
ED 060 596

AUTHOR
TITLE

INSTITUTION
PUB DATE
NOTE

EDRS PRICE
DESCRIPTORS

DOCUMENT RESUME

EC 041 546

Satz, Paul; Friel, Janette
Some Predictive Antecedents of Specific Learning
Disability: A Preliminary One Year Follow-UP.
Florida Univ., Gainesville. Neuropsychology Lab.
[72]
32p.

MF-$0.65 HC-$3.29
Diagnostic Tests; *Exceptional Child Research;
*Identification; *Kindergarten Children; *Learning
Disabilities; Longitudinal Studies; Males;
*Predictive Measurement; Reading Difficulty

ABSTRACT
Based on a conceptualization of specific learning

disability within a developmental rather than disease model, the
longitudinal research project attempted to assess early indices of
later reading disability. Kindergarten boys (N equals 474) were
tested at the beginning of the school year on a number of
developmental and neuro-psychological tests (predictors). At the end
of the year, preliminary followup consisted of classification of the
students by their teachers into High Risk and Low Risk criterion
groups for potential learning disability (the true criterion would be
third grade reading achievement scores) . Purpose of the
classification by teachers was to obtain preliminary criterion
estimates of subsequent learning disability in order to determine the
predictive validity of the independent variables (the tests
administered earlier). Results shoved high concordance between
predictor measures (tests) and teacher classifications: tests
correctly classified 78.4% of the children classified as High Risk,
and 82.7% of the Low Risk children, suggesting that correct
identification can occur even before formal reading instruction.
Highest discriminating variables were Finger Localization test,
socioeconomic status, Dichotic Listening total recall, and Peabody
Picture Vocabulary Test. (KW)
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Specific learning disability, particularly involving the process of

reading and writing, has been recognized as a major social and educational

problem of the twentieth century. The problem has been intensified in

recent years by-virtue of improved incidence studies and various social and

economic factors which have precipitated a disproportionately high number of

learning casualties in the ghetto and culturally deprived segments of

society (Eisenberg, 1966). The incidence of reading difficulties has been

shown to vary between 10 and 30 percent of the school population with

frequency inversely related to social class (Eisenberg, 1966; Hawke, 1958).

While more conservative estimates range between five and 15 percent this

still means that at least four million elementary school children in the

United States are disabled readers (de Hirsch, Jansky & Langford, 1966).

According to Eisenberg and Gruenberg (1961, p. 361): "The magnitude of

the reading problem and the shattering impact of reading disability on

personal and vocational adjustment should accord proposals for its cor-

rection a major position in mental hygiene programs."

Although the incidence of reading disability is significantly

influenced by deprivations in the social and environmental background of

the child, there still remains a considerable number of disabled learners

vho have the -advantages of social and educational opportunity, at least

average intelligence and no evidence of gross neurological or emotional

handicap. It is this particular group of children for whom incidence data

and etiology are noticeablylacking. They have been distinguished from the

general population of disabled readers on the basis of the preceding charac-

teristics and have been referred to variously as cases of specific reading

disability (Honey, 1962), developmental dyslexia (Critchley, 1968) or

educationally. handicaDped (Owens, Adar.!s & Forrest, 1968). Regardless of



the diagnostic label, studies have-uniformly reported a disproportionately

higher incidence of males in children with these specific learning handi-

caps (4oney, 1966).

An attempt has recently been made to explain the nature and under-.

lying cause of this disorder (Satz & Sparrow, 1970; Satz, Rardin & Ross,

1971; Satz & Van Nostrand, 1972). These authors have postulated that

specific reading disability is not a unitary syndrome but rather reflects

a lag in the maturation of the brain (left hemisphere) which delays dif-

ferentially those skills which are in primary ascendancy at different

chronological ages. Consequently, those skills which during childhood

develop ontogenetically earlier (e.g., visual-perceptual, visual-motor,

directional-spatial) are more likely to be observed in younger children

who are maturationally delayed. Conversely, those skills which during

childhood have a later or slower rate of development (e.g., language

and formal operationi) are more likely to be observed in older children

who are delayed maturationally. This reasoning is closely tied to Bloom's

(1964) observation that variations in the environment (or CNS) have their

greatest quantitative effect on a characteristic at its most rapid period

of change and the least effect at the least rapid period of change. The

theory, in brief, is compatible with those developmental positions which

postulate that the child goes through consecutive stages of thought during

development, each of which incorporates the processes of the preceding

stage into a more complex and hierarchically integrated form of adaptation

(Bruner, 1968; Hunt, 1961; Piaget, 1926). These stages are presumed to

develop in an orderly fashion with increased age and maturation of the CNS.

If, however, the maturation process is delayed, then corresponding delays

in the acquisition of the developmental stages or skills are predicted.



