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A Comparative Analysis of Standardized
Achievement Tests with Learning Disabled and

Non~-Learning Disabled Adolescent Boys

Abstract

The‘characteristics of the KeyMath Diagnostic
Arithmetic Test and the Woodcock Reading Mastery Test,
when used with a sample of learning disabled boys, are
compared to those when used with a sample of‘non—learning
disabled boys. The Woodcock is found to be gquite similar,
with high reliability and a unidimensional factor
structure, for both the learning disabled and non-~learning
disabled samples. The KeyMath is also quite similar for
the two samples. It has very high reliability, although
the assumption of a unidimensional factor structure of
math achievement is less defensible for the learning

disabled sample.



The use of achievement tests is popular for the
purpose of making screening decisions, placement decisions
(Johnson and Myklebust, 1967;vDechant, 19683 Wallace and
McLoughlin, 1975), and evaluation decisions (Tinney, 1975;
Keilitz and Saks, 1979) fof learning-disabled students.
The characteristics of achievement tests have not been
thoroughly examined among "normal® populations, let alone
among learning disabled children.

This paper examines the characteristics of two
achievement tests, the KeyMath Diagnostic Arithmetic Test
(Connolly, Nachtman and Pritchett, 1976) and the Woodcock
Reading Mastery Tests (Woodcock, 1973), comparing their
characteriétics among samples of learning disabled and
"non4learning disabled adolescents. The implicatioﬁs of
these comparisons for the use of the tests in research on,

and the screening and diagnosis of, learning disabilities

are discussed.

Achievement Tests in LD Screening and Assessment

When achievement test scores are used to screen
chiidren for possible learning disabilities, those who are
suspected of beingvlearning disabled, typically are those
whose test scores are below what is eépected based on
their tested I.Q. Conventionally, scores of verbal and
performance I.Q. are compared to scores in reading and

math achievement. The diagnosis of particular types of LD



is often based to some extent on scores on particular

parts of an achievement test.

Achievement Tests in LD Research

There are two ways in which achievement tests are most

often used in LD research. One is to compare achievement

test scores of learning disabled children to those of
non-learning disabled children. The second is to compare
two or more'groups of learning disabled children who
differ in some other way. Typically the difference has to

do with their being in (or not being in) one or another

~ kind of educational program for learning disabled

children. The achievement test scores of the groups are
compared to determine the relative effectiveness of the

educational program(s).

Implication of Assumptions about Achievement Tests

Each of the above applications of achievement test
scores with learning diéabled children is based generélly
oﬁ several assumptions about the tests and about the
abilities of learning disabled and non-learning disabled
children. The tests are assumed to be equally reliable
for learning disabled and non-learning disabled children.
The implications of unreliable measurement are well

established. If standardized achievement tests are not

.reliable for use with learning disabled children, any



screening or assessment based on them is suspect. Any
comparison of learning disabled and non-learning disabled
children which does not consider the possible differential ’ }
reliability of the tests is gquestionakle. : ‘ J
The tests also are assumed to be measures with
comparable validity, of characteristics which both

learning disabled and non-learning disabled children are

presumed to have. This involves ﬁwo assumptions: first,
that the learning disabled and non~learning disabled
children can be characterized(by general mathematics and |
verbal achievement; and, second, that these general
characteristics can be measured with equal validity by the
same standardized tests. It is assumed that both math and
verbal achievement can be measured as unidimensional
characteristics. This éeems quite feasible for "normal"
children but may be less so:when considering learning
disabled children.

The implications of this assumption being incorrect
can be great. The assumption that math and verbal ability
are unidimensional characteristics leads to the practice
of using some overall score in each of the two areas.

This practice may cover up differences between learning
disabled and non-learning disabled children which would be
very useful in learning disabilities screening and very
important in learning disabilities research.

