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UNDERACHIEVEMENT---A CASE OF INEFFICIENT COGNITIVE PROCESSING

The achievement of culturally disadvantaged students and of
students in low-socioeconomic-status {SES) communities has been the
topic of much discussion. Much has been speculated about the ability
of these students to achieve, the’'debilitating effects of their
communities, the lack of communization between these students and their
parents, their fantasy syndrome, their low self-esteem, and their
inferior genetic endowment (Jensen, 1969). The students so designated
are predominantly blacks, Mexican-Americans, Indians, or Appalachians
who live in large urban or rural areas, whose parents earn less than
$4,000 per annum, and whose educational training has been supported by
city, state, and federal monies.

In attempting to specify their educational needs, many studies
have identified this population of students as a composite of individuals
so diverse in ability and capacity to achieve that without smaller classes
and the use of more instructional materials, special programs, and
exceptional teachers, the probability that they will succeed in school
is minimal. Howaver, these studies do not often report that the students
initially come to school as eager to learn as other students, nor that
they bring to their schools sociological and psychological problems that
differ from those encountered in schools of middle- and high-SES
communities. Accordingly, very few studies have been conducted in which
the researcher investigates whether those patterns of learning which
contribute to the students' success in their own community are con-

tiguous with those established by school curricula.
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In a paper presented at the 1970 meeting of the Eastern
Psychological Association, the author discussed the effects of social
reinforxcement systems (SRS) on individual ané group behavior. It was
noted (a) that diacritical factors, such as social status, group or
class membership, and general social relationships with others, have
an impact on an individual's psychological and physiological status,
and (b) that positive reinforcements are to be preferred because they
insure the internal security and stability of the individual. One
conclusion derived from this mechanism is that preferred behaviors vary
across groups of people because an unequal distribution of social justice
and services exists.

Since behavioral responses are correlated with one's environ-
ment and particularized by SRS, it is reasonable to expect that new
environmental situations (e.g., experiences in the school) would require
individuals to reconstruct their perceptual patterns and to use those
newly constructed patterns of thought (learning) in such a way that
they are compatible with the new environment. This is not to say that
the original cognitive patterns of the individual were inferior or
distraught, but rather that they were not in consonance with those
assumed by the curriculum nr educator. It is most probable that the
individual's system or method for processing input stimuli in the one
case is quite different from the set of assumed or prepared response-
stimulus (R-=»S) patterns to be elicited from a standard set of educational
referents. It must ke recognized also that students from middle-~ and
upper-SES neighborhoods face the same dilemma upon entry into the schools;

however, the number and kinds of transformations they are required to
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make are not so acute, since most school curricula are daveloped within
their frame of experiences.

Why is it, then, that the stimuli reaching the brain centers
of the contrasting SES students produce different outcomes? One
»nlausible explanation is that students from socially different environ-
ments must learn a "new system of cognitive integration." This statement
implies that such students face two tasks--they must learn new cognitive
systems and they must acquire new learnings. Therefore, learning for
these students, in the school sstting, constitutes (a) the reconstruction
of past patterns of cognitive integration and (b) the application of
these new strategies to the resolution of the pending tasks. If, when
introduced to a new task, these students are able to generate a strategem
that resolves the task, then that strategem or system of cognitive inte-
gration becomes a process that provides positive reinforcement for that
task. Moreover, that strategem becomes "fixed," and thereby establishes
a (reinforcing) pattern of responses to that and/or other related tasks.
If, on the other hand, the generated strategem does not resolve the task,
the students become more confused and begin (a) to learn to distrust
their past referents and (b) tc doubt their ability to compete within
the new environment [imposed negative reinforcements}.

Testimony to this need for selective learning prerequisites
has been offered by Harlow (1959), Bruner (1960), Gagne’(1961),
White (1965), and Staats (1968) in their theories concerning learning
hierarchies. Inherent in the concept of learning hierarchies is the
process of learning readiness--the internal and external assurances of

the learner that he has acquired or developed requisite learnings prior
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to the undertaking of new tasks (Ausubel, 1¢63; Bayley, 1963; Gagné and
Boles, 1963; Baller and Charles, 1968; Jensen, 1969). This kind of
interpersonal assurance improves the probability that the student will
be successful on subsequent tasks. Jensen (1969) indicated that the
disregard of readiness may cause

(1) [the student to] leérn.£he subject matter or skills by
means of the cognitive structures he already possesses; but because
these structures are less optimal than more advanced structures in the
sequence of cognitive development, the learning is much less efficient
and results in the acgquisition of knowledge and skills with lesser
capability of transfer to lai:er learning ... and (2) the phenomenon
referred to as turning off--an increasing inhibition of the very
behaviors that promote learning--[to occur] ... (p. 10).

The taxonomy develioped by Bloom (1966) and the structure;of—
intellect model of Guilford (1956) provide methods for measuring levels
of learning complexity as well as the identification of some of the
independent intellectual abilities involved in complex cognitive
activities. Although studies have been undertaken to determine whether
cognitive abilities, per se, could improve the prediction of specific
learnings (Guilford, Hoepfner, and Petersen, 1965; Duncanson, 1966;
Horootunian, 1966), evidence was produced that cognitive abilities are
not effective as independent predictors, but rather are probably learning-
task specific (Stake, 1961) and consist of more basic subabilities
(Kelley, 1964).

The integrative nature ¢f hierarchical learning and intellectual
abilities is described in a neuropsychological theory by Hebb (1949).

ERIC



In his theory, complex cognitive functions are created by the inter-
facilitation of more basic neuronal subsystems. More recent work by
Luria (1966, 1969), Beritasvili (1969), and Smirnov and Zinchenko (1969)
has confirmed such neurocanatomical and neurophysiological counections.
Their studies have shown that the specific configurations of neurological
cells not only perform special anatomical and chemical functions but

also formulate interconnections between and among other areas of the
brain to produc: complex subsystems indigenous to particular neuro-
phychological activities and functions. Quantitative reurophysiological
studies of Krech (1968), Oken (1267), and Weybrew (1967) have supplied
supportive data to indicate (a) that chemical and anatomical changes
occur in the brain during learning and thought processes and (b) that

the net effect of these changes is to produce intraneuronal networks that
improve the transmission of nerve impulses.

