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Abstract

The Learning Disability Index (LDI) is one of many diagnostic indicators proposed for the identification of students with learning dis-

abilities that relies on patterns of performance on cognitive tests. The LDI is hypothesized to relate to students’ specific neuropsycho-
logical deficits. The present study investigated the diagnostic utility of the LDI with the third edition of the Wechsler Intelligence Scale
for Children by comparing students previously diagnosed with learning disabilities (1 = 2,053) to students without learning disabilities
(n = 2,200). Subsamples of youth with specific reading (1 = 445) and math (n = 168) disabilities permitted further assessment of the effi-
cacy of the LDI. Receiver operating characteristic (ROC) curves revealed that the LDI resulted in a correct diagnostic decision only 55%
to 64% of the time. These results demonstrate that the LDI is not a valid diagnostic indicator of learning disabilities.

he identification of students
I with learning disabilities (LD) in
need of special education ser-
vices is beset with complexity (Chal-
fant, 1989; Kavale & Forness, 2000). Al-
though some experts have perceived
an emerging consensus on diagnostic
definitions and procedures (Hammill,
1990), others have continued to see a
host of problems (Stanovich, 1999).
Given that students with learning dis-
abilities account for more than 50% of
the 5 million students enrolled in spe-
cial education programs in the United
States (U. S. Department of Education,
1999), valid diagnostic criteria are cru-
cial to ensure that students receive ap-
propriate educational services (Reschly,
1997).

To this end, state departments of ed-
ucation have promulgated criteria for
identifying students with learning dis-
abilities. Although these criteria are
not uniform in their requirements, an
ability-achievement discrepancy stan-
dard is included by most states (Mer-
cer, Jordan, Allsopp, & Mercer, 1996).
However, some researchers have pro-
posed that academic achievement
alone be used to identify students with
learning disabilities (Siegel, 1989),
whereas other diagnosticians have

suggested procedures that focus on
students’ performance patterns on
cognitive tests (Bannatyne, 1974; Kauf-
man, 1994; Mayes, Calhoun, & Crow-
ell, 1998; Strauss, Spreen, & Hunter,
2000).

Of the many cognitive test patterns
that have been advanced as diagnostic
of learning disabilities, the Learning
Disability Index (LDI; Lawson & In-
glis, 1984) is of particular interest be-
cause it has been hypothesized to re-
late to specific neuropsychological
deficits of students with learning dis-
abilities (Lawson & Inglis, 1985). Law-
son and Inglis (1984, 1985) conjectured
that Wechsler Intelligence Scale for
Children-Revised (WISC-R; Wechsler,
1974) subtests are sensitive to the pres-
ence of learning disabilities in direct
proportion to their verbal saturation,
which is in turn related to left-
hemisphere dysfunction. This theoreti-
cal link between test scores and brain
functioning is important because con-
temporary definitions of learning dis-
abilities specify an endogenous etiol-
ogy related to “central nervous system
dysfunction” (Hammill, 1990, p. 82).

Comparisons of groups of students
with and without learning disabilities
have found significantly higher mean

LDI scores among students with learn-
ing disabilities than among students in
general education (Bellemare, Inglis, &
Lawson, 1986; Clampit & Silver, 1990;
Lawson & Inglis, 1985; Tittemore, Law-
son, & Inglis, 1985). Statistically signif-
icant LDI differences between groups
have been subsequently interpreted
as evidence that the LDI is diagnosti-
cally effective. For example, Kaufman
(1990) concluded that the LDI taps a
sequential-simultaneous processing
dimension and is “quite valuable for
distinguishing learning-disabled chil-
dren from normal children” (p. 354).