Satz and associates (1970; 1971; 1972) have shown that the pattern

of difficulties in handicapped learners indeed changes'as a function of

chronological age. Dramatic differences have been demonstrated between younger

(ages 7 - 8) and older ( ages 11 12) disabled readers. Generally, the

younger dyslexic child, in contrast to his agematched control, has been

delayed on a number of perceptual or perceptual-motor skills which are

crucial to the early phases of reading (Gibson, 1968). These same skills,

in addition, have been shown to be in primary ascendency during this age

period (Bruner, 1968; Thurstone, 1955). By contrast, the older dyslexic

. child, as opposed to his age-matched control, has not evidenced any signi-

ficant delay in these earlier-developing skills, but, rather, has lagged

substantially on a number of language skills which are crucial to the later

phases of reading (Gibson, 1968). These same skills, moreover, have been

shown to have a slower or later rate of development with primary ascendency

in the 11 - 12 age groups (Bruner, 1968; Thurstone, 1955).

The preceding findings, although based on cross-sectional rather than

longitudinal designs, suggest that dcvelopmental delays in the initial

elementary school years may forecast different and perhaps more severe

delays in language integration in later years. Althaugh the child may

lag in certain basic early skills crucial to reading (e.g., perceptual),

he eventually overcomes these early lags but may then lag in those skills

which develop ontogenetically later. This formulation implicitly suggests

that the mechanism which underlies the maturational lag affects the rate

at which the developmental milestones are reached, and therefore, early delays

in the maturation process, even during 2.Le..-schoo1, ruay forecast the nature

And severity of later reading disability. This formulation thus concep-

t,,.n1i7ec.the problem within a developmental rather than disease model

(e.g., brain damage). As such, it predicts that the child who.is mature-



tionally delayed will continue to "catch up" developmentally, albeit at

a slower rate.

The main advantages of this theory are twofold. First, it spe-

cifies some of the early antecedents of later reading disability which may

be identified during pre-school before formal reading instruction is begun.

Second, it affords early identification at a time when the CNS is more

plastic and subject to rapid growth (Lenneberg, 1967) and when the child is

generally free of personality problems (Gates, 1968). The need for early

identification of these "high risk" children is already recognized as one

of the major problems and challenges of childhood learning disability

(goney, 1966). Unfortunately, the vast majority of studies in this area

have been addressed to older children who have suffered with their handicap

for several years, who may now be experiencing considerable emotional distress

and who may already have passed certaih-critical or sensitive developmental

periods which could decrease their chances for remediation (Caldwell, 1968).

The-optimal framework in which to assess early indices of later

reading disability is longitudinal. Unfortunately, longitudinal studies

in this area have been rare (goney, 1966). .The most ambitious project

to date is the three-year follow-up of kindergarten children (normal and

premature bitths) by de Hirsch, Jansky and Langford (1966). Although

numerous predictor tests were employed (g = 37), the study was limited

by virtue of the small sample size (N = 106), the inclusion of both males

and females, the large number of low income children from different races,

and the utilization of univariate rather than multivariate methods of

analysis. A multivariate paradizm, including factor analysis, may have

afforded a reduction in the time-consuning test battery as well as an

increase in the predictive validity of the instruments. Nevertheless,

_



the authors were able to identify a small number of high-risk children,

during pre-school, who later developed severe problems in reading and

writing. Of particular interest in this study was the finding that those

tests which were maturation-sensitive (i.e., age-related) were uniformly

more predictive by the end of second grade. The visual-perceptual and

perceptual-motor tests were shown to be particularly sensitive in terms

of both maturation and predictive validity, which lends indirect support

to the theory previously discussed (Satz, et al., 1970; 1971; 1972).

Similar findings were reported in a later study of 57 children by Sapir

and Wilson (1967) which assessed the predictive validity of kindergarten

measures eight and 17 months after initial testing. The highest criterion

correlations (Reading Readiness Tests) were again found with the per-

ceptual-motor instruments for both criterion periods, although the corre-

lations for the language measures increased on the second criterion evalua-

tion (17 months later). These findings are consistent with the theory of

Satz and associates in that'ages 5.- 6 mark a critical period in the primary

development of perceptual skills. This longitudinal study, while predictive

in terms of.earlY identification of high-risk children, was limited for

several of the reasons outlined in the de Hirsch, et al.(1966) project.

The andings, however, again point out the relevance of perceptual s kiLls

in reading readiness. In fact, Weiner and Wepman (1971), using a three-

year follow-up of 59 black disadvantaged children, recently showed that

measures of perceptual and perceptual-motor functioning during first grade

were extremely sensitive predictors of school achievement (largely language)

at the end of third grade. The data from each of these studies strongly

suggest that when early predictive indices are desired, criterion covrela-

dons will be increased if tests are selected which assess those skills

which are in rimary development at these ages. It was recently.shown
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.(Chissom, 1971) that skills which have a much earlier rate of development

(e.g., balance and motor coordination) showed a substantial correlation

with academic aptitude and achievement in younger boys (first grade) but

not in older boys (third grade). These findings again highlight the poten-

tial usefulness of developmental concepts in attempts to isolate some of

the predictive antecedents of later learning disability.

