. The
second point is that the total group constitutes a “known-group” in
itself and therefore must be studied in its own righi in order to get
the overall picture for the high school population.

The complex nature of the investigation of the total group necessi-
tates a separaie substrata analysis for each of the criteria, Speed and
Power of Reading. The findings, therefore, will be presented in
two parts.

Part . Subsirata Analysis for Speed of Reading: Total Sample

Table 3 gives the means and standard deviations, and table 4
presents the matrix of intercorrelations for the variables in the totel
sample of 400 high schooi students.

As shown in table 4, the corrzlation of 9.594 between Speed and Power
of Reading mukes it evidert that an appreciable relationship exists
between these two criteria. Since one of the purposes of the present
chapter is to discover the substructural nature of this very relation-
ship, the influence of each criterion on the other must be removed
from the common matrix before the separate analyses are begun.
To accomplish this fractiocation, when Speed of Reading is being
snalyzed, the zero-order correlations of each of the variables with
Power of keading are deleted from the matrix. in part IT of this
chapter, the reverse is true; that is, when Power of Reading is being
analyzed, the zero-order r’s for Speed of Reading are deleted.

29[ 39




PR T T T ._.a.“._-nn-.-“

40 SPEED AND POWER OF READING IN HIGH SCHOOL
Table 3.—Mean and standard deviation on each variable for total sample,
N=400
1 -
Variable Mean | Standard 1
deviation
Dependent
S.Speed of Reading._______________________________ 21. 04 7.81 1
P. Power of Reading______________________________ 68 58 16. 51
Independent '
A. Mental abilities:
1L YVisual verbal meaning_____________________ 30. 34 10. 36 g
2 Spatial relations__________________________ 21. 99 1. 78
3 JInductive ressoning_______________________ 15.79 6. 62
4 Word flveney_____________________________ 35.28 11. 88
5. Speed of addition_________________________ 18.18 821
6. Mechanical aptitude.______________________ 32. 06 6. 92
7. Verbel anslogies__________________________ 27. 04 7.59
B. Linguistic abilities:
8 Vocabularyincontext_____________________ 31.75 7.12
9. Vocabulary in isolation____________________ 31.16 6. 52 )
10. Range of information______________________ 29.74 6. 30 |
11. Phonetic association_______________________ 52 44 24 39 ’
12 Wordsense_ ______________________________ 35. 34 18 83 '
1 5 13 Homonymic meaning______________________ 31.55 10. 51 :
: 14 Prefixes__________________________________ 8 56 3. 56 !
: 15. Suffixes__________________________________ 7.09 339 4
16. Latinand Greekroots_____________________ 14 16 5 80 {
17. Visual spelling recognition__.________________ 23.62 6. 29 f
C. Verbal perception: %.
18 Dot figure and ground_____________________ 137. 09 27.45 f
19. - Cue-symbol closure________________________ 62.33 13. 61 i
20. Wordembedded____.________________._____ 66. 34 20. 24
2]. Perceptionof reversals_____________________ 78. 45 20. 33 ’
D. Listening comprehension: .
22. Auding ._____________________ . 31.91 -7.84 ]
1 ' E. Flements of musical ability: :
! 23. Tonal memory_____________. e 21. 12 5. 68 '
24 Toneqvality _____________________________ 27. 58 5.18
E 25. Tone-intensity____________________________ 3197 7.77 {
26. Tonal movement__________________________ 35. 81 11. 22 ;
] 27. Tone-timeinterval ________________________ 22. 95 5. 07 (
28 Rhythm__._______________________________ 23. 48 453 {
29, Piteh__ oo 35.19 7.37 }
30. Musical taste_____________________________ 25. 96 6. 61 {
F. Academic attitudes-habits: '
31. School adjustment and morale______________ 50.73 9.78 :
32. Scholarly values___________________________ 49. 92 9. 86 .
33. Mechanicsof study________________________ 50. 08 9. 86 L
34. Effectivestudyplan_______________________ 50. 64 10. 80 . 2
3
’ % 4
;
i
i
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Table 3.—Mean and standard deviation on each variable for jotal sample,

N=400—Continved
Variable Mean Standard
devistion
Tondependent—Continued
G. Interest:
35 Outdoor_______________ o ___ 39. 42 15.09
36. Mechanieal . ____ . . ________ . 31.70 13. 68
37. Computational _____________________._____ 24. 09 9. 00
38 Seience_____ 39.20 14 71
39. Persussive_____________ . 39. 38 11. 26
40. Artistic_—_________.___ . ____ . 29. 13 10. 50
41 Literary_ ___________ o~ 19. 74 819
42. Musieal ____________________ L ____ 16. 24 7.65
43. Social serviee _ . _____-___._________________ 42 85 14 26
44 Qerieal ______ _________ . 50. 07 14 02
H. Emotional-social problems:
45. School problems___________________________ 6.15 415
46. Postgraduation anxieties_________.__________ 11. 34 8 05
47. Problems witheedf_________________________ 6. 88 6. 52
48. Problems withothers______________________ 7.23 6 43
49. Home-family problems_____________________ 489 6. 38
50. Boy-girl problems_________________________ 4 28 49
51. Hesalth poblems__________________________ 3.04 3.02
52. Conflict invalues________________________ - 4 97 6.15
I. Musicality:
53. Musical appreciation_______._______________ 29. 96 610
J. Age:
54 Chronological age_________________________ 197. 06 14 40




o TETERTEEAR TN,

Table 4.—Comelation matrix for the total hish school sample, N=400

Variable S. ) 1 2 3 4 5
S. Speed of Reading________________________________ _— 594 656 242 512 305 225 170
P. Power of Reading________________________________ 594 _— 671 294 512 319 252 278
1. Visual verbal meaning_ ____ . ___________________ 656 971 —— 304 528 359 303 287
2. Spatialrelations_________________________________ 242 294 304 _— 451 140 256 404
3. Inductive reasoning______________________________ 512 512 528 451 _— 295 451 259
4. Work flueney_______ 306 319 359 140 295 _— 249 054
5. Speed of addition________.__________.____________ 225 252 303 256 451 249 - 132
6. Mechanical aptitude_____________________________ 170 278 287 404 259 054 132 _—
7. Verbal analogies_________________________________ 468 727 551 380 511 252 244 399
8. Vocabularyincontext___________________________ 579 785 676 317 467 264 211 326
9. Vocabulary in isolation___________________________ 571 779 673 295 435 284 190 326
10. Range of information____________________________ 552 742 633 303 428 266 192 389
11. Phonetic association_____________________________ 477 493 606 230 426 376 292 163
12. Word sense____________________ e ___ 582 579 686 217 462 368 291 175
13. Homonymic meaning _ . __________________________ 575 535 649 284 502 284 304 198
14. Prefixes___ .o ____ 440 463 471 169 377 243 233 226
15. Suffixes_ ____ . ___ o 378 341 387 184 325 252 206 06
16. Latin and Greekroots__ ________ o o ___ 483 480 559 253 408 210 324 256
17. Visual spelling recognition________________________ 478 429 533 180 387 271 326 046
18. Dot figure and ground _ __________________________ 369 348 437 290 426 290 235 277
19. Cue-symbol closure___________..__________________ 267 354 392 437 397 234 307 379
20. Word embedded.._____ ___________________________ 415 365 427 317 453 376 320 108
21. Perception of reversals___________________________ 293 231 310 341 436 150 401 095
22. Auding__________________ - 597 745 626 305 471 252 146 357
23. Tonal memory. _______________ oo 294 352 370 291 453 221 300 237
24. Tone-quality___________________________________. 211 279 278 194 316 177 i88 200
25. Tone-intensity . _._._.__.. = o ________ 253 364 324 198 373 216 170 237
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26. Tonal movement________________________________ 268 326 352 240 417 160 211 184
27. Tone-time interval ___________. e e e 113 162 167 150 239 099 129 134
28. Rhythm ____________ . 236 229 253 125 2?7 232 191 154
29, Piteh____ e - 285 292 339 229 340 205 219 211
30. Musicaltaste_______________________- ________.__ 176 238 238 107 268 259 217 141
31. School adjustment and morale _ ___________________ 219 233 246 083 205 115 112 026
32. Scholarly values___________ oo ______________ 066 084 086 029 131 034 1 —050
33. Mechaniesofstudy.____________________________ 010 083 099 019 081 014 033 028
34. Effective studyplan_____________________________ 104 123 143 047 132 072 197 022
35. OQutdoor interest_ _ ______________________________ —043 008 039 149 —002 —047 —001 313
36. Mechanical interest____________  ._____ . . ____ —157 —090 —108 225 —062 —093 049 467
37. Computational interest___________________________ —229 —181 —160 054 —069 —074 140 161
38. Science interest __ ______________________________ —006 059 041 154} —010 006 066 333
39. Persuasive interest _ __ ___________________________ 012 —000 —018 —0980 | —038 —033 007 —15

40. Artisticinterest . _______________________________ —005 056 | —008 055 030 061 | —036 —108
41. Literary interest_._______________________________ 264 189 244 | —045 039 |- 064 006 —065
42. Musical interest_________________________________ 037 023 055 | —060 051 049 033 —133
43. Social service interest____________________________ 019| —o41| —082| —157] —o001 | —058| —085| —276
44. Clerical interest ___________________ . _______ ____ —169 | —210 —175 —110 —000 —047 024 —291
45. School problems_________________________________ —200 —221 —220 —073 —118 —110 —156 — 066
46. Postgraduction anxieties_______________________.__ —188 —128 —179 —077 —135 —053 —105 003
47. Problems withself_______________________________ —100 | —049 —096 —049 ] —091 —045 —114 —109
48. Problems withothers____________________________ —113 —046 —118 —046 —031 —079 —115 —022
49. Home-fawmily problems__ _________________________ —018 005 024 025 —003{ —O018! —025 —028
50. Boy-girl problems______________________________. —072| —037| —118| —089| —109| —C49| —139 —064
51. Health vroblems__ ______________________________ —029} —013| —926| —025{ —020 0i5| —075 —022
52. Conflict-values._ __ e —009 035} —017| —100] —093} —022| —088 —083
53. Music appreciation_____________________________ 161 246 246 146 272 136 203 105
54. Chronological age . _____________. . —081 —017 —008 —035 —078 063 120 —010
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Toble 4—Comelation matrix for the total high school sample, N=400—Continved

Variable 7 8 9 10 11 12 13 14
S. Speed of Reading_____ _________________ . _____ 468 579 571 552 477 582 575 440
P. Power of Reading_____________________________._. 727 785 779 742 493 579 535 463
1. Visual verbal meaning__ _________________________ 551 676 673 633 606 686 649 471
2. Spatial relations_________________________________ 380 317 295 303 230 217 284 169
3. Inductive reesoning____________________ e —— 511 467 435 428 428 462 502 377
4. Word flueney_____ o _____. 252 264 284 266 376 368 284 243
5. Speed of sddition________________________________ 244 211 190 192 292 2901 304 233
8. Mechanical aptitude_____________________________ 399 326 326 389 163 175 198 226
7. Yerbal analogies.._______________________________ _— 722 694 709 437 491 435 431
8. Vocabularyincontext___ ________________________ 722 _— 852 749 537 607 551 448
9. Vocabulary in isolation__________________________. 694 852 _— 794 548 606 541 424
10. Range of information________________________.___ 709 749 794 - 469 547 496 411
11. Phonetic association ________________________..__. 437 537 548 469 — 872 712 535
12, Wordsense __ . ___ - e 491 607 606 547 872 _— 793 602
13. Homonymic meaning__ _____________________.____ 435 551 541 496 712 793 _— 604
14. Prefixes__ . _______ o e eeemm 431 448 424 411 535 602 604 _—
15. Suffixes_ ______ __ e —em 335 312 324 345 450 503 480 534
16. Latin and Greekroots__ ____________ e __ 412 457 472 450 Si6 591 598 621
17. Visual spelling recognition___________________.____ 346 477 454 404 632 640 642 513
18. Dot figure and ground __________. ________________ 334 363 361 341 323 346 362 320
19. Cue-symbol closure________________________._____ 399 345 341 339 308 337 349 374
20. Word embedded___________________________._____. 284 312 309 226 410 438 466 395
21. Perception of reversals_____________________._____ 175 256 196 163 362 387 433 376
22. Auding_______________ . _._ 671 718 711 705 442 552 498 490
23. Tonal memory____ . oo . 353 303 298 280 284 262 245 203
24, Tone-quality . _________ 221 199 218 231 204 205 156 144
25. Tome-intensity______ - ____ 295 278 338 292 209 249 238 189
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32. Scholarly values___ oo oommemomemeee
33. Mechanicsof study____ - oo

34. Effectivestudy plan______ -
35. Outdoorinterest ___ . ___ . oo
36. Mechanical interest _________ . oo
37. Computational interest______ - . ---ccoo---
48. Science interest _ ______ oo

49. Home-family problems_______ - - ——eoem---
50. Boy-girl problems.__ - . cccemoceommmmeoo-
51. Health problems_______ . e
§2. Conflict-values. . - __ - cocecccmcccccmmmememmeomn
53. Music appreciation. __ - cccccmceemmmmoooo
54. Chronological age__ ___ o cocmceeememe oo

e

288
139
235

294
274
253
071
097

015
096
064
—104
071

—006
066
145

—034

—129

—250
—195
—131
—106
—074

—010
—126
—129
—089

217
—081

259
136

279

193
067
089

—037
—213

—218
—129

—079

—012
—078
—045
—014

283
—081

145

314

079

016
217
— 004
—075

—225
—135
—079

011
—074
—051

003

264
— 046

279
133

159
210
074
069

039

—087
147

021
160
—000
—150

—187
—183
—096
—084
—071

030
— 045
—062
—008
200
—116

241

267

129

110
—111
—181
—198
—054

006
095
216
106
022

—064
—207
— 147
—118
—134

013
—034
—058
—031

258
—022

—072
—138
—203

—022
037
219
069

—153
—220
—173
—095
—103

—054
—006
261
057

117
088

115
—063
—143
—098

004

—032
015
241
004
004

—098
—215
—138
—102
—127

—022
—112
—025
—032
190
013

179
109

.

4

196
218
193
153
078

13¢
022
—100
—023
093

—073
017
165

—032
034

—128
—220
—114
—100
—073

—037
—105
—048
—024
188
104
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Table 4.—Correlation matrix for the total high school somple, N—400—Confinved

>
Varisble 15 16 17 18 19 20 21 22 ©
S. Speed of Reading _ — - oo ool 378 483 478 369 267 415 293 597
P. Power of Reading_ - - - - cocee e 341 480 429 348 354 365 231 45 &
1. Visual verbal meaning_ _ _ o e eeeee_ - 387 559 533 467 392 427 310 628 5
2. Spatial relations____ oo 184 253 180 290 437 317 341 305 ©
3. Inductive reasoning. - - ccceeecceceeeeee 325 408 387 426 397 453 416 47 s
4 Wordfluency . _ - o e ceeecccceemaeee 252 210 271 290 234 376 150 252
5. Speed of addition.___ - e 200 324 326 235 307 320 401 146 g
6. Mechanical aptitude___ __ i 208 256 046 277 379 108 095 357 4
7. Verbal analogies. _____ e ceean 335 412 346 334 399 284 175 671 E
8. Vocabulary in context_ _ __. oo 312 457 477 283 345 312 256 718 °
9. Vocabulary in isolation____ - oo - ccccccccmmna- 324 472 454 361 341 309 196 0 )
10. Range of information________ oo 345 450 404 341 339 226 163 705 &
11. Phonetic association______ o oo~ 450 516 632 323 308 410 362 442 E
12. Word sense. _ __ oo 503 591 640 346 337 438 387 652 E
13. Homonymic meaning_ . _ . __ oo 480 598 642 362 349 466 433 498 o
14, PrefiXes . o e mem e 534 621 513 320 374 395 376 490 5
15. Suffixes . - - e e e _— 473 382 253 258 268 282 348
16. Latin and Greekroots. _ - - o o e 473 —_—— 494 323 315 375 302 489 g
17. Visual spelling recoguition__ e 382 494 — 314 330 507 492 326 o
18. Dot figure and ground _ ___ o eemeee 253 323 314 _— 542 428 302 310 @
19. Cue-symbol closure__ o oo ememmemn 258 315 330 542 - 450 367 339 H
20. Word embedded..__—— - - oo emeeeemm o 268 375 507 428 450 —_— 452 265 g
21. Perception of reversals____ - 282 302 492 302 367 452 - 191
22. Auding... e 348 489 326 310 339 2685 191 —_—
23. Tonal MeMOry..__ - e emeemmmme e e 140 258 214 258 233 268 225 312
24. Tone-quAlitY - oo oeocoooeeoemmecaommmmmm= 131 161 123 148 199 214 198 249
25. Tone-intensity_ . _ .- oo 199 222 162 197 188 233 199 280




28.

29.
30.
31.
32.

. Outdoor interest __________________________

. Home-family problems___________________________
. Boy-girlproblems__ ______________________
. Health problems ________________________

Effective studyplan___________________________

Conflict-valwes.___________________________

189

146

173
170
196

067

—051
—050
—013

049

—037

134
011
—023

—107
—120
—061
—035
—019

050
—028
037
097

—172
—120
—109

—031

=105

—024
—028
141
091

136
005
133

207
168
166
114
135

153
—135
—138
—034

012

158
079
013

—012
=177
—147
—136
—155

—039

=116~

—036
—056
146
022

198

140

220
118

049
055

183
106
113

275
147
107
089
112

010
136
188
013
109

—041
187

—137
—110

—161
—134

—107
— 065

—128
—097
—103
157
041

107
160

273
213
154
145
141

134

—058
—116
011

-065
075

—029
070

—078
—136
—151

—091

029
—148
—018
—049

152

114

175
076

—172

—194
—149

—075 |

—151
— 065
—102
180
150

313
169

218
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Table 4.—Conelation matrix for the total hish school somple, N=400—Continved

[1-N
Variable 23 24 25 26 27 28 29 30 %
S. Speed of Reading_______________________________ 294 211 253 268 113 236 285 176
P. Power of Reading_______________________________ 352 279 364 326 166 229 292 238 %
1. Visual verbal meaning_._________________________ 370 278 324 352 167 253 339 238 3
2. Spatialrelations_________________________________ 291 194 198 240 150 125 229 107 ©
3. Inductive reasoning______________________________ 453 316 373 417 239 277 340 268 B
4. Wordflueney___________________________________ 231 177 216 160 099 232 205 259 Y
5. Speed of addition________________________________ 300 188 170 211 129 191 219 217 g
6. Mechanical aptitude_____________________________ 237 200 237 184 134 154 211 141 o
7. Verbal analogies. ________________________________ 353 221 295 288 139 235 294 274 &
8. Vocabularyin context___________________________ 303 199 278 259 136 235 279 222 °
9. Vocabulary in isolation___________________________ 298 218 338 263 145 255 314 186
10. Range of information.____________________________ 280 231 292 279 133 220 298 159 &
11. Phonetic association.____________________________ 284 204 209 241 065 250 280 267 >
12. Word sense_____________________________________ 262 205 249 262 080 222 257 258
1. Homonymic meaning_ ___________________________ 245 156 238 230 080 143 234 2086 o
14. Prefixes________________________________________ 203 144 189 179 109 146 196 218 2
15. Suffixes._.— . _________ 140 131 199 189 020 146 173 170 E
16. Latin and Greekroots_______________.._ _________ 258 161 222 263 095 162 183 173 3
17. Visual spelling recognition________________________ 214 123 162 136 005 133 207 168 o
18. Dot figure and ground_ ________._________________ 258 148 197 198 066 140 230 118 »
19. Cue-symbol closure______________________________ 233 199 186 183 106 113 275 147 H
20. Word embedded..________________________________ 268 214 233 236 107 160 273 213 9
21. Perception of reversals___________________________ 225 198 199 175 076 103 254 160
22. Auding____________ __ ___ o 312 249 280 313 169 197 218 221
23. Tonal memory._____ ____________________________ _— 392 390 455 362 331 438 344
24. Tone-quality____________________________________ 392 —- 537 413 377 380 426 335
25. Tone-intensity.____._____________________________ 390 537 . 422 372 332 413 357
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28.

29.
30.
31.
32.
33.

34.
35.
36.
37.
38.

39.
4C.
41.
42.
43.

4.
45.
46.
47.
48.

49.
50.
51.
§2.
83.
54.

School adjustment and morale____________________
Scholarly values_________________________________
Mecharicsof study______________________________

Effective studyplan_____________________________
Outdoor interest ________________________________

Computational interest___________________________
Science interest - ________________________________

Clerical interest _________________________________
School problems..________________________________
Postgraduation anxieties_________________________
Problems with self ____________________________.._

Home-family problems___________________________
Boy-girl problems__ _____________________________
Health problems__ ______________________________
Conflict-values__________________________________
Music appreciation______________________________
Chronological age _______________________________

455
362
331

438
344
113
150
052

110

—010
051

—039

030
231
—061

—131
—101
—104
—083
—046

—021
—095
—015
—024

372
—108

413
377

426
335
049

~o7

030
051
079

050

—033
—039
002
127
—054

—046
—043
—093
—033
—015

003
006
016
007
309
—053

422
372
332

413
357
103
016
049

035
017
076
012
097

--027
—023
—012

015

—119
—025
016
045
030

010

059
064
275
—023

289

375
295
176
023
048

050
011
020
—086
—002

011
008
—024
157

—082
—014

—025
—016

—048
—037
—019

334
—084

234

303

329
225
064
088
026

078
059
078
049
089

—078

—020
074
—028

—021
—038
018
015
—007

029
—030
—010
—019

273

032

- —  — _ __ _— . — _—_— — — —— " —————

—031
028
019
005

—045
065
038
062
324

375
329

417
108
105
028

058
024
031

058

—051
003
063
146

—005

—101
—091

—062
—035

007
—015
—046

019

377
—054

295
225
321

417
014
—031
023

—013
—111
038

021
031
012
070
—037

—158
—129
—021
—023

—002
—065
—035
—031
513
025
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Table 4.—Conelation makix for the total high schoo! scmple, N=400—Confioved

Yariable 31 32 33 i 35 36 37 38
S. Speed of Reading . _ - o e cceeoo - brmmcmcem————— 219 066 010 104 | —043 ]| —157)| —229 —006
P. Powerof Reading_ . e 233 084 083 173 008| —090| —181 59
1. Visual verbal meaning._ . _ oo eeeee 246 086 099 143 039{ —108| —160 041
2. Spatial relations.___ . . . . 083 029 019 047 149 225 054 154
3. Inductivereasoning. .- oo oo 205 131 081 132| —002| —062! —069 —010
4 Wordflueney. .o occececececccececmeeceme 115 034 0x4 072] —047| —093 | —074 006
5. Speed of addition__ ... oo . 112 113 033 197 | —001 049 140 066
6. Mechsnical aptitude___________ crmce———————- 026 | —050 028 022 313 467 161 333
7. Verbal analogies.. ... - oo eee 253 071 097 015 056 064]| —194 071
8. Vocabularyin context _ . - . 193 067 089 042 028| —037] —213 039
9. Vocabulary in isolation . e 223 033 086 036 001 | —009| —188 079
10. Range of information___ . __ ... 210 074 069 034 039 003 | —087 147
11. Phonetic association. .. oo oo ool 220 129 042 110 —111 —181 —198 —054
12. Wordsense__ . - - o e oo eceeeeeemm e 203 098 071 1431 —¢72| —138| —203 —~027
13. Homonymic meaning. . - e eeeeeee 196 117 088 115] —063 | —143| —098 004
14. Prefives_ __ .o e ceeecceec——————— 193 163 078 133 022 —100| —023 093
15. Suffixes._ ___ . e ——m———- 196 034 067 086] —051| —050| —013 049
16. Latin and Greek voots. - - oo 169 085 052 121 —025| —046| —008 085
17. Visual spelling recognitim_ .. .- o _____ 164 114 135 1531 —135| —138| —084 —024
18. Dot figure and ground.- - o o e o e~ 096 049 055 034 091 036| —095 033
19. Cue-symbol closure____ . oo oo oo 107 083 112 010 136 188 013 109
20. Wordembedded.. ... .. - - oo 154 145 141 134 c09| —058}] —116 011
21. Perception of reversals___ . . ______ 119 133 122 061 | —022| —047 096 069
22 Auding. .. oo 242 039 078 080 085| —031: —129 121
23. Tonal memory. . oo oo emm 113 150 052 110 044 | —009| -—010 051
24. Tonequality . o e e 049 040 007 030 051 079 060 050
25. Tone-intensity . _____ .. e 103 016 049 035 017 076 012 097
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‘36. Mechanical interest_____________ .o

37. Computational interest_.____ e
' 38. Science interest_______._ e cmmmmme———————————————

176

119

108
014

147

—012

100

—413

—051

031
—013

094
—n5

514

—086
049
—110

—111

049

116
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T@k4.—(ammhhbdli§dodmpl¢,N=4fn‘—’—m

Variable 39 40 41 42 43 44 45 46
S. Speed of Reading. - e 012| —M5 264 037 019| —169| —200 —188
P. Power of Reading.- - - - - - cccccccecee oo | —062 056 189 23| —oe1| —210| —221 -—128
Visual verbal meaning _ el —018| —008 244 055| —o082| —175| —220 —179
.................................. —090 055! —o045| —o060} —157] -—110| —073 —077
ductive reasoning._ - o - e —038 030 039 51| —001 —000| —118 —135
................................... —033 061 064 o40| —058; —047| —110 —053
................................ 007 —u36 006 033! —085 02¢ 1 —156 —105
Mechsnical aptitude .- oo —150| —108| —o85| —133| —276| —296| —961 003
................................. —008 066 145| —034| —129| —250| —195 —131
8. Vocabulary in context___ - —coeooocoeemm - —009] o3| 203| o030| —o0s5| —224| —218| —129
9. Vocabulary in isolation___._ - - oo 001 016 217| —o00a| —075| —223| —225 —135
10. Range of information____ oo —028 021 160| —oo0| —1is0| —187}| -—183 —096
11. Phonetic association._ _ .. oo 008 095 216 106 022| —064| -—207 —147
..................................... —022 037 219 069 009| —153| —220 —173
13. Homoi:ymic meaning._ _____ oo —032 015 241 004 004| —098| —215 —138
........................................ —073 017 165 | —032 034| —128| —220 —114
........................................ —037] —040 134 on1|] —-023]| —107| —120 —061
Lalin and Greekroots. - - o oo oo eeeeeeeeee —016; —098 190 007! —o051| —135| —172 —120
Visual spelling recognition._- - - -~ ccocecocereun 017, 046 158 79 013{ —012| -—177 —147
Dot figure and ground __ - - oo —033 136 015| —o50| —o090] —159| —131 —133
Cuc-symbol clesure____ oo —041 167 —c22| —137! —110]| —161| —134 —064
................................... - 065 075 054 —029 o70| —078| —136 —151
. Perception of reversals_____ _ - eicmeee -039 051 -—002 004 032 030 —172 —206
D e em——————————————————— —029| —028 202 000| —090) —218| —226 —167
.................................. —039 068 030 231| —o061]| —131| -—101 —104
Tone-quaitY . - oo e oo —033 —039 002 127 —054 —046 —uh3 —093
intensity_. - oo —027] —-023]| —012 015| —000| —119| -—025 016

3!' - B o ~ ” - e - e B [
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31. School adjustment aud morale______________._____
32. Scholarly values___________________ e ——————
33. Mechaniesofstudy_____ . .-

011

—021

—051
021

0i9
—079

—413

047

031
010
—017

157

—318

—010
—015

138
—078

—1i01

—011
031

—244

—270
183

052
081
—031

—131

—014
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Table 4.—Comelotion mairix lor the total high school sample, N=400—Continved

Variable 47 48 49 50 51 52 53 54
S. Speed ofReading.________________.______________ —100| —113]| —018| —072| —029| —009 161 —081
P. Power of Reading____________________.________ __ —049 | —048 005| —037| —013 035 246 —017
1. Visual verbal meaning_ ___________.________ _____ —0906| —118 024| —118| —028| —017 246 —008
2. Spatial relations_________________________________ —049 | 048 025| —089;, —025| —100 146 —035
3. Inductive reasoning______. _______________________ ~091| —031| —003| —10¥| —920| -—093 272 -—078
4. Work flueney______________ o _______ —045] —079| —018| —009 015| —-o022 136 063
5. Speed of addition________________________________ —114] —115| —025| —139| —075| —O08§ 203 120
6. Mechanical aptitude_____________________________ —~109| —022| —028| —064]| —022] —083 195 —010
7. Verbal analogies_________________________________ —106| —074; —010] —126] —129| —089 217 —081
8. Vocabularyineontext___.._______ . ______________ —002| —-079| —012] —078] —045| —014 283 —081
9. Vocabulary in isclation..________________ ________ —-079 —004 011 —074 | -—051 003 204 —048
10. Range of information._ . ___________________.____ —084| —071 030 —045]| —062| —008 200 —116
11. Phonetic associstion_________________.___________ —118| —134 013| —034| —058| —031 258 —022
12. Word senee_____________________ . ___ . _. —095]| -—103 000 —044| —054| —006 281 057
13. Homonymic meaniug. - . .. oo __. —102| -—127| —022! —112| —-025| —032 190 013
i4. Prefives___________ e —100| —073| —037)| —105| —048| —u24 188 104
15. Suffixes______________ . +--] —035| —019 09| —068 050 | —028 037 097
16. Latin and Greekroots._ ... _____________________. —109 —085| —031 —126 —024| —028 141 091
17. Visual spelling recognition__.___________.._________ —136, —156| —039| —116| —036| —056 146 022
18. Dot figure and ground_ . _________________________ —108 | —096 064| —156| —066| —063 131 —049
19. Cue-symbol closure.____________________________ - —107] —066 09| —128| —097| —103 157 041
20. Workembedded _________________________________ —064 | —091 029| —148; 018 | —049 152 1i4
21. Perception of reversals_._________________________ —194| —149| —C75| —151| —065| —102 180 150
22. Auding________.____ o eee. —112| —091| —006| —102| —075| —048 279 —071
23. Tonal memory._ . __ e ~083| —046| —021| —095| —015| —024 372 —108
24. Tonequality_ . __________________ o ___.. —033] —015 003 006 016 007 309 —053
25. Tone-intensity __.______________________________ 045 030 010 000 059 064 275 —023
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47. Problems with self__________ ool
48. Problems withcthers. . - . - - oo
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56 SPEED AND POWER OF READING IN HIGH SCHOOL

Raference to table 4, column S reveal: that visual verbal meaning

has the highest zero-order correlation with Speed of Reading (r=

0.656). Therefore, in our battery, visusl verbal meaning is the most

valid predictor of Speed of Reading, ard will be selected as the first

predictor test by the Wherry-Doolittle test selestion method. Since

7 in this caso equals 0.43, visual verbal meaning cannot account for

more than 43 percent of the criterion’s varisnce. But 43 percent is

agroesoveres‘..imatewhichneedstobecorrectedbothintermsof

the other predictors which the method will select and clso the bias l

inherent in the procedure of selecting out of & random selection of

“independent variables” that which is the most valid. In more spe-

cific terms, the probsbility is indeed great that when the contributions

to variance are computed, visual verbal meaning will account for much

Jess of the variance in Speed of Reading. The reason is that, when

the beta weights are calculated for it and for the other variables which

also make independent contributions to the variance of the criterion,

they will draw from visual verbal meaning much of the variance which

| this “most valid” predictor appears, by virtue of being selected first,

i to sccount for in the criterion. Therefore, in terms of the Substrata-

Factor Theory, the immediate problem is to discover which of the many

vyarisbles in the matrix will be selected along with visual verbai mean-

ing as those varisbles at Level I which have an independently

direct and joint influence in the variation of high school students’

scores on Speed of Reading. After the substrats components (factors)

which make for diversity in Speed of Reading have been selected, the

pext step is to discover how much of the individual differences manifest

in the criterion can be assigned to each of such selected, and there-
fore preférentisl, predictors.

