
The Dimensionality of Language
Ability in School-Age Children

Purpose: This study asked if children’s performance on language tests reflects different
dimensions of language and if this dimensionality changes with development.
Method: Children were given standardized language batteries at kindergarten and
at second, fourth, and eighth grades. A revised modified parallel analysis was used
to determine the dimensionality of these items at each grade level. A confirmatory
factor analysis was also performed on the subtest scores to evaluate alternate models
of dimensionality.
Results: The revised modified parallel analysis revealed a single dimension across
items with evidence of either test specific or language area specific minor dimensions
at different ages. The confirmatory factor analysis tested models involving modality
(receptive or expressive) and domain (vocabulary or sentence use) against a single-
dimension model. The 2-dimensional model involving domains of vocabulary and
sentence use fit the data better than the single-dimensional model; however, the single-
dimension model also fit the data well in the lower grades.
Conclusions:Much of the variance in standardized measures of language appears to
be attributable to a single common factor or trait. There is a developmental trend
during middle childhood for grammatical abilities and vocabulary abilities to become
differentiated. These measures do not provide differential information concerning
receptive and expressive abilities.
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T here is little that those studying language will agree on, including
the very notion of what language actually is. Most would agree,
however, that it is a complex systemof knowledgeused, among other

things, for conveying ideas to others via conventionalized behaviors. Once
we venture past this general statement, we quickly confront numerous
controversies concerning the composition of this complex system of knowl-
edge. Traditionally, this system has been viewed as having several differ-
ent components often arranged in a hierarchical relationship. Drawing
on linguistic notions, one set of components has been identified as pho-
nology, syntax, morphology, semantics, and pragmatics. Within the lan-
guage sciences, there have been long-standing debates as to the extent to
which these distinctions actually represent different types of language
representations involving different types of learning or acquisition sys-
tems or whether most of these systems are built from the same mech-
anisms and stored in the brain inmuch the sameway. The extent towhich
these language domains reflect different underlying systems has been
the center of theoretical and empirical debates for some time. Pinker
(1997, 1998) has proposed that the distinction between vocabulary and
grammar is based on different systems. Specifically, language is com-
posed of a mental dictionary of memorized words and a mental grammar
of rules used to create novel forms. However, Bates and Goodman (2001)
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asserted that the case for a modular distinction between
grammar and the lexicon in language development has
been overstated. The evidence they reviewed supports a
unified lexicalist view.

Extending from this theoretical uncertainty con-
cerning the dimensionality of language are the practical
issues of language measurement and the characteri-
zation of individual differences in language, especially
those that make up clinically significant deficits in lan-
guage development—those thatwould count as language
impairment. The content of most language assessment
batteries for childrenwith language impairment, as well
as the manner in which language impairment is char-
acterized, can be found in many current textbooks on
language disorders of children. In nearly all cases, lan-
guage is characterized as a mulitidimensional system
consisting of the intersection of different linguistic do-
mains and differentmodalities. For example, Paul (2001)
described an intralinguistic framework for language as-
sessment based onMiller ’s (1981) previouswork inwhich
children were profiled according to the domains of re-
ceptive syntax and semantics and expressive phonology,
syntax, semantics, and pragmatics. Avery similar scheme
was proposed by Tomblin, Records, and Zhang (1996)
for the purposes of diagnosing specific language impair-
ment. In this case, the diagnosis was determined by
measures in each of the three domains (e.g., vocabulary,
grammar, and narration) and in each of the two modal-
ities of listening and speaking as measured across the
three language domains. This prevailing approach to
language assessment assumes that these domains rep-
resent independent or partially independent aspects of
language development such that children can have def-
icits in one domain and remain relatively strong in an-
other domain. Likewise, most commercial test batteries
provide subtests reflecting, presumably, different lan-
guage ability domains. Subtest scores are provided, and
users are often encouraged to use discrepancies among
these subtest scores for diagnosis.

Within modern psychological measurement theory,
these subtest scores may be viewed as potentially dis-
tinctive psychological traits, thus reflecting a view of
language that is multidimensional and componential.
It is also common, however, for these subtests to be com-
bined into composite scores, suggesting that a unitary
language ability contributes to performance on all tasks
involving listening and speaking. Recently, de Villers
(2003) questioned the validity of this practice of aggre-
gating test items without sufficient justification from
linguistic theory. A similar viewpoint can be found in the
psychometric literature as well. Crocker and Algina
(1986) noted that “measurement, even though it is based
on observable responses, would have little meaning or
usefulness unless it could be interpreted in light of
the underlying theoretical construct” (p. 7). Thus, the

manner in which measurement items are aggregated
requires both theoretical and empirical groundwork.
In this way, appropriate measurement of language re-
quires that the instruments that are used be empirically
tested against theoretical models to determinewhat it is
that they are measuring.