The present chapter is addressed to a one year preliminary follow-up

of a large sample of kindergarten boys (N = 474) most of whom were tested

at the beginning of the school year on a number of developmental and neuro-

psychological tests (predictors) and who were independently classified

by their teachers at the end of the year into a High Risk and Low Risk

criterion group for potential learning disability. Although the time

interval between test administration and criterion classification is

presently small, the project was designed to circumvent many of the problems

inherent in previous studies. The tests were selected on the basis of

the theory outlined above; the samge, while large, was based on only

boys (Caucasian) who are already at a higher risk for later reading

problems; a total population was represented (i.e., 967 of kindergarten

children were selected); and a linear multivariate design was employed

for the factor analyses and predictive analyses.

METHOD

Subjects.

The original sample consisted of 497 white male kindergarten pupils

in the Alachua County, Florida, public school system and the University of

Florida laboratory school. This figure represents 95.6% of the white male

population enrolled in the 20 county schools (14 urban, 6 rural) at the

time of the testing. Data were collected on 86 school days between October



and Narch. In order to determine whether discrepant amounts of schooling

affected the test battery results, Day of Testing designations, ranging

from 1 through 86, were assigned each S. Ss were tested on an individual

basis in an 8' x 35' trailer equipped with four testing modules which

was transported to the grounds of each school. Typically, four Ss were

tested in the morning, and four in the afternoon. The final analyses were

based on the results from 474 Ss, 23 of the original group necessarily

eliminated due to missing data. The mean age (in mos.) was 66.2; the

range, 57 through 78. Low socio-econamic-status characterized 9.77 of

the families of these Ss (see Predictor Variable Nb.18 below).

A. Predictor Variables.

1. Day of Testing [6]..

2. Age (in mos.).

3. Handedness [Hand] . Demonstration by S of the use of each of

ten objects. Score: difference between the number of items for which

right hand used and the number of items for which left hand used, divided

by ten. Negative proportions indicate left-handed preference.

4. Finger Tapping IFT1 . Timed measure of fine motor movement

(Reitan, 1964) requiring S to rapidly depress a metered key with his index

finger; four-10 second trials per hand, starting with preferred hand.

Scores: total performance [FTT] , based upon the averaged sum of preferred

and nonpreferred hand performance, and mean difference between preferred

and nonpreferred hands [FTD1 .

5. Peabody Picture Vocabulary Test IPPVT1 (Dunn, 1959). Score:

intelligence quotients.

6. Recognition-Discrimination LR-Di
7

(Small, 1968). Visual-perce--

tual task requiring. S to identify a geometric stimulus design among a group



of four figures, three of which were rotated and/or similar in shape to

the stimulus figure. Score: percent of 15 trials correct.

7. Embedded Figures EEFI (Developed by Satz, and associates in the

Neuropsychology Laboratory, University of Florida). Visual-perceptual task.

requiring S to identify in which of three choice designs a stimulus figure

was embedded. Score: percent of 15 trials correct.

8. Verbal Fluency DF] Modified version of Verbal Fluency Test

described by Spreen and Benton (1965). S required to name in one minute

as many objects as possible in each of three roams in his home.

9. Developmental Test of Visual-Motor Interation DeerY] (Beery,

1967). Sccire: age equivalents (in mos.).

10. Similarities LSim..] . Subtest of the Wechsler Pre-school and

Primary Scale of Intelligence (Wechsler, 1967): Score: scaled scores.

11. Alphabet . Recitation of ABC's. Score: number of

letters named, regardless of order in which given.

12. Right-Left Discrimination LR-L] . Ten questions measuring S's

ability to make right-left discriminations on his person. Score: percent

correct, half-credits for correct responses following hesitations.

13. Fino-er Localization 11:FL] (Benton, 1956). Somatosensory test

consisting of five levels of performance, four of which (1, 2, 4 and 5)

presumed to assess increasing levels of complexity. (1) Shielded uni-

lateral stimulations made to the fingertips; shield removed between sti-

mulations and S required to point to the finger touched with the index

finger of his free hand. Five trials per hand, starting with preferred

hand. (2) Shielded unilateral stimulations made to the fingertips; S

identified each stimulated finger on a corresponding diagram of an opened

hand. Five trials per hand, starting with preferred hand. (3) Shielded,



randomized series of three bilateral and ten unilateral.stimulations made

to the backs of S's hands; S waved hand(s) stimulated.- Only bilateral

trials scores. (4) Shielded unilateral stimulations made to the finger-

tips; S recalled the number of the finger stimulated. Instructions in

the numbering of each hand given immediately before the stimulations to

that hand. Five trials per hand, starting with preferred hand. (5) Shielded

simultaneous bilateral stimulations made to pairs of fingertips; S recalled

the number of the finger stimulated on each hand. Five Pairs of

stimulations, starting with preferred hand. Score: percent correct across

all ftve levels.