The postulates and findings cited seem to provide information
that would enunciate a more reliable explanation for achievement.
Achievement is a process which involves the application (transfer) of
previous knowledges, skills, and experiences to new learning situations.
Therefore, precise mechanisms for transfer are developed (e.g., learning
sets, strategies, and episodes) which have prescribed inputs (basic
knowledges and skills) and a rigorous system for producing subsequent
outputs (cognitive processing systems, CPS). The probability associated
with the production of a successful output--resolution of a task--is
related (a) to the level of participant readiness, (b) to the appropriate-
ness of stimulus inputs, and (c) to the adequacy of the processing
system through which input information passes. Underachievement would
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occur, therefore, when any one or a combination of the aforementioned

parameters is deficient.
Problem

Preliminary studies ind;cate that low-SES students have low
thresholds for perceptual and psychomotor capacities. These difficulties,
when combined with the societal diacritical factors described by Deutsch,
Katz, and Jensen (1968), produce a multiplicative effect on their
archievement. Moreover, if the integration cf perceptual and psychomotor
stimuli provide crucial inputs for the learning process, students who
demonstrate low performances in these areas would appear to have developed
CPS which limit their natural abilities to perform effectively in the
school setting. If this line of incuiry be credulous. then there are
at 1éast two implicit guestions which must be addressed if one wants
to explain the phenomenon of underachievement in terms of cognitive
processing strategies:

(1) Have high—achieving students dev:. loped interrelation-
ships among their cognitive and educative abilities which permit them
to acquire CPS that are qualitatively and quantitatively different from
those developed by low-achieving students?

(2) Could such relationships define specific areas of
curriculum input that would systematically improve the performance of

students classified as low achievers?
Method

T .orndike (1963) has criticized most studies which attempt
O
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to discover the differences between under- and overachieving students

as having been poorly designed. 1In his discussion of appropriate models,
he indicated that most methods used to designate under- and overachievers
require estimates of achievement which are based upon otber achievement
or aptitude test scores. He maintains that procedures which delineate
these categories via prediction yield results which are highly prone to
error. One design which he considers to be appropriate is the Concurrent

Comparisons of Contrasting Groups. This design produces sensitive

estimates of systematic differences betwesen the contrasting groups (p. 59).
To create a more practical classificetion of student achievement,
the author suggests a definitional schema for describing the contrasting

groups. High achievers are those students from high- or middle-SES

environments whose educational experiences, expressed as standardized
test scores, indicate that their educational performance is cne or more

levels above grade expectation. Low achievers are those studewts from a

low-SES environment whose educational experieiices, expressed as standard-
ized test scores, indicate that their educational performance is one or

more levels below grade expectation. These broad operational definitions

were chosen (a) because they appear to be meaningful in identifying some
of the major differences between the contrasting groups and (b) because
they appear to limit the kinds of immediate errors one encounters when
attempting to use aptitude or achievement data to predict levels of
anticipated student performance.

Three assumptions are made when using this definitional
dichotomy. First, one assumes that the potential for achievement exists

within both groups. Second, one postulates that some determinants of
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performance are factors which are not explicitly delineated in aptitude
measures {(e.g., decoding and encoding skills, information processing
systems). The third assumption, which is consistent with the position
of Deutsch, et al. (1968), maintains that there are specific deprivational
conditions which systematically affect the performance of inner-city
children (e.g., race, limited perception and verbal experiences, psycho-
logical development).
Sample

Eighth-grade students were selected because they represented
a porulation which would (a) have familiarity with school practices and
procedures, (2) have knowledges and skills reflective of a somewhat
consistent program, and (EQ meet the age criterion for valid measurement
of the selected cognitive ability tests. To obtain an appropriate sample
for the study, the performance scores (Iowa Tests of Basic Skills) of
eighth~grade students from contrasting socioeconomic backgrounds within
the School District of Philadelphia were examined. According to the
definition of high and low achievers prese¢nted earlier, two junior high
schools were selected. Within each school two classes were chosen which
best exemplified, respectively, accelerated and depressed achievement
patterns. The mean scores, standard deviations, and comparisons between
the dispersions of the two groups are presented in Table 1. This table

shows that the average performance score of the high achievers on each

subtest is equal to or greater than a grade equivalent of nine and that

the average subtest performance scores of the low achievers center around a
O
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grade equivalent of six. Comparisons of the variations between the two
groups on each subtest indicate th;t significantly different (p < .0l)
distributions of scores exist between the groups on the Vocabulary,
Reading Comprehension, Spelling, and Language Usage subtests.

To assess more fundamgntql abilities of both groups, a battery
of six cognitive zbilities tests was administered. Mean scores, standard

deveiations, and t comparisons between the groups on each test are pre-

sented in Table 2. These data show that the high achievers had attained

significantly higher (p< .0l) scores on four tests: Speed of Closure,
Numerical Facility, Visual Discrimination. and Maze Tracing Speed.

‘These biographical data, report.d elsewhere in greater detail
(Brown, 1970), indicate (a) that the contrasting groups fit the defini-
tional criterion stated and {b) that measurable differences exist between
the contrasting groups on 12 of the 16 variables used in the study.
Intercorrelations and reliability coefficients among these variables

are displayed for each group in Tables 3 and 4, respectively.

- e e e W we En e Em W e o e e e e ws e m e wm

Instruments

l. ©Six tests of cognitive ability were used in this study
(French et al., 1963). These particular tests were selected because
previous studies (in the citations) have indicated that the abilities
measured by these tests are associated with learning performance. A

brief description of each test follows.

10



O

ERIC

Aruitoxt provided by Eic:

10

Flexibility of Closure, Cf-2. The ability to keep one or more

definite configurations in mind when making an identification of an
object in spite of perceptual distractions. This also represents one's
ability to allow only the preferred or appropriate images to emerge fron
a visual field by controlling or @in?mizing the effects or interferences
of extraneous stimuli.

Speed of Closure, Cs-1l. The ability to unify disparate per-

ceptual fields into a single percept. This factor differs from Cf£-2 in
that the subject must construct the image rather than identify it within
a distracting field. Speed of Closure is related to one's ability to
(a) remember bits of unrelated material, (b) find figures, (c) make
comparisons, and (d) carry out visual tasks.

Associative (Rote) Memory, Ma-l. The ability to remember bits

of unrelated material. Tests reguiring recall of items in isolation do
not have a loading on this factor. Although there has been no clear
demonstration yet, this factor appears to represent the ability to form
and remember new associations quickly.

Numerical Facility, N-3. The ability to manipulate numbers in

arithmetical operations rapidly. Tests involving memory for numbers,
counting, plotting on graphs, and a host of other tasks load on this
factor. Nonnumerical tests having to do with coding have a moderate
loading. Sometimes speed of reading and reading comprehension tests are
related to Numerical Facility when this factorAis considered to be a
General Reasoning Dimension.

Visual Discrimination, P-3. A measure of one's speed in

finding figures, making comparisons, and carrying out other very simple

11
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tasks involving visual perception. Subfactors have been defined as
(a) speed of symbol discrimination (Cattell, U.I.T. #12), (b) speed of
making comparisons, and (¢) speed of form discrimination as in recogniz-
ing predetermined or novel configurations (Guilford, EFU or ESU).