Consider, for example, sets of hypothetical scores for

two children on an achievement test which has six
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subtests. One chiid scores in the 75th percentile on akl
six subtests, the other scores in the 50th percentile on
the first three subtests and in the 100th percentile on
the other three. If the area of achievemen£ is considered
to be unidimensiohal and an overall SCore (say, the mean
percentile) is used, the two. children get the same score
~-the 75th percentile. If, on the other hand, it is
ﬁassumed that this achievement area has two distinct
subareas,jrepresented by the first three and last three
subtests, we come to different conclusiong. The first
child is at the 75th percentile in both subareas. The
second child is at the 50th percentile in one area and the
100th percentile in the other. This characteristic (which
could be typical of learning disabled children) would be
lost under the unidimensional assumption.

This report examines data related to the assumptions
about the uniform reliability and validity of achievement
test scores for use with learning disabled and

non-learning disabled children.

Data Available for Examination

The data on which our analyses are carried out come
from a large-scale study of the relationship between
learning disabilities aﬁd juvenile delingquency that is
being conducted as a joint effort of the National Center
for State Courts and the Association for Children with

Learning Disabilities. A more general report of the



study's findings to date can be found:in McCu}louéh,
Zaremba and Rich (1979). The study is being conducted in
three citiess Baltimore, Maryland; Indianapolis, Indiana;
and Phoenix, Arizona. Data have been collected from 1699
youngsters, 1006 of whom were attending public éghéols and
who had no official record of delingquency, and é53 of whom
had been officially adjudicated delinquent and were either
in institutions for delinquent youths, in the public
schools after having been placed on probation or parole,
or were school drop-outs. The youngsters partiéipating §h
the study were twelve- to seventeen year-old béys and °
girls and their average age was 14.2 years. _The sample
includis youths from all socioeconomic levels, and a
number of racial categories. Because the percentage of
femalés in the sample was quite small, the analysis

reported here is based on males only.

The Learning Disabilities Classification

Educational Testing Service was retained to develop
and carry out the learning disabilities diagnostic
procedures. As a first step in the classification of the
participants into learning disabled and non-learning
disabled groups, the school records of all the youngsters
sampled were reviewed for evidence of possible learning

disabilities. A child was suspected of being learning



disabled if he had been so classified by the school or if
there was evidence of irregular academic achievement in
his school record. At this point in the diagnostic
process, some youths were eliminated from the study for

" reasons which included (1) inappropriate age, (2) mental
retardation, (3) severe emotional disturbance, (4) English
as a second language, and (5) physical handicaps. Those
who were not eliminated and for whom a learning
disabilities classification couid not be precluded were
referred for further diagnostic evaluation. They were
given a battery of tésts bj ETS diagnosticians which
included the WISC-R, the Bender-Gestalt (Roppitz scoring),
the KeyMath Diagnostic Arithmetic Test{and the Woodcock
Reading Mastery Test. Decisions as to the presence of
learning disabilities were made by consider}ng
discrepancies between abiiity and achievement test scores,
which were supplemented by vthe score on the Ronder and
observational notes taken during the testing (Campbell,
1978). 1Initiallys these decisions were made by ETS
diagnosticians, but a reliability check showed that the
clinical decision-making process did not produce
acceptably reliable results. To insure a more uniform
application of the learning disabilities classification
procedures, all elements to be considered were entered
into a computerized algorithm which is described in detail
by Campbell (1978). Using this process, 23% of the total

sample was determined to be learﬁing disabled.




The Achievement Tests

The KeyMath is a diagnostic test consisting of 14
subtests that are grouped into three areas: Content,
which includes the three subtests of Numeration,

Fractions, and Geometry and Symbols; Operations, which

includes the six subtests of Addition, Subtraction,
Multiplication, Division, Mental Computation and Numerical

Reasoning; and Applications, which includes the five

subtests of Word Problems, Missing Elements, Money,
Measurement and Time. The test was developed on a sample
of 1222 students in kindergartén through seventh grade and
is individually administered.

The Woodcock Reading Mastery Test is an individually
administered test consisting of five subtests: Letter
Identification, Word Identification, Word Attack, Word
Comprehension, and Passage Comprehension. The test was

.developed on two samples. The first consisted of
approximately 1000 kindergarten through seventh grade
students, the second included 4000 kindergarten through
twelfth grade students. A total of 50 school districts
across 20 states contributed to the norming samples.