_ /
14. Auditory-Discrimination LA-Di . Shortened, taped, version of

the Wepman Auditory Discrimination Test (Wlepman, 1958). s required to

recognize on 20 trials whether pairs of words heard through earPhones

were the same (a single word repeated) or different (two different, but

similar sounding words). Score: sum of the ratio of correct "same"

responses to the total number of "same" responses and the ratio of correct

"different" responses to the total number of "different" responses.

Range: 2.0 - 0.0.

15. Dichotic Listening [D-L](Satz, 1968). Measure of ear asym-

metry in which S presented with disparate pairs of numbers arrivtng

simultaneously via stereo headphones every half-second. s required to

recall numbers heard. Version in this study consisted of 30 trials of three-

pair digit sequences with an intertrial interval of 10 seconds for recall.

Scores: total recall EDI, 1 from both the right (RC) and left (Lc) channels,
T'

and an ear asymmetry measure FDL 1 derived from the ratio (RC LC) / (RC + LC).
EA7'

n
16. Auditory-Visual Task LA-y.1 1964)(Birch and Belmont, Taped

test requiring s to detect the visual equivalents (dots en display cards)



of patterned auditory sequences (clicks). Score: percent of 10 trials

correct.

17. Behavioral Checklist DCL] Ratings by E on a 5-point scale

(-2, -1, 0, +1,.+2) of S's emotional reactivity; degree of irritability,

cooperation, and dependency; duration of attention span; goal orientation;

response to directions; level and nature of activity; and nature of com-

munication. Score: absolute total of the ratings on the 10 scales;

indicative only of overall deviancy, irrespective of direction.

18. Socio-economic status [s-E] . Rated by teacher on dichotomized

scale as "low" (1), or "average or above" (2).

3
19. Maturity 1ATj S's physical, emotional, and social maturity

each rated by teacher as "low" (1), "average" (2), or "high" (3). Score:

sum.of individual ratings.

20. Activity level [ATr] .3 Rated by teacher as "law" (1),

If average" (2), or "high" (3).

B. Criterion Variable.

At the termination of the school year during which testing took

place, the.teachers were asked to predict the likelihood that each child

would encounter learning difficulty (Likelihood of Learning Difficulty =

LLD) using the following four ratings: Definitely, Probable, Doubtful,

and Definitely Not. On the basis of these judgments, 88 Ss were classified

into a High Risk group (ratings of Definitely and Probable) and 386 Ss into

a Low Risk group (ratings of Doubtful and Definitely Not). The purpose of

this classification was to obtain preliminary criterion estimates of sub-

sequent learning disability in order to determine the predictive validity

4
of the independent variables. Although this criterion classification is

recogilim:d as only a tentative and subjective approximation of the true

11



criterion (third-year achievement scores), it should be mentioned that

predictions of learning disability based upon teacher judgments have been

shown to be surprisingly accurate (Austin & Nbrrison, 1963; Henig, 1949;

Kermoian, 1962).

Procedure.

A factor analysis which included all predictor tests and the cri-

terion measure was executed in order to ascertain the composition of

subsets of covarying variables. A reduced.intercorrelation matrix (com-

munalities in the diagonals) was computed and a principal axes solution

obtained. Six factors from the resulting matrix were rotated orthogonally

to varimax criterion. The four significant factors which emerged are

shown in Table 1. Factor I consisted primarily of tests involving sensory

and perceptual-motor functions and mnemonic abilities. The estimate of

the likelihood of learning difficulty and, to a lesser extent, maturity

level also loaded on this factor. The variable loadings, although generally

low throughout the analysis, were highest on this factor. The percent of

common variance accounted for by Factor I was 30.7. Factor 11 consisted

of teacher evaluations pertaining to activity and maturity levels, the

likelihood of learning difficulty, and socio-economic level. The sum

of the squared loadings in Factor II accounted for 16.07 of the common

variance. Factor III was comprised of three essentially vei:bal and

conceptual tests (Sim., PPVT, and VF). The percent of common variance (13.4)

attributable to this factor mas only slightly less than the preceding factor.

Finally, Factor IV represented motor measures and handedness and accounted

5
for only 7.77w of che variance.

RESULTS

I. Criterion Grolro Means for Predictor Variables.

The means and standard deviatUs of the 20 predictor variables are



presented for the High and Low Risk criterion grouDs in Table 2. Inspection

of this table indicates that substantial differences between criterion groups

were found on the vast majority of the measures employed; the Low Risk group

consistently performed higher than the High Risk group. The groups did not

differ significantly, however, on Day of Testing or on Age. Other measures

which failed to distinguish the groups were Handedness, the Finger Tapping

difference score, Right-Left Discrimination, and the Dichotic Listening ear

asymmetry ratio.