Total Somple at Level I: Speed 1

Table § presents a sunmary of the substrata analysis at Level Iin
terms of the betas, cumulative B’s and adjusted contributions which
the six selected tests make to the variance in Speed of Reading. The
gero-order ’s are placed in the second column of the table to facilitate
comparison.. It should be recalled that these sdjusted contributions
to the variance in the criterion have been derived by multiplying each
of the zero-order corrcistions by its appropriate beta weight and then
adjusting the obtained figures in terms of the total shrunken R
derived from tho Wherry Shrinkage Formuls.

The percent coptiibutions listed in the right-hand column contain
not only the separate coefficient of determination, but also one-half
of the shared coefficient of determination. While the joint or shared ;
wariance can be calculated separately, they would answer a different #
question from the one posed: that is, how much of a criterion’s vari- ‘
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THE SUBSTRATA-FACTOR ANALYSES 57

ance can be attributed to the influence of each of the selected
predictors? !

Scrutiny of table 5 shows that visual verbal meaning explains 17.9
percent of whatever it is that makes for individual differences in Speed
of Reading among the 400 high school students used in this sample.
Auding ability explains another 13.5 percent. In like manner, homo-
nymic meaning explains another 9.2 percent; computational interest,
2.9 percent; inductive ressoning, 8.3 percent; and literary interest, 2.7
percent of the variance in Speed of Reading.

Table 5.—Swbstvata onalysis of total sample yielding accownted-for vari-

ance in Speed of Reading
Contribution
to variance
accounted
for (in
. R percent)
Criterion Level 0 | Substrata factor Level 1| « ®
C) 5
Bl 2%,
|21 8] %5]| 2
S | m &) < =
Total (N=400)
Visual verbal meaning__| 0.66 | 0. 28 |0.655 17.9
uding_______________ .60 .23]|.697 | 13.5
Speed of Readin omonymic meaning___| .58 | .16 | .714 | 9.2
Computational interest_|—.23 |—. 12| .723 | 2.9
ductive reasoning____| .51 | .16} .732, 83
Literary interest_______ .26 .10] .728) 2.7 | 54.5

In round numbers then, our six selected tests account for a little
less than 54.5 percent of whatever it is that makes one high school
student read faster or slower than another. Obviously the 45.5 per-
cent of the variance not accounted for, in one sense, is as important
as the 54.5 percent explained. Hypotheses on what other varigbles

1 From the sbove discussion it will be realized that each of the preferential predictors selected because it
madeanWmmmwthmatbmwmwmwsmMpﬁm
uhuubﬂedmdmnwtheendtm.wbswhwhuanbethonghto!uanaddmomleontﬂbuﬂon
to the criterion’s varisnce. Thisshared variance csn be divided tetween the pa-tners by prorating the total
smount in terms of the coeficient of separate determinstion attributable to each, or by simply dividing the
shared asmount equaliy and assigning each half to the appropriste partners. The technique employed in
the present study of multiplying the betas by the zero-order r’s is tantamount to the latter alternative; that
is, using the coefficient of separate determinstion plus one-half of the cosfiicient of shared determination in
Wright’s (1921) sense in order to account for the total influence (independent and shared) that s preferential
predictor might exert on the criterion. This is justified eccording to Ezekicl (1963), since these 1o methods heve
« mathematical equality.
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58 SPEED AND POWER OF READING IN HIGH SCHOOL

might be added to the battery to account for the 45.5 percent of the
variance of Speed of Reading are discussed under “Implications” in
the final chapter.

Necessity for Continving the Sebetrata A.nalysis

If an experienced teacher or expert in the field of reading should
take a critical look at the six preferential variables which according
to the substrata analysis explain all the variance in Speed of Reading
that can be accounted for by the 54 independent variables, he will
surely object on the grouind that the study has overlooked some other
very important ones. It could be pointed out that only 54.5 percent
of the variance in Speed of Reading has been accounted for and that
one must look to other variables beyond those used in the present
study for the other 45.5 percent. However, even this would not
satisfy the expert teacher, for he would insist that he knows from ex-
perience that many of the variables included in the matrix, but not
selected as making positive contributions to the criterion at Level I,
are, in fact, important; and if the teacher presses the point, we would
have to agree. In fact, it was this very objection that caused Holmes,
in 1948, to develop the substrata-factor analysis technique. To be
more specific, anyone who has taught reading knows that such vari-
ables as auditory and visual perception, knowledge of - ffixes and roots,
the ability to see verbai relationships, etc., must play a part in reading
for speed at the high school level. Nevertheless, the tests in the bat-
tery which ausess these vcry areas were not selected to account for
Speed of Reading beyond those six preferential ones already named.
The question is, Why? Statistically, virtually all the variance in
Speed of Reading that can be accounted for by the total matrix has
been explained by the particular six variables selected. The question
remains, Just how do these other variables that the reading teacher
believes to be important to Speed of Reading actually fit into the
picture?

To resolve this apparent parado:. he assumption is made, in accord-
ance with the Substrata-Factsr Theory of Reading, that while the
six preferential predictors enter into a direct relationship (separately
and jointly) with the criterion, Speed of Reading, other important
variables may also function in the genera! workinz-system by asserting

an indirect influence on the criterion from a more remote level. The -

substrata analysis, therefore, extends the Wherry-Doolittle technique
to successive levels. Each of the predictor variables will now be
considered as a possible subcriterion, and in order to explain indi-
vidual differences in each a search at Level IT will be made among
the remaining variables in the matrix for those which might help to
account for the variance in each of the six already selected at Level I.
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THE SUBSTRATA-FACTOR ANALYSES 59

Total Sample at Level ll: Speed

Table 6 gives the results of the systematic matrix reduction at
Level II for each of the subcriteria at Level I.

Visual Verbal Meaning. Reference to visual verbal meaning in
table 6 makes it upparent that 64 percent of whatever it is that

makes for individual differences in the ability to discriminate verbal -

meanings visually can be prorated to the following extent: word
sense, 20.6 percent; vocabulary in context, 16 percent; dot , .
ground, 7.6 percent; tonal movement, 3.7 percent; Latin s

roots, 6.8 percent; and range of information, 9.3 percent

Auding. It will also be noted that vocabulary in context con-
tributes 23.9 percent by way of explaining individual differences in
auding ability in this sample. Range of information contributes
another 19.3 percent; prefixes, 7.5 percent; verbal analogies, 11.1
percent; visual spelling recognition, —4.6 percent; ? and finally, Latin
and Greek roots make a contribution of 5.6 percent over and above
the contributions made to the variance of auding by previously
named variables. Together the six variables account for 62.8 per-
cent oi the variance of auding ability.

Homonymic Meanirg. The analysis reveals that word sense ac-
counts for 42 percent; spelling, 11.2 percent; Latin and Greek roots,
6.2 percent; spatial relations, 2.6 percent; and prefixes, 6.9 percent of
whatever it is that makes for individual differences in homonymic
meaning. Together these five variables contribute 68.9 percent to
the variance of homonymic meaning.

Inductive Reasoning. Within the limits of our matix, the “simplic-
ity” of the task involved in the inductive reasoning test precludes
further analysis. Therefore, this analysis is considered complete.

@

3 Suedecor (1946) and Ezekisl (1963) give similer explanations of egative contributions to varjance.
Ezekiel writes:

Oﬂhndltmmsdimhwuphhhowth‘dmhadm'dmyvuhbhmbo!-mm
ing. . . . The explanation i= simple, however. Although tbe total varistion in the estimates of ths
dependent varisblesis obtained by adding the contiibutions of several indepéidant variablss, it dose
not follow that all varisbles will be influencing the estimate in the same direction st the ame time—
all tending to give low values when the actaal value is low, or all tending to give high values when
the actual value is high. It sometimes happens that one variable may tend t> work counter to the
awvmm,mm’mmmmmmmnuwsummam
the general effect is downward and tending to keep it from going 30 high as it other wise would when
the others are forcing it up. It is under such conditions that negative coefficients of separate deter-
mlnaﬂonareo‘)hlnod;theydonotnnontlnttbevvhblehumdmlﬂma,buuwmlnﬂm
iz usually exerted counter to the iaflusnce of other variables.

Lubin (1967) states thet given twy predictor variabjes V and X, whers the validity of V'is higher than
that of X, then subtracting X from Vwﬂldu:dlﬂammb,sucbtbatu,)r.,wimthobnowlnz

equation obtains:
Tz > ¥ [0sf0, + 2r:/ree — (Pec/rsc) 0:/0y)

Under these conditions . . . X scts 08 if it were a suppressor”’ (p. 292).

SN
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Contribution to 8
. variance secounted
Substrata factor Level 1 Predictor Level II Zero-order|  Beta ic“m“ih'-ffe! for (in percent)
T B
Adijasted l Total 3
]
Total (N=400} ’ ©
Froin Speed at Level 0 to— %
_Wordsenee___...___. - 0. 69 0.30 0. 685 20.6 p.
__Vocabulary ircontext. . ________ .68 .24 . 758 36.0 4
Visual verbal meaning ~Dot figure and ground __ ___________ .47 .16 .79 7.6 o
+Tonal movement_ ___ - .- .33 .10 .788 3.7 °
~Latin and Greek roots__ _ . _________ .56 .12 . 795 68 "
NRange of information_.________-___ .63 .15 . 890 9.3 64.0 o |
-
_Voeabuls~y in eontext .. —_—___ .72 .34 .718 23.9 >
-Range of information.. - .70 .28 .760 19.3 5
Auding Prefixes. .. - .49 .15 . 776 7.5 Q
Verbal analogies____.._ oo .97 .17 . 784 11.1 5
~Visual zpelling recognition. - B < —. 14 .789 —4. ¢
~Latin and Greek roots. - .49 12 794 56 628 o
o
_Word eense. - - e —eommmeee - .79 .53 .793 420 o
.- Visual spelling recognition__________ .64 .18 . 812 1L 2
Homonymic meaning '] atin and Greek roots__ _ ... __ .60 .10 . 822 62 §
< Spetial relations. oo .28 .09 . 826 2.6 9
~Zrefixes._ . - oco oo .60 -11 . 829 69 658.9 ¢
Computationa) interest ——————+ (Analysis completed.)
Inductive reasoning (Analysis completed.)
Literary interest (Analysis completed.) I
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Literary and Computational Interest. Since, at Level I, literary
interest makes a small positive contribution and computational in-
terest makes a small negative or suppressor-like contribution to the
variance of Speed of Reading, it was deen::d inadvisable to pursue
further the factors which might underlie these two interest variables.

It may be scen from table 6 that (a) things are begiraing to appee.
more corapiicated, and () that a few variables have been precipitated

4 more than once at Level II. Therefore, by capitalizing on (b) »
model may be constructed which should reduce the amount of appar-
ent complexity mentioned in (a).

Figure 4, therefore, presents 3 model which gives a more parsimo-

nious substrata-factor inferpretation tc the important facts presented
E in tables 5 and 6.

A general perusal of figure 4 will show that some of the varisbles
at Level II underlie more than one subcriterion at Lerel I. It is to
be expected, therefore, that when the substrata analysis is extended,
identical results will be obtained at Lerel 111 for identical suberiteria at
Levelll. TLesnalysis‘obereported in thefollowing peragraphs proved
this to be precisely the case; and therefore, the predictor varisbles

M
!

Figswe 4.—Concentic Howchort for Speed of Reading fo: totol
sample of 4CO high school stude sts (a).
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62 SPEED AND POWER OF READING IN HIGH SCHMOL

at Level 111 for the same subcriterion occurring more than once at
Levcl IT are reported orly once. A case in point may be used us an
illastration: The substrata analysis indicaied that (a¢) underlying
visual verbal meening at Level /, among other elements at Level 11,
was word sense; and likewise, that () underlying homonymic meaning
at Level I, among other elements, was that of word sense. The
coinplete analysis reveals that in both cases the elements at Level 171
and their contributions to che variance of word sense at Level 11 were
identical. The model given in figure 4 lends itself admirably to this
consofidating process.

Table 7 shows the result of analyzing the predictor variables at
Level 11 as subcriteria to discover those variables which underlie them
at Level III. The overall picture is given in figure 5 in the Summary
for Speed of Reading.

Semmary for Speed cf Reading: Total Sample

The results of the substrata analysis for Speed oi Reading are
shown in figure 5. The concentric ricgs from the central target ares
outward represent the hierarchical organization of the substrata fac-
tors discovered at Levels I, II, and III i» the working-system for
Speed of Reading. The disks contain the percent variance accounted
for and should be summed over each of the preferentia! predictors
that are indicated as active in sry particular substrata factor’s line
of support.

At Level 0, on ‘arget, is Speed of Reading.

At Level I, auding, visual verbal meaning, inductive reasoning,
homonymic meaning, and computational and literary interest are the
primary suustrats factors that together explain some 55 percent of
individual differences in the speed with which high school students
can read.

At Zevel II, in various combinations, verbal analogies, range of
information, dot figure and ground, vocabulary in context, visual
spelling rscogniticn, word sense, Latin and Greek roots, prefixes,
tonal movement, and spatial relations accout, in terms of Speed of
Reading, for individual differences ia i} -e primary factors.

At Level ITI, musical taste, school adjustment and morale, me-
chanical aptitude, cue-symbol closure, perception »f reversals, vocab-
ulary in isolation, phonetic association, suffixes, artistic interest, age,
tone-quality, musicality, and tonal memory, &ll in various combina-
tions, form lines of support which undergird the substrata factors
discovered at the secondary level.

The following illustration may help in reading the chart. At
Level 11, 65 percent (5+56-3-1) of range of information is under-
girded by mechanical aptitude, vocabulary in isolation, »uffixes, and

- .
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Table 7.—Sebsivata analysis of total sample yielding accownted-for variance in Level H subsivata faciors waderlying Speed

Coutribution tt:d
variance aceoun
Cumula- for (in pereent)

Substrata fzetor Level IT Predictor Level 111 Zeroorder| Botap | tive
E
Adjusted | Total
Total (N=400) .

From Speed Through Visual Verbal Meaning at Lew' I to— <
[_]
- Phonetic association. ______________ 0. 87 0.73 0. 872 6323 uc:
Vocabulary in isolation_____________ .61 17 . 885 10.6 S
Word """< Suffixes.._.__________________ 50 | e 57 2
~Chronological age._ . ____________._ . 06 .07 -804 .4 80.0 g
3
) F Vocabulary in isolation____..________ .85 .83 . 852 7L0 >
Vocabulary in mmé-mpﬁon of reversals. . _____ .2 .09 . 857 24 734 .é
Dot figure and ground (Analysic completed.) §
- Tonal memory____________________ .46 .29 .453 129 :
Tonequality______________________ .41 .25 .518 10.1 2
Tonal """m‘< Musical sppreciation____________ .33 14| s3 47 =
- Schiool adjustment and morale______ .18 .12 . 546 21 208 =
| Phonetic association _______________ .52 .27 .515 135 &

| Sufxez_ .. .47 .25 . 580 1L 6

Latin and Greek roots - Vocabulary in iolation___________ .47 .21 _612 9.5

- Artistic interest ___________________ —10| —14 .52 13

~Cue-symbol closure_._______________ .32 .12 . 531 37 39.6

- Vocabulary in isolation_.___________ .79 72l 704 56.5

. ) - Mechaniesl aptitude_______________ .39 .13 . 805 5.2
Range of mfmé-cnmm age o ___ —12| —.o09 . 808 L1 5

Suffixes__________ . ____________ .34 .09 .813 3.2 66.0




Table 1.%mdmlmmm&mawumm-umw—
Coantinved

Contribution to
Cumzls- vafml}_eeaeeountted
Substrata factor Level 1 Predictor Level III Zerc-order|  Beta tive or ‘in percent)
R
|
Adjusted Total
From Speed Through Auding at Level I to—

bul text - Vocabulary in isolation_________.___ 0.85 0. 83 Q. 852 7.0

M e <~Pereeptionofmennh _____________ .26 .09 . 857 4 734
L Vocabulary in isolation__ .. ______ .79 72 . 794 56. 5
R . ” -~ Mechanieal aptitude_____._________ .39 .13 . 805 3.2
of inf é-(&mﬂmm _________________ —.12 —. 09 . 808 L1

- Suffixes__________ e - .34 09 . 813 32 66. 0

Prefixes (Aralysis ~ompleted.)

L-Vocabulary in isolation____. ____.___ .€9 .55 . 694 382
L-2iechanieal aptitude_____._________ .40 .15 .n7 59
Verbai = Musical taste_____________________ .27 .13 .728 36
Cue-symbol closure________________ .40 .12 . 736 4 8

~School adjustment and morale______ .25 .11 . 743 28 55.3
-Phonetic association_______________ .63 .43 . 631 27.1
Visua! spelling recognition - Perception of reversals_____________ .49 .31 . 691 15.0
~Voeabulary in isoiation__.___ . _____ .45 .19 . 702 87

 Mechanical apticnde_________._._ - .05 —. 12 .710 .5 50.3
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! Phonetic association_______________ .52 .27 .515 13.5
Suffixes. ___._ .. __ . ______ .47 .25 . 580 1.6
Latin and Greek -Vacabulary in isolation_.___________ .47 .21 . 612 9.5
Artistic interest ________. _________ -—. 10 —. 14 . 622 13
Cues:mbol closure.._______________ .32 .12 . 631 37 .6
From Speed Through Homonymic Meaning at Level I to—
. Phonetic association_______________ 0. 87 0.73 0.872 63 3
Voecabulary in isolation_ .. ________ .61 .17 . 885 10. 6
w“""“"< Buffixes. ____.._.__.______________ .50 | ose2 57
~ Cbronological age_________________ .06 .07 . 804 -4 80.0
L-Phonetic assceiation_______________ .63 .43 . 831 27.1
- . . - Perception of reversals_____________ .49 .31 . 691 15.0
me'méwmmmm ............. .45 .19 -702 87
~Mechanical aptitude ____ . _________ .05 - 12 .710 -5 50.3
L Phonetic association. ______________ .52 .27 .315 135
-Sutfixes _________________________ .47 .25 . 580 1L 6
Latin and Greek roots —+4Vocabulary in isolation__.. ... ____._ .47 .21 .612 9.5
\-Artistie interest ________________ ... —. 10 --. 14 . 622 1.3
~Cus-symbol closure________________ .32 .12 . 631 27 3.6
Spatiai relations (Anslysis completed.)
Prefixes (Analysis completed.)

SASATVYNY HOLOVI-VIVHISEQY THL

Q9




LAy M |l o i

©

ERIC

Aruitoxt provided by Eic:

66 SPEED AND POWER OF READING IN HIGH SCHOOL

chronological age. Likewise, 65 peccent (9+8+16+21-+7 44) of
visual verbal nieanicg at Leve! I is explained by range of information,
dot figure and ground, vocsbulary in context, word sense, Latin and
Greek roots, and tonal movement. Finally, 55 percent (18+8+9+
343414) of Speed of Reading may be accounted for in terms of the
following primary substrats factors: Visual verbal meaning, inductive
reasoniug, homonymic meaning, computationsl interest, literary inter-
est, and auding.

Antisic InTenes’

F S.MWhSpoddMthwkdmm’buﬁod
gore students (b).

Part Il. Substrata Analysis for Power of Reading: Total Sample

Table 4, part I of this chapter, indicates that the second criterion
variable is Power of Reading and, furthermore, that the largest zero-
order correlation in the P column is betwecn Power of Reading and
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THE SUBSTRATA-FACTOR ANALYSES 67

vocabulary in contexi (r=0.785). Vocsabulary in isolation, auding
ability, range of information, verbal analogies, and visual verbal mean-
ing all follow in close array (r’s=0.779, 0.745, 0.742, 0.727, and 0.671).
The rest of the independent variables arrange themselves in an orderly
way with a further gradusl decrease in the increment of the ’s.
School protlems and Power of Reading correlate with an » of —0.221,
thus indicating that the more powerful reader tends to have fewer
school difficulties. However, the question remains, which of these
variables make independent contributions to the variance of reading
and which do not? That is, that primary team of tests which con-
stitutes the most efficient set of preferential predictors for Power of
Reading must be systematically extracted. As indicated before, this
is accomplished by a Wherry-Doolittle inultiple-regression saalysis in
which the preferential predictors are selected and the R is adjusted
by means of the Wherry Shrinkage Formula to overcome sclection
bias. Likewise, as was done for Speed of Resding, the Wherry-
Doolittle is extended to a substrate. rnalysis in crder to tease out those
secondary and tertiary variables which anderlie the primary predictors.

Total Sample at Level |: Power

Reference to table 8 indicates that vocabulary in context, the first
independent variable selected, contributes 15.9 percent to Power of
Reading. Auding is next selected, and it makes a contribution of
15.9 percent over and above that made by vocabulary in context.
Holding these two variables constant, the method selects verbal
analogies as the third factor, contributing 16.2 percent to the criterion.
Vocabulary in isolation contributes 15.7 percent, followed by visual
verbal meaning, which contributes a further § percent. Mechanical
interest contributes 0.8 percent. Tone-intensity contributes 3.2 per-
cent, and finally, effective study planning and deliberation contributes
0.9 percent to whatever it is that makes high school students differ
from one another in their ability to read with power. Out of a pool
of 54 tests, which on the basis of the reviewed literature were perti-
nent to reading success, only 8 were selected as making a direct (inde-
pendent and joint) contribution of 74.6 percent to the veriance of
Power of Reading.

Total Sample ot Level Il: Power

Table 9 2nd figure 6 prosent the results of the Wherry-Dooiittle-
Holmes substrata analysis at Lenel II for the subcriteria found to
underlie Power of Reading at Level I.

Vocabulary in Context. Table 9 indicates that the first selected
variable, range of information, contributes 42.6 percent to the variance

i oS it Wi nsmtoni
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Contribution to
variance accounted
Criterion Level 0 Substrata factor Level I Zero-order B:h Cutx:nh- for (in percent)
r -
E )
l Adjusted Total
Total (N=400)
| Voeabulary in context. . --------- 0.78 0.20 0. 784 15.9
| Auding. .- cooomenimmmmmemmmmn= .74 .21 . 826 159
| Verbal analogies__ - —-——-——=----- .73 .22 .84l 16.2
Power of Reading Vocabulary in isolation_ - —————- .78 .20 . 850 15.7
"~ Visual verbal meaning. - - - ---—-—- .67 .09 . 855 6.0
NMechanical icterest - --o---- —. 09 —.09 .858 .8
NTone intensity _ - - - - - ----—ceamn - .36 .09 . 861 32
\ Effective study plan__ - ——ccoeo- .12 .07 . 863 .9 74.6
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of vocabulary in context. Word sense is selected next and contributes
an additional 13.3 percent. Computational interest comes out next
with a 2.4 percent contribution. Finally, inductive reasoning con-
tributes 5.3 percent. Thus, these four variables make a total con-
tribution of 63.6 percent to the variance of vocabulary iz context.

Auding. The largest contributor to auding ability is range of infor-
mation, which accounts for 36.3 percent of its variance. The sub-
strata analysis shows that prefixes further account for 7.1 percent;
inductive reasoning, 8.0 percent; musical appreciation, 3.1 percent;
speed of addition, —1.8 percent in a suppressor effect; and Latin
and Greek roots, 5.7 percent of individual differences in auding at the
high school leval.

Verbal Ancl.gies. The important variables underlying verbal
analogies, with their percent contribution to variance, are: Range of
information, 37.9 percent; inductive reasoning, 9.5 percent; clorical
interest, 3.1 percent; musical taste, 2.9 percent; school adjustment and
morale, 2.4 percent; and spatial relations, 3.8 percent.

Vocabulary ia Isolation. Range of information and word sense
contribute 52.4 percent and 13.8 percent, respectively, to the var-
iance of vocabulary in isolation. Computational interest contributes
another 1.6 percent.

Visual Verbal Meaning. Visual verbul meaning is most sirongly
undergirded by word sense and range of information. These two
predictors account for 22.0 percent and 16.4 percent of the variance
of this subcriterion. Dot figure and ground, inductive reasoning,
and Latin and Greek roots contribute 7.6, 5.8, and 5.9 percent, respec-
tively, whereas literary interest and tonal movement make smaller,
but signi€cant, contributions of 2.6 and 3.2 percent to the variance of
visual verbal meaning.

Tone-Intensity, Mechanical Interest, Effective Study Planning and
Deliberation. The analyses for these are complete.

Figure 6, page 76, illustrates the relationships at the primary and

secondary levels for the Power of Reading model.

Total Sample at Level lll: Power

In accordance with the Substrata-Factor Theory, the preferential
predictors for Power of Reading at Level 0, 1.e., Level 1 and Tevel 11,
have been selected. The remaining variables in the matrix are now
analyzed to discover those that might best be thought of as accounting
for the subcriteria in Level 11. Table 10 presents the results of the
Level I11 analysis. '
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Table 9.—Svbsirata analysis of total saraple yielding accounted-for variance in Level | substrate factors wnderlying Power &

Contribution to

variance accounted for @

Substrata factor Level I Predictor Level II Zero-order| Betag | Cumu- (in percent) g

r lative R =

3 o

Adjusted Total E

o

Total (N=400) "

o

From Power at Level 0 to— §

-

_Range of information______________ 0.75 0.57| 0.749 426 =

Vocabulary in context ~-Wordsense_______________________ .61 .22 . 784 13.3 o

~Computational interest_____________ —-.21 -1 . 791 2.4 o

*~Inductive reasoning________________ - 47 .11 . 797 53 636 9

Z

| Range of information_ ____.___.____ .70 .52 . 705 36.3 Q

PrefiXes _ - - oo .49 .15 .737 7.1 2

Auding Inductive reasoning______._________ . 47 .17 . 750 80 i

\- Musical appreciation.______.___._____ .28 .11 . 754 31 =

-~ Speed of addition__________________ .15 —. 12 . 760 —1.8 oo}

~Latin and Greek roots_____________ .49 .12 . 764 8.7 584 o

Q

. Range of information. ______.______ .71 .54 . 709 37.9 g

+ Inductive reasoning________________ .51 .19 .745 9.5 =
Verbal analogies Clerical interest ___________________ —. 25 —. 12 . 757 31
~Musica! taste_____________________ .27 .11 . 762 2.9
~School adjustment and morale______ .25 .09 . 767 24

~Spatial relations___________________ .38 .10 .7 38 59.6
- . R — - e - [ B T e AN VS 5% ¢ . .




~

Vocabulary in i-olation<

Visual verbal meaning

=

kRange of information_ _____________
-Wordsense_______________________

-Inductive reasoning._____________
~ Literary interest___________________
~Latin and Greek roots__ _______.___
“Tonal movement_______—_________

(Analysis completed.)

Tone-intensity-

Mechanical interest

(Analysis completed.)

(Analysis completed.)