However, Meehl and Rosen (1955)
warned psychologists that they would
be misled if they used “validity” or
“discrimination” between groups to
justify diagnostic decision making.
More recently, Elwood (1993) cau-
tioned that “significance alone does
not reflect the size of the group differ-
ences nor does it imply the test can dis-
criminate subjects with sufficient accu-
racy for clinical use” (p. 409). Thus, the
accuracy of the LDI in diagnosing stu-
dents with learning disabilities awaits
determination through the application
of appropriate diagnostic utility statis-
tics (Kessel & Zimmerman, 1993; Zarin
& Earls, 1993).
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Contemporary use of the LDI is also
constrained because it was developed
with the WISC-R. That scale has been
replaced by the Wechsler Intelligence
Scale for Children-Third Edition
(WISC-1II; Wechsler, 1991). Like its
predecessor, the WISC-III is the most
popular intellectual measure used to
determine eligibility for special educa-
tion services (Wilson & Reschly, 1996).
Although the WISC-III is a direct de-
scendant of the WISC-R, only about
73% of the WISC-R items were retained
in the WISC-III (Edwards & Edwards,
1993). Moreover, materials and admin-
istration procedures were revised for
the WISC-III. These changes make it
difficult to know whether the results of
previous LDI research can be applied
to the WISC-III (Strauss et al., 2000).

Given the profound influence that
diagnostic decisions have in childrens’
lives (Dahlstrom, 1993), it is important
to fully delineate the diagnostic utility
of any indicator used to classify or pro-
gram for children. Consequently, the
present study investigated the diag-
nostic utility of the WISC-II LDI among
a large group of children previously di-
agnosed with learning disabilities.

Method

Instrument

The WISC-IIT (Wechsler, 1991) is an in~
dividually administered test of intel-
lectual ability for children ages 6 years
0 months through 16 years 11 months.
It consists of 10 mandatory subtests
and 3 optional subtests (M = 10;
SD = 3) that combine to yield Verbal
(VIQ), Performance (PIQ), and Full
Scale (FSIQ) IQs (M = 100; SD = 15).
When 12 subtests are administered, it
yields the following four factor index
scores: Verbal Comprehension (VC),
Perceptual Organization (PO), Free-
dom from Distractibility (FD), and Pro-
cessing Speed (PS). When the 10
mandatory subtests are administered,
it yields two factor index scores (VC
and PO). Full details of the instrument
are available in Wechsler (1991).
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Procedure

Based on Department of Education
records, all 212 special education di-
rectors of Arizona school districts were
contacted and asked to provide anony-
mous WISC-III data on students cur-
rently enrolled in their special educa-
tion programs. Personnel from 40
school districts responded with anony-
mous data on 2,979 students in special
education with current psychoeduca-
tional evaluations on file (i.e., WISC-III
administered within the past 3 years).
Of this number, 2,274 students were
categorized as having learning disabil-
ities. All participants were diagnosed
independently by school district multi-
disciplinary teams (MDT) based on
federal and Arizona special education
rules and regulations that required the
demonstration of a significant ability—
achievement discrepancy exclusive of
sensory impairment, mental retarda-
tion, emotional disturbance, and envi-
ronmental, cultural, or economic dis-
advantage.

Participants

Students with Learning Disabili-
ties. Congruent with previous sur-
veys of practitioners (Canivez & Wat-
kins, 1998), optional WISC-III subtests
were found to be infrequently admin-
istered. However, to maintain consis-
tency with WISC-R LDI research, 10
mandatory subtests and 1 optional
subtest (Digit Span) were necessary for
the computation of LDI scores. Based
on this requirement, 2,053 students
with learning disabilities from 37
school districts participated in the cur-
rent study.

Students were determined by local
MDT to exhibit learning disabilities in
reading alone (n = 160), math alone
(n = 137), written expression alone
(n = 412), reading and written expres-
sion (n = 580), reading and math
(n = 63), math and written expression
(n = 203), reading, math, and written
expression (n = 493), and not specified
(n = 5). Boys constituted 71.9% of the
sample and girls 28.1%. Mean age was
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10.7 years (SD = 2.6) and ranged from
6 to 16 years. Median grade placement
was 5.0, with a range of kindergarten
through 11. Ethnic background, as re-
ported on school records, was 67.7%
White, 17.3% Hispanic, 5.1% Black,
9.3% Native American, and 0.6% Asian/
Pacific. Because data were anony-
mously retrieved from archival special
education records, socioeconomic sta-
tus could not be determined. However,
the participants were distributed across
rural, urban, and suburban school dis-
tricts and were widely dispersed across
the state.