Despite the widespread practice of assuming multi-
dimensionality of language as measured by traditional
clinical measures of language, there is little empirical
evidence in support of this. Newcomer and Hammill
(1988) acknowledged that the linguistic components
on the Test of Oral Language Development—2: Primary
(TOLD–2:P) were interrelated, although they were de-
scribed and evaluated as independent aspects of language.
The purpose of treating them as independent domains
was to promote understanding and to facilitate the diag-
nosis of deficits. However, itmust be askedwhether there
is utility in providing distinctions that are not reliable.
In this respect, a theoretical distinction used in the test
construction does not necessarily result in an empiri-
cally justifiable distinction. Thus, a factor analysis of
the Clinical Evaluation of Language Fundamentals—3
(CELF–3; Semel, Wiig, & Secord, 1995) showed that the
first factor derived from 10 CELF–3 subtests accounted
for 53% of the total variance for the age group of
6–8 years old and 49% for the age group of 9 years or older
(Semel et al., 1995). The second factor accounted for only
8% of the variance for the younger age group and 10% for
the older age group. Technical manuals of language tests
such as CELF–3 usually report the results of explor-
atory factor analyses on subtest scores; however, there
have not been studies evaluating the validity of the
hypothetical dimensions that these tests are intended
to measure. Such testing requires that the hypothesized
dimensionality be tested using confirmatory factor anal-
ysis, wherein a theoretical model is tested against the
latent structure of themanifest measures represented by
the test scores. Additionally, current psychometric theory
stresses the importance of examining the mea-
sures at the item level using item response theory (IRT).
Recently, Schatschneider, Francis, Foorman, Fletcher,
and Mehta (1999) conducted a modified parallel analysis
on 105 phonological awareness item scores (0 or 1) and
a confirmatory factor analysis on 6 subtest scores, re-
porting that phonological awareness appeared to be a
unidimensional construct. The results of this study, there-
fore, supported the validity of a single composite score
derived from the subtest scores. A similar type of anal-
ysis, however, has not beenperformed in other domains of
language.

The purpose of this study was as follows:

1. To examine the dimensionality of language abil-
ity as measured by a set of standardized lan-
guage measures using modified parallel analysis
and confirmatory factor analysis in order to
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determine whether language ability as measured
on common language tests is unidimensional or
multidimensional.

2. To examine whether there are any changes in lan-
guage dimensionality from kindergarten and sec-
ond, fourth, and eighth grades.

3. If there is more than one dimension in language
ability, how the test items group themselves into
these dimensions.

These objectives were specifically motivated by re-
search we are conducting concerning the long-term de-
velopment of language in typical and atypical language
learners. If we were to describe the language growth of
these children, it was necessary to determine the extent
to which the measures used reflected different dimen-
sions that each needed to be described separately, or one
dimension. Thus, as described next, in order to address
these questions, we examined existing item level data
from several standardized language measures that had
been administered to a large group of children spanning
the age ranges of 5 years to 14 years of age who were
participants in this longitudinal study.

Method
Participants

The participants in this study came from two sam-
ples of children. The first and largest sample of chil-
dren had initially been part of a population sample of
7,218 children who participated in a cross-sectional
epidemiologic study (see Tomblin et al., 1997). These
childrenwere screened for language impairment using a
40-item test constructed from items from the TOLD–2:P.
All children who failed the screen and a similar number
of those who passed were then seen for a more compre-
hensive language evaluation that resulted in420 children
with language disorder and 1,509 children with nor-
mal language status. All of these childrenwere screened
for normal hearing and had no neurodevelopmental

disorders according to parental report. Following par-
ticipation in this cross-sectional study, all children who
were diagnosed as having language impairment in this
study and an equal number of those diagnosed as hav-
ing normal language status were invited to participate
in a longitudinal study that began 2 years after the
cross-sectional study. As a result, a longitudinal cohort
comprising 604 children who had been members of the
cross-sectional study was formed 2 years after these chil-
dren had been in kindergarten. In addition to the 2-year
follow-uppostkindergarten, these childrenwere seenagain
4 (n = 570) and 8 years (n = 527) after their initial par-
ticipation as kindergarteners.

Table 1 provides a description of the participants
who contributed data for each of the four test batteries.
Contained within this table are mean z scores for the re-
ceptive vocabulary and theBlockDesign subtests fromthe
Wechsler Preschool and Primary Scale of Intelligence—
Revised or the Wechsler Intelligence Scale for Children—
Third Edition (Wechsler, 1989a, 1989b). These scores
show that the samples used for each batterywere largely
a group of typical children. The kindergarten sample
was the largest sample and was very comparable in gen-
eral ability to age mates. The samples at second, fourth,
and eighth grades averaged about one third of a stan-
dard deviation below themean for their age group. In all
cases, the samples were representative of the variation
in ability levels expected in a general population sample
as shown by the standard deviations of these z scores.