Effective study plan

HERBAES

. 794
. 819

. 750
.773
. 782
. 789
. 793
. 797

52 4
13. 8
1.6

220
i6. 4
7.6
5.8
26
5.9
32

67.8
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Contribution to
varianc: accounted
Substr>ta factor Level 11 Predictor Level 111 Zero-order Beta C"é’;‘;“" for (in perceat)
r B —
R
Adjusted Totul
Total (N=400)
From Power through Vocubulary in Context at Leve) 1 to—
_Homonymic meaning__ . ___________ 0.50 0.28 0. 495 13.7
|-Mechanical aptitude_______________ .39 .28 . 576 10.6
Range of information -Phonetic association_______________._ .47 .19 . 595 87
:Piteh ____________________________ .30 .12 . 604 33
Clronological age___ _.____________ —. 12 —.11 . 613 1.2 37.5
- Phonetic association______.________ .87 .61 . 872 53. 4
Homonymic meaning__ ____________ .9 .32 . 906 25.7
w°'d”°’°< Chronological age.. - ———————— - 06 .06 . 908 4
~Suffixes__ . oo .50 .06 . 910 33 82.8
Computational interest ——————~(Analysis completed.)
Inductive reasoning (Analysis completed.)
From Power Through Auding at Level I to—
I Homonymic meaning______________ 0. 50 0.28 0. 495 137
Mechanical aptitude_______________ .39 .28 . 576 10.6
Range of information Phonetic association _________._____ .47 .19 . 595 87
Pitech_. - .30 .12 . 604 33
Chronological age._ .. ____._._____ —.12 —. 11 .613 ! 1.2 31.5

(4
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Prefixes (Analysis completed.)
Inductive reasoning (Analysis completed.)
B 1700 J U .38 .21 .374 78
Musical appreciation <-Toml MIORY - .37 .22 . 437 82
~Rhythm _______________ . 32 .16 . 460 5.2 2L 2
Speed of addition (Analysis completed.)
/—Homonymic meaning_ _____________ .60 .36 . 598 21.2
. —  L-Suffixes________________ . . 47 .20 . 633 9.6
Latin and Greek '”“%-th spelling recognition___.______ .49 .18 .643 88
~Mechanical aptitude_______________ .26 .13 . 655 34 4390
From Power Through Verbal Analogies at Level I to—
_Homonymic meaning______________ 0. 50 0.28 0. 495 137
_—1 Mechavical aptitude______________. .39 28 576 10. 6
Range of information - Phonetic association_______________ .47 .19 . 595 87
~Piteh_ - - .30 .12 . 604 33
~ Chronological age_________________ —. 12 —. 11 . 613 1.2 37.5
Inductive reasoning (Analysis complet~d.)
Clerical interest (Analysis completed.)
] Toual memary oo a2l n| S| 4
. —+ Tonal memory . . ____. . . .
Musical Work flueney . . .26 .15 . 473 37
~Tone-quality___._____ . ___________ .34 .14 . 486 46 23.7
Schooi adjustment and morale - (Analysis completed.)
Spatial relations (2 nalysis completed.)
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Table 10.—Svbstrata analysis of total sample yielding accovated-for variance in L evel il svbsivata factors wvaderlying Power—
Continved
Contribution to
variance accounted
Substrata factor Level 11 Predictor Level III Zero order| Beta C“':“l" for (in percent)
r [ ] ve
R
Adjusted Total
From Power Through Vocabulaiy in Isolation at Level I to—
- Homonymic meaning_ _ _.___.__.__ 0.50 0.28 0. 495 137
- Mechanical aptitude_______________ .39 .28 . 576 10. 6
Range of information - Phonetic association_______________ . 47 .19 . 595 87
~Piteh___ e .30 .12 . 604 33
~Chronological age__ _____ .. ________ —. 12 —. 11 . 613 1.2 37.5
-Phonctic association .. __________. .87 -61 .872 53 4
) Homonymic meaning______..___..-_ .79 .32 . 906 25.7
w“""""< Chronological age_ - .08 06|  .908 4
~Suffixes_ ___ oo .50 . 06 . 910 33 828
Computational interest (Acalysis completed.)
From_Power Through Visual Verbal Meaning at Level I to—
z—Phoneﬁc association_ ______. ___-._ 0. 87 0. 61 0. 872 53. 4
Homonymic meaning_ . ___.______ .79 .32 . 906 25.7
Word sease =———————-Chronological age. - . 06 06|  .908 4
~Suffixes_ __________ e .50 . 06 . 910 3.3 82.8
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_Homonymic meaning___ -~
- Mechanical aptitude_______________
Rauge of information -Phonetic association___________.___
j-Pitch oo
~Chronological age . _ __ . —__
Dot figurs and ground (Analysis completed.)
Inductive rzasoning (Analysis completed.)
Literary interest (Analysis completed.)
_ Homonymic meaning._ _ -
3 - Suffixes___ -
Latin and Greek rootsé-vmul spelling recognition.__ -
~Mechanical aptitude_______________
- Tonal memory._ . _ - e
Tonal movement-< Tone-quality___ - ——————em
~~t+Pitech____ e

-39
-47
-30
—. 12

.60
.47
-49
-26

- 46
-41
.38

.28
.28
.19
.12
—-. 11

-20
.18
.13

.23
.14

- 495
. 576

. 613

37
10. 6
87
33
1.2

21.2
9.6
88
3.4

13.3
9.5
5.3
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76 SPEED AND POWER OF READING IN HIGH SCHOOL

Figure 6.—Conceatric Sowchart for Power of Reading for total somple of 400 [:vh schoui
students (a).

Seummary for Power of Reading: Total Sample

The Concentric Flow Chart in figure 7 summarizes the results of
the substrata analysis for Power of Reading. The rationale of the
Substrata-Factor Theory may be nicely traced in the lines of support
which tie together the successive substructural elements under-
girding the audiovisual verbal-processing skill we call power-reading!
On the concentric lines of support, the percen: contributions which
the elements make are designated. The total variance accounted
for is also indicated within the arrowhead which impinges on its
particular substrata factor in the next inner area.

1. Level 1. Starting with Power of Reading at the center, it is
noted that at Level I the primary substrata factors—vocabulary in
context, mechanical interest, study planning, visual verbal meaning,
verbal analogies, auding ability, tone intensity, and vocabulary in
isolation—account for some 75 percent of whatever it is that makes
individual high school students differ in their ability to read with
power.

2. Zevel I1. Likewise, by observing the specific contributions noted
within the lines of support, it is evident that in various combinations
the component subsystems at Level 11 account for 63 percent of vocab-
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Figwe 7.—Concentic Sowchart for Power of Readiag for tofal sample of 400 high school stedents (b).
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78 SPEED AND POWER OF READING IN HIGH SCHOOL

ulary in coutext, 64 percent of visual verbal meaning, 60 percent of
verbal analogies, 58 percent of auding ability, and 68 percent of
vocabulary ir: isolation.

3. Level II1. Finally, observation of the outermost ring mekes it
evident, that the clements of tone-quality, pitch, tonal zaen ory,
rhythm, word fluexcy, phonetic association, homonym:ic meaning,
age, mechanical aptitude, suffixes, and spelling combine in various
ways t0 account independently and jointly for the specified amounts
of the following secor Zary substrata factors: 82 percent of word sense,
43 percent of Latin and Greek roots, 25 percent of musical taste, 21
percent of musicality or musical appreciation, 28 percent of tonal
movement, and 38 percent of range of information.

4. A close scrutiny of the chart will show that range of information
appears to be the most ubiquitous variable, because it contributes in
varying degrees to each of the five major primary substrata factors.

5. Reasoning, word sense, and Latin and Greek roots carry a
substantial load accounting for the composition of these factors.

6. At Level III, the multiple contributions made by homonyms,
tonal memeory, pitch, and mechanical aptitude are impressive.

7. The specific magnitudes of the contributions made at Level I by
the auding factor, the three vocabulary factors, and the verbal
analogy factor, at Level Il by the range of information and word
sense factors, and at Level II1 by the homonymic meaning and phonetic
factors are substantial.

8. A truly significant contribution of this study is the pinpointing
of the small but important part played in the Power of Reading
process by such auditory elements as tone-intensity, musical taste,
musicality, tonal movement, tone-quality, pitch, tonal memory, and
rhythm. The literature on the psychology of reading reveals nothing
quite comparable to this discovery.

9. The substrata-factor arrowheads indicating the lines of support
from the outer to the innermost area portray in one direction only an
adequate picture of the generalized working-system. That is, since
the Substrata-Factor Theory hypothesizes a mutual-and-reciprocal
cause and effect relationship, a truer representation would perhaps
have presented the arrowheads as diamond-shaped to indicate the
interfacilitating nature of the mutual-and-reciprocal support among
the elements of the hierarchy. The reciprocal cause and effect inter-
play between and among variables, of course, need not be equal in
both or every direction. More will be said of this in th discussion
of “Basic Assumptions” in the appendix.
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Chapter VII. A Comparative Substrata Anaytic Study on
Speed and Power of Resding for High School Boys vs. Girls

Introduction

The purpose of this section was to discover whether or not the 211
boys and the 189 girls in the total sample of 400 high school students
would manifest different strengths and weaknesses on the cooperant
abilities which underlie reading. A further purpose was to discover
the degree to which each of these known-groups utilized a different
set of subabilities in shearing off internal competition within its own
group in the field of reading.

Table 11 gives the means and standard deviations for the boys and
girls on all variables. The significance of the sex differences fci these
means are also indicated. Scrutiny of the table reveals that for the
two criteria, Speed and Power of Reading, the girls read siynificantly
faster than the boys, but that there is no significant difference in their
ability to read for power. In the 54 independent variables, there are
only 13 differences significant at the 1-percent level of confidence.
The boys show their superiority in spatial and mechanical aptitude.
In the linguistic area, the girls have an edge over the boys in phonetic
association, word sense, and spelling. Likewise, the girls outshine the
boys in the word embedded test—an instrument for assessing speed of
visual verbal closure for word figures embedded in a random letter
background. No significant differences appear in the areas of auding,
elements of musical perception, and study habits. However, boys
show a greater interest than giris in the outdoor, mechanical, com-
putational, and science areas, but girls manifest greater interest in the
artistic, social service, and clerical interest areas. No significant
differences are evident in the mean scores of the twc groups in any
of the specific categories within the personal problems, musicality,
snd chronological age domains.!

Reference to figure 8 shows the profiles for each of the 2 known-
groups when their raw score means have been transmuted inte Z-
scores derived from the raw score means and standard deviations of
the total sample of 400 high school students; i.e.,

M;, score=10 (M'D—M’ +50

o

lThdﬂﬁmdthedﬂmdtbemmmdn%dmtumﬂaoj”ﬂud,drmarauon
from the total sample. Under these conditions no peirs of means were different at the 1-percent level.
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80 SPEED AND POWER OF READING IN HIGH SCHOOL

Table 11 —Co-md-mmdmdcddumbgboysudgnk
on dependest and independent variables

s

Boys (N=211) Girls (N=189)
Signifi-
Variables cance of
Mean St.mdudﬂ Mean [Standard] DM* (
eviation evntm1 i i
L
Dependent: i i
8. Speed of Reading_________ 20. 06 716 | 2213 833|Y
P. Power of Reading________ 66.83| 1650 | 70.48| 1631 | N '
Independent: ~ |
A. Mental abilities: | }
1. Visual verbal meaning | 29.42| 10.01 | 3136 1064 | N
2. Spatial relations______ 2405| 118 19.69| 1201 | Y
3. Inductive reasoning___| 15. 07 6.15]| 16.60 702 | N
4. Word fluency________ 3404 | 11.23| 3667 1242 | N -
5. Speed of addition_____ 18 73 894 | 17.57 720| N
6. Mechanical aptitude__| 35. 21 6.82 ]| 28 54 $10|Y
7. Verbal analogies______| 27.76 7.58| 26.24 7.51 | N 4
B. Linguistic abilities:
8. Vocabulary in context_| 31. 61 693 | 3191 733 | N
9. Vocabulary in isola- 4
ton_______________ 3L11 655 | 3L21 649 | N
10. Range of information_| 30. 26 6.15| 29.15 641 | N
11. Phonetic association_._| 4835| 2433 | 57.02| 23 64|Y
% 12. Word sense__________ 3224 | 19.15| 3879 | 17.84|Y
; 13. Homonymic meaning_| 30.46 | 10.81 | 3277 | 10. BN
: 14. Prefixes_____________ 830| 363 88| 346|N i
: 15. Suffixes __.__________ 708 358| 700| 316|N f
| 16. Latinand Greekroots_ | 1428 600 | 1403| 557 | N )
‘ 17. Visual spelling recog- 4
‘ nition_____________ 22. 61 640 | 2475 596 |Y
‘ C. Verbal perception:
: 18. Dot figure and ground.| 136.02 | 2584 ! 13828 | 20.10 | N
f 19. Cue-symbol closure___| 63.67 | 13.84 | 60.83 | 13 19 N
20. Word embedded______ 63.58 | 20.25| 69.41| 19.79|Y
21. Perception of rever- 1
! sals_______________ 7711 | 20.13 | 79.94 | 20.46 | N 3
! D. Listening comprehension :
22. Auding______________ 3L 85 7.87 ] 3198 78 | N i
E. Elements of musical 3
i ability:
‘ 23. Tonal memory_ ______ 21. 04 5.39 | 2121 598 | N
24. Tone-quality_________ 27.74 500 | 27.39 5.36 | N
25. Tone-intensity______.. 3178 829 | 3217 713 | N
26. Tonal movement_____ 35.381 1119 | 36.28| 11.22 (N
27. Tone-timeinterval___.| 23.08| 503 2279 511N i
28. Rhythm_____________ 23. 26 470 2371 431 | N
29. Pitech_______________ 34.98 7.45 | 35.42 727 | N
30. Musical taste________ 25. 72 6.61 | 26. 22 6.60 | N
*At the 1 percent level of significance.
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Td:lcﬂ.—(o-po:isonofnmmdudaddeviaﬁombrboysandgitk
on dependent and independent variables—Continved

Boys (N=211) | Girls (N=189)
Signifi-
Variables cance of
Mean JSta.ndard Mean IShndndH DM*
deviation deviation
Independent—Continued
F. Academic attitudes-habits:
31. School adjustment
and morale________ 50. 47 9.44] 51.03| 10.14 | N
32. Scholarly values______ 49.33 9.72| 50.58 9.97 | N
33. Mechanics of study___| 49.92 9.73| 50.26| 10.01 | N
34. Effective study plan__| 50.20| 1110} 5L13| 10 43| N
G. Interest:
35. Outdoor____———____ 43.61) 1444 | 3474 | 1440 |Y
36. Mechanical __________ 3878 | 13.16 | 23.80 9.20|Y
37. Computational ______ 27.18 832 20.64 847 |Y
38. Science_____ - 4473 13.54| 33.02] 1345]Y
39. Persuasive____ . _.___ 38 67| 11.39| 40.16 | 11.06 | N
40. Artistic____________ . 26.73 9.95| 31.81| 10.45|Y
4]1. Literary______ - 18 87 7.54| 20.70 876 | N
42. Musical _________.___ 15. 00 7.70 | 17.63 73 | N
43. Social service________ 37.88| 1316 | 48 40| 13.34|Y
44. Clerical _____________ 47.00| 12200 | 53.50| 15.27|Y
H. Emotional-social prob-
lems:
45. School problems______ 6. 27 415 6. 02 415| N
46. Postgraduation anxie-
ties__ oo 11. 81 843 | 10.82 758 | N
47. Problems with self____| 6.29 6. 41 7.53 6.5 | N
48. Problems with others_| 6. 88 6. 22 7.63 6.64| N
49. Bome-family prob-
lems____ . —__ 4 45 579 539 6.96| N
50. Boy-girl problems____; 4 07 4 87 4 51 500 | N
51. Health problems______ 2 84 2 90 3.26 313| N
52. Conflict in values..____ 4 60 5. 90 5 38 6.383| N
1. Musicality:
53. Musical appreciation__| 29. 43 6.41 | 30.56 567 N
J. Age:
54. Chronological z.ge_____ 197.19 | 15.04 | 196.92| 1363 | N

-

*At the 1 percent leve] of significan ..

where Mz, score equals the :tandard score form of the boys’ raw
mean, M,; and 7 represents the notation for the total group statis-
tics. The first thing that strikes the eye is the symmetry of the two
profiles, but a closer look reveals some deviations from the overall
pattern in the mean Z-score differences for word embedded, me-
chanical, computational, science, artistic, and social service interest
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STANDARD Z—SCORE SCALE
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areas. Also impressive is the fact that the two groups have identical
mean Z-scores on auding and on the elements of musical ability.

Past 1. Comparative Substrata Analyses for Speed of Reading:
Boys vs. Girls

Table 12 gives a comparison of the zero-order coefficients of cor-
relation for each of the independent variables with Speed of Reading
for the boys and the girls. Reference to the right-hand colura
indicates that, of the 54 independent variables compared, only 2,
verbal analogies and computational interest, show a significant sex
differsnce at the 1-percent level of confidence.?

Although it cannot be claimed that a large number of significant
differences appear in the zero-order correlations for the two sexes, it
is also obvious that w2 have not yet looked at the complete picture.
Of the 1,485 possible pairs cf intercorrelations, the significance of the
difference of only the 54 more pertinent ones were tested. To extend
1-to-1 comparison to inC'ude all the possible pairs of r’s would
miss the point. A thorough investigation of our major hypothesis
(i.e., that boys and girls utilize different sets of subabilities in Speed
of Reading) requires a substrata analysis of the entire matriz for each
sex in terms of the criterion, Speed of Reading. This wiil be done.?

Boys vs. Gisls at Level I: Speed

When the 2 matrices of 1,485 intercorrelations each for the boys
and “he girls were submitted to substrata analyses, it was discovered
that (a) for boys, visual verbal meaning, auding, and spelling ability,
and (b) for girls, visual verbal meaning, auding, and homonymic
meaning were the only 3 variables, respectively, that made significant
contributions directly to the variance of Speed of Reading at Level I.
Table 13, sections 4 and B, gives the 's, cumulative B’s, combined
and total percent contributions which these preferentially selected
variables make to the variance of Speed of Reading at Level I for

each sex.

Comparison of sections 4 and B, table 13, reveals that, qualitatively,
visual verbal meaning and auding are substrata factors underlying
Speed of Reading in both sexes. Reference to table 5, chapter VI,
will show that these two factors were also fundamental to Speed of
Reading at Level I for the Total Sample. However, in order to

2 When a similar comparison wss made for 2 subsamples of 200 students drawn at random, it was likewise
found that only 2 variables correlated with Speed of Reading that were significantly different for the 2 sec-
tions. Thersfore, we cannot attach much significance to the Jifferences in zero-order correlations found
between boys and girls.

3 When this was done for the 2 subsamples of 200 students drawn at random, the two substrata-factor
workiang-systems were virtually identical.
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Table 12.—Comparison of zero-order coefficients of comelation of in-

SPEED AND POWER OF READING IN HIGH SCHOOL

dependent vasiables with Specd of Reacling for boys and girds

Boys Girls Signifi-
Varisble (N=211) | (N=189) | cance of
r r difference
1%
Independent
A. Mental abilities:
1. Visual verbal mesaning___________ 0. 64 0.66 | N
2. Spatial relations_________________ .25 .29| N
3. Inductive reasoning.______________ .43 .57 | N
4 Wordfluency___________________ .32 .28 | N
5. Speed of addition.____.__________ .17 .32| N
6. Mechanical aptitude_____________ .22 .35| N
7. Verbal analogies_________________ .37 .80 Y
B. Linguistic abilities:
8. Vocabulzry in context.___________ .51 .65| N
9. Yocabulary :n isolation__________. .50 .65 | N
10. Range of information________ ___ .52 .62| N
11. Phonetic association_____________ .41 .52 N
12. Word sense_____________________ .53 .62 N
13. Homonymic meaning_ ___________ .53 .62 | N
14. Prefixes_____ . __________________ .43 .4 | N
15. Suffixes________________________ .40 .37 | N
16. Latin ard Greek roots___________ .47 .52 | N
17. Visual spelling recognition________ . 46 .48 | N
C. Verbal perception:
18. Dot figure and ground __...._______ .28 44| N
19. Cue-symvol closure______________ .24 .33| N
20. Word embedded ________________ .39 .42 | N
21. Perception of reversals___________ .26 .31 | N
D. Listening comprehension:
22. Auding____ _____________________ .55 .66 | N
E. Elements of musical ability:
23. Tonal memory . ________ .22 .36 ! N
24. Tope-quality _________ . ________ .26 18| N
25. Tone-intensity._______.__________ .21 .31| N
26. Tonal movement________________ .19 .34 | N
27. Tone-time interval ______________ .08 151 N
28. Rhythm________________________ .25 .22 N
29. Pitech__________________________ .17 .39 N
30. Musical taste___________________ .12 .22 | N
F. Acadeinic attitudes-habits:
31. School adjustment and morale____ .13 .30| N
32. Scholarly values.________________ .04 07| N
33. Mechanicsof study______________ .05 — 03| N
34. Effective study plan_____________ . 06 .14 | N
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Tobki!.—Co-paboadzuo-adueoeﬂideﬁdeomldiudiu-
dmnduunﬁoblawhbw&ﬂndhgfaboﬁudg%.

Boys Girls Signifi-
Variaole {(N=211) | (N=189) | canceof
r r difference
1%
Independeat—Continued
G Intercst:
35. Outdocr———- e 0.11 0.09| N
36. Mechanieal . - —. 10 — 11| N
37. Computaticoal ____ - —. 07 .32, Y
38. Science___ oo 02 .08 | N
39. Persuasive____ - 01 —. 0 N
40. Artistie_________ —.10 .02| N
41. Literary___— - .20 .30| N
42 Musieal _____ - 10 - 07| N
43. Social service. __ - —.03 —. 03| N
44. Clerical ____ . —. 09 — 30| N
H. Emotional-social problems:
45. School problems___ - —. 15 — 24| N
46. Postgraduation anxieties_________ —. 13 — 24| N
47. Problems with eelf_______________ —.13 — 10| N
48. Problems with others____________ —. 14 — 1| N
49. Home-family problems__________ —.09 — 02| N
50. Boy-girl problems______ . - —. 04 — 1| N
51. Health problems.__ ___ - .03 — 10| N
52. Conflict in values____ - —. 07 .02| N
I. Musicaliiy:
53. Musical apprecistion____ .- 08 23| N
J. Age:
54. Chronological age____ - 02 — 19| N

shear off within-group competition in Speed of Reading, the boys
appear to take special advantage of their individual differences in
spelling ability, while the girls do the same for aomonymic meaning.
Quantitatively, table 13 indicates that, while visual verbal meaning
is the most important factor contributing to individual differences in
speed for boys, auding holds this distinction for girls.
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Table 13.—Comparative analyses of boys vs. sirls yielding accownted-for variance in Speed of Reading

Contribution to

. variance accounted
Criterion Level 0 Substrata factor Level Zcro-order Beta Cumula- for (in percent)
r [ tive R
Adjusted I Total
A. Boys (N=211)
- Visual verbal meaning_____________ 0. 64 0.40 0. 642 25.6
SpeedofRuding< Auding . _________ . ___ .54 .23 . 665 12. 4
~Visual spelling recognition__________ . 46 IR . 682 85 46. 5
B. Girls (N=189)
-Visnal veroal meaning_____________ 0. 66 0.28 0. 659 i18.6
Speed of Ruding< sading .66 .35 . 729 22.9
=t Homonymic mesning______________ .62 .24 . 749 14 6 56. 1
d s e TR e s S
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Boys vs. Gids ot Level Ii: Speed
The substrata analyses at Level! 11 show that underlying the

substrata factors for Speed of Reading are certain common elements
used by both sexes and others specific to each. The following tabuls-
tion will clarify this general statement.

For Speed of Reading et Level 0
. - - Fercent sarignce
Underlying Visua! Verbal Meaning Factor at Lesel I is found— eccouniad for—
At Level I1: Begs Girls
Yocabulary in context__________________________ 199 20.3
Dot figureand ground . __ . ____________________ 73 72
Homonymic meaning_ __ __ . ____________________ 184 ____
Tonequabity _______________________ . &5 —_——
Word fluensy . -~ 40 —_———
Range of information____.__ e 1.7 —_—
Wordsenee _____ o - —_—— 22 4
Latin and Greekroots__________________________ —- 91
School adjustment and morale ___ _______________ —_——- 45
Underlying Auding Factor at Level I is found—
At Level I1:
Range of information__________________________ 27. 4 16.1
Verbel anaicgies_______________________________ 17.8 13.7
Prefixes____________ . _____ o ____ 109 —
Vocabulary incontext____.._____________________ —_— 344
Latin and Greekroots__________________________ ——— 9.8
Visual spelling recognition ______________________ e —50
Underlying Visual Spelling Recognition Factor at Lesel I is
found—
At Level II:
Homonymic meaning. - ___________ 16.5 ————
Word embedded_______________________________ 107 —_———
Phonetic association___________________________ 14 3 —
Perceptionof reversals_________________________ 9.5 ____
Underlying Homonymic Meaning Factor at Lesel I is found—
At Level I1:
Wordsense __________ ________________________ —— 42. 8
Inductive rvasoning____________________________ ——— 12.2
Visual spelliug recognition______________________ —— 13. 4

Because visual spellin:; recognition comes out as a Level I factor
for the boys, it was precluded from appearing as an explanatory element
at Level II; and the parallel situation holds for homonymic meaning
for the girls. Further scrutiny of the results, however, reveals quite
clearly that both homonymic meaning and spelling are important
elements in Speed of Keading for both boys and girls. For the boys
homonymic meaning appears to underlie visual verbal meanin; and
spelling, whereas for the girls, spelling underlies auding and homo-
nymic meaning. Hence, while these elements (visual verbal meaning,
auding, spelling, and homonymic meaning) appear to be especizlly
important for Speed of Reading, the last two hold slightly different
places in the hierarchy of the working-systems for boys and girls.
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88 SPEED AND POWER OF READING IN HIGH SCHOOL

Boys vs. Girls ot Level lll: Speed

Analysis of the variables common to the two sexes at Level I1
reveals the foliowing elements at Level 111:

For Speed of Reading ot Level |
Underlying Vocabulary in Context Factor at Lesel II is Percent seriance
found— eccounted for—
At Lesel 111 Beps Girls
Voéabulary in isolation________________________ 57.8 781
Wordsenee ____________________ . __ 123 .
Underlying Racge of Information Factor at Level I1 is found—
At Level II1:
Vocabulary in isolation__._____________________ 64.0 51.1
Suffixes___.__________________________________ 720 _____
Tonsl movement _____________________________ —_— 46
Mechanical aptitude__________________________ ——- 5.2
Underlying Verbal Analogies Factor at Lesel 11 is found—
At Level III:
Vocabulary in isolation________________________ 4.1 35.3
Spatislrelations___ . ____________ 47 ——e =
Musical taste__ __________________________ 43 ____.
Health problems _____________________________ 1.2 _____
Cuesymbol ddosure___________________________ —_— 10.2
Topnsl mevement___.._________________________ —_—— 6.1
Mechanic! aptitude__________________________ ——- 6.6

The preferentially selected variables have been liste¢ below in
such & way as to indicate the Level a¢ which each was precipitated
for the boys and girls and whether or not it wa= 2ommon to the sexes.

Speed of Reading
Commen end Specific Swbstrata Veriables Regerdless of Levels
Lesd Levd

Commen Beys Girls Specific Boeys Qirls
Visual verbal meaning___ I I Tone-quality___________ IIr ____
Auding________________ ) | I Word fluency___________ I ____
Visual spelling recogni- Boy-girl problems_______ Imm ____

tion_ _____________.__ I 1II School adjustment and

Homonymic meaning____ II I morale_______________ _— II
Vocabularyincontext___. II II Inductive reasoning_____ —_— II
Dot figure and ground__.. II II Suffixes________________ Inm  ____
Range of information___. II II Spatial relations________ I ____
Verbal analogies________ II II Musical taste___________ Im ____
Prefixes________________ II III Health problems________ Imm  ____
Word embedded________ II III Chronological age_______ nm ____
Phonetic association___._. II III Rhythm_______________ Im ____
Perception of reversals___ II III Clerical interest_________ .- III
Wordsense____________. III 11 Artistic interest_________ -— I
Latin and Greek roots___ III II Tonal movement_.______ - I
Vocabulary in isolation_- III III Mechanical aptitude_____ . I

Cue-symbol closure______ - I

P St and
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Of the 54 independent variables, 7 are both common to, and appear
at, the same Levels in the hierarchy of boys and girls. Furthermore,
there are eight other variables common to the hierarchies of the two
sexes, but appearing at different Levels within the two working-
systems. Finally, there appear to be large qualitative differences,
for the two analyses precipitated nine variables specific to the boys’
and seven specific to the girls’ particular working-systems for Speed
of Reading.

From the foregoing comparison it is evident that the major hypoth-
esis (that known-groups use different sets of subabilities to read with
speed) has been substantiated in the case of boys vs. girls in our
sample. Of course, it is readily apparent that Speed of Reading is
also 8 task which calls for the utilization of many fundamental abil-
ities common to the two sexes, even though some of these may be
used at parallel Levels and others at quite different Levels.

Summary for Speed of Reading: Boys vs. Girls

The flowcharts, figures 9 and 10, schematically present the overall
results of the substrata analyses of ‘he correlation matrices for 211
boys and 189 girls, respectively, for the Speed of Reading criterion.
Each original matrix contained 1,485 correlations representing the
interrelationships observed among the 55 variables.