Specific Reading Disability. A
subsample of participants was identi-
fied to allow specialized analyses for
students with specific reading disabili-
ties. Selection criteria included

1. identification of a learning dis-
ability in reading by a MDT;

2. discrepancy of 15 or more points
between predicted (via regression
on FSIQ) and actual reading
achievement;

3. no identification as having a learn-
ing disability in math by a MDT;
and

4. discrepancy of less than 15 points
between predicted (via regres-
sion on FSIQ) and actual math
achievement.

These criteria selected 445 students
from the larger sample of children with
learning disabilities. Whereas the gen-
eral learning disabilities group was
marked by average FSIQ-reading and
FSIQ-math discrepancies of 9.4 and 5.6
points, respectively, the subsample
with specific reading disabilities had
average discrepancies in reading and
math of 22.1 and 1.9 points, respec-
tively. Their mean cognitive and
achievement scores are provided in
Table 1.

Specific Math Disability. A second
subsample of participants was identi-
fied to allow specialized analyses for
students with specific math disabili-
ties. Selection criteria included,
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TABLE 1
Descriptive Statistics for Cognitive, Achievement, and Learning Disability Index
(LDI) Scores for Participants with Learning Disabilities

LD® Reading LDP Math LD¢

Measure M SD M SD M SD
Information 7.73 2.75 8.33 2.50 7.87 243
Similarities 8.36 3.1 9.11 274 8.65 2.95
Arithmetic 7.33 2.58 8.59 2.57 6.18 2.21
Vocabulary 7.79 2.89 8.47 2.63 7.92 2.73
Comprehension 8.74 3.25 9.63 2.85 8.57 2.82
Digit Span 7.32 2.50 7.82 2.40 7.12 2.44
Picture Completion 9.47 2.92 10.10 2.66 9.34 2.92
Picture Arrangement 8.97 3.27 10.02 3.06 8.43 3.17
Block Design 8.89 3.20 10.13 3.07 7.97 3.18
Object Assembly 9.31 3.12 10.28 3.01 8.82 3.14
Coding B.43 3.21 9.47 3.25 7.76 3.18
Verbal 1Q 88.8 13.3 93.5 11.3 87.8 1.7
Performance IQ 94.2 13.9 100.4 12.5 90.8 13.9
Full Scale 1Q 90.5 12.8 96.3 10.8 88.2 12.1
Reading 811 132 74.2 9.2 90.8 10.5
Math 84.9 14.4 94.4 10.6 70.3 10.1
Writing 76.8 1.1 77.7 10.9 79.4 10.5
LDI 140.0 356.0 177.7 3396 56.6 320.0

3n=2,053. Pn = 445. °n = 168.

1. identification of a learning dis-
ability in math by an MDT;

2. discrepancy of 15 or more points
between predicted (via regres-
sion on FSIQ) and actual math
achievement;

3. no identification as having a learn-
ing disability in reading by an
MDT; and

4. discrepancy of less than 15 points
between predicted (via regression
on FSIQ) and actual reading
achievement.

These criteria selected 168 students.
The subsample with specific math dis-
abilities had average discrepancies in
reading and math of -2.6 and 17.9
points, respectively. Their mean cogni-
tive and achievement scores are also
presented in Table 1.

Students Without Disabilities. The
United States WISC-III standardiza-
tion sample of 2,200 children ages 6
vears 0 months through 16 years 11
months served as controls. See Wechsler
(1991) for a complete description of the
WISC-III standardization sample.

Analyses

LDIL Following the method pro-
vided by Lawson and Inglis (1984,
1985), the average intercorrelation ma-
trix from the WISC-III standardization
sample (Wechsler, 1991) was subjected
to an unrotated principal components
analysis. Table 2 provides the results of
the two-factor solution in terms of fac-
tor loadings and their associated factor
score coefficients. As with the WISC-R,
the first component reflects a general

factor, whereas the second component
reveals a verbal-nonverbal dimension.

LDI scores were calculated accord-
ing to the following formula:

LDI = 2 [W,(X, - M)]

where W, is the Factor II score coeffi-
cient of the i subtest multiplied by
100 to remove decimal points, X is the
participant’s scaled score on the ith
subtest, and M is the participant’s av-
erage scaled score across all eleven
subtests.