Maze Tracing Speed, Ss-l. A weasure of one's speed in visually
exploring a wide or complicated spatial field. This ability involves
the scanning of a field for openings, following paths with the eye, and
quickly rejecting those paths presenting false leads. On some tests,
this factor is termed "planning function." The level of planning required
by these tests seems to be willingness to find a visually correct path.
Others have interpreted this planning capacity as being somewhat analogous
to rapidly scanning a printed page for comprehension.

2. The Iowa Tests of Basic Skills (ITBS) battery was given to
measure the ability of the students to use specific skills associated
with the educative processes of the schools. ©Only eight subtests were
evaluated--a subset assumed to be most closely associated with the attain-
ment of reading and arithmetic performance.

Vocabulary (V). Purpose--to determine whether the students
know the meanings of all words within a given item.

Reading (E). Purpose--to measure the student's skill in
locating details, finding purposes, recognizing [literal] organizations,
and making evaluations of written selections.

Total Language (L). In generxal, the language section is designed

to detect language errors which more clearly differentiate between students
who habitually use correct lénguage and those who have not developed

functional habits and correct use of the language. Spelling (L-1) items
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require the student to identify incorrectly spelled words. Sixteen
possible error types are used, ranging from double letters to consonant

substitution. Language Usage (L—4) measures the student's knowledge

and use of appropriate word forms and correct grammatical constructions.
Items discriminate between those students who know and use good grammar
and those who know but do not use correct English.

Reading Graphs and Tables (W-2). Students are asked to obtain

information from five different graphs or tables. Such presentations
include traditional displays and pictographs.

Knowledge and Use of Reference Materials (W-3). The student’'s

ability to deal with the parts of a book, the globe, current magazines,
dictionary, encyclopedia, atlas, etc., is measured. Activities involve
the use of the index, dictionary guide words, key words, alphabetizing
words, using the dictionary for spelling, syllabification, accentuation,
etc.

Arithmetic Concepts (2-1). The student's understanding of

the logic of the computational process is tested where the emphases are
on the understanding of numerical systems, of terms, processes, and
operations, of geometric concepts, and of units of measurement.

Arithmetic Problem Solving (A-2). The student's computation

skill is tested in a meaningful setting. His competence is tested in
a functional setting with problems chosen to ke challenging and practical.

However, the major skill categories are the same as those for subtest A-l.
Procedure

In an effort to understand better how cognitive and educative

13
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abilities interrelate to produce the successful attainment of reading
and arithmetic performance in eighth-grade students of contrasting back-
grounds, a comparative study was undertaken by Brown (1970) to identify
and describe characteristic cognitive-educative intercorrelates (CEI)
which best distinguish the characteristics of students performing above
their grade expectation (high achievers) from those performing below
grade expectation (low achievers).

In this study, the correlation values obtained froix measures
of cognitive and educative abilities of high and low achievers were
compared and studied. By definition, the exemplary performance relation-
ships (correlation values) of the high achievers represented the most
appropriate CEI for producing successful achievement outcomes. Likewise,

tha CEI's of the low achievers were considered to be educationally

deficient when the observed correlations were smaller than those exhibited
by the high achievers. Under this condition, low achievers had not

. integrated the components into the prescribed functional relationships.
When the CEI's of the low achievers showed correlation values which were
greater than those of the high achievers, fundamental educational
dependencies were indicated. These kinds of dependencies describe situ-
ations where the students depend heavily on subabilities or skills to
solve complex problems. CEI patterns for reading and arithmetic are

shown in Figures 1, 2, and 3.

Homomorphic Psychometric Model

The data, theories, and findings cited in the previous section

O
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seem to imply the existence of cognitive systems--that is, systems which
integrate information. (historical and cognitive) and activities (motor
and physiological) for the solution/resolution of a proposed (perceived)
problem. If CPS exist, then there should be a technique for showing

the existence of and interrelationships among the contributory elements
(variables). It is proposed that correlation techniques can be used to
simulate (a) neurophysiological relationships among anatomical structures
and (b) psychological hierarchies of learning, since such technigues can

demonstrate the strength of associations among elements (variables).

Table 5 shows a hypothesized homomorphic psychometric model (HPM) which

translates simple and complex correlation data into an organized body of
knowledge for studying the phenomena of CPS. Entries in the table
enumerate the analogues of the HPM across (a) collective neurophysio-
logical classes and (b) several current psychological theories which
report either a cognitive processing system or hierarchies of integrated
knowledge, skills, or learnings.

A conceptual representation of the HPM appears in Figure 4.

In this figure, zero order correlations represent integrations between
two sources of variable stimuli. The intersection of a series of xyy's,
(R'xy)' shown at the center of the rectangular configuration, represents
a phase or cluster of small, discrete stimuli with specific functions.

ny cords are equivalent to cognitive aggregates which are externalized
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in the performance of a task. ny‘s are composite roots through which
pass a variety of exorganismic functions. The characteristics of the
root functions can be identified through factor analytic procedures

where (a) each factor cluster corresponds to a major information process-
ing output, (b) the loadings represent the prqportion of the quantifiers
(nredictor variables) involved, and (c) the prominence of a factor
cluster represents the extent to which that factor occupies a priority
within the root.

Theoretical Hypothesis

In summarizing this theoretical position, the following

operational hypothesis is derived: Correlation values are numerical

expressions which express the probable interfacilitation among the

observed elements (variables) within a hypothetical cognitive network

system.

Lemma 1. Correlation values are indicators of neuronal inter-
facilitations. At least five levels are proposed:

Level 1l: correlations between cognitive factor variables.

Level 2: intercorrelations among cognitive factor variables.

Level 3: intercorrelations among cognitive abilities and
specific educative (basic) skills.

Level 4: intercorrelations among educative (basic) skills.

Level 5: intercorrelations among cognitive abilities and
educative (basic) skills.

Lemma 2. Derived correlation values represent the state of
neuronal interconnections. gigﬁ_values indicate either (a) a highly

specialized association among cofunctional elements or (b) a high
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involvexqent of participatory elements to produce requisite excitatory
potentials. Low values represent either (a) a common (integrated)
unilateral or unidirectional input/output function with a variety of
lesser elements subsumed under it, or (b) an interaction among the
contributory elements producing a minimal level of excitation.

A similar conceptualiz.ati‘o.n for demonstrating interconnections
within the cortical areas of the brain has been introduced by Livanov
(1969). 1In his system, correlations between areas of the brain during
mental work were obtained through electroencephalography (EEG). He
found that low or easy tasks evoked no correlation outputs and that
high EEG correlations were produced only in cases where the subjects
were given rather difficult tasks (pp. 730-731).