A detailed comparison of the variables preferentially selected by
the substrata analyses to account for Speed of Reading in the two
sexes reveals that the general Lypothesis is indeed substantiated; i.e.,
that different known-groups mobilize different sets of subabilities within
their separate working-systems in order iy 7cad for eneed, Reference to
the flowcharts makes quite clear where the differences and similarities
are.
Discussion. In comparing the werking-systems of the boys and
girls with that discovered for the totul sample (see ch. VI), the reader
should recall that the multiple-correlation selection technigue used in the
substrata analysis always depends upon the manifest individual differ-
ences within the group being analyzed. That is, even though a particular
substrata varisble might in fact be extremely important and actually used by
a particuler groupin the working-system mobilized for Speed of Reading,
that variable would not be selected if the individuals within the group
all possessed or used the ability to the same degree. To put it another
way, subabilities possessed and utilized more or Jess to the same degree
as basic elements in the process of reading will not show up in the
analysis, because, while fundamental to the process, chey cannot con-
tribute to individual differences in the criterion—since everyone uses
them to the same extent. The important thing to keep in mind in
evaluating and comparing the results from known-groups is that, in
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80YS
Level O Level I % Level Il > Level I %
Voceb. in isel. 57.¢
Vocsh.in Con. 19.9 <‘m‘ Sense 12.3
/ Word Sense Si.e
Hemenymic Mey 18.4 éLOG. Reets 15.9
Sey-Girl Prebs. 5
Vis.Verbel
Meening 25.6 Tone -Quelity 33
Do Fig.QGrnd 7.3
Fluency 4.0
Veceb.inlsel. 64.0
of infe. 107 fixes 7.0
Voceb.in feel. ¢d0
Ronge of info. 274 < gysfines 7.0
Veceb.in isel. 44
. Spet’l Reletions 4.7
Avuding 2.4 Verbel Andlegies 17.8 Musice! Teste 4.3
Heeolth Prebs. 1.2
\Proﬁus 10.2
Werd Sense S18
Homemymiching 163 <L.. G. Roots 139
\ . Soy-Girl Probs. 13
N Spell. .5 {— Word Embedded 10.7
Word Sense 744
Fhonetic Assoc. 14.3 CChron. Age ~ 0.

\Pm:. of Rev'is 9.5
Residuol 535

Figure 9.—Flowchart for Speed of Reading for 211 high school boys.

order to be selected, a variable in question must exert an influence
in shearing off internal competition within the known-group under
observation.

The most interesting difference in the two flowcharts, figures 9 and
10, is that spelling Lecomes one of the key primary factors accounting
for success in Speed of Reading for boys, who are notoriously poor
spellers, whereas homonymic meaning holds a parallel place for girls.

Analysis of these two tests indicates that homonymic meaning is
really a very high-powered spelling test, calling for subtle audiovisual
discriminations in spelling, their differential meanings, and the re-
tention of such associations, so that homonymic meaning as a spelling
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GIRLS
Level O Level | _'i Level i % Levei Il

sPhonetic Assec.
in loel.

Jtic Int.
\Pretines

Veceb.nCen. 20.3 —Veceb.in isel.

Prefixes
o Nwbel 15.6{—L.aG.Reats 3.1 < Phenefic Assec.
Tonel Movement
Dot Fig QGrad 7.2
SchAdj-G Mer 4.5
VecshinCen. 344—Vocebh.inlsol.
Veceb.in isel.
Reage of lafe. 16.1 <Toadm
Mech- Aptttude
Prefizes
Seesd N\l  Awding 229 —L.8G Reots 9.6 Phonetic Assex.
f soding Tonsl Movement
Phenetic Assoc.
Vis.Spell. Rec. —5.0<Porc. of Rev'ls
Word Fluvency
Voceb.in Isol.
Cue-Sym.Clos.
Verbel Anals. 13.7 Tonel Movement
Mech.Aptitude
Phonetic Assoc.
Vocab. inisof.
Word Semse 42.8 Clericol Int,
Artisticint.
Prefixes
Meoning 4.6 ind. Reasoning 12.2
Phonetic Assoc.
Vis.Spell. Rec. l3.4<Porc of Rev'ls
Word Embedded
Residual 439

figure 10.—Flowchart for Speed of Reading for 189 high school girls.
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test goes far beyond the ordinary test of spelling ability. This par-
ticular conclusion is supported by the fact that underlying the hom-
onymic meaning factor are visual spelling recognition, word sense,
Latin and Greek roots, prefixes, and spatial relations. Generalizing
from the two groups and total, it may be inferred that the more
pervasive elements in Speed of Reading at the high school level are
audiovisual recognition of word meanings, comprehension of human
speech, simple ard complex spelling ability, and audiovisual verbal
percoptuel acuity.

This demonstrated sex difference in the use of the substrata factors
in Speed of Reading makes good sense, inasmuch as girls are better
spellers than boys, as indicated in a study by Holmes and Finley
(1957) ; and therefore, in order to utilize it for intragroup competition,
the girls would have to vesort to the most sophisticated aspects of
spelling. For the boys, on the other hand, since spelling is one of
their pocrer abilities, the cnes that do have it can utilize it as a special
weapon, so to speak, to surmount competition within their own group.
But when the boys mezt the girls in competition for Speed of Reading,
then the girls must be met on their own terms, and hence, for the
total group, we find that, along with auding, visual verbal meaning,
inductive reasoning, and literary interest, homonyms take the place
of spelling as a primary substrata factor for Speed of Reading.

Part ll. Comparative Substrata Analyses for Power of Reading:
Boys vs. Girls

Table 14 compares the zero-order correlations of the 54 independent
variables with Power cf Reading in the 2 known-groups; i.e., boys vs.
girls. Of the 54 variables, only 3—dot figure and ground, compu-
tational intcrest, and chronological age—yield correlations that are
statistically different for the 2 sexes. In each case the correlation
for the girls is higher than for the boys; and further, the greatest
difference appears ‘o be in the Power of Reading-vs.-chronological age
relationship. The more powerful the reader, the older the boy, but
the younger the girl!

The basic correlation matrices and supporting worksheet tables
are given elsewhere.* However, the results of the substrata analyses
of the matrices are summarized below.

Boys vs. Gids at Level I: Power

Comparison of sections A and B of table 15, page 95, shows that at
Level I vocabulary in isolation, auding, verbal analogies, and range of
information account for 71.7 percent of the variance in Power of

¢ Ses Cooperstive Research Project No. 538.
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Table 14—Compoarison of zero-order coefficients of comelation of in-
dependent variables with Power of Reading for boys and girls '
Boys Girls Signifi-
Variable (N=211) | (N=189) | cance of
r r difference
1 percent
Independent
A. Mental abilities:
1. Visual verbal meaning.___________ 0. 65 0.69| N
2. Spatial relations._________________ .23 .42 | N
3. Inductive reasoning______________ .41 .61 | N
4. Word fluency___—_—___________ .31 .31 | N
5. Speed of addition__ . __________ .24 .29 | N
6. Mechanical aptitude_____________ .38 .38 | N
7. Verbal analogies_________________ .72 .78 | N
B. Linguistic abilities:
8. Vocabulary in context____________ .76 .82 | N
9. Vocabulary in isolation___________ .78 .79 | N
10. Range of information____________ .77 15| N
11. Phonetic association______________ .44 .53 | N
12. Wordsense ____________________ . 56 .5 | N
13. Homonymic meaning_____________ . 49 .58| N
14. Prefixes___ ___ - . 47 .45 | N
15. Suffixes________ - . 41 .26 | N
16. Latin and Greek roots________.___ .51 .46 | N
17. Visual spelling recognition________ .39 .45 | N
C. Verbal perception:
18. Dot figure and ground___________ .22 .481 Y
19. Cue-symbol closure____________._ .30 .45 | N
20. Word embedded_________________ .32 .40 | N
21. Perception of reversals__ _________ . 16 .30 | N
D. Listening comprehension:
22. Auding_— . .73 .18 | N }
. Elements of musical ability: ’
23. Tonal memory.__ __ - ______ .28 .42 | N
E' 24. Tone-quality_____ - _____ .27 .30 | N
i 25. Tomne-intensity __ _ . ————-___ .32 .42 | N
26. Tonal movement_ ____ . ___.___ .27 .38 | N
27. Tone-time interval_______________ .06 .29 | N
28. Rhythm___________ . ____ .22 .24 | N
29. Piteh___.___ - .24 .35| N
E 30. Musical taste___________________ .24 23| N
F. Academic attitizdes-habits:
31. School adjustment and morale____ .19 .28| N
: 32. Scholarly values____ . —______ . 04 12| N
E 33. Mechanicsof study__ .- .08 09| N
g 34. Effective study plan_________.___ . 06 19| N
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Table 14.—Comparison of zero-order coefficients of comelation of in-
dependent variables with Power of Reading for boys and girls—Continved

Boys Girls Signifi-
Variable (N=211) | (N=189) | cance of
r r difference
1 percent
G. Interest:
35. Outdoor.. - - - 0.00 0.09| N
36. Mechouieal _______________.____ —.01 — 08| N
37. Computational . _______________ —.03 —-.29|Y
38. Sclence__ . - .13 .09| N
39. Persuasive__ . ___ . _______ .03 — 06| N
40, Acrtistic________ . ___ . —.09 .16 | N
41. Literary____________ .15 21| N
42. Musieal . _ . .03 — 0| N
43. Sociul service____ - _ . _________-_ —. 15 — 02| N
44 Clerical ________________________ —-.21 — 28| N
H. Emotional-social problems:
45. School problems_________________ —. 20 — 24| N
46. Postgraduation anxieties______.____ —. 07 — 18! N
47. Problems with self _______________ —.03 — 09| N
48. Problems with others_____________ —. 03 — 08| N
49. Home-family problems___________ .00 —. 00| N
50. Boy-girl problems________________ .01 — 10| N
51. Health problems_________________ .05 — 10| N
52. Conflict in values________________ .00 .06 | N
I. Musicality:
53. Musical appreciation_____________ .17 .33 | N
J. Age:
54. Chronological age________________ .13 —-.20| Y

T e,
A

Reading for boys, whereas vocabulary in context, verbal analogies,
tone-intensity, visus! verbal meaning, and auding together explain
77.9 percent of girls.

Vocabulary in one form or another, auding, and verbal analogies
are common to both sexes at Level I as primary substrata factors
underlying Power of Reading. Besides these common factors, range
of information for boys and tone-intensity for girls are directly called
upon by the respective groups to shear off in-group competition for
tasks requiring ability to read with power.

Boys vs. Girls at Level ll: Power

Table 16, sections A and B, presents the results of the substrata
analyses of the systematically reduced correlation matrices for Power
of Reading at Level II for boys and girls, respectively. Sections A
and B of the table show that underlying the two fundamental common




Toble 15.—Comparative analyses of boys vs. sirls viclding accounted-for variance in Power of Reading

b bt ¥

Contribution to
Zero-order| Beta Cumula- | variance accrunied
Criterion Level 0 Substrata factor Level I r B tive for (in percent)
R
Adjusted Total
A. Boys (N=211)
_Vocabulary in isolation____ ... __ 0.78 0.27 0.779 213
. - Auding - - .72 .24 . 824 17.6
Power of R‘"’““‘< Verbal analogies. - .72 .22 . 840 15.7
~Range of information_ . _________ 77 .22 . 847 17. 1 7.7
b. Girls (N=185)
_Vocabulary in context____.__________ 0. 81 C 34 0. 813 27.5
|_Verbal analogies___________ . ______ .78 .25 . 852 19.2
Power of Reading Tone-intensity._ - o= e .42 .14 . 866 5.6
~Visual verbal meaning____ . _.__._-_ .69 .16 . 876 10.9
~Auding._ - oo .78 .19 . 882 14.7 77.9
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Table 16.—Comparative analyses of boys vs. gitls yielcing acc

ounted-for variance in Level | substrata factors underlying Power

Contribution to
variance accounted for
Substrata factor Level I Predictor Level 11 Zero-order; Beta g Cumu- (in percent)
r Jative K
Adjusted Total
A. Boys (N=211)
From Power at Level 0 to—
P . /—-Vocabulary in context. ... _——-——- 0.82 0.68 0. 822 55.8
Vocabulary in isolation Visual verbal meaning__ _ - .68 .21 .835 13.9 69.7
_Vocabulary in context._____ .- .67 .42 . 665 27.5
Audin -Visual verbal meaning__ . ____-- .63 .30 .705 18.7
g e .52 .23 . 719 11.8
~Visual spelling recognition___ .- .32 —.16 .728 -350 53.0
_Vocabulary iz context -~ .72 , 69 717 49.2
" - Health problems._ __ e -- —.09 —.13 .727 1.2
Verbal “‘"°“”< Tonal MEMOLY - — - - - e oo mmem e .30 17 .736 48
~Mousical interest. o ——--- —. 04 - 13 . 746 0.5 55.7
| Vocabulary in context___ . ----- .75 .56 .753 41.6
- Suffixes_ _ oo .47 .18 LT77 85
Range of information _ Visual verbal meaning__. - -—————-- .65 .25 . 788 16. 1
~Word embedded. . ———————n-- .22 —.15 .799 —3.2
-~ Science interest_ _ __ .o —- .18 .11 . 806 2.1 65. 1
1
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B. Girls (N=189)

From Power st Level 0 to—

Vocabulary in mntext<

Verbal analogies

Visual verbal mcaning

Auding

Tone-intensity

_Word sensc

A

/\

_Vocabuiary in isolaticn
—Range of infcrmation
~Computational interect
Po-coption of reversals

Range of information
Inductive rcasoning
~Vocsabulary in isolation

- - ——

- =

- - -

e el okl

_Vocabulary in isolation
_ Dot figure and ground
- School adjustmens and morale
~Latin and Greek roots

_Vocabulary in isolation
Range of information
Inductive reasoning
L Outdoor interest_ .- cceoc——--

(Analysis completed.)

- ———

-——-

- - - -

0.83

.73

—. 39

.25

0. 67
.20

—. 12

.37
.24

.32
.31
.16
.13

L -1
- aih

.42
.32
.17
.12

0. S84
. 892
. 8§96

. 735

. 817
.7

. 761
LTT
. 789

. 797

. 750
.788

. 808

i by b
RN .Nr'-:at%

O

wm SN
GV e U0 =) =

-0 85
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81.1

65.3

SEASXTIVYNY HOLOVI-VIVULEENS WHL




g8 SPEED AND POWER OF READING N HIGH SCHOOL

substrata factors for Power of Reading (i.e., auding and verbal anal-
ogies), there are no subelements cuinmonly utilized by both sexes.
The following data, selected from table 16, are presented in order to
facilitate the comparison:

For Pewer of Reading et Level 0

Percent mrisnce

Underlying Auding Factor at Lerel I is found— sccounied for—

At Lerel II: Beys Girls
Vocabulary ineontext. .- oo cvccmmcc - 27.5 ...
Visuzl verbal mearing.____ o . 1887  ___.
PreSiXes. - o cveeee e mmmcemmmmm—mm—— e ——— 1.8 _...-
Visual spelling recognition.. __ . .- -50 _.__.
Vocabulary inisolation.__ - oo e 31.2
Range of information_ . - eeeeem oo 23.2
Induciive reasoning.____ - o vooceeemeecne —meee 9.2
Outdoorinterest e e e eeeeeeee meemm 1.7

Underlying Verbal Analogics Factor at Level I is found—
At Lerel 11

Vocabulary in context._ .- - oo 49.2 .-
Health problems. . . o e 1.2 .
Tonal MEMOTY .« v v e oo 48 _.__.
Musical interest_ - - oo oo e .5 -
Range of information._ _ - ool —eeee 27.1
Inductivereasoning. .- eemeeeeeeme e 22.9
Vocabularyinisolation. .. - commceeeen e 16. 8

The key to sex differences at Level II for the elements underlying
the same factors at Level I is that boys draw more hesvily at Level I on
vocabulary in isolation and range of information to shear off in-group
competition, whereas girls use vocabulary in context, visual verbal
meaning, and tone-intensity. A sex comparison of the substructural
elenents at Lecels I and IT shows that, as previously discovered for
the total sample (see table 8), vocabulary in context, auding, verbal
analogies, vocabulary in isolation, visual verbal meaning, and tone-
intensity are particularly important for Power of Reading, but that
these elements are utilized differently by the two sexes. Range of
information makes a direct contribution to the variance of Power of
Reading for the boys and therefore is particularly important as a
first-order factor for them. For the girls, however, range of infor-
mation is more pervasive and exerts, from its position in Leve! II, an
indirect influence on Power through the three primary factwrs, vo-
cabulary in context, verbal analogies, and auding.

Boys vs. Girls ot Level lli: Power

The results of the respective substrata analyses for boys and girls at
Level 1i7 zie shown in the summary (figs. 11 and 12) along with those
for Levels I and I1.
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By abstracting the common and specific elements i these Power
working-systems for both boys and girls, a tabulation of likenesses
and differences msy be made. The absiracted list is presented below:

Power of Reeding
Comimion and Specific Subsirala Variables Regardless of Levels
Lesced Led
Commen Beys Qirls Specific Leng Girls

Vocabuiary in isolation._ . 1 11 Tone-intensity__________ — i
Auding. .. __.___ 1 I Visual spelling recog- I .___
Verbal analogies_ _..__. I ) | nition.
Range of information____ 1 II Health problems________ I ..._
Vocabulary in context__. Il 1 Tonal memory____._.___ I _._.
Visual verbal meaning._._. II 1 Mousical interest________ n ...
Prefixes___ oo II III Suffixes. . __ . _______ I ___.
Perception of reversals___ 111 11 Word embedded. __ . _. I .._.
Inductive reasoning._____ 111 11 Science interest___._____ 0
Dot figure and ground__. III II Computational interest__ ___ I1
Latin and Greek roots___ 111 II School adjustment and — 11
Wordsense_... ... III 11 morale.
Mechanical aptitude.___ .. III 111 Outdoor interest________ — 11
Homonymic meaning.... IIi 1IJI Tone-quality._ . _________ Il ___.
Phonetic association...___ III III Clerical interest___ .. ___ -—- 1II

Tone-time interval__ ____ -—  III

Tonal movement___.__... ___. 1II

Chronological age_______ - I

From the above it 18 obvious that within the organization of the re-
spective working-systems for Power of Reading, the high school boys and
girls of our sample utilize hierarchies which do indeed contain significant,
qualitative, and quantitative substrata factor differences. This con-
clusion directly supports the major hypothesis of this study even more
precisely than did the similar conclusion derived from comparing the
analyses made on the two sexes for Specd cof Keading. The reason for
the greater precision 1s the fact that a comparison of the means indicated
no significant difference in the ability of the two known-groups to read
for power.

Summary for Power of Reading: Boys vs. Girls

The flowcharts, figures 11 and 12, respectively, represent schematic
breakdowns for the preferential elements of the substrata factcrs
which underlie Power of Reading in the two sexes. The charts
succinctly summarize the findings for the two sexes and make a com-
parison by direct observation possible.
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Figere 11.—Flowchart for Power of Reading for 211 high school boys.
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Chapter VIIl. A Comparative Substrata Analytic Study on
Speed and Power of Reading For High School Students
Eaming “High" vs. “Low" Scores on the Verbal Ability
Scale of the PMA Test

Infroduction

The purpose of this section was to discover whether or not the 108
verbally brightest in contrast to the 108 verbally dullest students
drawn from our sample of 400 mobilized different working-systems
in order to read with Speed and Power. Selecting these students on
the basis of their visual verbal meaning scores® (i.e., the verbal abilities
subscale of the Primary Mental Abilities Test) not only effectively
separated the groups on the two criteria, Speed and Power of Reading,
but separated them in all the audiovisual, cognitive, linguistic, and
perceptual areas as well.

Part I. Comparative Substraic Analyses for Speed of Reading:
Bright vs. Dull

At Lerel I, for the bright group, visual verbal meaning was the only
substrata factor precipitated from the matrix; and it accounted for
20 percent of the variance of Speed of Reading. For the dull group,
vocabulary in context and word sense were precipitated; they ac-
counted for some 37 percent of what makes for variation in Speed of
Reading.

Figures 13 and 14 illustrate some interesting differences in the sub-
strata factors mobilized by the bright and dull for intragroup competi-
tion. The key to the differences in the elements utilized at Level 11
is that the verbally bright, while perhaps utilizing all the substrata
factors found to underlie Speed of Reading for the total sample,
nevertheless meet intragroup competition by calling most heavily upon
their strongest asset—visual verbal meaning. It will be recalled that
this is the variable on which the two groups were separated.

A large measure of the 80-percent variance unaccounted for in Speed
of Reading for this group certainly resides, as indicated above, in the

1Visual verbal meaning was for the total group the only vocabulary variable preferentially selected at
Lerel I for both the Speed and Power of Reading criteria.
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VERBALLY BRI

Level O Level | % Level 11 % Level W %

Vis. Verb.
Meening 20-0

N s 300

Figwre 13.—Flowchart for Speed of Reading for 108 “bright™ high school stedents.

VERBALLY DULL

Level O Levell % Level I % Level M %
Renge of infe 54.7
Veceh in isel- 48.6 <Vi& Spell. Rec. 6.9
Music Appre'a 5.3
Veceb. In " Raenge of Infe. 29.9
24.0 Auding 13.6
Context Verbel Anels 18.9
ind Reasng &I
Computdiint. 4.0
Vie. M. Rec. 9.4
Phenstic Assec. 32.2 See
Werd Fluency 2.9
Homonymic Mng 18.3 — Vis. Spefi.Rec. 32.4
dord 132 {~Compure’t 1nt. 5.0
Prefixes 8.7
L.8G Roots 99 <w; Spell Rec. 1S.3
Suffixes 37
Residuel 62.8

Figure 14.—Flowchart for Speed of Reading for 108 *“dull** high school students.

host of audiovisual, intellectual, linguistic, and perceptual factors
shown to be important in the total group. The fact that each of the
members in the bright group has these abilities to a high degree, and
that each of the members of the dull group tends to have them only to

ey
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a slight degree, accounts for the low intercorrelations exhibited in the
two matrices. Hence, these variables fail to make statistical contri-
butions to the variance of Speed of Reading over and above that of
visual verbal meaning for the bright, and vocabulary in context and
word sense for the dull.

What maikes the bright high school student a really superior reader
is that he not only possesses and utilizes his great abilities in the
audiovisual, cognitive, linguistic, and perceptual areas, but also has
a well-developed perceptual ability for the rapid comprehension of
the meaning of words. In contrast, the dull readers attack the Speed
of Reading problem somewhat as if it were an assignment in compre-
hension. Lacking the requisite abilities, the dull readers compete
within their own group by calling heavily upon vocabulary in context
and word sense at Level I. These are buttressed at Level II by such
analytic abilities as vocabulary in isolation, auding, inductive reason-
ing, phonetic association, homonymic meaning, and Latin and Greek
roots; and at Level IIT by range of information, visual spelling recogni-
tion, musical appreciation, verbal analogies, prefixes, and suffixes.
Obviously, for Speed of Reading, the dull readers are almost completely
dependent upon the elements of word recognition. In contrast, the
bright readers, at Level II, utilize word sense, word embedded, and
range of information to a high degree; and at Level I, they call
heavily upon phonetic association, homorymic meaning, auding, and
mechanical aptitude to attain superiority. Note the basic importance
of spelling for the verbally dull slow reader.

Evidently for the groups—total, boys, girls, bright, and dull—
Speed of Reading is basically a psychosducational process which cannot
be divorced from linguistic abilities. It is also true that the more
rapid a reader becomes, the more apt he is to have perfected the use of
his linguistic abilities and to draw more heavily upon his range of in-
formation and perceptual and mechanical aptitudes to meet the com-
petition of his peers.

Part ll. Comparative Substrata Analyses for Power of Reading:
Bright vs. Duli

Table 17 compares the zero-order correlations which the 54 inde-
pendent variables make with Power of Reading in the 2 extreme
known-groups; i.e., the verbally ‘“bright” and ‘“dull.” The table
shows that, of the 54 variables compared, 7 exhibit differences that
are significant: vocabulary in context, vocabulary in isolation, range
of information, auding, rhythm, musical taste, and musical apprecia-
tion. In each instance the correlation is larger for the ‘“‘dull”’ group
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Toble 17.—Comparison of zerc-order coefficients of comelation of in-
dependent variables with Power of Reading for bright vs. dull sample

Bright Dull Signifi-
Variable (N=108) | (N=108) | cance of
r r difference
1 percent
Independent ]
A. Mental abilities:
1. Visual verbal meaning__________-_ 0.44 0.41| N
2. Spatialrelations____________.____ .16 .34| N
3. Inductivereasoning. - .22 .42 | N 5
4. Word flueney_ _ _ e .39 .39 | N
5. Speed of addition__-____________ .13 .16 | N
6. Mechanical aptitude____-________ .15 .20 | N
7. Verbal anslogies______ . ____ .50 .69 | N |
8. Vocabulary in context.____ _____ .40 171 Y i
9. Vocabulary in isolation - ___ .. .49 .78 Y §
B. Linguistic abilities: {
10. Range of information___ _-.__.-___ .46 74| Y i
11. Phonetic association_ _ . ___—_____ .29 .34 | N 2
12. Wordsense__ - - .37 .46 | N ’
13. Homonymic meaning___.———--——- .24 .32| N
14. Prefixes _ _ _ oo .40 .29 | N
15. Suffixes____ e .21 27| N
16. Latin and Greekroots___.___ - ___ .28 .41 | N
17. Visual spelling recognition_ - .22 - .33 | N
C. Verbal perception:
18. Dot figure and ground_____ - .02 .18 | N
19. Cue-symbol closure_ - .17 .24 N
20. Word embedded._- - - .20 .20 | N
21. Perception of reversals___________ .05 .17 | N
D. Listening comprehension:
22. Auding_— - . 42 .69 Y
E. Elements of musical ability:
23. Tonal MEeMOrY - - - e .14 .41 | N ;
24. Tone-quality_ -~~~ —————--—- .02 .32| N *
25. Tone-intensity - - -~ .15 .35| N !
26. Tonal movement______——-—————-- .08 .29 N ‘E
27. Tone-time interval ___ - ——--- .05 12| N j
28. Rhythm o oeecememem e —.10 31| Y ;
29. Piteh_ oo .05 28| N |
- 30. Musical taste_____--—-_——-———--- —. 09 28| Y |
) F. Academic attitudes-habits: |
| 31. Schoo! adjustment and morale_____ .17 .12 | N
{ 32. Scholarly values____ .- . 06 —. 08| N
| 33. Mechanics of study - - - - .03 —. 01 N
] 34. Effectivestudy plan_ - .- .13 .04 N
1
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Table 17.—Comparison of zero-order coefficic.ts of comelation of in-
dependent variables with Power of Reading for biight vs. dull sample—Con.

i
Bright Du Signifi-
Variable (N -—n-glOS) (N=ll})8) alg:e of
4 r difference
1 percent
Independent—Continued
G. Interest:
35. Outdoor- - - - oo —0. 06 —0.16 | N
36. Mechanical . _________ . __.___ —.09 — 11| N
37. Computational __ ... —.05 — 14| N
38. Science__ - - —. 04 .06 | N
39. Persuasive_ __ oo —. 02 .17 | N
40. Artistic__ -~ .05 .08| N
41. Literary__ - - .25 .03| N
42. Musical ___ - —. 15 —02 | N
43. Social service___ - ocoomo—— .05 13| N
44. Clerical______ . - —. 10 —. 03| N
H. Emotional-social problems:
45. School problems_. __ - __________ —. 00 —.26| N
46. Postgraduation anxieties__________ —.03 —15| N
47. Problems withself - - ______ .03 — 06| N
48. Problems with others_______-_____ —. 00 - 02| N
49. Home-family problems___________ .03 — 08| N
50. Boy-girl problems_______________ —.04 — 03| N
51. Health problems________________. .08 —.02| N
52. Conflict in values___________.__-_ .16 — 00| N
I. Musicality:
53. Musical appreciation__ .- -.04 .331Y
J. Age:
54. Chronologicalage___ .~ ____ .16 —.01| N

than for the “bright” group. The seven highest 7’s
groups are:

Correlations with Power of Readins

for the two

Bright 14 Dull 14
Verbal analogies_ _ . ——_.--- 9 50 Vocabulary in isolation_______ 0.78
Vocabulary in isolation_______ .49 Vocabulary in context_______- .77
Range of information_________ . 46 Range of information________- .74
Visual verbal meaning. ______- .44 Verbal analogies _ ____-————-—- . 69
Auding. - - .42 Auding_ - .69
Vocabulary in context__ - .40 Wordsense__ .o — - ccoeeemm . 46
Prefixes. .o coceme e .40 Inductive reasoning_______. .- .42

Figures 15 and 16 show the results of the substrata analyses of

Power of Reading for the bright and dull groups.

At Level I,

[
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verbal analogies and vocabulary in isolation are common to both
groups. The bright group is especially adept in the utilization of
visua! verbai meaning, word fluency, and range of information in orderto
meet iniragroup ~ompetition, whereas the dull group calls upon vocab-
ulary in context and tonal movement over and above the abilities
common to both groups at Level I.

Verbal analogies and vocabulary in one form or another are fun-
damental to power reading in both groups. However, only tiie bright
make excessive use of visual verbal meaning, the test on which the
known-groups were differentiated. This illustrates our hypothesis
that a special strength is capitalized upon to gain cxcellence, not only in
general, but within the subgroups. Nonetheless, the vocabulary
factors are extremely important to both groups, and it would appear
to depend upon the level of abstraction as to which form of vocab-
ulary will be pressed into service for a particular group.