Both tests are standardized tests of achievement with
evidence of their reliability in the samples on which they
were developed. Neither test has been examined thoroughly
for use with other types of samples. The following
analysis addresses their appropriateness for use with

learning disabled adolescent boys.

i/
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Procedures of the Present Analysis

Since not all of the youngsters in the sample were
referred for testing, only a subset is available for this
analysis. Restricting the analysis to boys for whom
complete achievement tests were available results in 384
leaining disabled and 603 non-learning disabled boys for
comparison.

The reliability of the achievement tests was compared
by computing cogfficient alpha (standardized) separately
for the learning disabled and non~learning disabled boys.
For this analysis, the subtest scores are considered the
items and the reliability is calculated for the whole test.

To test the validity of using these achievement test
scores as méasures of general achievement in math and
reading, a factor analysis of the subtests in each test
was done separately for learning disabled youngsters and
v}the results compared. If the unidimensionality assumption
holds, there should be only one reliable factor among
learning disabled, as well as non-learning disabled,

youths.

| Results
The reliability of the tests is quite comparable for
the two groups. For the learning disabled group, the

reliabilities were .88 and .94 respectively for the




Woodcock and KeyMath. The reliabilities were slightly
higher for the non-learning disabled group; .92 and .97

respectively. These resulits are comparable to the

T

published reliabilities foﬁ the samples on which the tests
¥

were developed. Woodcock (1973) reports a reliability of

ke

.83 for a sample in grade 7.9, and Connolly, Nachtman and
Pritchett (1976) report a reliability for the KeyMath of
.96 for a seventh grade sample. These results indicate
that, as far as reliability is concerned, these two
achievement tests aré guite comparable for learning
disabled and non-learning disabled adolescent boys.

The results concerning validity are less
straightforward. The factor analysis of the fourteen
KeyMath subtests resulted in one factor for the
non-learning disabled sample, but two for the learning
disabled boys. The loadings (based on varimax rotation)
of the foufteen subtests for this group afe pfesented in

Table 1.

(INSERT TABLE 1)

These results indicate that there are two relatively
distinct dimensions of math achievement for learning

disabled boys. The subtests which most heavily define the



first are Numeration, Fractions, Geometry and Symbols,
Word Problems, Missing Elements, Money, Measurement and
Time. The second dimension of math achievement for
learning disabled boys is defined most heavily by the
subtest testing Addition, Subtraction, Multiplication and
Division. The Mental Computation and Numerical Reasoning
subtests load almost equally on the two dimensions. The
second dimension defines fgirly clearly the operations

i

area of the test as definéd‘ﬁy the test developers. The
\ first dimension is defined by the content and applications
areas of the test. What these results indicate is that
learning disabled bbys can be distinguished from
non-learning disabled boys by their patterns of scores on
the KeyMath subtests. While non-learning disabled boys
tend to score equally well or equally poorly on all
subtests of the KeyMath, the scores of learning disabled
boys tend to cluster into two areas, operations versus
content and applicatioﬁs.

While these results seem to call into guestion the use
of an overall KeyMath score for learning disabled boys,
other information from the factor analysis sheds further
light on the issue, The determination of whether or not a
factor is a reliable one, wﬁich was used here, is the
conventional one based on the eigenvalue of the factor.