Among those variables which did discriminate, the findings on the

Beery mere of particular interest. The Low Risk group's mean age equivalent

score on this task (66.6 MOS.) closely coincided with the mean chronological

age of the Ss (66.3), whereas the mean age equivalertscore for the High Risk

group (57.1 mos.) represented an 8.5 month lag behind their mean chronolo-

gical age (65.6).

II. Discriminant Function Analysis.

In order to achieve maximum differentiation between the High and Low

Risk criterion groups, a discriminant function analysis (Fisher, 1936) was

performed on the 20 variables presented in Table 2. The purpose of this

analysis was to seek some linear combination of the variables that would

maximize the "between"-group differences relative to the "within"-group

differences. A composite discriminant score was computed for each S in both

criterion groups based on his raw scores and the optimal lambda weightings

(4) for each variable. These discriminant composite scores (Z..) were then

averaged for each criterion group. The mean Z scores obtained for the High

and Low Risk groups were Zart= 2.95 and ZLR = 3.65, respectively. The group

. difference between these composite discriminant means was significant

(gahalanobis D2 = 3.43, df = 20, 453; F = 11.82; p < .001), which then per-

13



mitted an assignment of Ss to different criterion groups.

In order to classify each S as High or Low Risk on the basis of his

discriminant composite score (Zi), an optimal cut-off score was computed

(decision rule) using the ratio (Ti 4.a)/2 (Satz, 1966). The composite

value obtained was 3.315. Predictions of High Risk were then made for

individuals whose composite scores were less than 3.315; predictions of Low

Risk were made for cases in which the composite scores equalled or exceeded

this value. The predictive classifications of all Ss on the basis of this

decision strategy are shown in Table 3.. Examination of the table reveals

that 69 of the High Risk group (N=88) were classified correctly, yielding a

valid positive rate of 78.47 and a false negative rate of 21.67 (19/88).

Similarly, 319 of the Low Risk group (N=386) were classified correctly yielding

a valid negative rate of 82.77 and a false positive rate of 17.37 (67/386).

In terms of overall prediction, the discriminant function classified correctly

388 or 81.9% of the total sample (N=474).

III. Step-Wise Regression Analysis.

The purpose of this analysis was to determine the ranking of the pre-

dictor variables in terms of their discriminating power relative to the

criterion measures. A ranking of the variables and their cumulative predic-

tive classification percentages are presented in Table 4. The Finger Localiza-

tion test revealed the highest discrimination ranking which accounted for

71.1% of the overall correct classifications. Socio-economic status,

Dichotic Listening total recall, and the PPVT were ranked second, third,

and fourth, respectively. Inclusion of these three variables along with the

Finger_Localization test increased the total hit-rate percentage to 80.Q%.

The remaining variables contributed only an additional 1.9% to the overall

correct classification rate of 81.97.

4



The various factors on which these four most discriminating variables

-loaded are also shown in Table 4. Two measures (FL and DL) loaded on Factor

I (Sensory; Perceptualotor; Mnemonic). S-E, ranked second, contributed to

Factor II (Teacher Evaluations). Only the PPVT, ranked fourth, represented

the Conceptual-Verbal Factor (III). The residual variables were distributed

throughout all four factors.

A separate analysis was then performedon-the Finger Localization 7tst

on the basis of its major contribution to criterion group discrimination. The

analysis revealed that, as expected, criterion group differences increased as

a function of complexity level. The percentages of correct responses for

the Low Risk group on Levels1, 2, 4, and 5 were 99.0, 82.0, 68.0, and 55.0,

respectively. Corresponding values for the High Risk group were 98.0, 74.0,

32.0, and 19.0. The differences at Levels 2, 4, and 5 were significant

(p <7.001). Level 3 (unilateral-bilateral discrimination) also distinguished

the High and Low Risk groups with respective mean percentages of 98.4 and 93.3

(p < .001).

IV. Classification of Ss Within Refined Criterion Groups.

An additional analysis was performed in order to examine the predic-

tive accuracy (discriminant function) within the extreme and conservative

subcategories of the High and Low Risk criterion groups. It will be recalled

that the teacher evaluations of thelikelihood of learning difficulty (LLD)

were made on a four-point scale. Ss receiving ratings of Definitely and

Probable were combined to obtain. the High Risk group; those obtaining ratings

of Doubtful and Definitely Not were combined to obtain the Law Risk group.