VERBALLY BRIGHT

Level O Level | % Level Il Y% Level il % _
Auding 5.6 —Suffixes 6.6

Mech Aptitude 06

ot ies 13.7€Sclencelnt. 36

Musicol int. 6.5

Prefixes 8.4

Phonetic Assoc 56.4
Word Sense 9.8 < HomonymicMng 208

Cilerical int. 2.8

Vis. Verbal Word Embedded 13} |

Meaning €.9

Auding 12.6—Suffixes 6.6

Mechonical Int. 2.7
Vocob.in Con. |4.4—— Vis. Spell. Rec. 2.8
. Homonymic Mng  13.0
Vocab.in |y 4| aGRoots 9.8 { Artistic int. 9.6

isolation
Tonal Movement 7.6

Chron. Age 6.6

Fluency 9.7

Range of < Auding I5.7— S=ffixes 6.6
information ~° Mech.Aptitude 6.6

Residual 47.2

Fisure 15.—Flowchart for Power of Reading for 108 “bright” higsh school students.
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VERBALLY DULL

Level O Level | Z'.. Level Ui % Level }fi '
Word Sense 13.3

Range of info. 44.6 <Mcch.A¢ihn‘o 9.2

Tonal Memory 80

1sotation Phosnetic Assoc. 8.9 <Word Sense 48.0
Artistic Int 49

Auding 46.9—— ind.Reasong 147

Word Sensse 13.3

Range of Info 38.8 ch.Aptitude 9.2

Tonal Memory 8.0

X:;:”'.“ 16.94— Spof’l Relots 16.5
ogi usical Tost s ~Pitch 16.2
usicol Taste 5. - Rhythm 9.6
Word Sense 13.3
Ronge of Info. 26.8 <mc~..Apmc.a. 9.2
/ Tonol Memory 8.0
/ /Auding 23.7——Ind. Reason'g 147

Context Word Embedded 204

; / Homonymic M'n 25.9
Vocab.:= 555 Vis.Spell.Rec. 7.2§ J
Perc. of Rev'ls 9.5

Computa’l Int. 4.0

3
\ Dot Fig.8Grnd 2.2
Vis.Verb.M'ng 8.8 < Weord Sense 9.0

Tone-Time Int’i 7.0
\ Tone-Quality 168..°
Tonol -
o ent 4.3< Pitch 18.2
Music Appre'n |4 8 Rhythm 10.6
ind. Reosong 9.3

L Residua! 29.i

Figure 16.—Flowchart for Power of Reading for 108 ““dull™ high schoo! students.

Comparison of the variables precipitated at Levels II and 111
further confirms cur major and minor hypotheses. A striking dis-
similiarity appears in the two groups in the area of the elemen:s of
auditory images and musical ability. Special use is made of tonal
movement by the bright at Level 111 only, whereas special use is made
of tonal movement at Lesel I by the dull. Furtherinore, the dull
group places a special dependence upon musical taste, tone-quality,
and musical appreciation at Level 1I and pitch, tonal memory, rhythm,
and tone-time interval at Level I1II. Likewise, while the visual

perceptual factor of word embedded is used at Level I by the bright
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and at Lerel IIT by the dull, spatial relations and perception of rever-
sals are important for the dull at Lerels I7 and I11. This would appear
to mean that, in Power of Reading, the dull group is especially depend-
ent upon the basic elements of auditory and visual perception of
linguistic symbols. The audiovisual discrimination of these symbols
is still o great problem for the dull, whereas for the bright, this aspect
of reading has already been perfected and Power of Reading for them
appears to be a rather high-level cognitive-linguistic process in which
the symbolic manipulation of ideas is important. For Power, the
bright also utilize a general knowledge and a precise vocabulary by
which they easily extend this knowledge.

An overall evaluation suggests that, in terms of working-systems,
the more sophisticated readers utilize Lnguistically meaningful
subunits, such as Latin and Greek roots, prefixes, suffixes, etc., whereas
the more naive readers utilize audiovisual perceptual cues, such as
spatial relations, musical quality, tonal memory, rhythm, tone-time
interval, etc., to derive the meaning of words, which in turn gives
the meaning of the sentence. While both groups, to read with
Power, must intellectually manipulate ideas presented in terms of
audiovisual verbal analogies, because of the Jack of linguistic knowl-
edge, information, and vocabulary, the dvll group has the further
immediate task of derinhering the meaning of words through the use
of context cues and word analysis; and to do this draws heavily upon
perceptual discriminations in the auditory and visual areas.
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Chapter IX. A Comparative Substrata Analytic Study on
gped of Reading For Known-Groups of Fast vs. Slow
eaders

(PP_ W T weg vy

Infroduction

The ability to read material ranging from easy to moderately diffi-
cult with speed and understanding is a valued asset in our society.
At all levels in our schools, colleges, armed services, and industry, a
great deal of time and money are spent in a persistent effort to improve
the speed at which individuals are able to abstract meaning from the .' y
printed page. Moreover, with our 2dvancing technology, instead of ‘
decreasing, the pressure is constantly increasing—man now must work z
hard at trying to keep apace of the machines he has invented to help ;
him get his work done faster.’ ’

Teachers have ingeniously devised and tried one method after
another in the hope of finding one that would enable them to teach
children to read faster. The educational psychologist, looking toward
the same ultimate goul, must attack the problem from a different
angle. It is clearly his function to devise experiments specifically
designed to increase his understanding of the basic processes of read-
ing rather than ¢o strike out directly at formulating a “better’”” method
of teaching reading on the basis of armchair logic. The question for
* him is one of understanding what the dimensions of reading are, how

they work in the total or great “average” group, and in the specific
known-groups in which he may be interested. YWhen, by the accumu-
lation of certain primary facts, he is able to construct a theory of
4 reading, he is further obligated to draw the significant hypotheses
: : which follow naturally from his theory. Each such hypothesis must
’ then be tested by an experiment specificaily designed for the task.

In accordance with the above tenets then, one hypothesis derived '
from the Substrata-Factor Theory is that fast and slow reader= will |
; manifest distinct and divergent scores on certain sets of cooperant '
’ abilities, interests, and personal-social problems. And for reading,

AT

DA

1 This was aptly illustrated by an ironic incident in the reading clinic on the University of California
E campus. A topflight executive had been so pleased with the improvement in his reading speed in a first
course that heenroliedin an advanced class. Later he came to class obviously dejected, bemoaning the fact
that “After a semester of hard work I became just able to read through a paperback novel as I flew across
the continent—this was twice as many pages a« I used to read before I took tke course. Last week I took
my first jet to New York, and so help me, it went so fast I was right back where I started—]I only got half-
way through my book!”
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each group will {. ad to mobilize those abilities which may be con-
sidered its strengths and minimize those which may be considered its
weaknesses. These hypotheses have been tested on the 108 fasiest
and the 108 slowest readers.

The Z-score profiles in figure 17 dramatically illustrate the raw
<core facts given in table 18. In terms of the total group, the fast
readers have a mean Speed of Reading Z-score equivalent to 64,
wkiereas the slow group earned a Z-score of only 40. In Power of
Reading, the scores of the fast and slow groups were not as widely
divergent as their spe2i scores.  Nevertheless, it is plain that the
fast readers are also, in general, the more poweriui cnes. However,
the correlation is far from perfect (r=0.594).

Perhaps the most striking thing about the profiles is the extreme
differences the two groups show in their auding ability, their knowl-
edge of visual verbal meanings, word sense, and homonymic meanings.
A strength of the fast group appears to be in tonal movement, whereas
a relative weakness shows up in the area of mechanical aptitude.
The high literary interest and low mechanical and computational
interests of the fast group are also striking.

The latter observations are important in light of the oft-repeated
statement that a child’s inferest is such and such and, therefore, one
should naturally expect him to be a fast (or slow) reader. The slow
reader does indeed show relative lack of literary interest, but stronger
computational and clerical interests than either the fast or the average
student.

r = )ally, it is somewhat surprising, in view of what some av:thorities
nave surmised about the relationship between reading and emotional-
social maladjustment, that there are such small, and for the most
part, insignificant differences in the means of the two groups on the
scales of the SRA Youth Inventory.

Comparative Subsiraia Analyses for Speed of Readixg:
Fast vs. Slow

Careful scrutiny of figures 18 and 19 will show for Speed of Reading
the comparative hierarchical breakdown of the substrata factors at
Levels I, II, and IIT for the fast vs. siow readers.

At Lcvel I (a) for the fast group, mechanical aptitude and visual
spelling recognition account for 22 percent of the variance, and (b) for
the slow group, vocabulary in context and chronological age account
for 34 percent of the variance in Speed of Reading.

These findings are particularly interesting, since we know from the
profile comparison that mechanical aptitude, relatively speaking, is
one of the weakest abilities of the fast group and that the ages of the

Py ST
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Table 18.—Comparison of means and standard deviations for fast vs. slow

SPEED AND POWER OF READING IN HIGE SCHOIL

readers on dependent and independent variables

Fasi (N=108)

Slow (N=108)

RN 3 ol
N

v L
.

Signifi-
Variable cance of
Stand- Stand- | DM*
Mean | ard de- | Mean | ard de-
viation viation
Dependent
S. Speed of Reading_________ 30.93 5.40 | 12.47 339|Y
P. Power of Reading_______. 78.98 9.70 | 54.58| 17.34| Y
Independent
A. Mental abiliiies:
1. Visual verbal meaning.| 38.84 835| 21.18 7581 Y
2. Spatial relations______ 24.85 | 11.84§ 16.9¢] 11.25] Y
3. Inductive reasoning.._| 19.89 5.60 | 11.03 5.421Y
4. Word flueney .. _______ 39.34| 10.62] 30.60} 11.90}| Y
5. Speed of addition_____ 20. 07 7.36 | 15.90 8531Y
6. Mecchanical aptitude__| 232.16 6.56 | 30.27 6.55 | N
7. Verbal analogies_.____ 30. 67 5.76 | 21.65 822|Y
B. Linguistic abilities:
8. Vocabularyin context_{ 35.91 3.51 | 25.64 8.44; Y
9. Vocabulary in isola-
tion_______________ 34.92 3.40 | 2556 7.741Y
10. Range of information__| 33. 44 3.621 2475 6.90| Y
11. Phonetic association__| 66.45{ 19.86| 35.66] 21.42| Y
12. Wordsense__________ 48 44| 16.32| 21.03]| 1410 Y
13. Homonymic meaning_! 38. 45 890 | 23.24 8.53]Y
14. Prefixes____________. 10. 41 3.30| 6.56| 2.84]|Y
15. Suffixes ... ___.____ 8591 3.32| 547] 2.86]Y
16. Latin and Greekroots_.| 17. 44 5231 10.43 4791Y
17. Visual spelling recog-
mition_ . ________ 26. 88 4.66 | 19 47 6.40 | Y
C. Verbal perception:
18. Dotfigurcandground._| 149.32 | 22.09 | 121.99 | 30.56 | Y
19. Cue-symbol closure.._| 66.42 | 11.64| 57.25| 1419 | Y
20. Word embedded._____ 77.44| 16.31| 55.59 | 20.86 | Y
21. Perception of rever-
sals_______________ 86.09! 19.56| 70.70 | 20.88 | Y
D. Listening comprehension:
22. Auding___..__________ 37.32 6.05| 25.64 7.34| Y
E. Elements of musical ablity:
23. Tonal memory._._____ 23.23 5.46 | 18.90 5281 Y
24. Tone-quality_________ 28. 85 4 51 26. 24 516 | Y
25. Tone-intensity ______._ 33.84 6.46 | 29.32 8.441|Y
26. Tonal movement. __.. 40.25] 10.14| 32,07 10.50 | Y
27. Tone-time ‘nterval____| 23. 63 3.92| 21.79 496 | Y
28. Rhythm_____________ 24. 90 3.84| 22.06 467 | Y
29. Piteh___ . ___________ 37.72 5.60 32. 53 7201 Y
30. Musical taste__._____ 27.93 6.39 1 24.96 6.541 Y

*At the 1-percent level of significance.
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Tuble 18.—Comparison of means and stondard deviations for fast vs. slow
readers on dependent and independent vasicbles—Continved

I
Fast (N=108) Slow (N=108)
Signifi-
Variabie cance of
Btand- Stand- | DM*
Mean | ard de- | Mean | ard de-
viation viation
Independent—Continuea
F. Academic attitudes-
habits:
31. School adjustment
and morale________ 54. 07 9.8 4835 811;1Y
32. Scholarly values_.____ 50. 90 9.8 | 4854 10.43 | N
33. Mechanics of study___| 49.82 9.40{ 49.06| 10.28 | N ,
34. Effectivestudyvplan__{ 52.01 ] 11.18} 50.18| 10.65{ N t
G. Interest:
35. Qutdoor_____________ 38.63{ 15.52] 39.74| 1461 | N
36. Mechanical __________ 27.24] 12.49) 33.17]| 12.95| Y
37. Computational .______ 20. 07 9.13 | 26.34 6.791 Y
38. Science______________ 37290 | 15.29] 39.16| 13.72}| N
39. Persuasive___________ 40.16 | 12.56 | 39.49 9.60 | N
40. Artistic____________._ 30.01 9.8 ! 2818 10.31 | N
4]1. Literary_____________ 23.18 860§ 1813 6.35|] Y
42. Musical____._________ 17.29 7.54 | 16.47 810| N
43. Social service________ 43.281 15.06| 43.61 | 201! N
44. Clerical_____________ 47.23 ] 13.11| 53.61] 1400} Y
H. Emotional-social prob-
Ienss:
45. School problems______ 5.27 3.89 721 4021|Y
4%. Postgraduation
i anxieties___________ 9.78] 7.13| 13.12] 850} ¥
E 47. Problems withself____| 6.18]| 6.16 ]| 7.8 7.02| N
- 48. Problems withothers._| 6.39 ] 5.53 808! 703|N
49. Home-family prob-
4 lems___________.__ 5.32 7.24 5.01 6.32{ N
{ 50. Boy-girl problems____; 3.75 435 449 542 | N
51. Health problems______ 2.93 2.99 3.35 307| N
52. Conflict in values_____ 5.32 6. 54 5.23 6.15| N
' I. Musicality:
53. Musical appreciation__| 31.19 523 2871 6.50|Y
J. Age:
5 34. Chronological age___.__ 196.95 | 11.77 | 198.7x | 17.37
]
*At the 1-percent level of significance.
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STAKDARD Z-SCORE SCALE
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SOC. SERVICE INTEREST
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Figure 17.—Profile comparison of cooperant abilities, intercsts, and
problems manifested by the 108 fastest and 108 slowest re in
the total sample of 400.
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FAST
Level O Level | % Level I} %Y Level HI %
3 Vis.Verb. M'ng 18.8
prefixes 18.5
L.8G.Roots 8.3 tistic Int. 6.2
Tone-Time Int’l 2.8
Mechanicsl .
Astitude . 11-6 (— Mechonical in. 13.6 '
Yocab. in Cen. 25.2
Renge of Info. 17.7
Au‘in' 11.0 Pf..l“ '3.3
Probs. wSdlf 39
Word Sense 69.6
Phonetic Assec.l1G8 Clerical int. -6
Computa’l Int. .9
i Tone- Quality 3.4

Spelling 108 Effec.St'y Plon 8. |

Perc. of Rev'ls 8.3

Residuel 77.6
Figwe 18.—Flowchart for Speed of R=zding for 108 “fastest’ high school students.

SLOW

{ Level O Level | % Level I % Level Il . %_
_/Range of info. a7.8 !
Vocab. inisol. 54.5 <—Veioal Ancls 14.6 :

- Vis. Verb. Mng 11.9

Voceb. in 54 g

Centext i Range of Info. 21 .8

Auding 21.4 <Vorbol Anals. 20.8

Tone-Quality 7.7

Chron. Age 7.9

\Residuel 66.3

Figure 19.—Flowchart for Speed of Reading for 108 “‘slowest” high school siudents.
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116 SFEED AND POWER OF READING IN HIGH SCHOOL

two groups are almost identical. Clearly, the fast readers rely
heavily at the primary level upon their individual differences in
mechanical aptitude and spelling over and above their high abilities
i the rest of the audiovisual, cognitive, linguistic, and perceptual
areas. Likewise, the slow readers place a heavy load at Level I on
vocabulary in context and thus tend to read for speed as the average
student reads for power. Although age in the total group is of slight
importance in accounting for success or failure in Speed of Reading,
and in spite of the lack of significant difference in the ages of the fast
and slow readers, it is evident that Speed of Reading in the slow group
is inversely and significantly related to age. In the slow group, the
faster the reader, thc younger he is likely to be; one may surmise
that this is because the children who do not read well in school and
who are otherwise low in academic achievement tend to be retarded
in their grade pilacement.

Perhaps the most interesting finding av Level I is that exceedingly
fast readers call upon mechanical aptitude, in order to excel within
their own group, even though mechanical aptitude, relatively speaking,
is one of their weakest abilities. Here we see that what appears at
first sight to be quite improbable {i.e., a relationship between Speed
of Reading and mechanical aptitude)—and indeed it did not occur in
the total sample—has nevertheless shown itself clearly in a more
restricted group, in this case the fast readers. As a matter of fact,
mechanical aptitude was the most valid predictor of Speed for the
fast group-

These findings demand a modification of the minor hypothesis, as
was alse indicated in the bright and dull groups, but for a different
reason. There we found that a basic core of abilities must be utilized by
all individuals if they are to read at all. Furthermore, it was shown
that over and above these basic abilities, the bright students tended to
capitalize on their strength in order to succeed in Speed of Reading.
Now we see that the fast group is capitalizing on one of its relative weak-
nesses. So at this point we discover that a particular ability which is
not ordinarily used to any great extent by students in general may
become a crucial factor in the intragroup competition of a selected
subsample. Even though this particular ebility is in fact a relative
weakness within the fast group, the individuals who do have it to the
greatest degree mobilize 1t within their working-systems in order to
outstrip their peers. In a group that is highly verbal, those who also
possess mechanical ability have a slight edge on those who do not—
as far as speed of reading is concerned.
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Chapter X. A Comparative Substrata Analytic Study on
Power of Reading For Powerful vs. Nonpowerful Readers

Infroduction

In this chapter the powerful and nonpowerful readers will be com-
pared (a) by delineation of their cooperant strengths and weaknesses,
and () by analysis of the degree to which each utilizes a cifferent
set of subabilities to excel in reading for power within his particular
known-group.

How does “power’” differ from “comprehension” in the field of
reading? Comprehension refers to the ability to understand what is
read. Power in reading carries with it the additional ability to use
the information gained from the material read to soive problems or
answer questions. Comprehension denotes only a knowledge of, but
power implies @ working knowledge and use of, information and concepts
derived from reading.' Likewise, power in reading implies the creative
ability of the reader to manipulate mentally what he has read in order

to integrate it with what he already knows and thus gain insight into-

new relations that were not given to him in th.e reading per se. That
is, the most powerful reader uses reading as an effective tool for his
creative thinking.

Proceeding up the academic scale grade by grade, one finds that at
each level the meaning of the printed page becomes increasingly
difficult for students to comprehend. This, of course, is due to a
variety of factors: the increasing complexity of the sentence structure,
the style of writing, the vocabulary, and the greater depth of ideas and
concepts used. Concomitantly, there is an increasing demand for the
use of reason by the stident in interpreting and applying what has
been read in order to answer questions and solve problems which go
beyond the information given. He cannot resolve such problems
simply by a mechanical application of the facts and concepts as
presented. Power reading, therefore, implies a contribution on the
part of the reader! And the demand increases as he progresses in his
school career. This ~henomenon is consistent with the “gradient
shift” hypothesis of the Substrata-Factor Theory.

1 When I ask my students if they have understood how I derived a formula on the blackboard, they nod
their heads. But many of them are unable either to derive it for themselves or even to use it properly until
they have worked with it much longer. On first ezposure, they obtain knowledge about it, but no
working knowledge of it.
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118 SPEED AND POWER OF READING IN HIGH SCHOOL

The essential elements in the educative process are the ideas stored
in books—profound and trivial, good and bal, classical and new;
but the heart of the educative process is the power of the mind to read,
understand, interpret, reason with, dnd use such concepts. Speed of
Reading is in keeping with the times; nevertheless, the crucial ideas
in life, the understanding of those great concepts which have taken
thousands of years to evolve, need not—indeed cannot—be fully
grasped as one’s speed of reading approaches its limit. Literature
of great esthetic quality or of profound philosophic or intellectual
import must be read slowly and reflectively if it is to be properly under-
stood and appreciated. Otherwise, one has not really “read” it at
all, but merely flipped the pages in record time. The secret of good
reading lies in the ability to know when and how to change one’s
speed; this calls for a flexible attitude and a corresponding versatility
in the ability to execute & change in pace.

While it may in no way be claimed that the passages in the criterion
test of Power reading used in this study contain great ideas for the
reader to wrestle with, it is claimed that the very best passages and
questions do require from the student at the high school level a type
of activity which closely approximates the processes required to handle
great ideas. At the very least, the questions and problems are almost
identical with what is required of the stident in reading an assignment
and answering questions at the end of a chapter. Power of Reading,
then, is that aspect of reading which emphasizes reading as reasoning.
Since it is claimed that high scorers on the criterion test of Power
mobilize a different set of substrata factors than do low scorers, the
profile and substrata analyses which follow are designed to test the
validity of this hypothesis.

Cooperant Abilities of Powerful vs. Nonpowerful Readers

Figure 20 presents the profile comparison of the cooperant abilities,
interests, and problems manifested by the 108 most powerful and the
108 least powerful readers in the total sample of 400 high school
students. The general tendency for the nonpowerful to show con-
comitant deficiencies in verbally intellectual and linguistic areas is
dramatically apparent. .

In contrast to the low scores of the nonpowerful group noted above,
the most powerful readers demonstrateé definite assets in these same
abilities. Most remarkable in their profile are the extremely high
scores in visual verbal meaning, verbal analogies, auding, vocabulary
in context and isolation, range of information, phonetic association,
word sense, homonymic meaning, and Latin and Greek roots. Table
19 presents the respective means and standard deviations, and in-
dicates the significance of the differences where applicable.
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STANDARD Z-SCORE SCALE
38 40 42 44 46 48 50 52 54 56 53 60 62 64
DEPENDENT VARIABLE  NON-POWERFUL POWERFUL

P POWER OF READING
S SPEED OF READING
INDEPENDENT VARIABLE
VIS. VERBAL MEANING
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INDUCTIVE REASONING
WORD FLUENCY

:
|

VOCAS. IN ISOLATION

10 RAIGE OF INFORMATION

11 PHONETIC ASSOCIATION

12 WORD SENSE

13 HOMONYMIC MEANING

14 PREFIXES

15 SUFFIXES

16 LATIN & GREEK ROOTS

17 VIS. SPELLING RECOG. i
18 DOT FIGURE & GROUND .
19 CUE-SYMBOL CLOSURE

20 WORD EMBEDDED

21  PERC. OF REVZRSAL

22 AUDING .

23 TONAL MEMORY .
24 TONE-QUALITY .
25 TONE-INTENSITY .
26 TONAL MOVEMENT

27 TONE-TIME INTERVAL

28 RHYTEM ;
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30 MUSICAL TASTE

31 SCH. ADJUST. & MORALE
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327 MECHANICS OF STUDY

34 EFFECTIVE STUDY PLAN

35 OUTDOOR INTEREST

36 MECHANICAL INTEREST .
37 COMPUT. INTEREST .
38  SCIENCE INTEREST ] :

L]

39 PERSUASIVE INTEREST

40  ARTISTIC INTEREST

41  LITERARY INTEREST

42  MUSICAL INTEREST

43 SOC. SERVICE INTEREST

44 CLERICAL INTEREST

45 SCHOOL PROBLEMS i
46 POSTGRAD. ANXIETIES

47 PROSLEMS WITH SELF

48  PROBLEMS WITH OTHERS

49 HOME-FAMILY PROBLEMS

50 BOY-GIRL PROBLEMS

51 HEALTH PROBLEMS

52 CONFLICT IN VALUES

53  MUSICAL APPRECIATION —
54 CHRONOLOGICAL AGE —

3840424446485052545650606264
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Figure 90.—Profile comparison of cooperant abilifies, interests, and
problems monifested by the 108 most powerful and 108 least
powerful readers in tot~: sample of 400.
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120 SPEED AND POWER OF READING IN HIGH SCHOOL

Table 19.—Comparison of means ond standard deviations for powerful vs.
nonpowerful readers ox dependest and independent variables

k—lﬁ) Neon- ((N=108)| SBignif-

Power- power- |Standard] icance of
Variable ful ful devia- | differ-
mean mean tion eace
(1%)

Dependent:

S. Speed of Reading_________ 26. 54 7.9] 1506 530|Y h

P. Powerof Reading _______.| 35.35 3.32| 45.87| 11.12;Y
YIndependent:

A. Mental abilities:
1. Visual verbal meaning_| 38 18 85| 21.10 7.68

2. Spatial relations______ 2470| 1053 | 17.45| 1155
3. Inductivereasoning___| 18.89| 625| 11.36| 558
4. Word fluency________ 30.44| 12.34| 30.23| 11.70
5. Speed of addition_____ 1960 803| 1526| 838

. 6. Mechanical aptitude__| 34. 08 7.06 | 30.19 6. 15
{ 7. Verbal analogies______ 32.87 3.51 19.40 7.49

l 8. Vocabularyincontext.; 36.88| 233| 23| 748
\ 9. Voecabulary ir isola-

s

ton_______________ 35. 62 259| 2409 .7.05
10. Range of information_| 34.12 3.11| 23.39 6.34
11. Phonetic association__| ©65.47 | 22.42 | 37.37 | 2163

12. Wordsense __________ 47.37 ] 1857 | 21.15| 1468
13. Homonymic meaning_| 37.41 | 10.87 | 24 34 8 50
14. Prefixes _____________ 10. 59 3.98 6. 36 270
15. Suffixes_____________ 8 16 3.8 5. 56 2.84
16. Latin and Greek

roofts______________ 17. 56 624; 10.75 471
17. Visual spelling

recognition._ _______ 26. 05 6.64 | 20.6% 597

N TR T

: 18. Dotﬁguremdyound_ 144.93 | 28.12 | 124.68 | 2805
! 19. Cuesymbol closure___| 66.79 | 13.00 | 56.52 | 13.82

W o g g g g G GGG G G

‘ 20. Word embedded______ 71. 54 19. 61 59.20 | 21.83
! 21. Parception of
reversals_ _ ________ 80.70 { 21.59 | 72.17) 1855 k.
. Listening comprehension: ' "
22. Auding . —_______. 38.52| 533| 23.84| 6.47 f
E. Elements of musical . /
ability: )
23. Tonal memory_______ 22. 90 5.90 | 18 58 538|Y
24. Tone-quality_________ 28. 45 4.8 | 25.59 5481 Y
25. Tone-intensity ______ 33.8 | 684 2817| 809|Y
26. Tonal movement _ ___. 38.05| 11.96| 30.29 | 10.36 | Y i
27. Tope-time interval.___| 23.17 5.71 | 21.91 4 98| N !
28. Rythm______________ 23.75| 4.25| 22.06 458 1Y :
29. Piteh_______.______. 36.46| 7.59| 3247| 803|Y [
30. Musical taste__ _____. 27.24 6191 23.34 7.141Y !
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Tabie 19. —Comparisor of means and standard deviations for powesful vs.
nonpuwesfel maders oa dependeni and independent variubles—Costinve d

- gy—-uml Nea- I(N=108)} Signio:‘-
rower- p - o h.ndlrd, cance
Veriable icl | devie- mf:n Igcxevia. differ-
m2an tion mean tion ence
(1%)
Indeperdent—Continued
F. Acaicmic attitudes-
bhabits:
31. School adustment and l
morale____________ 5280, 9.94; 47.52| 9208 Y
32. Scholarly values______ €9.75| "0.05| 4255]| 1019! N
33. Mechanies of study_._| 51.40 ! 1040 49.73{ 100! N
, 34. Effectivestudy plan__| 51.7 | 10.57| 4971 | 108 | N
. G. Interest:
: 35. Outdoorinterest______| 40.00| 1548 | 40.27| 1457 | N
: 36. Mechanical interest___| 20.90]| 1362 ] 33.65| 1.68| N
. 37. Computational
¥ interest____________ 21.72| 978| 27| 770]Y
38. Scienc: interest_______ 30.79| 1478 | 3597| 13279 | N
{ 39. Persussiveintcrest____| 39.28 | 1264 | 390.58| 100 | N
H 40. Artistic interest______ 3015 11.38| 2844( 984N
? 41. Literary interest______ 2261| 89| 17.88] 643]|Y
42. Musical interest______ 1669] 715| 1580)] 814| N
%’ 43. Socisi service interest_| 40.89 | 14.8¢| 43.31| 1277 N
€ 44. Clerical interest______ 45.74 | 1299 | 5476 13.371 Y
H. Emotional-social
k problems:
] * 45. School problema______ 556 411 7.68| +12|Y
s £ 46. Postgracuation
: anxieties___________ i6.38| 7.45| 1351 869|V
‘ 47. Problems withseelf____| 6.84( 7.09| 761] 638|N
1 H 48. Prollems with others_| 7. 47 6. 31 813 69 | N
1 49. Home-family
% problems__________ 5.58| 7.42| 539 675 N
t 50. Boy-giriproblems____| 4 44| 48| 502| 58N
3 51. Health problems______ 5.30| 349 349| 335|N
» 52. Conflict in values_____ 58| 665) 54| 655|N
; I. Mousicality:
I 53. Musical appreciation__| 30.58| 6.32]| 27.20| 7o01]Y
£ J. Age:
g 54. Chronological age_____ 197.50 | 12.58|197.56| 16.60 | N ;
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12  SPEED AND POWER OF READING IN HIGH SCHOOL |

Comparative Subsirala Analyses for Power of Reading:
Powesful vs. Noapowesrfel

Tabiv 20 presents a comparison of the zero-order coefficients of
counhtiunoftheindepmdentnlisblswithPowaofRudingfor
the powerful and nonpowerful groups. The column cn the right |
indicates that out of the 54 pairs of #'s tested, only 5 show differences
that are significant at the 1 percen: level. In each case, the r’s of the
nonpowerful readers are larger, except for the relationship between
Power of Reading and the number of problems reported in the home
and family; here, the powesful readers’ r is larger, but the sign is
aegative. The fewer the family problems, the more powerful the
reader.

Powesful vs. Nonpowerful Readcrs ot Level |- Power

Each of the matrices of 1,485 intercorrelations * for the two known-
groups was submitted to a substrata analysis. Section A of table 21
reveals that word emnbedded contributes 11.3 percent, auding 9.4
percent, and verbal analogies another 7.5 percent, to account for 28.2 ]
percent of individual differences in Power of Reading within s known- '

| group of powerful readers. Section B shows that word embedded
contributes 20.5 percent, vocabulary in context and isolation together
account for 38.1 percent, and clerical interest 2.i percent, to account
for 61.0 percent nf whatever it is that makes nonpowerful readers
differ in their ability to read with power. ,

The finding thet both groups utilize visual verbal perception (as )
assessed ir the word embedded tes’) for success in within-group :
competition for Power of Reading is an unexpected discovery, because '
it did nos appear as a primary substrata factor for the total group '
of 400.