Lemma 3. Predictor elements (variables) are those elements
which participate in the formulation of an appropriate pathway through
the indicated network for the resolution of the stimulus task (criterion).

Lemma 4. Positive correlation values are indicative of
additive excitatory input/output of the system.

Lemma 5. Negative correlation values are indicative of
additive inhibitory input/output of the system.

Lemma 6. Total explained criterion variance is equivalent
to an absolute proportional {excitatory) value expressed by a quotient
(inputs/outputs) of the contributory elements (variables).

Research Hypotheses

There are CPS which have unique qualities for processing
incoming and outgoing information'stimuli such that (a) the incoming

stimuli are intelligible to the organism and (b) the outcoming stimuli
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increase the probability of the organism's maintaining, resolving, or
terminating pursuant problems, tasks, or conditions. More precisely,
CPS are integrated systems (circuits) which receive signal or information

inputs over predefined afferent templates (paradigms) and which emit

outputs over conditional efferent templates (paradigms) that tend to
become more efficient transversal,routes across the labyrinth (circuit
of the system) in pursuit of a logical and expedient solution to the given
problem, task, or condition. Micro-CPS also exist which represent primary
decoding and encoding processes for perceiving, assimilating, cataloguing,
and storing fundamental stimulus information.

If conditional efferent templates (paradigms) exist, there
must be at least one configuration over that system which is more
effective and efficient in solving particular kinds of problems, tasks,
or conditions than others. Moreover, there must be at least one unique
subset of interrelationships among the contributory elements (observed
cognitive and educétive variables) which would characterize an optimal
integrative system. BAn optimal integrative system is operationally
defined by CEI patterns. Therefore, information‘obtained from the HPM
should demonstrate that

1. Qualitative differences exist between CEI patterns
obtained for reading and arithmetic performance, as indexed by grade
equivalent scores on subtests of the Iowa Tests of Basic Skills;

2. Quantitative differences exist between the reading and
arithmetic CEI patterns for students designated as high or low achievers;

3. Quantitative differences exist between the aggregates

(ny) found to predict the reading and arithmetic performance of the
O
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contrasting groups;

4. Quantitative differences exist between the proportions
of explained cognitive and educqtive component variances of the contrast-
ing groups for the three criterion variables used; and

5. Quantitative differences exist between the root functions

{(factor clusters) of the contrasting groups on the variables studied.

Data Analysis

Procedure 1

Zero order correlations were obtained through the generation
of intercorrelation matrices--one for each group.
Procedure 2

A stepwise regression analysis procedure, facilitated vy
BIOMED program BMD 02R, was used to obtain prediction equations fox each
group on each of three criterion measures: Reading Comprehension (R),
Arithmetic Concepts (A-1l), and Arithmetic Problem Solving (A-2). Step-
wise procedures were used in preference to multiple prediction procedures
because previous data gave evidence that the best predictors for each
group on each criterion might not be those traditionally thought of as
being relevant contributors. Moreover, the stepwise procedure permits
each variable to enter the equation by predetermined parameters (F values
for variable entry and deletion).

Draper (1966), discussing the applications of regression
analysis, indicated that this technique of variable entry and deletion
provides a judgment of the contribution made by each variable as though

it had been the most recent variable entered, irrespective of its actual
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point of entry into the model (p. 171). F levels of inclusion (p<.0l)
and deletion (p <.05) were used (a) to force as many variables as
possible into the equation, (b) to permit maximum discrimination among
the variables included in the equation, and (c) to identify those
variables which are most closely related to the prediction of the
criterion measures for each group. After the "saturated" equations
ware obtained and studied for cont':exi:ual characteristics, an analysis
for significance of loss due to the elimination of prediction wvariables
(p < .05) was applied following the procedure of Wert, et al., (1954,
pp. 226-~255).

Iteration A. Al} cognitive variables (N=6) and the vocabulary
subtest (ITBS) were used to predict performance scores of each group on
the three criterion measures.

Iteration B. Thirteen of the 14 variables used in the study
were regressed against each criterion measure for each group. Since
the groups represented contrasting achievement characteristics, the
combined data was used to obtain comparative and validity checks for
each criterion measure.

Procedure 3

Group and combined factor analyses were performed to identify
the basic factors underlying the variables studied. BMD 03M was gsed,
where the highest intercorrelations were used .:s communality estimates.

Iteration A. Basic skill data from each group were analyzed.
It was hypothesized that four significant factors would be derived from
the data, each of which would correspond to the four general skill areas

identified by the ITBES: Reading (k) ., Total Language (L), Work-sStudy
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skills (W), and Total Arithmetic (a).

Iteration B. Data for each group, and the combined data,
were analyzed again using the cognitive and educative variables (N=14).
It was anticipated that in addition to four general skill factors there
would be ai least four cognitive factors: Cf, Cs, P, and Ss. However,
it was hypothesized that unique combinations of cognitive and educative

functions would be generated as cognitive processing units specific to

the functions of the designated groups.

Results and Discussion

Procedure 1

Zero order correlations have already been shown in Tables 3
and 4. The CEI patterns generated from these correlations for high- and
low-achieving students have been shown in Figures 1, 2, and 3. These
figures showed (a) that each criterion measure had a different CEI
pattern, (b) that associations among the variables differed significantly
betwezen the two groups with the greatest number of differences being
present in the CEIs for A-1l, and (c) that most differences occurred
between associations with the cognitive variable N and the educative.
variables L~1, W-2, and W-3.
Procedure 2

Qualitative and quantitative differences were obtained from
the stepwise regression procedure used to predict the R, A-l, and A-2
performance scores of the contrasting groups. In iteration A, six
cognitive variables and the vocabulé{ry subtest of ITBS were used as the
predictor variables. The output of these analyses is shown in Table 6.

5
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Iteration A. 1. Reading comprehension. The maximum number

of predictor variables for the high achievers was 3; for low achievers, 5.
Within the significant equations, two variables were identified for the

high achievers and three for the low achievers (See Figure 5). The

educative variable V was a common contributor to both egquations. A
larger proportion of total group variance was accounted for by the

cognitive variables of the low achievers than by those of the high

achievers.

2. Arithmetic concepts. The maximum number of predictor

variables for the high achievers was 4; for the low achievers, 5. Twice
as many variables appeared in the significant equation of the low

achievers as for the high achievers (See Figure 6). Variables appearing

in the equations are qualitatively different. Six times as much total
group variance was accounted for by the cognitive variables of the low
achievers as by those of the high achievers.,

3. Arithmetic problem solving. The maximum number of predictor

variables for the high achievers was 5; for the low achievers, 6. 1In
the significant equations, two variables appeared for each group. They

are shown in Figure 7. The cognitive variable N was a common contributor

22
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to both equations; however, the proportion of variance associated with
it in each group varied considerably. About four times as much total
group variance was accounted for by the cognitive variables of the low
achievers as by those of the high achievers.