In the present analysis, ratings of Definitely and Definitely Not were

considered extreme, Probable and Doubtful as conservative. Table 5 presents

the percentages of correct and incorrect.classifications based on the dis-

15



criminant function within eachcf these four subgroupings. Inspection of

'this table indicates that in both the High and Low Risk groups, prediction

accuracy was substantially greater in the extrene than in the consersiative

subcategory. In the High Risk group, the valid positive rate increased from

77.57 in the Probable category to 82.4% in the Definitely category. In the

Low Risk group, the valid negative rate increased frma 74.17 in the Doubtful

category to 91.57 in the Definitely Not category. The overall hit rate, con-1

sidering only the two extreme subgroups within each criterion classification,

was 90.8%.

DISCUSSION

The present findings, while still preliminary, strongly suggest that

a substantial number of High Risk children can be correctly identified during

the early phases of kindergarten before formal reading instruction is begun.

In fact, the discriminant function (predictor tests) correctly classified

69 of the 88 (78.4%) High Risk children.(valid positives) who were identified

6
by the teachers at the end of the kindergarten year. Only 19 (22.6%) of

these children were missed (false negatives). The discriminant function also

correctly classified 82.7% of the Low Risk children (valid negatives) with

only 17.3% being incorrectly classified as High Risk (false positives). Thus,

approximately 82% of the total sample were correctly classified by the tests.

These discriminant validities were even further increased when the tests were

compared with more refined categories of each criterion group. Table 5 showed

that in this analysis, 82.4% of the High Risk and 91.5% of the Low Risk children

were correctly classified when only extreme categories of criterion teacher

judgments were used. This analysis thus increased the overall hit rate from

81.9% to 90.E, which lends further credibility to fhe construct validity

(Cronbach & Meehl, 1967) of both predictor tests and teacher judgments.

16



Intuitively, the utilization of teacher judgments was felt to provide

a reasonable, although tentative estimate of the true criterion (i.e., third

year rea:ding achievement). The teachers, for example, had the full kindergarten

year in which ta observe the chfdren, to interact with them and to evaluate

performance. Considerable efforts were also made to increase the motivation

and participation of the teachers in the project. They were frequently

apprised of the importance and overall objectives of the project which depended

on the joint efforts of many people including the children and their parents.

These factors, along with previous demonstrations of the accuracy of teacher

judgments (Austin &Morrison, 1963; Henig, 1949; Kermoian, 1962), provided the

rationale and opportunity to employ a preliminary criterion measure in order

to evaluate the predictive validity of the independent variables.

The results were impressive for both the univariate and multivariate

analyses. Approximately 75 percent of the variables revealed substantial

mean differences between criterion scores on the univariate analyses. Perfor-

mance on the Beery Developmental Test of Visual-Notor Integration was particu-

larly striking in that the High Risk children lagged almost nine months

behind their chronological age; this discrepancy was not observed for the Low

Risk children whose age equivalent scores were nearly identical t)their mean

chronological age. Similar group mean differences were found for most of the

remaining measures of sensorimotor, perceptual and language skill. Inspection

of Table 2 revealed, however, that the mean error performance on several of

the tests was still quite high for this age group of children (High and Low

Risk).. This finding was consistent with the authors' orinal purpose to

select tests which assess developmental skills (some of which are in rapid

ascendancy at earlier ages) which could then be readministered at later

periods in the project.

17



The univariate analyses, while helpful in identifying those variables

which differentiated criterion groups, were unable to determine the predictive

validity of the tests. This evaluation was based on the results of the step-

wise discriminant function analysis. Interpretation of these results, however,

required the information gleaned from the earlier factor analyses. It was

shown that the primary factor (Factor I) comprised most of the tests presumed

to measure aspects of sensori-motor, perceptual and mnemonic Skill (Table 1).

The Beery and Finger Localization Tests had the highest loadings on this

factor. Of interest, none of the language tasks were represented on this

factor; they grouped uniformly on Factor III. The tests which loaded on

Factor I represented skills which are presumed to be in rapid development

during this age period (5-6), including alphabetic recitation.
7

Factor I

accounted for more of the common variance than the other three factors com-

bined, although none of the values were particularly high.

The results of the step-wise discriminant function analysis revealed

that two of the four most discriminant variables loaded on Factor I (Finger

Localization and Dichotic Listening); in fact, Finger Localization had the

highest ranking of all the variables and classified correctly 71.1 percent of

the total sample. This classification percentage was increased to 80 percent

by adding the next three highest discriminator variables (Socio-economic level,

Dichotic Listening, Peabody Picture Vocabulary Test, respectively). Inclusion

of the remaining tests merely increased the overall hic-rate by an increment of

1.9 percent (81.9 percent). Thus, in terms of Oredictive validation, Factor I

-had the major contribution to criterion group discrimination, followed by

Factor II (S-E) and Factor III (PPVT).