If a factor has an eigenvalue greater than or equal to




1.0, it issconsidered reliable. The second factor?fo; the
,learning—disabled’sampieAhad an eigenvalue of 1.15t only
slightly greater than 1.0. The first factor explained the
majority of the <Common variance in the test (57%),iwhile
thersecond factor explained only an additional 8.2%;
These two pieces of information, coupled with the rataer
high reliabilit%yofvthe whole set’for the learning
disabled samplek(.88), indicate that although there are
two dimensions of math aqhievement fcrrthis sample, the
:testucan be used quite reliably és a whole. |
With this idea in mind, the factor analysis was
. repeated for the learning disabled bbys, this time
"forcing" one factor. The loadiiigs from this analysis are
compared to thekloadinggkfor the non-learﬁing disabled

sample in Table 2.

ki
(INSERT TABLE 2)

A comparison of the factor loaéings;in Table 3
confirms the finding that the éssUmption of a unidimen-
sional math achievement is morea;easonable among non-
learning diéabled thanvamong learningkaisabled boYs. This= -
ig'indicated by the fact that the factor loadings are all

uniformly high (the lowest is .6?) for the nonlearning



disabled sample, and in every case higher than the
loadings for the learning disabled sample. This is also
cbnfirmeé by ﬁhe fact that more of the variance on the
test is explained by thisyfaékof for the non-learning
disabled sample (70.1 vs. 57.0).

An examination of the loadings in TabL? 3 for the
learning disabled sample, however, indicates that they are
all uniformly high as well. The pattern of loadings is
also quite similar in the two groups, with the higher
- loadings tending to be the same in the two groups. The
results seem to suggest that while the assumption that
métH achievement is unidimensional is not as defensible
among learning disabled boys as among non-learning

disabled boys, it is a reasonable assumption in both

groups.

?,

(INSERT TABLE 3)

The results of the factor analysis of the Woodcock
subtests are presented in.Table 3. In this éése, there is
' only one factor for both grohps; The factor lbadings are
uniformly high except for the first subtest,l and the
ranking of the lbadings is the same whether considering

learning disabled or non-learning disabled boys.

3§
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‘Implications’

ThHe implications of this analysisvafe that both the
KeyMath and the Wéodcock één be used‘with confidence for
the screening and diagnosis of and for ;esearéh on
learning disabled children. Dividing the KeyMath subtests
into two areas may also be useful in distinguishing |
learning disabled from non—learni;gldisabledwchildren,

If, as cOles‘?lQ78),stresses, testing is the core of

learning disabilitiesfdiagnosis, more attention should be

paid to the reliabilityyand validity of the tests used in

learning disabilities screening and diagnosis. If
competent research in the learning disabilities area is to

be done, the same is true.
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FOOTNOTE

1. The Woodcock test manual reports a very low
reliability (.16) for this subtest using a.sample at
grade level 7.9 Buros (1978; 1306) reports that
"...by the end of fourth grade most pupils are ‘
expected to achieve a perfect score." The low factor
loading with our samples 1is consistent with the above.



Table 1

_ Factor Loadings for KeyMath Subtests

With the Learning Disabled Sample

Subtest Factor 1 Factor 2
Numeration =/ .66 .48
JFractions .66 .41
Geometry & Symbols +57 .39
Addition .30 .68
Subtraction .32 g1
Multiplication .30 .76
Division ) .36 .77
Mental Computation «53 .55
Numerical Reasoning .54 .50
Word Problems .74 «35
Missing Elements .68 .19
Money .62 36
Measurement .74 «32
Time .69 .32

-
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Table 2

Factor Loadings for KeyMath Subtests With Learning

Di%abled and Non-Learning Disabled Samples

| (One Factor Solution)

! Learning Non~Learning
Subtest Disabled Disabled
Numeraticn .82 .89
Fractionsg 77 . 84
Geometry & Symbols .69 .78
Addition | .69 .79
Subtraction .69 .81
Multiplication W71 .84
Division | W77 .83
Mental Computation .77 . 86
Numerical Reasoning .74 .84
Word Problems .78 .85
Missing Elements .63 .63
Money .70 .78
‘Measurement .76 .87
Time ‘ .72 .86
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Table 3

Factor Loadings for Woodcock Subtests With

-~ Learning Disabled and Non-~Learning Disabled Samples

Learning Non~learning
Subtest Disabled Disabled
Letter Identification .45 .54
Word Identification .97 .97
Word Attack .79 .87
Word Comprehension .76 .87
Passage Comprehnsion .92 .95
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