Iteration B. To identify those variables used in the study
which best predicted the criterion measures across the groups, prediction

equations were derived from the combined data. Figure 8 shows the results

of these analyses. For each of the criterion measures, commonly hypoth-
esized variables appeared as the best predictors. Fer reading, the
variables were V, A-l, L-4, N, Cs, and Ma; for arithmetic concepts, the
variables were A-2, R, W-3, L-4, and V; and for arithmetic problem solving,
A-1l, L-1, and P.

Individual analysis for the groups showed qualitatively
different configurations. 1In most cases, the maximum number oi predictor
variables appearing for the high achievers exceeded that of the low
achievers. However, low achievers had a greater number of variables in
their significant eqguations.

1. Reading comprehension. The maximum number of predictor

variables obtained for each group is shown in Table 7. The predictor

variables comprising each significant equation are presented in Figure 9.
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The educative variable V was a common contributor to both equations.
Numerical facility (N)--in this case decoding--~language usage (L-4), and
the use of reference materials (W-3) appeared as significant variables
for the prediction of low achievers' reading performance. The predictor
variables of the high achievers accounted for 53% of the total group
variance; those of the low achievers constituted a level of 76%.

2. Arithmetic concepts. The maximum number of predictor

variables regressed for each group is shown in Table 8. The predictor

variables comprising each significant egquation are shown in Figure 10.

Hypothesized predictor variables accounted for 79% of the total group
variance of the high achievers. Qualitatively different variables
appeared for the low achievers, ranging from numerical faciltiy (N) to
closure skills (Cs). Collectively, these variables accounted for 86%
of their total group variance. Noticeably absent from these predictors,
however, was A-2--arithmeti: problem solving skills.

3. Arithmetic problem solving. The maximum number of predictor

variables regressed for each group is shown in Table 9. The predictor

variables comprising each significant equation are shown in Figure 1l.
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The variables associated with the prediction of the high achievers'
performance were consistent with those normally associated with this
function--namely, A-1, N, and P.

Although four variables appear in each equation, only one of
those associated with low achieveis'.performance—-numerical facility (N)--
was ;elated to accepted expectations. Two other unexpected variables,
W~2 and W-3, which are indices of how well one is familiar with and
capable of using the synthetical context of prepared materials, were
also.highly significant contributors. The last variable, R, although
meaningful, was expected to contribute more favorably to t.e prediction
of A-l. |

The variables associated with the prediction of arithmetic
problem solving ability of high-achieving students accounted for 80%
of the total group variance; corresponding variables accounted for only
6l% of the low achievers' performance.

At this level of variable integration, the differences between

the contrasting groups become more evident. Table 10 summarizes these

differences. The table shows the proportions of the observed variation
in R, A-1l, and A-2 that can be attributable to (explained by) the
characteristics of the predictor vafiables, as they interrelate with
the learning styles of the groups. As anticipated, the inclusion of the

educative variable did improve the predictability of the criterion

Q o
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scores. However, the proportion of change seemed to be a function of
the achievement group and the criterion being measured.

Different levels of significant gains were realized from the
two prediction equations developed for each group on each criterion
measure. The addition of educative variables produced significant changes
(p< .0l1) in the level of predictability of high achievers' performance
scores in A-l and A-2. For low aéhiévers, these changes effected, to
a lesser degree (p< .05), the (values of the) saturated A-1l and A-2
equations.

Figure 12 gives a visual representation of thase proportions

of explained variances. This figure shows that cognitive variables
accounted for a significantly greater proportion (p < .0l) of the quali-
tative and quantitative characteristics of the low achievers' regression
equations than those of the high achievers. In reading, educative
variables represented only a small proportion of the total explained
variance. It is interesting to note that other variables not included
in this study (e.g., psychomotor abilities, eye movement) represent
different proportions of unexplained variance--low achiesvers = 24%,

high achievers = 47%, or nearly twice that of the low achievers. The
-magnitude of this difference could imply either (a) that the high
achievers have combined twice as many other requisite abilities and
skills for reading than have the low achievers or (b) that the high
achievers are utilizing an integrative reading complement which is twice

as effective or efficient as that of the low achievers.
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The phenomenon described above is demonstrated more explicitly
in arithmetic operations. As in the previous case, cognitive variables
account for significantly more of the explained low achievers' variance
than of hagh achievers' variance. The constant predictive proportions
of the high achievers (cognitive = 1l1l%, educative = 80%) produce a
fixed improvement quotient, 69%, that relates directly to an organized
CPS which facilitates (a) the underétanding and use of educative abilities
and (59 the transfer of continuous knowledge, operations, and skills.

That is, arithmetic conceptual knowledge was used in the solution of
arithmetic problems; and problem solving knowledge enhanced the under-
standing of arithmetic concepts (see Tables 8 and 9). Therefore, although
the set of cognitive variables in the regression equations differ some-
what (see Figures 6 and 7), 95% of the explained variance in both cases

is associated with the same variables (A-1l or A-2 = 76%, P = 1.5%).

Low achievers, on the other hand, did not use the abilities
described in A-1 and A-2 to demonstrate their knowledge of arithmetic
concepts or to solve arithmetic problems directly (see Tables 8 and 9).
Their saturated prediction eguations show that the abilities of A~1 and
A-2 are used in the overall process, but not to a significant degree.

How then do low achievers learn arithmetic concepts and arithmetic problem
solving techniques? Within the hypothetical structure proposed by this
study, low achievers develop unique CPS which consist primarily of
cognitive abilities and work-study skills. The data of this study

seem to indicate that the work-study skill W-2 and the cognitive skill N
are the common elements that permit the transfer of arithmetic knowledge,

skills, etc. However, this tfénsferability seems to be disproportionate
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and unidirectional, going primarily from A-l1 to A-2. The larger con-
“tribution of educative variables to A-2 appears to be related to their
needs to interact with the verbal syntax in which materials is presented
(R and W-3). The performance scores of these students have demonstrated
that these CPS do not represent either effective or efficient methods
for attaining arithmetic competencies.

Procedure 3 !

A number of revealing findings resulted from the factor
analyses of both the combined and individual groups. Although a minimal
level of 0.3000 was selected to represent a meaningful contribution of
a loading to a factor, two levels of involvement were formulated:

1.0000 > L,, > 0.4000 > L, > 0.3000.