Diagnostic Utility. There are four
possible outcomes when using a LDI
score to diagnose learning disabilities:
true positive, true negative, false positive,
and false negative. Two outcomes are
correct {true positive and true nega-
tive) and two are incorrect (false posi-
tive and false negative). True positives
are children with learning disabilities
who are correctly identified as such by
the LDI. False positives are children
identified by the LDI as having a learn-
ing disability who do not actually have
a learning disability. In contrast, false
negatives are children with learning
disabilities who are not identified by
the LDI as having learning disabilities.
A test with a low false negative rate has
high sensitivity and a test with a low
false positive rate has high specificity.

Although sensitivity and specificity
are both desirable attributes of a diag-
nostic test, they are dependent on cut-
off score and prevalence rate. Thus,
neither provides a unique measure of
diagnostic accuracy (McFall & Treat,
1999). In contrast, by systematically
using all possible cutoff scores of a di-
agnostic test and graphing true posi-
tive against false positive decision
rates, the full range of that test’s diag-
nostic utility can be determined. Des-
ignated the receiver operating charac-
teristic (ROC), this procedure was
originally applied more than 50 years
ago to determine how well an elec-
tronic receiver was able to distinguish
signal from noise (Dawson-Saunders
& Trapp, 1990). Because they are not
confounded by cutoff scores and
prevalence rates, ROC methods have



subsequently been widely adopted in
the physical (Swets, 1988), medical
(Dawson-Saunders & Trapp, 1990;
Hsiao, Bartko, & Potter, 1989), and psy-
chological (Swets, 1996} sciences. They
have also found occasional application
in special education (Harber, 1981).
More recently, ROC methods were
strongly endorsed for judging the ac-
curacy of psychological assessments
(McFall & Treat, 1999; Swets, Dawes, &
Monahan, 2000).

As illustrated in Figure 1, the diago-
nal dashed line is the random ROC or
chance line that indicates zero discrimi-
nating power. The more clearly a test is
able to discriminate between individu-
als with and without the target disor-
der, the farther its ROC curve will de-
viate toward the upper left corner of
the graph. The accuracy of a ROC can
be quantified by calculating the area
under its curve. Although both para-
metric and nonparametric calculation
methods are available (Swets, 1988),
nonparametric methods produce accu-
rate area estimates without assuming
that distributions are normal and of
equal variance (Centor, 1985; Swets,
1996). Consequently, a nonparametric
method was used to calculate the area
under the curve (Hanley & McNeil,
1982). Chance diagnostic performance
corresponds to an area under the curve
of .50, whereas perfect diagnostic per-
formance equates to 1.00. The area
under the curve is independent of the
cutoff score and the base rate and does
not assume that the underlying score
distributions are normal. It can be in-
terpreted in terms of two children, one
drawn randomly from the distribution
of children with the target disorder
and one selected randomly from the
population of children without the dis-
order. The area under the curve is the
probability of the test correctly rank or-
dering the children into their appro-
priate diagnostic groups (Hanley &
McNeil, 1982). According to Swets
(1996), areas under the curve between
.50 and .70 are characterized as show-
ing low accuracy, .70 to .90 represent
medium accuracy, and .90 to 1.00 de-
note high accuracy.
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B
Factor Loadings and Factor Scor.:-aACol:aEffiiients from Principal Components
Analysis of the WISC-1II
Factor loadings Factor score coefficients

Measure I I | [l
Information .80 -.29 .15 -.28
Similarities 79 -.30 15 -.29
Arithmetic 74 -12 14 -12
Vocabulary .81 -30 16 -.29
Comprehension 72 -.31 14 -31
Digit Span 51 -04 10 -.04
Picture Completion .66 +.21 13 +.20
Picture Arrangement .59 +.31 1 +.30
Block Design 73 +.35 14 +.34
Object Assembly .66 +.44 13 +.43
Coding .40 +.44 .08 +.43
Percentage variance 46.9 9.3

Note. Standardization data of the Wechsler Intelligence Scale for Children—Third Edition. Copyright © 1990
by The Psychological Corporation. Used by permission. All rights reserved.