The effect of Socio-econamic level (Factor III) was particularly

surprising .in that only six of the 20 elementary schools were rural and only
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9.7 percent of the children were estimated to come from low socio-economic

'backgrounds. When S-E status was examined for each criterion group, however,

it was found that the percentage of low socio-economic children was nearly

five and a half times higher in the High Risk group (28.4%) than in the Low

Risk group (5.4%). A possible confounding between predictor and criterion

variables, huwever, may have occurred in that both estimates were based on

teacher judgments. This relationship would tend to si3uriously inflate the

effects of S-E status as a predictor variable. Whether true or not, it should

be apparent that the majority of the High Risk children were still represented

in the middle to upper-middle socio-economic level. This fact should under-

score the need to identify variables other than S-E status in attempts to

account for and predict the occurrence of specific learning disability.

The present findings, in summary, lend convincing support for some of

the predictive antecedents of later learning disability. Although final

criterion specification is still lacking, the concordance between the predictor

measures (assessed at the beginning of kindergarten) and criterion teacher

classifications (assessed at the end of kindergarten) was high, if not impressive.

The predictive classification of the variables at least rengthens the construct

validity of the tests and teacher judgments. Only time can determine the

true validity of these measures.

The results also lend further indirect support to the theory which

guided selection of the present tests (Satz & associates, 1970; 1971; 1972).

Those tests which assess skills presumed to be in rapid development during ages

5-6 were particularly discriminating. Many of the High Risk children were

shown to be legging already as much as eight-nine months during kindergarten

(e.g., Beery). Performance on the Finger Localization Test vas also much

lower in the High Risk children and their performance became progressively
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wcrse as complexity level increased. These findings again suggest that a lag

mechanism may retard the developmental rate at which these children acquire

hierarchically more complex levels of skill. Consequently, earlier delays

(which may be less severe) may forecast later delays which may alter both

the nature and degree of the behavioral pattern (Lenneberg, 1967; Satz and

Van Nostrand, 1972). The present findings revealed a primary lag in sensori-

motor, perceptual and mnemonic skill in the High Risk children. There was also

a corresponding, although less striking, delay on some of the language

measures (PPVT). Only follow-through investigation will determine whether

the delay in language competence increases over time as the children gradually

overcome their sensorimotor and perceptual handicaps. The theory predicts that

this behavioral pattern will occur. If so, it warrants even further attention

to the critical problems of early detection and intervention.

Lastly, the present design, while longitudinal in scope, illustrates

the importance of linear multivariate models in the early prediction of specific

learning disability. These methods provide a more powerful quantitative

approach to predictive validation than is possible with univariate models.

They also help to determine the minimal numbwof tests necessary for maximal

criterion group differentiation. As such, the investigator is provided with

greater design economy which permits fewer tests and greater opportunities

for increasing sample size in order to offset attrition problems. The present

study represents an application of these methods to an appropriate clinical

problem.
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FOOTNOTES

1
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2
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project. Without the continued efforts of all of these persons, the research
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The cooperation of the Alachua County School Board was particularly
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project. Thanks are also due Ms. Crystal Compton, Dr. John J. Anthony, and

Ms. Sue Griffith of the Superintendent's Office.

The Principals and Assistant Principals for Curriculum of all nineteen

schools from which the sample was drawn were, without exception, helpful and

supportive of the project. Special guidance and assistance during the early

stages of the research were offered by Ms. Christine Clark, Principal of

Sidney Lanier Elementary School, and Ms. Ella:Mae Schenck, Principal of

Marjorie K. Rawlings Elementary School.

The forty kindergarten teachers whose pupils participated in the

research are due special thanks. Theirefforts in obtaining parent consents,

in the day-by-day assignments of students for testing, and in providing

biographical and criterion data were clearly instrumental in the implemen-

tation of the project.

The authors wish also to express appreciation to members of the Uni-

versity of Florida Neurcpsychology Staff, all of whom acted as examiners,

and most of whom assisted in the administrative details associated with the

project. 25
A note of appreciation is, in addition, extended to the-several



graduate and undergraduate students who administered test batteries to the

Ss, as well as to Gary K. Van Nostrand, who acted as co-coordinator during

the testing phase of the project.

3 \
Included in factor analysis but not discriminant function analyse's see below).

4
Within the framework of the longitudinal design, teacher assessments will

eventually be used as a predictor variable along with test performances

against a final criterion of second grade achievement.

5

The six Principal axes factors used in the orthogonal rotation were also

subjected to an oblique factor analysis. The resulting primary factors were

virtually identical in content with those obtained from the orthogonal analysis.

An intercorrelation of .59 was shown to exist, however, between Factors I and III.

6

The 88 children who were predicted by the teacher3to be High Risk for later

learning disability represent approximately 20 percent of the total sample.

This percentage, while consistent with previous incidence estimates (Eisenberg,

1966) may actually be too low because the present study included only boys

who are already known to be at a higher risk than girls (Ingram, 1970). If

a conservative ratio of 4:1 was used, this would mean that 16 out of every 20

children expected to develop reading disability would be boys (4:1) which

would increase the incidence rate from 20 percent in mixed sex samples to

32 percent in male samples. Thus, in ehe present project, one could conserva-

tively predict that 32 percent or 152 children would eventually develop signs

of specific reading disability. It is interesting to note that the discriminant

function classified a total of 136 children as High Risk which more closely
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approximates this expected value. The true incidence, of course, will only
-

be known after the third year reading achievement tests are given.