L, represents major loadings; L, represents marginal loadings. (Essential
summary data for the factor analyses appear in the Appendix.)

Iteration A. Factor analysis of the high achievers' data

(Table 1ll1l) produced the hypothesized general skill factors. Two general

synthetical factors emerged from the low achievers' data. These factors
were identified as synthetical in that the two work-study skills had high
loading along with those of the verbal and numerical variables.

When the coordinates of the variables in the work-study
(Factor I) and the language usage (Factor IV) skills of the high

achievers were plotted (Figure 13), four general skill clusters were
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formed. Each cluster was distinct and contained those subtest components
which described the particular skill.
When the coordinates of the two general factors of the low

achievers were plotted (Figure 14), two general clusters were derived

which tended to form an educative aBility continuum, where one extreme
represented a verbal component and the other a nonverbal (numerical).
Each of the two work-study tests tended to be associated with that
extreme which exemplified the fundamental operations of the work-skill
W-2 appeared with the nonverbal cluster in that most operations relating
to its functions are expressions in the numerical mode. W-3 appeared
with the verbal cluster in that most of the operations relating to its
function are expressions in the literary mode.

Iteration B. 1. Combined. The factor structures obtained
from the combined data indicated that R, A-1l, A-2, W-2, and W-3 were
not unifactor tests. However, each cognitive test, with the exception of
Cs and N was unifactor having loadings between .8446 - .9787. The factor

matrix of the combined groups is shown in Table 12. In addition to the

- em Em o mm am S o e s e e e = e S e e

hypothesized cognitive factors, three complex factors were observed.

One factor was identified as General Educative Skill (Table 13), since

seven of the eight ITBS subtests had major loadings, with closure and
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numerical abilities as marginal loadings.
The other factor was identified as General Arithmetic Operations.

The variables loading on this factor are given in Table l4. This factor

has its highest loadings on aritmetic variables and marginal loadings
on a "reading-searching techniqué."™
When the coordinates of these two factors (Factors I and VI)

were plotted (Figure 15), two psychological continua, representing the

two test areas, were produced. The educative and cognitive ability
continua appeared to be unidimensional; however, these data were not
subjected to a scaling procedure.

2. High achievers. Six factors were recognized from the

analysis of the high achievers' data (see Table 15). Unifactor educative

tests were found to be R, V, L-4, A-1l, A-2, W-2, and W-3. Unifactor
cognitive tests were Cs, Ma, N, and P. Two factors arose as distinct
educative factors: Factor V, Reading (R = L7411, V = ,7668) and Factor III,
Arithmetic (A-1 = .8932, A-2 = .8952). Two factors appeared with cognitive
and educative loadings: Factor I, which incorporated study skills with

the closure ability, Cf = .4136 and Factor II, which incorporated language
skills with numerical facility kdecoding), N = .6772.

Two general cognitivé processing skills (CPS) were evidenced.
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The first of them, CPS-A (Factor IV, Table 16), appears to represent

one's ability to translate bits of information through the processes of
interrogation, scanning, and integration. The second cognitive process-

ing skill, CPS-B (Factor VI, Table 17), appears to represent one's

ability to retain bits of information in a variety of discrete seriations
or combinations within the totality of some predefined structure. The
latter factor seems to be related to the process of spelling.

When the coordinates of the educative factors (Factors III

and 1V) were plotted (Figure 16), two distinct clusters were formed:

- an arithmetic and reading. The remaining variable coordinates clustered

near the origin, thereby indicating that their functions were not
operationally contiguous with those of the former. Moreover, these
results imply that the reading and arithmetic functions of this group

are well defined operations. Factors CPS-A and CPS-B seem to be functions
which could be generalized over many operations.

3. Low achievers. Four factors were generated from the low

achievers' data (See Table 18). Two general factors closely paralleled

those obtained from the analysis of the eight ITBS subtests. The
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inclusion of the cognitive variables appears to have made the two general

synthetical factors become more resolute. Table 19 shows (a) that the

values of the major loadings of the verbal-synthetical factor have

increased and (b) that two marginal components have been added--A-1 and

N. The general numerical-synthetical factor (see Table 20) remained

essentially the same. Only two educative .nd threee cognitive variables
appeared as unifactor tests: 1-4, A-2, Cs, Ma, and Ss. Moreover, most
of the cognitive variables had loadings less than .6000.

Two cognitive processing skills appeared, CPS-C and CPS-D.

Table 21 shows the variable loadings of CPS-C, which seems to be associ-

ated with the attainment of arithmetic concepts. Collectively, CPS-C
represents one's ability to organize and/or reconstruct bits of informa-
tion into a somewhat logical order or form prior to the process of
closure. CPS-D appears to represent one's ability to remember and
discriminacte among previously organized bits of (verbal) information

(see Table 22). The latter ability seems to be associated with the

process of spelling. No CPS appeared without educative variables.

When the coordinates of the general synthetical factors

32



32

(Factors I and IV) were plotted (Figure 17), the two hypothetical psycho-

logical continua, evidenced in the combined group data, weza produced.
This finding seems to imply that the low achievers had not been able to
integrate the underlying commonalities of these continua into discrete
functional units. Indeed, it appears as if the psychological continua
are invariant in that no further delineation of specific skill functions
was evidenced. Moreover, even the two major functional systems--verbal
and nonverbal--had not been refined to those speciffied in the subtests.
The operational functions defined by CPS-C and CPS-D seem to confirm
the previous assumptions, since they represent the need to discriminate

among bits of previously stored verbal information.

Summary and Conclusions

The results of the data analyses seem to support the existence
of the proposed CPS. The cognitive network analysis, achieved through
the HPM, showed that differential hierarchies of associations exist
among the dependent variables used to assess the achievement performance
of the two groups. Although all of the lemmas of the propossied theoretical
structure were not confirmed by this study, the assumption concerning the
existence and function of conditional efferent templates (paradigms) for
processing cognitive information seems tenable. The gualitative and
guantitative differences between the CEI patterns of the high and low
achievers imply that significantly different levels of integration among

the variables contributed to the performance levels of the two groups.

w
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Moreover, these data showed that markedly different patterns of associa~
tions existed for each criterion task.

At the next level of variable integration, when the contribu-
tions of educative and cognitive variables were considered, it was
observed that a different set of significart predictor variables was
obtained for each group on each performance task. Regression analyses
showed not only that the cognitibe bariables were better predictors of
the low achievers' performance but also that these values remained
essentially the same in all cases except one, A-2. Moreover, it apy<ared

1
as if the low achievers had developed CPS which were predominantly
integrations of cognitive abilities and work-study skills. Analyses
of the prediction of arithmetic competencies showed that the two refer-
ence arithmetic tests, A-1 and A-2, were not primary predictors of their
arithmetic functions.