Discovery of the word embedded test as a primary substrata factor
underlying Power of Reading in both groups brings out the importance
of visual-verbal perception in an ares which is considered primarily
cognitive and linguistic. This finding, coupled with the heavy
reliance of the nonpowerful group upor both vocsbulary in ‘isolation
and vocabulary in context, in contrast to the powerful group’s utiliza-
tion of auding and verbal analogies at Level I, points directly to the
basic premise of the Substrata-Factor Theory that excellence in Power of
Readingisintlwma&zanaudiooiudmbalprmsingsﬁlqummbolic
reasoning. The more powerful the reader, the grester his dependence
upon verbal reasoning over and above his knowledge of words; the
lees powerful the reader, the greater his relative deperdence upon

knowledge of words.

3 Se9 Ceoperative Ressarch Project No. 538.
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T&lc”.—CmsmdMMdmddudh-
Muiébwﬁ?mdbo&gbmﬁluw
readers

Powerful | N -1 Signifi-
Variable (N=108) | eful | cance ot
r (MN=108) | difference
r (1%)
Indepeadent:
A. Mental abilities:
1. Visual verbal meaning. . _____ 021 0.53|Y
2. Spatial relations_________________ .25 .37 N
3. Inductive reasoning._ - _____ .3 .| N
4 Wordflueney _____ . ____ .32 2N
5. Speed of addition__________._____ .19 2| N
6. Mechanical aptitude___ - _______ .18 .3|N
7. Verbal snalogies___________ .35 .43 | N
B. Linguistic abilities:
8. Vocabulary in context____________ .3 .63|N
9. Vocabulary in isolation___________ .35 .651Y
10. Range of information_ ________..__ 7 ! .58| N
11. Phonetic association_ ____________ -20 .52 |Y
12. Wordsense______ - ______ .30 .80 N
13. Homonymic meaning._ . _____ .28 .46 | N
14. Prefixes _________________ .25 .31 | N
15. Suffixes___ - .20 .31 | N
16. Latin and Greek roots__ _________ .22 .80| N
17. Visual spelling recognition________ .17 .60|Y
. Verbal perception: )
18. Dot figure and grouad_________._ .17 .36 | N~
19. Cue-symbol closure. _____________ -20 .37 N
20. Word embedded_______—________ .40 .56 | N
21. Perception of reversals . __________ .10 .36 | N
. Listening comprehension:
22. Auding____ . .41 .4 | N
Elements of musical ability:
23. Tonal memory.___ . - —————- .21 .33| N
24. Tone-quality__________ —. 05 27| N
25. Tone-infensity___________________ .13 .4 | N
26. Tonal movement________________ .16 .24 | N
27. Tone-time interval _______________ .16 .18| N
28. Rhythm ___________ - .04 .32| N
29. Piteh______________ - .12 .0 | N
30. Musical taste___________________ .04 .10 N
. Academic attitudes-hac:is:
31. School adjustment and morale____ .23 .03| N
32. Scholarly values_______.________ .19 .07| N
33. Mechanicsof study______________ .09 12| N
34. Effectivestudy plan_____________ .22 .10I N

ey
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r&m.—cmdmwamab
chiublow‘dedMi-ghMIn.WI

reades—Continved
| L
Powerful | Noopow- | Signifi-
Variable (N=108) u[l::' cance of
r (N=108) | difference
r a %) ;
|
Independent—Continued {
G. Tuterasts: (
35. OUtdOOr— - —— - - oo m 0.07|] —003|N ]
36. Mechenieal ________ .. —. 08 —O0L| N
37. Computational ________ - 12 —. 08| N
38. Scienee____ e 10 10| N
39. Persuasive_________ - —-.20 12| N
40. Artistie_ ____ - —.01 0|N
41. Literary__ - 07 00| N
42. Musiea! ______ - —.05 04| N
43. Social service_ _____ - —.05 11| N
44. Qlerieal _ _ - 04 12| N
H. Emotional-social problems
45. School problems_____________-——- —. 17 - 13| N
46. Postgraduation anxieties__ ... --.12 .08 | N
47. Problems with eelf_______________ —.15 07| N
48. Problems with others__._ .. ___ —. 18 .05| N
49. Home-family problems___________ —. 24 .121Y
50. Boy-girl problems__ ___.. - —. 14 11| N
51. Health problems_ __ ________ - —.09 21| N
52. Conflictin values_______ - .06 .09 | N ’
I. Musicality:
53. Musical appreciation______ - 07 .25 | N
J. Age:
54. Chronological age__ - 09 —0|N

The flowcharts, figures 21 and 22, depict the hierarchical arrange-
ment of the substreta factors underlying Power of Reading at Levels
I, 11, and III for the poweriul and nonpowerful known-groups o
readers?

Powsstsl vs. Nonpowesful Readers ot Level Il: Powes

The following preferential predictors, pages 126 and 127, abstracted
from the flowcharts in figures 21 and 22 compare the substrata ele-

e hw

ments underlying the substrata factors precipitated at Level 1. !
s Detalled charts, tables, and other date upon which thess figures sre based are recorded in Cooperative i
Ressarch Project No. 538, i
13
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!
lft




Toble 21.— vmporative analyses of powerful vs. nonpowerful readers yielding accownted-for variance in Power of Reading

Contribution to vari-

Cumula- ance accounted for
Criterion Level 0 Substrata ractor Level I Zero-order B;u tive (in percent)
, -
R
Adjusted Total
A. Powerful (N=108)
| Auding. .- 0.41 0.25 0. 399 9.4
Power of Ruding< Word embedd=2d ... ———o—- .40 .30 .493 11.3
~Verbal analogies___ - —————————- .35 .22 . 832 7.5 28 2
B. Nonpowerful (N=108)
- Vocabulary in isolation_____ - 0.65 0.29 0. 643 18. 6
Power of Readi _Word embedded - .56 .38 .TA% 20. 8
ne Vocabulary in context.___———- ———-- .63 .32 . 762 19.5
~Clerical interest _ . __ - .12 .18 . 782 2.1 61.0

SESXATVNYV HOLOVI-VIVUISENE @TIL

gcl
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POWERFUL
Level O Levell % Levelll %  Levellll %
Veceb.mCen. 26.1
Reage of infe. 206 & Profizes 8.2
Science Int. 40
Ausing 9.4 Veceb.inCon. M8 :
Vecab.inisel 19.4 Cisen. Age 4.9 .
L.GG Roots T2 ;
Werd Sense 428 }
Porc. of Rer’is 9.9
;’ Homenymic M'ng 19.7 ¢ Tone-Quality 14
i ) L.GG.Reots 9.6
! Literary Int. 2.1
Word i 30 word Flueacy 6.9
1 Embedded
-Sym. Cles.9.2
‘ ¥
Hedlith Prebs. 15.4
Verbel
| o e 1.5<
Moch. AptitudelO.1l
esidusl 718

Bmﬂ.—ﬂowédh?mdlu&ghhi“-ﬂmﬂm

For Pewer of Reading ot Level O '
| P e et }
’ Underlying Auding Factor at Level I is found— Jor— 1

At Level I1 (see fig. 21): Powerful  Nempewerful ;
Range of information_ _____________ - 2.6  _____ :
Vocabulary in isolation______. .- 19.4  _____ ‘
r Underlying Word Embedded Factor at Level I is found—
At Level I1 (see figs. 21 and 22):
! Homonymic meaning . _ - - 19.7 -
; Wordflueney . . - 89 — -
Cue-symbol dosure_______ .- 9.2 19.6
Visual spelling recognition .. _ - --- ———- 14.2
é Perception of reversals___________ - ___ ——— 9.8 ]
| Underlying Verbal Analogies Factor at Level I is found—
At Level 11 (see fig. 21):
Health problems_________ - 15.4  ____.
: Mechanical aptitude _ ____________ - 10.1  _____ {
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NON-POWERFUL
Level O Levell _'l._ Level Il _1.__ Level I
Verbea! Anels.
Renge of Info. 38.0
e <Hoaq-ic M'ng
Phenetic Assec.
Veceb in . Det Fig.@Gad
s 186 Vis.Verh.i'ng 20.1
iseletion " i Mng
ch.of Study
Phonstic Assoc.
Word Sense 106 omonymic M'ng
Sch. Adj. 8 Mor.

Cue-Sym.Clos 19.6

Word ic Assoc.
Embedded 20.6 & Vis-Spell.Rec. 1427, qcpons
Perc.otRev'is 9.8
Phonetic Assoc.
Det Fig.8 Gr'ad
Vis. Verb. Mag 23.8 yomanymic M'ng
Mech.of Study
. y Verbel Andls.
Veceh in
I o 195(—Renge of infe. 16 ’<nmu’n
. Verbel Anels.
Auding 13.0 Music.Appre'a
Clericel
interest 2.1

Residusl 39.0

Figwe 22.—Flowchart for Power of Reading for the 108 nonpowerful readers.

For Power of Reading ot Level 0—Continved

Underlying Vocabulary in Isolation Factor at Lesel I is Paeutw;;uumﬂd

127

21.9
129

204
12.1
14.5

2.2

39.1
13.6
1.1

B
7.7

12.1

145
22

219
139

1S.1
90

found—
At Level II (see fig. 22): Powerful  Nonpowerful
Range of information_____________________ ———— 38.0
Visual verbal meaning_________________.___ ] ——— 20.1
Wordsense________ oo . ———- 10. 6
Underlying Vocabulary in Context Factor at Lesel I is
found—
At Level II (see fig. 22):
Visual verbal meaning__.______ . ______ — 23. 8
Range of informaticn_ . _______ . ______ ——— 16. 8
Auding._ L ——- 13.0
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Powesrful vs. Nonpowesrful Readers at Level lll: Power
Common and Specific Subshvata Variables Regardless of Levels

Lesal Lol
Nen- Nem-
Commen Peowa povaful Specific Power pweaful
Word embedded._ ___ I I Clerical inteacst_____ ____ I ‘
Auding_ . _______ I II Visual verbal mean- .___ II i
Verbal analogies ____ I III ing. ¢
Vocabulary in isola- n I Visusl spellingrecog- ___. 11 ;L
tion. nition. *
Vocabulary in con- III I Word fluency._______ I ____ f
text. Health problems____ | | (R
Range of informa- II II Mechanical aptitudz_ | § i
tion. Prefixes______.___._ m ._._. .
Cue-symbol closure__ II II Science interest_____ m ___.
i Homonymic mean- II III Chronological age__. III ____
ing. Tone-quality _______ 1a ———
Word sense_________ III II Literary interest____ III . ___
Perception of rever- III 1I Phonetic association. ____ III
sals. Dot figure and — 111
' Latin and Greek I III ground. ]
: roots. Mechanics of study. ____ III
i School adjustment —— m
and morale.
: Mousical apprecia- ——- III
’ tion.

What has been true for the comparative analyses of the other
known-groups is also true for the comparison of the powerful vs. the
nonpowerful groups: that is, beyond the basic skills absolutely
necessary at the high school level to read with any degzee of power
are other abilities which the most sophisticated readers utilize to {
achieve extraordinary success.

Let us theorize on these findings: Mo.: “nteresting in the common
column are the identical levels held by certain factors (word embedded,
range of information, and cue-symbol closure) and the differential
in levels for other factors (relatively high levels for the powerful are .
held by auding, verbal analogies, and homonymic meaning, and for
the nonpowerful by vocabulary in isolation, vocabulary in context,
word sense, and percepticn of reversals). Word embedded, cue-
gymbol closure, and perception of reversals all have to do with speed
of visual-verbal closure and the perceptual ability to abstract figure
from ground. These Gestalt principles of visual perception are very
prominently displayed in the working-systems of both the powerful
and the nonpowerful readers. Their appearance in the working-
systems of the extremely powerful and nonpowerful groups, together
with the differentials in location of the other substrata factors,
suggests the hypothesis that these abilities are being used by the two
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groups in totally different ways. It is therefore hypothesized that
these perceptual principles are used by the nonpowerful reclers to
guess the meaning of unknown or barely recognized words as a
supplement to their direct dependence on knowledge of vocabulary,
whereas ths powerful resders uiilize the structural coufiguration of
word pstterns directly for the rapid recognition of the meaning of
whole phrases. In the nonpowerful group, visual perception of con-
figuration is an important help in deciphering the meaning of words;
in the powerful group, to recognize a configuration is to understand
its mesning. Here we have a theoretical explanation of what is
happening in the lower grades when some students taught by the
look-say method are still at a look-and-guess level, while others have
already reached the look-and-figure-out stage, and the best students

have developed to where they look-and know!
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Chepter XI. A Centroid Factor Analytic Study of Reading
Abilities for the Totai Group of Hieh School Students

The Probiem and Related Research

The analyses reported in this and the next chapter had seversl
cbjectives: («) ‘o discover by the traditional centroid factor analysis
(Tharstone, 1947) the factorial structure of the matsices upon which
the substrata-factor analyses of Speed and Power of Reading were
made in previous chapters; (§) to isolate and define the factors in-
voived in Speed and Power of Reading; snd (¢) to relate the results
of the substrata-factor analysis reported in chapter VI to the results
herein obtained from the ceatroid factor analyses.

Sesimary of Relatsd Research !

Traditionally, what has the technique kuown as factor analysis
revealed about the reading problem? Taken in toto, evidence offered
by Gans (1940), Langsam (1941), Johnson and Reynolds (1941),
Davis (1942), Conant {(1942), Hall and Robinson (1945), and Crook
(1957) indicates that a isctor of major import seems to be something
which could be called a verbal factor concerred with ideas and meanings.
5 Singer’s (1960) study corroborates this finding and further differ-
s entistes the domain into a visual verbal and auditcry verbal
y compreliension factor.

Pressey and Pressey (1921), Langsam (1941), Conant (1942), and
Holl and Robinson (1945) icdicate that reading ability has s loading
oa a knowledge of word meanings factor.

Attitudes, either maki-ig for a cnaracteristic type of reader or as
alternstive mental sets in the same individual, bave be-n found im-
portant by Prescey and Pressey (1921), Feder (1938), Gans (1940),
, and Hall and Robinson (1945). The study attitude factor, therefore,
| seems to be a necessary ingredient for comprehension and accuracy
L while reading.

A perceptual factor, indicated by Langsam (1941) and Singer (1960),
{ seems closely related to Feder’s (1938) perceptual ability factor.

A memory factor is discussed by Gans (1940) and inferred by Davis

i (1942).
; Johngon and Reynolds (1941) defice a flow of various responses
factsr which is apparently not unlike Lan;sam’s (1941) factor indi-
cating word fluency and Davis’ (1942) factor comerning/ubility to
122/ 133
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134 SPEED AND POWER OF PEADING IN HIGH SCHOOL "

select the appropriate meaning for & word or a phrase in the light of
a particular contextusl setting.

Hall end Robinsor: (1945) indicate a chart reading ycctor, and this
is probably closely related to Conant’s (1942) specific intellectual
Jactor ard Langsam’s (1941) number factor.

As may be seen by the above brief summary of the iiterature, the
factor analytic aporoach has made certair: iuroads into the nature of
reading, and from a particular point of view has tried to solve the
problem raised by Lazar (1942): to discover the most significant
elements in the combination of many which are fundamental to success
or failure in the reading process.

T LT NP

A Ceatoid Factor Analysis of the Comelation Matrix: for the

| Total Somple i

The purpose of the present analysis vas to s<sess a number of
domains which were not included in the reading test criteria per se,
but are closely related tc success in reading. It was expected, or: the
bases of previcus studies by Holmes (1948, 1953, 1954, 1957, 1961),
that reading Spred and Power would have substsntial loadings upon
' those factors which ropresent the following psychoeducational
domains:

T —

Hypothecated Domeins

Auditory Perception and Elements of Auditcry Images:
a. Tonal memory d. Tone-time interval
b. Tone-quality e. Rhythm
¢. Tone-intensity f. Pitch H

Auditory Cognition and Comprehension:
a. Auding ability
b. Musieal appreciation

¢. Musical taste
d. Tonal movement

Visual Percepticn:
a. Dot figure and ground
b. Cve-symbol closure
¢. Word embedded

Verbal Relationships (Visual and Auditery):

d. Perception of reversals
e. Spatial relations

D, s

a. Visual verbal meaning

b. Vocabulary in context

¢. Vceabulary in isolation

d. Phonetic sssociation
Symbolic Ressoning:

a. Inductive reasoning

b. Word fluency
c. Speed of addition

e. Homonymic meaning

f. Lutin and Greek roots

g Visual spelling recognition
h. Prefixes and suffixes

d. Mechanical aptitude
e. Verbal analogies
f. Viord sense

W‘“'Wﬁww | iy st MMAANG o i
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THE CENTROID FACTOR ANALYSES 135
Interest: ;
a. Outdoor interest f. Artistic interest
b. Mechanical interest g. Literary interest
c. Computational interest k. Musical interest
d. Science interest i. Soeial service interest
e. Persussive interest j- Clerical interest

Sehoo! Adjustment anc. Personal Problems:
a. School aZjustment and morale
b. Schols:ly values
c. Mechanics of stndy
d. Effective study planning and deliberation
e. Personal problems:

Schocl problems Hoxe-family problems
Postgraduation anxieties Boy-girl problems
Problems with self HealtX problems
Problems with others Protiems with things in genersl
Maturation:
a. Chronological age b. Range of informaticn
Trectmes:* of the Dala

The correlation matrix shown in table 4 was analyzed by means of
the IBM 701 Centroid Factor Analytic Program, No. 463." This
program sutomatically inseris the largest correlation of the column

; into the diagonal of the matrix and reflects the necessary variables to
achieve a positive manifold for the original and for each residual
matrix. Factoring was continued until the largest residual off-diagoasl
element was less than 0.09.

All those factors which met Humphrey’s rule were accepted for
rotation; that is, all the factors were accepted in which the cross-
products of the two lsrgest loadizgs in a vector were equal to, or less
than, twice the standard error of a zero-order correlation coefficient
of the original correlstion metrix. To be conservative, two additional
vecto: 3 were al:o included in the rotation. In all, nine vectors were
extracted and entered into the Kaiser Normalized Varimax Rotaticn
Program for the 701 Digital Compuier (1953, Program No. 464).'

The Kuiser Program rotates factors until they achieve naximum
interpretability. In a normalized solution, the Varimax Tecknique
augments each vector to unity and then rotates until it is not possible
to make any further rotation that is greater “han 1 minuta. When
convergence to this criterion has been achieved, the augmented vectors

1 Program Number, Computer Center, University of Californis st Berkeley.
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136 SPEED AND POWER OF READING IN HIGH SCHOOL ;

are re;urned to their original length. This augmentation means that
the rotation is not influenced by the length of the original vectors.
Table 22 presents the rotated factur loadings, test communalities, and
percent of common factor variance sccounted for by each factor.

interpretotion of the Factors

Table 22 presents the rotated factor- in the order in which they }
were successively precipitated in the centroid factor analysis. The ~.
following in”erpretations rest principally on those tests with loadings
of plus or minus 0.28 cr greater.

Factor I. From the arrayed test loadings on Factor I (abstracted I
from table 22) given below, it is obvious that this is a very complex 1
audiovisual verbal factor of word knowledge, ¥nderstanding, «und symbolic

L

reasoning.
: . Avdieviswel Yerbel Symbelic-Reesesning Fecter H
} Varisble Leading Varishle Lesting ?
Vocabulery in isolation_ ______ 0.84 Homonymic meaning_________ 0. 52 ¥
Voeabulary in context ________ .82 Latin and Greekroots________ 49 ¥
Power of Reading____________ .81 Phonetic association___._______ . 46 b
Range of information_________ .81 Predixes___.__ . _____________ .45 1
Auding ability_______________ .81 Inductive ressoning__________ .40
Verbel anslogies_____________ .72 Vicual spelling recognition_____ 38 :
Visual verbal meaning._______ 68 Suffixes_____________________ 35
Speed of Reading_____________ 66 Literar. interest_____________ 33
Word senee__________ ... .56 Dot figure and ground_______. 31 ‘

Both Power and Speed of Reading have high loadings on this factor,
but the factor by no means extracts all the variance of these two tests.

However, Factor 1 accounts for 66 peicent of the variacce in Power
and 44 percent for that in Speed of Reading (0.81 and 0.66 squared,
respectively). Altogether, 27.3 percent of the total matrix variance
is accounted for by thi: factor.

Factor I1. ¥actor 11 is a personal problems or maladju:stment factor.
From the tabulation below, it will be noted that “problems with ;
others” has a very high loading on this factor. Each of the other ¥
problems assecsed by the SRA Youth Inventory also has hiz loadings.

N. Persenel Problems or Meoivdjusiment Fecter ]

P

Varisble Losting Variadle Leading {
Problems with others_________ 0. 86 Conflict in values____________ 0.71
' Problems withself __________._ .78 School problems_ ________.____ .69
] Boy-girl problems ____________ .17 Postgraduation anxieties______ .65
, Health problems_____________ .74 Home-family problems________ .58
‘ Since Power and Speed of Reading have negative loadings of in-
h? significont magnitude, i.e., —0.01 aad —O0.06, respectively, this

Lf general Personal Problems Factor cannot be used to explain the
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variance in Spead or Power of Reading. Nevertheless, Factor 11
accounts for 16.2 percent of the total common variauce extracted
from the matrix.

Factor III. Factor III appears to be a sex-role interest factor. The
reason for identifying this factor as such rests in the fact that it is
bipolar and appears to contrast, in terms of the high positive and
high negative loadings, those culturally expected interests expressed
on the one hand by boys and on the other, by ziils.

. Sex-Rele Interest Fector

Varisble Leatiag Varisble Leading
Outdoor interest . ___________ 0. 69 Musical interest ____________ —0.31
Mechanical interest . ____.____ .61 Literary interest ____________ —. 32
Science interest___ _________ .60 Persuasive interest__________ —. 48
Mechanical aptitude________ - .52 Clerical interest_____________ —. 56

Power and Speed of Reading load only 0.00 and —0.07, respectively,
on this factor. Itisapparent, then, that this particular set of interest
y tests defines, for our sample of boys and girls, a clear-cut factor; but
in itself, this sex-role interest factor is not related to the ability to
read with speed or power. Factor ITT accounts for 9.1 percent of
the total factor variance extracted from this matrix.
Factor IV. From the arrayed loa-lingz, it is evident that this
factor has to do especially with the analysis of word meaning, which
! depends upon the meaning carriad by structural elements and the
: audiovisual discrimination of small, but significant, differences in
phonetiz elements. Therefore, this has been labeled a phonetic word-

structure factor.
IV. Phenetic Weord-Siructure Factor
Verisblc Leating Varieble Leading
Phonetic association_________ —0.69  Prefixes. _________________. —0. 47
. Word sense_________________ —.67 Suffixes _______________.___ —. 40
1 Homoaymic meaning________ —. 61 Perception of reversals_______ —.39
: Visual spelling rocognition__ . =.51  Latin and Greckrools.______ =, 20

Teachers are generally agreed that the abilities showing a high
loading on Factor IV are important in resding. It is evident from
the substrata factor analysis that these variables actually play an
important part in Speed and Power of Reading, especiall; at the
second and third levels. It comes as somewhat of a surprise, there-
fore, to see that Speed and Power of Reading load only —0.17 and
—0.07, respectively, on this factor. We have here a vivid example of
how a particular shortcoming of a centroid factor analysis is, in fact,
a particuler strength of a substrata-factor analysis. For while the
factor itself accounts for 10.3 percent of the total common variance
extracted from the matrix, it accounts for only a little less than 0.5
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Table 22.—Loadings on Varimax rotated centroid farzors for total growp, N=400

Rotated factor loadings
Variables H. sq.
2 3 4 5 6 7 8 9
S. Speed of Reading_ - 66 —06 —07 —17 —16 26 08 15 —09 60
P. Poweroi Reading - ——-——- f1 —01 —00 —07 —26 16 00 01 03 78
01 Visual verbal meaning______ - 68 —06 01 —26: —24 31 05 06 —02 69
02 Spatial relations_________ - 23 —02 22 —09 —18 38 —08 —32 —07 39
03 Independent reasoning._ .- 40 —03 —06 —16 —38 47 03 —10 —-19 60
04 Wordfluency. - ——— - 24 —02 —2 —10 —22 32 03 16 06 24
05 Speed of addition_ .___ - —--——- 09 —09 —-02 —1 —25 43 17 —-10 02 34
06 Mechanical aptitude______ . 27 —02 52 —07 —18 08 03 -39 —05 54
07 Verbai analogies____ - 72 —09 11 —07 —24 13 —13 -21 —07 68
08 Vocabulary in context_________- 83 —04 03 —-15' -—19 16 —15 —06 14 g1
09 Vocabulary in isolation_______-- 84 —04 04 —13 —20 08 —10 —08 14 80
10 Range of information________-—- 81 —02 07 —10 —18 06 —04 —18 0 75
11 Phonetic association_. .- -- 46 —06 —08 —69 —19 18 —10 10 02 78
12 Wordsense___. oo -- 56 —04 —01 —67 —15 20 —00 16 0z 85
13 Homonymic meaning.___ .- 52 —04 —04 —61 —09 28 10 05 —01 75
14 Prefixes oo —- 45 —06 07 —47 —13 19 19 11 —03 53
15 Suffixes _____. - 35 o 05 —40 --03 18 20 06 —13 38
16 Latin and Greekroots.._____ .- 49 —04 04 —39 —12 24 28 04 —1a 56
17 Viaual spelling recognition______- 38 —08 —14 -51 —05 37 07 07 19 62
18 Dot figure and ground.__ .- 31 —06 14 —12 —11 33 —1i8 —03 —04 45
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Cue-symbol closure_____________
Word embedded _ ______________

Effective stucy plan____________
Outdoor interest_______________
Mechanical interest ____________
Computational interest_________
Science interest_____________.__

Persuasive interest ____ ________
Artistic irterest________________

Musical intevest __ _____________
Social service interest___________
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Toble 22.—Loadings on Varimax rotated centroid factors for tokal group, N=400—Continved ®

-

Rotated factor leadings g

Variables H. sq. E

1 2 3 4 5 6 7 8 9 o

-

E Q
44 Clerical interest . __o-———_- —22 06| —56 02 10 03 22| —28 08 1 E
45 School problems___ -~ -—--—- —22 69| —oo 08 05| —o| —o8| —-10| -—17 57 9
46 Postgraduation anxieties____.__- —13 65 —00 01 —00 —12 04 —10 13 47 o
47 Problems withself _______ - —04 78 —01 10 01 01 —03 04 11 64 ™
-]

48 Problems with others_______-_- —05 86 04 03 o1! —os| —o05| —o04| —10 6 5
49 Home-family problems________ - 06 58| —o02 03 03 o8| —09 00| —10 37 o
50 Boy-girl problems__.__ .- —04 77| —o0| —o0s| —o02| -—19| —04 03 13 6 3
51 Health problems___ .- 00 74| —o03 04 o1 o4 04 14 00 57 ,2
52 Conflict (values) _____-——————- 03 7 02| —-oal —-03| -m 02 20 09 7
53 Musical appreciation_________-- 14| —-o05| —o01| -—o08} —57 02| -13 05 21 4 a
54 Chronological age_ - —-—————-- —-10} —00 07| —04 05 14 18 17 10 n #
Sum loadings squared________.._--- 7.4 4.4 2.5 2.8 41 2.8 13 1.4 0.6 27.3 5
Percent common variance .- ----- 27.3 16.2 91 10.3 14.9 | 10.1 4.8 5.2 2.2 1000
. e
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percent of the variance for Power and slightly less than 3.0 percent
of the variance for Speed of Reading. This raises another important
point, namely the relationship between Factor 1, Verbal Knowledge
and Symbolic Reasoning, and Factor IV, the Phonetic Word-Structure
Factor. All the tests that have high loadings on Factor IV also have
relatively high loadings on Factor I, the very factor that saturates
the Speed and Power of Reading tests. How is it poesible for this to
be so?

It appears that while the fourth factor is a phonetic word-structure
factor, its relation to reading is dependent upon the interfacilitation
of the phonetic word-structure elements only after they have been
woven together in terms of total words and word patterns; that is,
reasoning enters into both perception and comprehension. Of course,
the interfacilitation process just hypothesized cannot be inferred from
the centroid factor analysis, but emerges when one contrasts and
compares the findings of the centroid factor anslysis with those of the
substrata factor analysis. It is obvious then that the two analyses
present complementary aspects of the same audiovisual verbal proc-
essing skills upon which symbolic reasoning is dependent in the act
of reading.

Further, it means, in terms of the Substrata-Factor Theory, that
each of the tests that entered into both centroid Factors IV and I are
simply more comprehensive than what was required from them in
the Speed and Power of Reading tests used. That they ‘“hang”
together is shown by their loadings in both factors and therefore
another set of criteria tests for speed and power of reading would
certainly have drawn on more or less of these tests. That is, it should
be realized that all the individual’s knowledge in each of these areas
stands ready to do yeoman service :n the reading task if and when
the occasion arises.

_ Factor V. From the loadings tabulated below, it can be seen why
Factor V is identified as an auditory-perceptual factor.

V. Avditery-Perceptvel Fecter

|

R ety PR

A A SRR WA AR - A AR,

o
3
;
'L
2
5
.