Results

LDI scores for students from the WISC-
III standardization sample averaged
-6.37 with a standard deviation of
328.9 (see Note). These results are sim-
ilar to LDI scores from the WISC-R
standardization sample (viz., M = 3.2,
SD = 306.4; Lawson & Inglis, 1984). In
contrast, LDI scores for students with
learning disabilities are presented in
Table 1. As with the WISC-R (Belle-
mare et al, 1986; Clampit & Silver,
1990; Lawson & Inglis, 1985), LDI
scores of the WISC-III standardization
sample were statistically significantly
different from LDI scores of students
with learning disabilities, #(4,251) =
13.93, p < .001, students with specific
reading disabilities, £(2,643) = 10.70,
p < .001, and students with specific
math disabilities, #(2,366) = 2.40,
p = .017. Effect sizes ranged from .19 to
.56.

ROC analyses indicated that LDI
scores exhibited low diagnostic utility
(Swets, 1996). As illustrated in Figure 1,
an area under the curve of .61 resulted

when students with learning disabili-
ties were compared to students from
the WISC-III normative sample. That
is, if one student was randomly se-
lected from the students with learning
disabilities and one from the WISC-III
normative sample, the probability of
the LDI correctly rank ordering them
into their appropriate diagnostic groups
was .61. Results for students with spe-
cific reading disabilities (area under
the curve = .64) and specific math dis-
abilities (area under the curve = .55)
were also of low diagnostic accuracy.
Notably, equivalent diagnostic accu-
racy was achieved by simply compar-
ing all students with learning disabili-
ties with reading or math achievement
scores less than 85 to the WISC-III
standardization sample (areas under the
curve = .66 and .64, respectively).

Discussion
The use of cognitive subtest profiles or

patterns to aid in the diagnosis of learn-
ing disabilities is common in train-
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True Positive Rate

.0 .2 .4
False Positive Rate

.6 .8 1.0

FIGURE 1. Receiver operating characteristic (ROC) curve of WISC-IIl Learning
Disability Index (LDI) for students with learning disabilities (n = 2,053) and students
from the WISC-Ill standardization sample (n = 2,200). The diagonal dashed line
represents zero discriminating power, and the solid line displays the ROC of LD

The area under the ROC curve is .61.

ing (Alfonso, Oakland, LaRocca, &
Spanakos, 2000) and clinical practice
(Kaufman, 1990, 1994). In fact, more
than 75 patterns of subtest variation
have been identified for the Wechsler
scales alone (McDermott, Fantuzzo, &
Glutting, 1990). One cognitive pattern
specifically designed to identify stu-
dents with learning disabilities is the
LDI. Previous research demonstrated
significant mean differences on the LDI
when groups of students with learning
disabilities were compared to groups
of students without learning disabili-
ties (Bellemare et al., 1986; Clampit &
Silver, 1990; Lawson & Inglis, 1985).
However, group null hypothesis tests
are inadequate measures of diagnostic
accuracy (Elwood, 1993; Meehl &

Rosen, 1955). Therefore, more appro-
priate ROC methods (McFall & Treat,
1999; Swets et al., 2000) were applied in
this study to assess the accuracy of the
WISC-III LDI in diagnosing students
with learning disabilities. The results
indicated that the WISC-III LDI exhib-
ited low diagnostic accuracy. That is,
relying on the LDI resulted in a correct
diagnostic decision only 55% to 64% of
the time. The simple alternative diag-
nostic indicator of low achievement
was equally accurate.

These results demonstrate that the
WISC-IIT LDI is not a valid diagnostic
indicator of learning disabilities. The
WISC-III developmental index, ACID
profile, SCAD profile, profile variabil-
ity index, and a number of variable

subtests have also proven to have little
or no diagnostic utility in identifying
children with learning disabilities
(Watkins, 1996, 1999; Watkins, Kush, &
Glutting, 1997a, 1997b; Watkins & Wor-
rell, 2000). When considered within the
broader negative context of subtest
profile research (Glutting, McDermott,
Konold, Snelbaker, & Watkins, 1998;
Kramer, Henning-Stout, Ullman, &
Schellenberg, 1987; McDermott, Fan-
tuzzo, Glutting, Watkins, & Baggaley,
1992; McDermott & Glutting, 1997;
Teeter & Korducki, 1998), the LDI is
unsupported as a tool in the diagnosis
of learning disabilities. Within the in-
terpretative framework presented by
Kamphaus (1998), using the LDI as an
indicator of learning disabilities consti-
tutes a case of acting in opposition to
the scientific evidence.
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