For the high achievers, however, appropriate educative variables
contributed significantly in all cases. Significant improvements in
prediction appcared to be related to CPS achieving transfer functions.
The low, persistent level of cognitive variables in the prediction
equations suggest that they were CPS transfer facilitators which trans-
ferred contiguous processing functions. This was evidenced by the
equivalent proportion of variance which existed between A-1l and A-2.

At the next level of analysis, the plot of the major factors
of the high achievers demonstrated that the criterion tasks were discrete,
functional operations (Figure 13). Confounded operations were obtained
from the plot of the low achievers, where both syntax and/or format of

the materials and the fundameatal abilities are being used to extrapolate
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the intended operation (see Figure 14).

When the combined data for all variables were factor analyzed
and then plotted, a psychological continuum for each of the test areas
was obtained. Plotting of the criterion factors of the high achievers
demonstrated that they had developed well defined arithmetic and reading
functions. 1In contrast, the plot of the low achievers' general factors
seem to indicate that they had acquitred a structural psychological in-
variance which inhibited their capacity to formulate appropriate integra-
tive units for reading and performing arithmetic operations.

According to the postulated theory, these factor plots indicate
that the major contributors (roots) that participated in the expression
of each group's achievement performance on the criterion measures were
qualitatively different. The high achievers had developed CPS Qith
conditional efferent templates which integrated and transferred appropriate
bits of information in the execution of the specified tasks. Low
acnievers had developed CPS with ccaditional efferent templates which
scrambled undifferentiated bits of information in the performance of the
specified tasks.

It appears from these preliminary findings that low achievers
exhibit a poor guality of achievement because they retrieve and integrate
inappropriate bits of information into inefficient CPS-~that is, their
CPS represent unique methods for analyzing and/or solving problems which
were derived i:xom a sophisticated use of cognitive skills rather than a
sequential arrangement of prescrioved educative activities which have
proved historically to be highly reliable.

These data suggest that the speed and accuracy of low achievers'
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performance is a function of how well their contrived system can meet
the learning situation. It appears that their system is effective
during their early elementary experiences where concrete operations
predominate; however, at the upper grades when previously learned
knowledges and skills are to be transferred to the new situation, their
system falters.

The findings of this study imply that low achievement is not
necessarily a function of low intellectual ability, but more probably
a function of how well child: :n can transfer their early school experi-
ences (knowledge of basic concepts and their interrelationships) to
new situations. Those instructional strategies (a) which acknowledge
the fact that children come to school with different levels of cognitive
development and requisite experiences and (b) which encourages the attain-
ment of requisite knowledge and readiness skills prior to the undertaking
of new and more complex tasks (e.g., the principles of nongrading)
best prepare children of varying backgrounds for more successful school
experiences. Others which assume a predetermined experiential level
appear to encourage the development of pseudo-CPS which evolve into

inefficient cognitive transfer agents.
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l4=A-1
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FACTOR V
Figure 16. Factor clusters of six cognitive and eight
educative skills (Iowa Tests of Basic Skills) - high achievers.
Variables: 1=R, 2aL-l, 3=W-2, 4=A-2, '5=Cf-2, 6=Cs-1, 7=Ma-2,

8=N-3, 9=P-3, 10=Ss-1, 1ll=v, 12=1L~4, 13=W-3, 14=A-1.
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Cognitive

Educative

FACTOR 1V

FACTOR I
Figure 17. Factdrlclustgrs of six cognitive and
eight educative skills (Iowa Tests of Basic Skills) -
low achievers.
Variables: 1=R, 2=L-1, 3=W-2, 4=A-2, 5=Cf-2, 6=Cs-1,

7=Ma-2, 8=N-~3, °=p-3. 10=Ss-1, l1ll=v, 12=L-4, 13=W-3,
14=A-1.




TABLE 1
Means, Standard Deviations, and Variance Comparisons of Iowa Tests of Basic

Skills Subtest Scores of High- and lLow-Achieving Eighth~Grade Students®

Student
Classification
High Low F-ratio
Subtest Achievers Achievers Comparison
(N=52) (N=57) of Group
Mean S.D. Mean S.D. Variances
Vocabulary (V) 9.6 1.0 6.0 1.7 2,07%%x
Reading Comprehension (R) 9.5 1.1 6.1 1.8 2,92%%%
Spelling (L~1) 9.6 1.1 5.8 2.2 3.89%%x
Language Usage (L-4) 9.5 1.2 5.2 2.2 3.83%%x%
Reading Graphs 9.6 1.8 6.0 2,2 1.45
& Tables (W-2)
Knowledge and Use of 9.8 1.7 6.3 2.1 1.54
Reference Materials (wW-3)
Arithmetic Concepts (A-1) 9.0 1.8 5.7 1.9 Ja14
Arithnetic Problem 9.4 1.8 5.3 1.7 1.10

Solving (A-2)

8Form 3, Level F (Spring, 1968).
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TABLE 2
Means, Standard Deviations, and t Values of Cognitive Factor

Test Scores of High- and Low-Achieving Eighth~Grade Students

Student
Classification
High Low
Achievers Achievers
(N=52) (N=57)

Cognitive Factor Tests? Mean S.D. Mean S.D. + valueP
Flexibility of Closure (Cf-2) 27.8 7.8 24.2 13.4 1.44 (n.s.)
speed of Closure (Cs-1) 58.9 20.6 27.3 22.4 28,.90%%*
Associative Memory (Ma-1 79.5 32.8 76.9 39.8 .07 (n.s.)
Numerical Facility (N-3) 295.0 75.4 236.3 154.8 3,10%%*
Visual biscrimination (P-3) 309.0 61.4 271.6 70.9 - 4,24%%%
Maze Tracing Speed (Ss-1) 88.4 26.7 60.1 25.2 15,88%%x*

arrench, Ekstrom, and Price, Reference Tests for Cognitive Factors

(Revised) , Princeton, N, J.: Educational Testing Service, 1963.
bpifferences calculated using the pooled variance technique (Wert,
Neidt, and Ahmann, 1954, pp. 135-137).
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TABLE 13

Combined Data
Factor I: General Educative Skill

Factor
Test Coefficient

Language Usage (L-4) 8878
Vocabulary (V) 8541
Spelling (L~1) 8340
Reading Comprehension (R) 8104
Reading Graphs and Tables (W-2) 6664
Arithmetic Concepts (A-1) 5332
Arithmetic Problem Solving (A-2) 4994
Speed of Closure Qg ) 3674
Numerical Facility (N) 3021

co



TABLE 14

Combined Data
Factor VI: General Avithmetic Operations

Factor

Test Coefficient

Arithmetic Problem Sclving (A-2) 7770
7174

Arithmetic Concepts (A-1)
Knowledge and Use of Reference 3741
Materials (W-3)