7

More puzzling was the loading of teacher criterion judgments (LLD) on this

factor. The relatively high inverse correlation suggests that their predic-

tions of High and Low Risk were based in part on observations of sensori-

motor.and perceptual performance during school.



Table 1

Rotated Orthogonal Factor Loadings
a

Factors

Sensory; Perceptual-
Motor; Mnemonic

(30.7)b

Teacher
Evaluations

(16.0)

Conceptual-
Verbal

(13.4)

IV
Motor

(7.7)

Beery (.72)

F LT (.64)

R-D (.57)

Alph. (.55)

LLD (-.53)c

A-D (.50)

EF (.46)

DL
T

(.41)

MAT (.40)

ACT (.62)

MAT (.57)

LLD(-.48)c

S-E (.42)

Sim. (.63)

PPVT (.61)

VF (.37)

FT (.59)

FT (.44)

Hand.(.38)

a

Variables loading .37 included in listings.

Percent of common variance for which factor accounted.

Loading negative because of way in which code numbers assigned to

LLD ratings: Definitely = 4, Probably = 3, Doubtful = 2, and Definitely

Not = 1.



'Fable 2

Means and Differences between Criterion Groups
on the Predictor Variables

Variables

Criterion (Teacher Judgment)

Hic-h Risk (g = 88)

SD

Low Risk (N = 386)

SDMean Mean

1. DT 47.6 27.5 42.7 23.6 2.86

2. Age 65.6 4.4 66.3 4.0 1.93

3. Hand. 0.7 0.6 0.6 0.6 0.15

4. FT 1.8 3.2 2.3 3.4 1.47

5. FT 45.2 7.1 47.8 8.2 7.91*

6. PPVT 93.9 16.5 107.1 14.0 59.65*

7. R-D 50.7a 18.0 67.3
a

18.0 62.34*

8. EF 313a
18.7 40.6a 25.0 14.23*

9. VF 18.7 6.5 23.0 6.7 29.47*

10. Beery 57.1
b

-8.6 666
b

9.9 69.13*

11. Sim. 10.8 3.0 12.6 2.7 29.30*

12. Alph. 15:2 9.0 21.8 7.1 56.16*

a a
13. R-L 54.0 27.0 61.0 31.0 3.18

a a
14. F 61.0 17.0 78.5 16.5 80.77*

15. A-D 1.0 0.5 1.3 0.4 33.79*

16. DL 56.7 17.6 70.7 14.2 62.98*

17. DL
EA

- 0.0 0.3 0.0 0.3 1.04

18. A-V 34.0a 18.0 39.0
a

15.0 8.08*

19. BCL 3.5 3.4 2.0 2.5 22.22*

20. S-E 1.7 0.5 1.9 0.2 47.26*

a

Percent correct

Age equivalents (in mos.)

p f .005, df = 1,472.
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Table 3

Predictive Classification of Children
into Criterion Groups based on Discriminant

Function Test Scores

Interval Composite
Discriminant Function

Test Scores

Criterion (Teacher Judgment)
High Risk (N = 88) Low Risk (g = 386)

7 = 2.95 = 3.65

1.815 - 2.114 4 1

2.115 - 2.414 9

2.415 - 2.714 10 6

2.715 - 3.014 22 11

3.015 - 3.314 24 49

3.315 - 3.614 14 82

3.615 3.914 4 133

3.915 - 4.214 1 88

4.215 - 4.514 0 15

4.515 - 4.814 0 1

aComposite cut-off score: Z. 3.315; overall hits = 81.9%; valid positives =
17.3%.



Table 4

Step-wise Regression Analysis of
Discriminant Function Composite Scores

by Test and Factor Loading

Ranked
Variables Factor

Cumul. % Correct
Classification

Cumul. %
Misclassification

1. FL I 71.1 28.9

2: S-E II 75.7 24.3

3. DL
T

I 78.3 21.7

4. PPVT III 80.0 20.0

5. *Residual I-IV 81.9 18.1

Tests
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Table 5

Predictive Classification (percent) within
Extreme and Conservative Subcategories of High and

Low Risk Criterion Groups

.

Criterion (Teacher Judgment)
Discriminant High Fsk Low Risk

a
Function Composite Definitely Probable Doubtful Definitely Not

Scores (R = 17) (R = 71) (R = 197) (R = 189)

Z < 3.315
(positives)

Z 3.315
(negatives)

82.4

17.6

'77.5 25.9 8.5
z

22.5 74.1 91.5

a
Extreme subcategories

;