Tonal memory..__.__.____._ —. 62 Tonal movement .. ______ -
Piteh_ . —. 62 Tone-time interval __ . _______ —. 52
________ —. 57 Inductive reasoning__.__.__. —.38

It is obvious then that Factor V includes not only sll the tests listed
in the domain of “auditory perception and elements of aulitory

images,” but also those, except for auding, that were postulated in l.;he
asuditory cognitive and comprehension domains. The fact that auding
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R o

ability does not have a substantial loading on this factor, and yet has

a high loading on Factor I, is proof that auding ability is in the realm

of symbolic manipulation of audioverbal relationships, rather than in ..

the domain of audio-perceptual discriminations.

Power of Readirg loads —0.26; consequently, Factor V accounts

j for 6.76 percent of its variance. Speed loads —0.16; its variance is (
' accounted for to the extent of 2.56 percent. Therefore, by working in {
; Factor V, these auditory perceptual elements enter directly and sig-
! nificantly into Power and Speed of Reading. Since auding loads 0.20 ’
on this factor, some of these auditory elements must also function in
listening comprehension.

Factor VI. Factor VI has been identified as a speed of visual-
verbal perception factor, inasmuch as the tests having the highest
loadings on this factor measure, through the visual modality, percep-
tual speed, and discrimination in the use of the visual form of verbal

> ymbols.
VL. Speed of Visvel-Verbal Perception Facter
Varieble Lesding Varisble Leading {

} Word embedded_____________ 0. 61 Spatial relations_______.____. .38

Cue-symbol closure___________ .53 Visual spelling recognition_____ .37
] Dot figure and ground________ .53 Word flueney________________ .32
1 [ Perception of reversals________ .48  Visual verbal meaning________ .31

Inductive reasoning__________ .47 Homonymic mearing_________ .28

Speed of addition____________ .43 )

This speed of visual-verbal perception factor seems to assess both
the flexibility and sustainability of verbal figure closure against a 1
verbal matrix background. Speed of Reading loads 0.26, whereas
Power of Reading loads 0.16 on this factor. This factor, then, ac-
counts for 6.76 percent of the variance for Speed and 2.56 percent for
Power of Reading. Factor VI accounts for 10.1 percent of the total
common variance extracted from the mafrix.

Factor VIT. Considering its bipolarity, Factor VII is ideniified
as having to do with structural orderliness versus creative orderliness—
a desire for numerical regularity versus a desire for variety within
§ | regularity. This contrast has led tentatively to identifying this as a
: systematization interest factor with which artistic interest would have
a high negative correlation.

VIl. Systematization Interest Factor

s L

bl e

Variable Losding Veriable Loading
Computational interest______ 0.53 Artistic interest________.____ —0. 48
Science interest_____________ 41
Latin and Greek ..oots__.___._ .28
Effective study plan_________ .28

Power of Reading has a zero loading on this factor, while Speed of
Reading loads 0.06. The total common variance that Factor VII
accounts for in the matrix is 4.8 percent.
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Factor VIII. Factor VIII has been interpreied as s mechanical
interest factor. Judging from the tabulations below, it may be seen
that the domain of interest is obviously a complex one; Factor VIII
is distinct from Factors III and VII, already reviewed.

Test Loadings on the 3 Intarest Fectors

T
Factor I1L{Factor VIL{ Factor
Test Name Sex-Role | Systema- VIII,
Interest tization |Mechanical
Interest Interest

Outdoor intereet __ _______________________ 0. 69 —0. 01 —0.04
Mechanical interest ___..__________________ .61 . 06 —. 41
Science interest _ _________________________ . 60 .41 —. 11
Mechanical aptitude______________________ .52 .03 —. 39
Computational interest_ __________._______ .10 .53 —. 45
Spatial relations__________________________ .22 —. 08 —. 32
Clerical interest __________________________ ® .22 —.28
Speed of Reading_ _______________________ —0.07 0. 06 815
Power of Reading_________ . _____._____ —. 00 . 00 .01
Literary interest __ _______________________ —0.32 0.09 0.02
Clerical interest_____..____ . _______________ —. 56 ® Q)
Artistic interest __________________________ —. 08 —. 48 .03
Persuasive interest _ _ __.___________________ —. 48 —.10 —. 02
Social service interest _____________________ —. 11 —. 04 . 46
Musical interest__________________________ —-.31 —.12 . 08

1 Clerical interest tabulation split to fit sppropriztely into tos comparative categories.

It may be reasoned from the differential loadings tabulated above
that the hypothesized general interest domain bas been ‘broken down
by the centroid factor analysis into three separate realms that are
relatively independent of one another. Factor III is thought of as
a sex-role interest factor; Factor VII, the systematization and numeri-
cal ordering of events factor; and Factor VIII has to do with interest
in mechanical things versus interest in pecple. The linkage in the
contrasting interest patterns of these three faciors seems to be in the
mechanical, science interest, mechanical aptitude, and computational
intereet areas.

Factor VIII loads only 0.01 for Power and 0.15 for Speed of Read-
ing. The factor accounts for 5.2 perceni of the common variance
extracted from the matrix.

Factor IX. The loadings on Factor IX are so low as to preclude
its identification. Furthermore, it accounts for only 2.2 percent of
the common factor variance extracted from the matrix. Perhaps this
low percent indicates that one too many vectors were extracted for
the rotation.
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2 Summary

The factorial space in the battery of tests may be defined in terms i
of the following eight interpretable dimensions: ‘
I. A verbal knowledge and symbolic reasoning factor

II. A personal problems or maladjustment factor
: II1. A Dipolar, calturally expected, sex-role interest factor
f IV. A phonetic word-structure factor
V. An audioperceptual factor
VI. A speed of visual-verbal perception factor
VII. A systematization or riumerical ordering factor
VIII. A mechanical interest factor
It will be recalled that this centroid factor analysis began by posing
2 major hypotheses: (@) that certain factors would emerge in the
analysis of our 54 independent tests, and (b) Speed and Power of
| Reading would load on each of these factors. A comparison of the £
| domains postulated on an a priori basiz and the actual factors empir-
' ically extracted from cur matrix indicates that some of the specific
hypotheses were supported, and some were not. For instance, the
hypothecated domain of maturation did not emerge, and chronologiczl
age did not have a significant loading on any of the factors. Further-
more, the four study methods tests are apparently independent of
the eight factors accounting for the common variance in our matrix
and are also orthogonal to one another, for they did not in themselves
emerge as a single identifiable factor.

Contrary to anticipation, scrutiny of the loadings in the rotated
factors in table 22 shows that Speed and Pawer of Reading did not
load significantly on all of the emerging factors. They had “sig
’ nificant”’ loadings only on the first, verbal knowledge and symbolic
; reasoning factor; however, Speed of Reading had a loading of 0.26 on
1 the speed of visual-verbal perception factor, and Power of Reading
had a loading of 0.26 that was consonant with the audioperceptual 3
; factor. These last two loadings scem to be in agreement with the i
: results found by Singer (1960) at the fourth-grade level.

Table 23 shows the extent to which each of the rotated centroid
factors saturates the criteria, Speed and Power of Reading, for the
total group.

So far as the correlation matrix is concerned, Centroid Factors I,
1V, V, VI, and VIII account for most of the explainable veriance in
Speed; and Centroid Factors I, V, and VI do so for Power of Reading.
Together, all nine factors account for 60 percent of the common
variance in Speed and 76 percent in Power of Reading for the
total group.

et e g T A s o

T s Vmme L S

S

A~ bt e e v demr— A oottt e o et

'
+
4
N
i
4
i
4
5

-WJ&Wm i A il it 8,

| T




THEE CENTROID FACTOR ANALYSES 145
Table 23.—Centroid foctor locdings for Speed and Power of Reading
Loading
Factor
Speed Power
I. Audiovisual verbal symbolic-reasoning._____._._. 0. 66 0.81
I1. Personal problems._ . __ .. . __.__ —.06 —.01
I11. Sex-roleinterest__ . __ o —.07 —.00
IV. Phonetic word-structure - — o - —. 17 —. 07
V. Auditory-perceptual ___________ . __ —_16 —.26
VL. Speed of visual-verhs) pereeption__ ___________._ .26 .16
VII. Systematization interest__ _ ____________________ -06 -00
VIII. Mechanical interest__ __ __ - .15 .01
1X. Uridentified_ .. ____ e —. 09 .03
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Chapter Xll. A Compa:ative Centroid Factor Analytic Study
of Known-Groups

intwvoduction

The purpose of the centroid factor analyses of the known-groups
was (a) to determine the factors that account for the variance in the
correlation matrix of each, (b) to compare these centroid factors, and
() to intezDret the factor patterns for Speed and Power of Reading
in each of the known-groups.

Hypothesis: Known-groups (boys, girls, fast, slow, powerful, and
nonpowerful readers), selected from the total sample of 400 high
school students,' will draw upon different factors and/or different
amounts of the same set of centroid factors to achieve Speed and/or
Power in Reading.

Procedure

The centroid factor analyses for the known-groups followed the
same procedure as for the total sample. Using the sa:ne criteria,
nine centroid faciors were extracted from the correlation matrix of
each known-group and rotated by Kaiser's Normalized Varimax
technique to attain maximum interpretability. The arrays of loadings
were inspected, and each factor, if interpretable, was defined. Those
factors on which Speed or Power of Reading loaded were then used
to explain individual differences in the criteria. Finally, a compar-
ative analysis was made for the total and known-groups.

Results

The identified factors are summarized in table 24. The sums of
the squared loadings have been entered in the cells to indicate the
extent to which each factor accounts for the common variance in each
group’s matrix. Where no entry appears, the factor was not; defined
for that particular group. The table shows that (a) seven factors
are common to all groups; (b) some factors are common to two or
more groups; (¢) the word-part analytic interest factor is specified to
the boys’ group; (d) finally, one or more nonidentifiable factors, ali
of which have low loadings and account for a very small percent of the
common variance, are found in m¢st groups.

t A centroid fector analysis of the total group is reported in chap. X1I.
146
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Table 24.—Semm -!daﬁddhdmwﬁmdmm
accownted for in the maix of each known-grovp

[In percent]
i £ z
Factors extracted E x = 2 | z L §_
° o = = ° z °
- = o = @3 = Z
1. Audiovisual verbal
symbolic-reasoning..{ 27 26 25 21 21 13 26
I1I. Personal problems___._ 16 16 16 18 16 17 17
IIL. Sex-role interest______ 9 8 7 11 10 8 7
IV. Phonetic word-struc- y
ture._ - 10 10 15 14 17 19 6
V. Auditory-perceptual__| 15| 16| 13| 10} 15} 15 16
V1. Speed of visual-verbal
perception_________ 10 11 9 10 ] 8 8
VIIL. Systematization in-
terest_ __ . _-- 5 5 5 6 6 6 6
VIII. Mcchanical interest___ 3 U I WU A Somp— S
1X. Interest in things_____| - |-—-——-{-————~}-—----§------ 7 10
X. Word-part analytic
interest____________{———o= U8 A ANV M NN F
XI. School adjustment
(2cademic and/or
social) .o | |- 3 IO, 6 4
Noninterpretable. __._______ 2 4 4 5 4| -
Noninterpretable__________.} |- ——}------ 5 4| e

Identification and Interpretation of Factors

Figure 23 presents & three-dimensions] paradigm of the design
followed in the present analyses. It should be notéd that table 24
represents for each “factor by group” column a top-to-bottom
summation over all the tests.

In the comparative analyses, sectional glices representing “factor
by tests” were taken successively fromn the face of the block. In
this way, each factor in turn was separately analyzed to show the
resemblance of the loadings for each known-group on all theimportant
tests of the factor in question. The comparability of an identified
factor in terms of the loadings for the important tests for each of the
known-groups hecomes seif-evident upen inspection.
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Speed of Reeding
Table 25A

3
// 3
L 7 Pewer of 3
Reeding
/ Teble 258 ‘
: . 4/
P /
. 7t
3
4
TesTS 9O '
. {
7 r
:ir
! | 0] i :
| . | Percent Contribution _ f'
| 54 i ot Total Varionce
e e A= Table 24
'2 TOTAL 1
! Totol Boys Girts Fost Siow Powes Non-

E Powsr

KNOWN-GROUPS
_ Fim”.—?aa&plaudymlaminmmindlw.
! Centroid Factor Structure of Speed of Reading

The loadings of Speed of Reading for each known-group on all
identified factors are summarized in table 25, section A, which is

; tantamount to taking the first slice from the top of figure 23.

Boys vs. Girls

In general, the structure of Speed of Reading for boys and girls is
remarkably similar. This is in essential agreement with the findings
of Richardson’s study (1949) of the sexes at grade V. However, the
boys and girls in the present study do differin the following respect:
boys hsve a loading on the word-part analytic interest factor, whereas
girls have a loading on academic school adjustment.

|
!
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Table 25.—Loodings of Speed and Power of Reading for each known-
grovp on each of the identificd foctors

Factor Tlalzls| | 2|23
S|l & 512 |28 |£ |22
A. Speed of Reading

Audiovisual verbal symbolic-

reasc¥ng. ... ______ 66 52 59 37 54 42 70
Personal problems__________ —~06} —09} —03 07 | —10 02 00
Sex-role interest____________ —07}| —10}| —13 16 | —02 01 —08
Phonetic word-structure_____ 17 21 31 17 19 43 03
Auditory perceptual ________ 16 14 18 | —00 09 10 {143
Speed of visual-verbal per-

ception__________________ 26 22 22 14 | —05 09 —14
Systematization interest_____ 06| —25| —24 06 11| —11 —16
Mechanical interest_________ enp 3 U N N A S SR
Interestin things___________| ____ | ____ |- —-_|-cco__|ooo—- 00 19
Word-part anslytic interest__1______ b i 2 MRS [ AU U M
School adjustment (academic

andforsocial) __ __________j._____j.___.. p« 2N N I 12 o1
Communality (M) _ ________ 60 51 65 23 47 40 57

B. Power of Reading

Audiovisual verbal symbolic- ] :

ressoning._______________ 81 36 80 71 75 48 70
Personal problems__________ —01| —01 | —04 | —07 04| —08 09
Sex-role interest____________ —00 | —00 03| —08)] —02 00| —02
Phonetic word-structure_____}| 07 04 20 12 21 05 17
Auditory perceptual________ 26 19 28 | —07 28 07 22
Speed of visual-verbal per-

eeption__________________ 16 12 20 29 04 26 16
Systematization interest_____ 00| —-02|—-04] —10| —10 10 14
Mechanical interest_________ .| ) W P SRR DRV SR WSO A
Interest in things___________| _____| |- oo |- —09 14
Word-part analytic interest__|______ 02 | oo
Scheol adjustment (academic

andf/orsocial) ____________|._____|..____ 05 || 26| —08
Communality (A®) . _._______ 76 78 81 63 70 39 65

Fast vs. Slow

The most generalized statement that can be made for the fast and
slow readers is that they show characteristic structural differences for
Speed of Reading. To be specific, the fast have a lower loading than
the slow on audiovisual verbal symbolic-reasoning. A positive
loading exists for the fast, but a slightly negative one for the slow,

777-693 0—66——11
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on the sex-role interest factor. There is no relationship between
Speed of Reading acd the auditory perceptual factor for the fast
group, but a slight positive one is evident for the slow group. The
fast and slow groups have psitive and negative loadings, respectively,
on the speed of visual-verbal perception factor. The phonetic word-
structure and systematization interest loadings are similar for the two

groups.
Centroid Factor Saucture of Power of Reading

The loadings of Power ot Reeding for each known-group on all
identified factors are summarized in table 25, section B. This is
tentamount to taking the second slice from the top of figure 23.

Boys vs. Girls

In general, the structure of Power of Reading for boys and girls
shows some important qusntitative differences. Even though these
two groups read with almost exactly the same power (no significant
difference in their power scores), the boys have a higher loading
on the audiovisual verbal symbolic-reasoning factor, while the girls
have considerably higher loadings on phonetic word-structure,
auditory perception, and speed of visual-verbal perception.

Powerful vs. Nonpowerful

The most generalized statement that can be made for the powerful
and nonpowerful readers is that they show marked diff-rences in the
factor structure for Power of Reading. Most noticeable is the tremen-
dous difference between the loadings for the two groups on the audio-
visual verbal symbolic-reasoning factor. While both groups draw
beavily upon Factor I, the nonpowerful readers utilize it to a greater
degree than the powerful readers in order to surmount within-group
competition, even though, of course, the powerful readers have, and
use effectively, a great deal more than either the nonpowerful or
intermediately powerful readers. The basic differences in the modal-
ities by which these two groups approach the Power of Reading task
is dramatically illustrated in the auditory perception and s of
visual-verbal perception factors. Specifically, while tie powerful
group has a sizable loading only upon speed of visual-verbal percep-
tion factor, the nonpowerful group draws upon both, but with a
greater emphasis on the auditory perceptual factor. This evidence,
coupled with the fact that the nonpowerful group also uses, to a greater
extent than the powerful group, the phonetic word structure factor,
indicates that our nonpowerful readers at the high school level are in
the transition stage of shifting from being auditory-bound word
analyzers to verbal visualizers. That is, according to the gradient
shift hypothesis of the Substrata-Factor Theory, it would be expected
that beginning or retarded readers would havs an auditory appruach to
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the Power of Reading task, intermediate readers, a bimodal approach,
and finally, mature readers an almost purely visual approach. The
evidence jusi offered for the powerful and nonpowerful readers obvi-
ously supports the Theory. These high school nonpowerful readers
are at the stage where they relate to tke reading taskin both auditory
and visual modalities. The powerful readers, on the other hand, are
already at the visual level. The present discovery supports the
gradient shift hypothesis by building a bridge of fact where only a
theoretical prediction had existed.

Finally, it should be noted that the loadings for Factor X1, school
adjustment, are qualitatively different for the powerful and nonpower-
ful readers. That is, for the powerful readers, the loading of 1-0.26
represents scholastic adjustment and morale, whereas the loading of
—0.08 for the nonpowerful readers appears to represent a low, but
nevertheless, a kind of social adjustment? and morale. To put it
another way, school adjustment and morale may be achieved through
different routes: academic achievement and/or social service. The dif-
ferential in attitudes found in these two groups may be related to their
mobilizing mechanisms in Power of Reading. Conversely, these
attitudes may also be the outcome of being a powerful or non-
powerful reader.

Summary of Centroid Factor Andlyses of Total and Known-
Groups

Eleven interpretable factors were identified, seven of which were
common to all groups. In general, the factors extracted tend to be
consistent with the hypothecated domains which were verified for the
total group.

As in the total group, the main loadings of Speed and Power of
Reading were on the sudiovisuai verbal symbolic-reasoning factor.
The major difference between the fast and slow readers and between
the powerful and nonpowerful readers was also found on this factor.

Boys and girls showed only minor differences on Speed of Reading.
For Power of Reading, however, boys and girls were both found to
rely heavily upon audiovisual verbal symbolic-reasoning, while girls
relied relatively more on visual and auditory perception and pho-
netic word-structure.

These and other differences, quantitative and qualitative, tend to
support the major hypothesis of the factor-analytic study of known-

groups.

’Tbowmpmmdmmtedmtheomwmtmwmthuthbmm. Both groups had
mhtm;hlbldlnuonSchoolAdhtmtmdMonle. Bnttbpowhlampnhohulluwloﬁhpon
Effective Study Plan, and Medmbotsmdy,whﬂethempomfulawphadmpﬂnmmtwe
factors. rhany,thepowlnlmphsdshkhhndhconscboluiyum,wwe-thempo
mp,memum,hsdshkhhndhcmsowmmw.
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SUMMARY, CONCLUSIONS, AND IMPLICATIONS
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Chapter Xlil. Summary, Conclusions, and Implications
Theory and Rationale of the Experiment

The Substrata-Factor Theory holds that general reading is a
composite of Speed and Power of Reading and that underlying each
component is a multiplicity of related and measurable factors.
Further, the Theory states that, in essence, excellence in reading is

normally an audiovisual verbal-processing skill of symbolic reasoning,

sustained by the interfacilitation of an intricate hierarchy of sub-
strata factors which are mobilized as a psychological working-system
and pressed into service in accordance with the purposes of the reader.

The key concepts in the Theory, as outlined in chapter I, are (a)
substrata factors, or closely related sets of information stored in neuro-
logical subsystems of cell-assemblies; (b) audio-, visual-, and kines-
thetic-modalities; (c) mobilizers arising from the focusing of deep-seated
value systems; (d) interfacilitation of substrata factors; (¢) intracere-
bral communication, or working-systems; (f) nature, sequence, and
scope of information input; (g) associative conceptualization stimulated
by the cortical activity of perception; (k) gradient shift and its at-
tendant alteration of the hierarchy of the working system; (i)
mutual-and-reciprocal causation; and (j) initial kick differential with
accrued amplification from monitored feedback which results in
variation in output.

The following major and minor hypotheses derived from the
Theory form the backbone of the present experiment:

1. The major hypothesis is that different known-groups will mobilize
different substrata-factor hierarchies for the purpose of reading with
Speed and/or Power; that is, there is more than one way to solve an
intellectual problem.

2. The minor hypothesis is that, since a student. can bring to focus
in the reading process only those skills and abilities. in his particular
repertoire, he must learn to read by learning to infegrate that char-
acteristic hierarchy, or working-system, of substrata factors which
will maximize the use of his strong abilities and minimize .the use of
his weak ones.

3. The ideal situation, of course, would be to test the above hy-
potheses on individuals. Since statistical limitations preclude making
analyses on individuals per se, the experiment is based on the rationale
that .adividuals who are alike on certain criteria can be placed into
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known-groups. Such groups may then be statistically analyzed to
obtain a best estimate of the pattern of abilities underlying Speed
andfor Power of Reading in the ‘theoretically most representative
individual of each such known-group.

4. Therefore, this experiment is designed to further the invest'gation
of the general Substrata-Factor Theory of Reading and to test the
above hypotheses in the following known-groups at the high school
level:

A. Total Sample

B. Boys vs. Girls ,
C. Bright vs. Dull F
D. Fast vs. Slow Readers ;
E. Powerful vs. Nonpowerful Readers :

5. Beyond the testing of the above hypotheses, there is expected to
accrue from the study a body of precise and important information on
the nature of the substrata factors which underlie the ability of high
school students to read with Speed and Power.

S g

e

Ll

Subjects f

The 400 students in our sample were drawn at random from the
total population of students attending the University of California
Demonstration Secondary School during the summer of 1953.

 en e o S ey st

The Tests and Their Reliability

The criteria tests, Speed and Power of Reading, were assessed on
| the Disgnostic Examination of Silent Reading Abilitics, Part I and
! Part II. The reliability of each of these tests is 0.98 and 0.94, respec-
tively.

The Speed of Reading test was constructed on the validity assump-
| ! tion that the faster a student can detect the use of an absurd word
l within a relatively simple paragraph, the faster is his rate of reading
comprehension.

The Power of Reading test depends upon the ability of the student
to grasp the central thought of a paragraph, note the clearly stated
details, interpret the content of the paragraph, grasp an idea when
it is dispersed through several sentences, and draw inferences from
the ideas in the paragraph.

The 54 independent variables consisted of group-administered
paper-and-pencil tests selected or constructed for the specific purpose
of assessing those areas which the literature indicated might bear a 4
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meaningful relationship to the criteria. A great majority of ‘these
instruments had reliabilities in the .80's and .90’s. These variables
were grouped according to the following & priori categories:

Independent Variables
A. Mental Abilities

Visual verbal meaning
Spatial relations
Inductive reasoning
Word fluency
Speed of addition
Mechanical aptitude
. Verbal analogies
B. Linguistic Abilities
8. Vocabulary in context
9. Vocabulary irn isolation
10. Range of information
11. Phonetic association
12. Word sense
13. Homonymic meaning
14. Prefixes
15. Suffixes
16. Latin and Greek roots
17. Visual spelling recognition
C. Verbal Perception
18. Dot figure and ground
19. Cue-symbol closure
20. Word embedded
21. Perception of reversals
D. Listening Comprehension
, - 22. Auding
¢ E. Elements of Musical Ability
23. Tonal memory
24. Tone-quality
25. Tone-intensity
26. Tonal movement
27. Tone-time interval
28. Rhythm
29. Pitch
30. Musical taste
F. Academic Attitudes-Habits
31. School adjustment and morale
32. Scholarly values
33. Mechanics of study
34. Effective study plan
G. Interest
1 35. Outdoor interest
36. Mechanical interest

NI WD -
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) 37. Computational.interest
: 32. Science interest

. 39. Persuasive interest

40. Artistic interest

o
Fotmig, ¢

et
»

e e 8 w7 s e




158 SPEED AND POWER OF READING IN HIGH SCHOOL

G. Interest—Continued
4]. Literary intere-t
42. Musicai interest
43. Social service interest
44. Clerical interest
H. Emotional-Social Problems
45. School problerus
46. Postgraduation anxicties
47. Problems with self
48. Problems with others
49. Home-family problems
50. Boy-girl problems
51. Health problems
52. Things in generai
I. Musicality
33. Musical appreciation
J. :‘Age
54. Chronological Age

Genera! Lonclusior« and Implications

1. Major Premise of the Theory. The evidence from both the
substrata and centroid factor analyses for the tetal and all known-
groups at the high school level converges to substantiate whai was
onginally discovered at the college level by Holmes in 1948 and
verified at the elementary level by Singer in 1960; namely, that
reading abilily, in general, is a composite of Speed and Power, and that
underlying each component is a multiplicity of related and measurable
Jactors.

2. Major Hypothesis. The evidence from the various centroid and
subsirata analyses on the known-groups support the correctness of the
major hypothesis; namely, that there is more than one way to solve
an intellectual problem, arid that different known-groups may indeed
mobilize a Jifferent set of subabilities in order tc achieve identical
success in their Speed and/or Power of Reading. The flowcharts
summarizing the various substrata analyses show in detail just what
differences exist in the factors mobilized by each of the known-groups
in order to achieve Speed or Power of Reading.

3. Mizor Hypothesis. As a general statement, the minor hypoth-
esis was not substantiated ; namely, that & student reads by integrating
that characteristic hierarchy or working-system of substrata factors
which will maximize the use of his strong abilities and minimize the
use of his weak ones. From known-group to known-groug, the
accumulated evidence made it very clear just how this minor hy-
pothesis should be modified in order t» make it valid; namely, in order
to be credited at all with Speed and/c- Power of Reading at the high
school leve), a student must be able to mobilize minimum amounts of
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certain basic audiovisual verbal reasoning abilities, even though these
are among his weakest. However, as his proficiency increases, to
surpass mounung competition, he must mobilize into his working-
sy=tem increasing amounts of his appropriste etrengths, even though
such assets may be oniy remotely associated with reading success for
people in general, anid even thoughk these strengihs may be relative
weaknesses for his known-group.

4. The Foundation of Reading Ability. The centroid and especially
the substrate analyses for the total group have identified some funda-
mental abilities which underlie both Speed and Power of Reading.
In tables 26 and 27, a synthesis of the centroid and substrata factors
wii! be attempted.

From a correlation matrix a centroid factor analysis yields = number
of factors, and a criterion such as Speed of Reading may have Joadings
on these factors. The square of a loading gives the amount which
the factor in question explains in the variance of the criterion. In
a substrata factor analysis, a set of priinary factors is extracted, and
beyond these, secondary and ieriiary sets of factors may also be
extracted.

Statistical Methodology of the Substrata-Factor Analysis

The Wherry-Doolittle-Holmes Substrata-Factor Analysis <nables
the investigator not only to select from a total battery the best team
of tests for the prediction of a criterion, but also allows him to deter-
mine the substructursi organization of the various elements under-
lying a particular criterion or subcriterion. In other words, while
the Wherry-Doolittle sclects the “best’” team of tests for predicting
a criterion at the first level, the substrata analysis allows the extrac-
tion of those preferential predictors at the second and third levels
which best account for the distribution of individual differences in
each of the substrata factors selected at the first level and similarly
for succeeding levels. The process may be thought of as a derivative
analysis which yields successive clusters of preferential predictors
more and more remote from a major criterion.

By following ithe method ! devised by Holmes in 1948, the contri-
butions which the preferential predictors make through the primary,
secondary, and tertiary factors to Speed and Power of Reading were
calculated. These contributions constitute the amount of variance

1 Example: On the right-hand side of the concentric chart jor Power of Reading (fig. 25) at Level II,
prefixes account for 7 percent of auding ability, and anding ability sccounts for 16 percent of Power of Read-
ing. By taking 7 percent cf 16, one obtains 1.1Z percent, the amount of variance in Power cf Reading that
can be attributed to prefixes working {nrough auding ability. If we Jook in table 27 under the primary
substrata factor suding ability, we find to the right of prefixes the figure 1.13 percent. This figure is more
correct, inasmuch as it was calculated before the figures were rounded for the purpose of plscing them on thz
Concentric Flowchart for Power.
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in the criterion that may be explained by any particular preferential
element within any one of the substrata factors. Gf course, there is
no paralld to these specific values in the centroic method. This
beingthem,bothtypesoffactcrmdysiswempuformedonthe
same matrices.

Results

Swbsirata Anclysis for Speed of Reading: Totol Sample

The results of the substrats analysis for Speed of Reading are shown
in figure 24. The concentsic rings from the central target outward
represent the hierarchical organization of the substrate factors dis-
covered at Levels I, II, and III in the working-system for Speed of
Reading. The disks contain the percent variance accounted for and
should be sumnmed over each of the preferentisl predictors active in
uny particular substrata factor’s line of support.

At Level 0, or. target, is Speed of Reading.

At Level I, suding, visual verbal meaning, inductive reasoning,
homonymi: meaning, and computational and literary interest are the
primary substrata factors that together explain some 55 percent of
individul differences in the speed with which high sckool students
can read.

At Level II, in various combinations, verbal analogies, range of
information, dot Sgure and ground, vocsbulary in context, visual
spelling recogaition, word sense, Latin and Greek roots, prefixes,
tonal movement, and spatial relations account, in ‘terms of Speed oi
Rcading, for individual differences in the primary factors.