Reading Comprehension (R) 3054

67




*00€ < 'IAS L

QZEV JL99¢€- 9%TO- 688T £620- +Nmmm ZSLT 8CLT- £€30¢ sS m
53723374 cboo- ©990- Z6LT 8¢CEN JEEPO £E€G0 SL6T €GEO d MW
co6?d L9tO~ TESO- TTo0- 8850- €850 SPOT JCLLY TSy0- N m.
voLy 6LTO 88L0- J.L6E9 97.80- G080 S9TT 8€9T 90£0 B m
8EES TOCT- 78T Lvo6s TL8O 131 44 STTO- OLST- LCTZ SO mm
j A%l vev0- 6V0T~- 99T0 SPLT JG8€9 €E0T CEET- JOETY 30 ¢
1868 T8L0- €110 Z6L0 vove 124°TAN 8€L0 €TTO +ammm €M
2088 9200 8LTO EEDT 829T 08LT LETT 0990 +vmmm -M m
LS88 9TTI~ v0oLD ¥¥80 SETT 147220 Jcses8 96TT vvL0 =¥ m
LS98 €9€0 8.L90- 0TSO 0602 ZeCo jzee8 99€0 8LIT . =Y m.
88EY 88¢£0 9191 0880 o9v8z 9220 T9%0 42958 rAASY 1 m
-
6519 voLe €E6TT- JLBSE 5¢€ce 8950- 98£0- +ommm (3770 -1 m
o
9669 TITO S0CT- 5990~ 1.899L LTOT 2£60 €0PT 8T1¢EC A
B A1) LETO 14240 €9€0 JTTIVL {01 2V) 6LEC LYLO L29T 3
NS IIIA IIA IA A AT II1 II I
STqRTIRA
s;1030®3

SIUSPNIS 9pRXD-YIYLTH BuTAdTYOY-UDTH SY3 JO

$931008 A3TTTAY daTIRONPHd IYOBTH pue aarzTubo) XTS HUTATISPUA SaInIONIIS Io3oRd

“St iaave

68

O

Aruitoxt provided by Eic:

E



'TABLE 16

High-Achieving Students
Factor IV, Cognitive Processing Skill 2

Factor
Test Coefficient
Visual Discrimination and 6433
Recognition (P}
Flexibility of Closure (Cf) 6385
Maze Tracing Speed (Ss) 3982
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TABLE 17

High-Achieving Students
Factor VI. Cognitive Processing Skill B

Factor
Test — Coefficient
Associative Memory (Ma) 6397
speed of Closure (Cs) 5904
Spelling (L-1) 3587
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TABLE 19

Low=Achieving Students
Factor I: General Verbal-Synthetical

Factor
Test . Coefficient
ILanguage Usage (L-4) 7663
Vocabulary (V) 7589
Reading Comprehension (R) 7352
Reading Graphs and Tables (W-2) 7126
Spelling (L~1) 6684
Knowledge and Use of Reference 4381
Materials (W-3)

Arithmetic Concepts (A-1) 3874
Numerical Facility (M) 3798
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TABLE 20

Low-Achieving Students
Factor IV: General Numerical Synthetical

Factor
Test Coefficient
Knowledge and Use of Reference 7894
Materials (W-3)

Arithmetic Concepts (A-1) 7886
Arithmetic Problem Solving (A-2) 7219
Numerical Facility (N) 5838
Reading Comprehension (R) 4148
Reading Graphs and Tables (W-2) 3692
Vocabulary (V) 3511
spelling (L-1) 3283
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TABLE 21

Low-Achieving Students
Factor II: (ognitive Processing Skill C

Factor
Test o Coéfficient

Speed of Closure (Cs) . 5989

Maze Tracing Speed (Sg) 5899

Flexibility of Closure (Cf) . 5761

Arithmetic Concepts (A-1) 3716
Visual Discrimination and

Recognition (P') 3104




TABLE 22

Low=-Achieving Students
Factor III: Cognitive Processing Skill b

Factor
Test Coefficient
Associative Memory (Ma) 7329
Visual Discrimination and 4553
Recognition (P)
Numerical Facility 4092
Spelling (L~1) 3574
Flexibility of Closure (Cf) 3323




APPENDIX

Factor Analysis Summary Data

Iowa Tests of Basic Skills

" High-Achievers (N=52) Low-Achievers (N=57)

Factors Rotated? Factors Rotated?
(N=4) (N=3)
Variable Cumulative Cumulative
Proportion Iteration Proportion Iteration
Eigen- of Total Cycles Eigen- of Total Cycles
value Variance (N=5) value Variance {N=5)
R 2.9254 .3657 .0928 5.0562 .6320 .0118
L-1 1.2599 .5232 .4624 0.6537 .7137 1371
W=2 0.8794 .6331 .5583 0.1576 .7334b 1773
A-2 . 0.3756 .6800b .5615 ~0.0199 .1849
v -0.0066 .5615 -0.0243 .1849
L-4 -0.0453 .5615 -0.0781 .1849
W-3 -0.1476 -0.0958
A-1 -0.2240 -0.1323

Aonly pos’tive Eigenvalues and associated vectors were used in
the computation.

bcoefficient of Determination (Rz).
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Factor Analysis Summary Data

Iowa Tests of Basic Skills and Six Cognitive Ability Factors

High-Achievers (N=52) Low-Achievers (N=57)
Factors Rotated? Factors Rotc ced®
(N=8) (N=8)
Variable Cumulative . | Cumulative
Proportion Iteration Proportion Iteration
Eigen- of Total Cycles Eigen- of Total Cycles
value Variance (N=8) value Variance (N=6)
R 3.5827 .2559 .1232 6.4912 .4637 .0932
L-1 1.5982 .3701 .4003 1.1166 .5434 .2863
W-2 1.3016 .4630 .4785 0.8464 .6039 .3118
A-2 1.1066 .5421 .496¢9 0.5815 .6454 .3250
cf 0.5848 .5821 .4994 0.2775 .6652 .3270
Cs 0.6255 .6255 .4997 0.1042 .6727 .3271
Ma 0.1673 .6274 .4997 0.0735 .6779 .3271
N 0.0895 .6438° .4997 0.0245 .6797P
P -0.0118 .4997 -0.0168
Ss -010640 ~0.0458
v ~-0.1169 -0.0601
L-4 ~-0.1637 ~-0.1267
w-3 -0.2238 -0.1608
A-2 -0.2675 ~0.2472

8only positive Eigenvalues and associated vectors were used in

the computation.

beoefficient of Determination (Rz).
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