At Level 111, musical taste, school adjustment and morale, mechan-
ical aptitude, cue-symbol closure, perception of reversals, vocabulary
in isolation, phonetic association, suffixes, artistic interest, age, tone-
quality, musicality, and tonal memory, all in various combinations,
form lines of support which undergird the substrata factors discovered
at the seconadary level.

The following illustration may help in reading the chart. At Level 0,
ficure 24 shows that 55 percent (184-8+49+43+43+14) of Speed is
accounted for by the following primary substrata factors: visual
verbal meaning, inductive reasoning, homonymic meaning, compu-
tational interest, literary interest, and auding. The same logic holds
for subsequent levels.

Subsirata Analysis for Powes of Reading: Total Sample

The concentric flowchart in figure 25 summarizes the results of
the substrata analysis for Power of Reading. The rationale of the

v e el tmmn e
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substrata analysis may be traced in the lines of support which tie
together the successive substructural elements undergirding the audio-
visual and verbal-processing skills making up what we measure as
Power of Reading. On each concentric line of support the percent
contributions which the various substrata-factor systems make are
designated, and the total variance accounted for is indicated within
the arrowhead impinging on the particular substrata factor in the
next inner arza. Starting with Power of Reading at the center, it
may be noted that—

At Level I, vocabulary in context, mechanical interest, effective
study planning, visual verbal meaning, verbal analogies, auding, tone-
intensity, and vocabulary in isolation together account for 75 percent
of whatever it is that makes individual high school students differ in
their ability to read with power.

j 777-593 0—66——12
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At Level I1, likewise, by obeerving the specific contributions noted
within the lines of support, it is evident that, in vanous combinations,
the elements account for 63 percent of vocabulary in context, 64 per-
cent of visual verbal meaning, 50 percent of verbal analogies, 5¢ per-
cent of auding; and finally, it may be seen thit word sense, compu-
taiional interest. and range of information together account for 68
percent of vocabulary in isolation.

At Level III, it is evident that ace, mechanical aptitude, suffixes,
visual spelling recognition, tone-quality, pitch, tonal memory, rhythm,
word fluency, phonetics, and homonymic meaning combine in varicus
ways to account for the specified amount of the following secondary
substrata factors: 82 percent of werd senss, 43 percent of Latin and
Greek roots, 25 percent of musicil taste, 21 percent of musicality,
28 percent of tonal movement, and 38 percent of range of information.
The particular elements that go ‘to make up each of the separate
substruta factors at Levels I and I may be deternined by tracing
the lines of support which undergird each.

Centroid Factor Analysis
As reported in chapter XI, a centroid factor analysis of the same
correlation matrix for the total group (table 4) yielded eight centroid

factors. A ninth factor could not be interpreted. These factors and
the percent variance accounted for-in the criteriaare as follows:

. Percent
Centroid factors
Speed Power
1. Audiovisual verbal symbolic ressoning.__ . ________ 43. 56 65. 61
I1. Personal problems or maladjustment._ _ ________._ .36 .01
1I1. Sex-role interest_ _ - -~ .49 .00
IV. Phonetic word-structwme______ . _____. 2.89 .49
V. Auditory-perceptual__________ - 2. 56 6. 76
VI. Speed of visual-verbal perception__ .- - 6. 76 2. 56
VII. Systematization interest______ - .36 .00
VIII. Mechahnical interest______ - 2.25 .01
IX. Uninterpretable___________. ___ - .81 .09
Total. e - 60. 04 75.53

As may be seen from the above, the centroid analysis allows us to
explain variance in Speed and Power of Reading in terms of these
factors. However, the method does not enable us to determine the
influence of any particular est variable within a factor on the cri-
terion. It tells us only what the entire facto:- contributes.
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Parsimonious as our list of eight factors is, it is well-recognized
that on a practical level, such a list cannot be very useful to the teacher.
One does not teach “audiovisual verbal symbolic-reasoning,” “personal
problems,” etc., in relation to reading. The teacher needs tc be given
more specific instructions on how these general parameters of the mind
may be constructed. Furthermore, on a theoetical level, many scien-
tists consider the relative simallness of the unit-subsystems employed
in the explanation of natural phenomena to be the hallmark of basic
research.

Iu the light of the above theoretical and practical considerations,
the substrata analysis appears t0 be a step in the right direction.
Parallel to the factors isolated by the zentroid analyses, the subsiriia
analyses precipitated the follow:ng:

Perceni Percent

Primeary substrels facters speed Primery subeirels foclors Power
1. Visual verbal meaning__ 17.9 1. Verbal analogies________ 16.2
II. Auding________________ 38 II. Auding________________ 15.9
II1. Homonymic meaning___ 9.2 III. Vocabulary in context__ 159
V. Induclive reasoning_ - §$2 IV. Vocabaulary in isolation.. 15.7
V. Computational interest. 2 9 V. Visual verbal meaning__ 6.0
V1. Literary interest_______ 2.7 VI. Tone-intensity_________ 32
VII. Effective study plan____ -9
Total . ______________ 545 VIII. Mechrnical interest_____ .8
Total. . ___ . ___ 746

Tables 26 and 27 integrate the substrata- and centroid-factor
analyses. Reference to the bottom row of table 26 shows the percent
contribution which each of the primary substrata factors makes fo
Speed of Reading. The extreme right-hand column gives the percent
contribution which each of the particular preferential predictors makes
to Speed of Reading. The cell entries from which these marginals are
derived reveal the way in which the percent contribution made by
each preferential predictor iz distributed over the factors. By
studying these cell entries and the marginals, the teacher and theorist
may gain a better understanding of the qualitative and quantitative
nature of the substrata factors underlying Speed of Reading. Fur-
thermore, to highlight the essential relationships between the results
obtained by the two methods, the contributions of the substrata
factors are compared directly with the percent variance accounted for
by the centroid factors listed in the left-hand margin of the table.
Table 27 gives parallel information for Power of Readng.

A centroid analysis does not determine which components making
up a centroid factor function to account for variance in a criterion.
Tables 26 and 27, therefore, combine those preferential predictors
which (a) had high loadings on a centroid factor, and (b)) made signif-
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icant contributions through a substrata factor to Speed and/or Power
of Reading. Those variables which satisfied both criteria have been
bracketed so that the relationships of the preferential predictors to
both the substrata and centreid factors are apparent on inspection.

In tables 26 and 27 the evidence from the centroid and substrata
factor analyses converges to summarize not only a precise body of
information 2 on what factors undergird the ability to read with speed
and power, but al~o how much each of the preferential predictors
within the factors contributes to these criteria.

Figure 26 presents a three-dimensional model of the working-
system of substrata factors mobilized by these high school students
for the purpose of reading with power. The marginal entries from
the right-hand column of table 27 are indicated on the spheres placed
at the nodsl points? within the appropriate level and factor on the
model.

Implications

Steps have been taken in the monograph toward the integration of
three different models (psychological, neurological, and statistical)
of a new theory of how the mind works when confrented by a specific
intellectual task, reading.

Reading is much more complex than is usually supposed. In the
first place, it 15 a combination of speed and comprehension, and the
subabilities needed vary according to which component is being
stressed. In the second place, two-individuals may read the same
material with equal speed and comprehension by mobilizing quite
different sets of neurophysiological, psycholinguistic, and audiovisual
perceptual skills into & “working-system’ marshaled to cope efficiently
with the intellectual demands of the reading task. Finally, the com-
position of the working-system must change or shift as the child
becomes an adolescent and later an adult.

It is now evident that minimum amounts of certain basic skills,
such as command of vocabulary, range of information, and the ability
to listen with comprehension, are absolutely necessary for any degree
of success in reading, regardless of the method by which the child is
taught. Bu’ beyond these basic abilities a student may draw upon
such unlikely factors as mechanical aptitude or elements of musical
ability in order to compete successfully with his peers in reading.

IJn addition, some interesting facts emerge from the comparative
analyses of various groups. Even when there are no differences in
the reading achievement or intelligence of the two groups, boys draw

1 Statistically significant for the substrats analyses, st or better than the 1-percent level of confidence.
1 Such nodal points represent substrats-factor abilities composed of muitiple cell assemblies containing
highly related and formally categorized information. Thisconcept doesnot require that such cell-assemblies

be concetitrated in any particular area of the brain; sll it represents is s subsystem having s relatively high
integrity of its own.




Table 26.—Comparative distributions of variance in centroid and substrata factors accounting for Speed of Reading (N—400)

Primary substrata factors for Speed !

Centroid factors 2
Contribution to Speed
I. Audiovisual verbal reasoning_|43. 564 (]

Preferential bredi I | 111 | 4% A’ VI | Total
referential pradictors i ol w |, - < g:;)
_EZ| » |.E5| § |2Z:| B3
> < = = |0 —

(| Auding ability____ ______________|-._____ 5.03 | ||| 5.03
Range of information____________ 0.56 88 || 1.44
Verbal enalogies_________________|______ 67 | .67
Vocabulary in context____________ T3 .86 ||| 1.62
Vocabulary in isolation___________ 3.48|14.3510.55. | _____|-————_}-————- 8.38
Literary intevest_.______________ | || o[- 2.70 | 2.70

| School adjustnicnt and morale____| .01 | .04 _____} _____f ____.|l.———__ .05

Phonetic associaiion_____________ 2.49[—.07 ) 2.80 | ___|--——__j-—__ 5.22

Prefixes_ __ oo 1.01 | .63 | oo —- 1.64

Word sense______________..______ 5 o B (3 VU NN MR 1.52

IV. Phonetic word-structure_____ 2.891 Latin and Greek roots____________ .74 46 i 7 S S S M 1.54
| Suffixes_ - . _______ .40 17| .29 | .86

Fomonymic meaning_ _ __________| _____|______ 2.87 || 2.87

__Visual speiiing recognition________|______ -.31 50 | e .20

'] Visial verbal meaning______._____ 6.45 1. _____\______\_ ____ | _____l_____ 6.45
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VI. Speed of visual verbal Dot figureand ground _ __________ 1.36 ||| 1.36
meaning._._ . _____________ 6.76 Cue-symbol closure______________ 04| 10 .02 | _____|——__|——___ .16
Perception of reversals___________ 07 |—.01 18 |o oo 21
Spatial relations_________________| .___| _____ 24 ||| 24
Reasoning__________.___ || 8.30 |_..___|-—____ 8.30
[ Musical sppreciation_____________ 03 | e .03 o
Musical taste___________________| _____ 05 | oo femo |- .05 &
V. Auditory perception_________ 2.56 Tonal movement._ _______________ 46 | ||| .46 E
Tonal memory._ ________________ ) N N RSP MUV PR M .09 ;
__Tone-quality . _______ 07 | o[ 07 ¢
(1T Chronological age_______________ 03! 03! ez ____ . .08 -
VIL Systemization interest_______ .36~ | Artistic interest_________________ 02| 01| .00 || _____ .04 8
| Computational interest___________ [ _____| _____j | 2.90 | _____ 2.90 3
VIIL Mechanical interest_ - 2.25—{| Mechanical aptitude.___—___ 00| 09| ||| 18 8
| Mechanical interest______________[ _____ 1S U 3 I AN A 14 @
II, 111, IX. Personal problems, S
sex-role interest, uninterpretable__| 1.66 )
60.04 Total for Speed ___________ 17.90 [13.50 | 9.20 [ 8.30 [ 2.90 | 2.70 { 54.50 E
1 See ch. VL. S
3 See ch. XI.
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Table 27.—Comparative distributions of variance in centroid and substrata factors accounting for Power of Reading (N=400)

Primary substrata factors for Power ! ®
g
Centroid factors 2 5
I II 11X Iv A\’ V1 VII | VIII v 1
Total 4
Preferential predictors = = - = (per- ;
2 2ol 2zl 3wy 2| E[F, %W ©
Contribution to- Power | Percent 22| £ |25 | 28125 £33 |82 | E3 ]
52 c | 88| g2 | EE 55| g2% | 85 t
= < | > > > £ = = =
o
-
r Auding ability . ________|_____. 6.62 |- ||| 8.62
Range of information____| 3.85 | 3.61 | 4.23 | 5.14 [ 0.61 |______|._____| ____. 17.44 5
Verbal analogies_________ 6.5¢ || oo oo 6.5¢ Y
Vocabulary in context____{-____[-_____ 5.80 |- |oooo || 58 Z
Vocabulary in isolation___|_..____| ..___{______ 5.05 |} |eofeeo | 5.05
I. Audiovisual verbal Literary interest_________| - . | |-ccoo]oooo- 16 || .16 Z
reasoning.___________ 65.61¢{ | School adjustment and m
| morale______________ 39 |- e .39 3
(1 Phonetic association._ ____ 53 50| 1.72 | 1.88 79 | 542 W
Prefixes_ _______________| _____ 1.33 | oo 1.13 m
IV. Phonetic word-struc- Word sense. -} -|--o——- 36| .37| .23 | ____| | . .96 i
ture______.__________ 49K | Latin and Greek roots___|______ B2 || 20 || .72 8
Suffixes_ _ ______________| _____ .09 .07 .07 {1 70 U S . .30
" Homonymic meaning____| .84 | .98 | 1.47|1.69| .56 | _____|-_—__|-———__ 5.54
Visual spelling recogni-
o tion_______ o} _____ 08 |__ | X | X 2 O J .11
f Visual verbal meaning_ _ |- |- ___| - ___|o___ 2.19 |- 2.19
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VI. Speed of visual verbal Word fluency.__________ 02 | .02
meaning. ___________ 2.564{| Dot figureand ground___} _____| | _____| - B 11 20 OIS P S .46
Spatial relations_________ I 2% R NS NV U SO WIS S .62
Reasoning______________ 1.54¢ | 1.27 84 k. 13 FEU JRU F 4.00
Speed of addition________| _____ —.29 | e —-.29
Tone-intensity _ - ____|______j-cccojoooo | __ 3.20 || 3.20
Pitech_ _________________ 25| .23 22 27 04 |- 1.01
Musical appreciation_____|______ B 1! I SRRV URUPIP SRV R SRV RV .39
V. Auditory perception__._| 6.76—| Musical taste___________ 36 || .36
Tonsal movement._. _______| ____ |- o[- 14 || .14
Tonal memory__________ 02 04 | ____|-____ 02 || .08
Tone-quality____ _______ 02| . 02 | |- .04
Rbhythm.___________ | _____ 02 e e .02
VII. Systemization interest__| .00—{| Effective study plan_____ _____| ||| oo .90 |\______ .90
Chronological age_ ______ 07| .07 .09 11 .02 | |- .36
Computational interest___|______|______ 38| .25 || .63
VIII. Mechanical interest____| .01—| Mechanical aptitude_____ .65 .64 .72 .87 .1t | ____ |- |-_____ 2.99
II1, III, IX. Personal prob- Mechanical interest______|______|______| _____| ||| 0.80 .80
lems, sex-role interest,
uninterpretable____________ .10—{| Clerical interest_________ B\ J S SRR (SR NSRS WPV MUY S .50
75.53 Totel for Power___{16.20 |15.90 {15.90./15.70 | 6.00 | 3.20 | .90 | .80 | 74.60
1 8ee ch. VI.
3 See ch, XI.
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Figure 26.—Model illusirating umbellating natwre of lines of for swbeivata factors
wnderlying gom of Reading ot the high level.

upon a different set of abiities than girls. More pronounced contrasts

become evident when the fastest readers are compared with the

slowest. For a differet set of abilities must be acquired in order to

improve the speed of an already fast reader from those needed to

improve the speed of a slow reader. In the fast reader, mutual
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facilitation among the various subskills becomes so highly organized
that rapid reading functions almost as a unitary ability. The slow
reader is not only ill-equipped in specific substrata abilities, but his
attack is more analytical, with loose organization and poor inter-
facilitation of the various substrata elements. Comparative analyies
of the most powerful and least powerful readers provide still furtker
confirmation of the major hypothesis of the Substrata-Factor Theory,
for certain principles of visual perception were shown to be utilized
by both these groups, but in quite different ways.

Perhaps the most significant findings for the teacher are those
delineating the key abilities which underlie speed sad power in the
average reader—intelligence. perception of verbal relationships, range
of general information, knowledge of words in isolation and in context,
listeairg comprehension, phonetics, knowledge of prefixes and suffixes,
ability to discriminate between words which look and zound alike
but have different meanings, certain elements of musical ability, and
others. The emphasis on linguistic factors suggests that teachers of
English are in a strategic position to help a student reinforce his weak
points, capitalize upon his assets, and learn to mobilize his whole
range of skills for maximum efficiercy.

Even the brightest students need to learn how to do these things, if
they are to make the exceptional contributions indicated by their tal-
ents. The analyses of the brightest vs. dullest students in the sample
prove that the bright rely heavily upon their main asset, rapid percep-
tion of verbal meanings, while the dull use a ponderous trial-and-error
approach. In other words, the bright student reads a passage to ex-
tract the main ideas expressed by the author, but the dull student ap-
proaches it as an assignment in the mechanics of reading. Both
groups, in reading to extend their range of information, must wrestle
with the ideas expressed. But the dull student also has to struggle
with the mechanical details of the reading process itself. In contrast,
the bright student, in reading to learn, is not only extending his range
of information, but at the same time is learning to read with greater
speed and power. For the evidence definitely showe that the greater the
store of information, the easier the reading task becomes. At some point
the child must be taught a host of perceptual and linguistic skills if he
is to learn toread. But for power especially, it is clear that, in order to
give substance to his reasoning and increase his ability tolearn through
reading, he must continually build up a systematic body of information.
In fact, the Theory and experiment suggest that building of such a body
of knowledge is so important that every teacher, whatever his subject,
should be considered a teacher of reading and should spend part of his
time fostering the higher reading skills, especially in understanding the
technical concepts and technical vocabulary peculiar to his own
discipline.
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In all, some 40 variables bearing on speed and power of reading,
mostly the intellectual, linguistic, and audiovisual perception factors,
were isolated. Other factors such as personality, home adjustment,
social adjusiment, and health made lit#! contribution. But in terms
of the Theory, the evidence from this and other studies (Holmes, 1959,
1961; Athey, 1965) suggests that the true relationship between read-
ing and personality is to be found in the manner and intensity
with which a person mobilizes his abilities to attain the aspirations
and goals set up by his personal value system.

Because of the findings that the elements of musical ability are
fundamental to the total reading process, one can no longer condone
the notion that music training in the grades is a “frill” activity to be
held apart from the “solid” subjects. Likewise, it must be stressed
that mechanical training, so often relegated to those shop courses at-
tended by the poorer academic students, also could profitably be
utilized to develop the mechanical abilities in the very best students,
since it is one of the unsuspected abilities which, in the end, make the
difference between a fast reader and a very fast one, This discovery,
in fact, may well support the new policy governing the curriculum in
Soviet schools. Welearn from Russian educators visiting this country
that their school curriculums are being modified so that every student
will soon spend part of each week tkrough elementary and high school
working in either industry or agriculture. The stated reason for this
is that the hand is trained along with the mind, and that all intellec-
tuals are given a firsthand acquaintance with the labor of the working
man. Although this notion has been looked upon with some skept:-
cism in the West, and the real purpose has been imputed by some
Americans as a desire on the part of the Russians to increase the
number of man-hours available to agriculture and industry (a view
shared by the present writers), it now appears from the scientific
evidence of the present study that an academic advantage may actu-
ally accrue when intellectually brigh’ z.udents have s chance to
develop a basic understanding of mechanics. The same is true for
music. At any rate, it may be concluded that shop courses at the
elementary level, and perhaps even at the high school level, should not
be relegated completely to the nonacademic sphere, but should be
used in such a way as to strengthen the weaknesses of the naturally
bookish type of person who will then not only be better trained in the
coordinated use of the hand, the eye, and the brain, but also will be
better equipped to read with speed than he otherwise would have been.
Of course, such training could be essily overemphasized. What is in-
dicated is a sensible balance between the academic and the mechanical
types-of training given to youngsters.

A further and most important implication is forced upon us by the
imprussive fact that while the analyses for the total group accounted
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for 75 percent: of the variance in Power, only 55 percent of the variance
in Speed of Reading could be “explained” by the substrata factors
selected from our pool of 54 tests. Had the present study induded
eye-movement records so that the various measures of oculomotor
efficiency would have been assessed also, it 15 quite possible (judging
from the study at the college level by Holmes in 1948, 1953) that the
total explainable variance for Speed could have heen raised to 60 per-
ce:t; but it is very unlikely that iaclusion of such oculomotor meas-
urements could have increased the variance beyond this figure.
Therefore, the all-important question remains, what new variables can
account for the other 40 percent of the variance in Speed of Reading?

It may be recalled that at the conclusion of his 1948 study, Holmes
(1948, 1953) was able to account for no more then 56 percent of
whatever it is that makes one college student different from snother in
his ability to read with speed. At that time, he hypothesized that
much of the 44 percent unaccounted-for variance weuia 5e found in
“motivational habit and desire for speed.” In 1250, Holmes further
detailed a more compiete picture of the Substrata-Factor Theory of
Reading. At that time he stressed the importance of the value sys-
tems in mobilizing one’s substrata factors for Speed of Reading at a
high-intensity level in order to mazimize the interfacilitation of the
pertinent information held in the many neurological subsystems of the
brain.

In terms of Power of Reading, Holmes (1960) said, “Other things
being equal thcn,individualdiﬂaawesinthaabilitytormonaboﬁ
what is being read (that is to manipulate mentaily the inflow of new
ideas so that they bear a mesningful relationship to what has already
been learned) depends both upon the essential nature of the stored infor-
mation and the associative logic of the conceptualizing activity-of-percep-
tual processes stimulated within the brain by the meaningfulness of the
sequential input of information at the time of presentation and reception,
i.e., reading input.” In light of the present study, it is now clear
that the rate st which the associative logic of conceptualizing takes
place at the time of perception (reading input) is determined in a large
measure (something less than 40 percent) by the limits of interfacili-
tation, the functional efficiency of the eyes, and supporting physio-
logical subsystems (Davis, 1963).

The Substrata-Factor Theory of Reading therefore points uneguiv-
ocally to the following hypotheses:

1. Beyond the level of content mastery of the information in the
substrata factors themsalves, a substantial proportion of the variance
in Speed of Reading will be found in the rate at which functional
interfacilitation in the working system can be maintaired; i.e., retinal
and mental processing time, Gilbert (1959).
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2. From the Theory it can be predicted that, in order to maximize
functional interfacilitation, tremendous internal forces must be mobil-
ized in accordance with value systems which demand of the individual
extraordinary excellence in reading speed. The attainment of such
excelience, however, can only be accomplished during periods of per-
sistent pressure and relentless drill in which the confident student
strives to overreach his high level of aspiration. This “drive” for
excellence is an attitude undergirded by value systems that place a high
premium on the intellectual and efficient image.

3. A striking example of reciprocal causation is apparent in the way
in which students learn to concentrate as a result of being placed
under pressure during repeated speed drill. Many people complain
that their speed is poor because they have difficulty in concentrating.
But when conditions demand rapid reading with comprehension,
concentration is an inevitable byproduct. The habit of striving to
read rapidly for information then results in a habit-formation of
concentration, which in turn makes for greater sped.

4. Enticing as the above hypotheses may be to the overzealous speed-
reading teacher, it must be stressed that pushing children in this
direction before they have mastered the fundamental substrata factors
is to invite frustration and failure. Obviously, basic subabilities are
necessary before one can hope to integrate them into an effective and
efficient working system. However, once the optimum mastery of the
substrata factors has been attained, a program to bring about max-
imum functional interfacilitation will, by tie process of mutual feed-
back and reciprocal causation, step up the rate of information-input
and the level of excelience of the separate substrata factors as well as
the overall reading effort.

In brief, the study has made significant contributions in six impor-
tant respects: (1) It has substantiated the major hypotheses of the
Substrata-Factor Theory and established the validity of the claim
that reading is an “audiovisual verbal processing-skill of symbolic
reasoning;” (2) the large body of precise data on the factors underlying
general reading ability will enable reading experts and elementary and
high school teachers to determine which skills should be emphasized
for a particular purpose; (3) the statistical techniques devised for the
substrata analysis offer a powerful new tool for research in a number
of areas; (4) the study points up some interesting relationships between
substrata and traditional factor analysis; (5) new avenues of explora-
tion have been opened up to persons interested in the teaching of
English, ir: the education of the academically talented, and in the
relationships between reading and a host of important but previously
unsuspected factors; an finally (6) the study provides an explanztion
of the mechanisms by which extraordinary speed and superb power in
comprehension of reading are obtained.
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A. Discussion of Basic Assumptions’

The logic of sequentially prorating the ~ariance accounted for in a
criterion to the substrata factors undergirding it at lower and lower
levels (see fig. 26, ch. XIII) rests upon two basic postulates. The
first and perhaps most fundamental assumption of the Substrata-
Factor Theory is that a substrata factor,? or any ability for that
matter, is composed of a system of subsystems. Each subsystem
itself is a composite of microsystems of cell-assemblies, conjoined
with others to form larger systems which may be mobilized into a
hierarchy of a more comprehensive working-system. The total
cognitive complex of the brain is thought of as constituting a cosmos
of subability systems which become dynamically associated in a
multitude of working-systems in accordance with the requirements
of the tasks and the purposes of the individual. Each of the sub-
strata factor subsystems derives from the nature of its special in-
formation and rich associations a certain functional infegrity of its
own and at the same time may contribute to larger or more complex
working-systems which have functional integrities of their own.

The second assumption is that a meaningful correlation in the
present context merely reflects a mean mutual interaction of two sets
of test scores which in turn represent the dynamic interplay of: (a) two
macrosystems, (b)) & system with one of its subsystems, or (c) two
subsystems. It is an expression of a mutual and reciprocal relation-
ship that, of course, nzed not be equal in both directions. In the Sub-
strata-Factor Model, variance is an expression reflecting how people
differ in an assessed ability; and correlation simply reflects the inter-
dependence of two cortical systems. The new concept which the
mode! introduces into psychometrics is this: When a standardized test
is designed to assess varying degrees of an ability, ideally its items are
selected in such a way as to representatively sample a domain of finite
dimensions. Consequently, an array of scores on a particular test
cannot legitimately be used to represent only the specific elements
within the assessed domain. Large or small, a test score remains an

1This discussion is a condensation of the paper delivered by the senior author before a joint meeting of the
IRA and AERA at their annusl convention in Philadelphis, May 1, 1964.

1In a correlation matrix derived from scores on a large pool of tests, there may be many abilities represented;
but when by a substiats snalysis a few of these are selected as making a sfznificant and independent con-
tribution to a criterion or subcriterion, they thereby become identified as substraia factors.
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integral function of the conjoined elements producing that score. Of
_.course, an item analysis might attempt to identify items within a
subdomain, but, in so doing, the identified items would no longer
reflect the way in which they functioned within the larger domain.
On the other hand, partial correlation retains the integrity of the
subdomain assessed, i.e., the functional relationship of the variance
accounted for, or unidirectionally, the degree of the effect of the
subdomain on the larger domain.

The two basic assumptions are consonant with the mathematical
definition of a correlation (James and James, 1959) but make no appeal
to the overlapping of identical or independent elements to explain
correlation as did Spearman (1904) and Thomson (1919), respectively.

Both Thurstone (1947) and Hotelling (1933) were much too astute
to explain the cause of correlations between abilities, or even the
relationship of an ability to a factor or principal component in terms
of the overlapping of identical elements. While neither man ex-
plicated his thoughts in this regard to the extent attempted by the
present writer, Thurstone’s first postulate certainly is in agreement
with that of the Substrata Factor Model. He wrote:

In factorial investigations of mentalit,{, we proceed on the
assumption that mind is structured somehow tlI:at, mind is not
a patternless mosaic of an infinite number of elements without
functional ]g(roupings e e

Our work in the factorial study of the human mind rests on
the assumption that mind represents a dynamic system which
can eventually be unders in terms of a finite number of
parameters. We have assumed further that all these parameters
or group of parameters, are not involved in the individua
differences of every kind of mental task.

Observational and educational experience lend plausibility
to the conception that the mental abilities [such as reading]
are determined by a great multiplicity of causes. or determiners,
and these determiners are more or less structured or linked in
groups . . . . (T hurstone 1947, pp. 57-58; bracket inserted and
italics added.)

Explanations of the variance of any particular domain’s system in
terms of subdomains to indicate the relative support which each
draws from the other in accordance with X on Y or Y on X regression
equations, or vice versa, may be used if, . . . and only if, the
mutual and reciprocal cause-and-effect relationship can be justified
on grounds other than the correlation coefficient per sc. The Sub-
strata-Factor Theory turns to neurological (Holmes 1957, 1961;
Davis 1963), psychoeducational (Holmes 1948, 1953; Singer 1960),
and psychometric evidence (Holmes 1954) to support the two basic
assumptions given above (Holmes 1964).
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In summary, for the Substrata-Factor Theory a test score is an
integral function of a fotal cortical communications vomplex of prefer-
ential associations. The correlation, when the proper conditions ob-
tain, reflects a structural and functional contraplex process in which
two cortical systems act as if, and are assessed as if, their mutual and
reciprocal cause and effect relationships arise from the interaction of
two organized bodies of information. The prorating of variance ac-
counted for in one by the other, then amounts to a quantitative ap-
portionment of how one intact system affects another (Holmes 1964).

Theoretical constructs are manmade inventions designed o help
comprehend a certain class of natural phenomena. As Thurstone put
it, “A scientific law is not a part of nature. Itis only a way of com-
prehending nature” (1947, p. 51). ‘To the present writer there appears
no antithesis between the classical factorial models as put forward by
Thurstone (1947) and Hotelling (1933) and the Substrata-Factor
Model. Likewise, there seems to be little or no redundancy in the
two types of analyses; they simply “look at the data’ from different
vantage points in order to answer related but quite di:ferent questions.
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