Language Measures
The measures of language in this study were all de-

rived from commonly used standardized tests. The mea-
sures to be used consisted of either the total raw score for
each test within each battery or selected items within
each of these tests. The tests and thus the items for each
battery were assigned to be either receptive or expres-
sivemeasures and likewise vocabulary or sentencemea-
sures according to the test manual and content of the

Table 1. Characteristics of research participants who were administered each test battery.

Test battery n Age Boys (%) Receptive Vocabulary Block Design

Kindergarten 1,929 6.04 (0.38) 55 0.07 (0.89) j0.20 (1.02)
Second grade 604 7.47 (0.50) 56 j0.34 (1.14) j0.23 (1.17)
Fourth grade 570 9.44 (0.50) 56 j0.30 (1.06)
Eighth grade 527 13.43 (0.49) 56 j0.39 (1.04) j0.28 (1.20)

Note. Mean receptive vocabulary is represented in z-score units (M = 0, SD = 1; standard deviations are presented in
parentheses in table) and was measured by the Picture Vocabulary Test of the Test of Oral Language Development—2:
Primary in kindergarten and by the Peabody Picture Vocabulary Test—Revised in the remaining batteries. Block design is also
represented by z -score values and was measured by the Wechsler Preschool and Primary Scale of Intelligence—Revised
in kindergarten and the Wechsler Intelligence Scale for Children—Third Edition for the remaining grades. Block design scores
were not obtained in fourth grade.
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items. These represented the potential two dimensions
to be evaluated in this study. We have chosen to use the
term sentence rather than grammar, although several of
these subtests were described as measures of grammar
because these sentence level tests may also be influ-
enced by the lexical items used to form the sentences.

One way in which these measures were evaluated
required that individual items be examined. In order
that each potential dimension had the same weight, it
was necessary to have the same number of items in each
language area and because the number of items in these
tests differed, it was necessary to select items. Across the
batteries and language areas, therewere usually at least
14 items available. Therefore, 14 items were selected for
each language area across the batteries except for eighth
grade battery in which there were only 9 expressive vo-
cabulary test items. The selection of the itemswas based
on their item difficulty provided by an item analysis.
Items with medium difficulty for their grade level are
ideal for modified parallel analysis as these items are
less likely to result in extremely high correlations with
other items.

At kindergarten, the four language areas were all
measured by specific subtests of the TOLD–2:P. Specif-
ically, receptive vocabulary was measured by Picture
Identification of TOLD–2:P, expressive vocabulary by
Oral Vocabulary, receptive sentence use by Grammati-
cal Understanding, and expressive use by Grammatical
Completion and Sentence Imitation. Items selected for
use in this study and areas measured by the items were
listed in Table 1 for all four grade levels.

At second grade, receptive vocabulary was mea-
sured by the Peabody Picture Vocabulary Test—Revised
(PPVT–R; Dunn & Dunn, 1981). Expressive vocabulary
was measured by the Expressive Vocabulary subtest of
the Comprehensive Receptive and Expressive Vocabu-
lary Test (CREVT;Wallace&Hammill, 1994). These two
testswere also used tomeasure receptive and expressive
vocabulary, respectively, at fourth and eighth grades.
Second grade receptive sentence use was measured by
the Concepts and Directions subtest and the Sentence
Structure subtest of Clinical Evaluation of Language
Fundamentals—III (CELF–III; Semel et al., 1995). Ex-
pressive sentence use was measured by the Word Struc-
ture subtest and the Recalling Sentences subtest of the
CELF–III.

Fourth grade receptive sentence use was measured
by the Concepts and Directions subtest of the CELF–III
and expressive grammarwasmeasured by the Recalling
Sentences subtest andFormulating Sentences subtest of
the CELF–III. The Concepts and Directions subtest and
Recalling Sentences subtest of the CELF–III were also
used at eighth grade to measure receptive grammar and
expressive grammar, respectively.

Procedures
All tests were administered individually by four

trained examinerswho administered and scored all tests
according to the test manuals. Prior to administering
these tests, the examiners were trained as a group and
were then observed by the trainer who was a certified
speech-language pathologist. Throughout the study, this
trainer also observed and co-scored 5% of the sessions
of each of the examiners ensure consistency across exam-
iners and across time. Correlation coefficients computed
between composite scores of the trainer and the exam-
iners were above .95 for all tests within all four batteries.

Statistical Analysis
The dimensionality of language test composite scores

or items contained in these tests was examined in two
ways: revised modified parallel analysis and confir-
matory factor analysis. The four language areas were
receptive vocabulary, expressive vocabulary, receptive
sentence use, and expressive sentence use. The revised
modified parallel analysis is an analysis approach based
on exploratory factor analysis and was performed on
item data to determine the extent to which there was
evidence of one versus multiple latent dimensions under-
lying the individual items of these tests. The confirma-
tory factor analysis testedwhether therewere particular
latent variables (receptive or expressive, vocabulary or
sentence use) underlying the test scores in these lan-
guage batteries. The composite scores for the confirma-
tory factor analysis were determined using the standard
procedures described in the test manual. For parallel
analysis, only selected items were included. This rule
applied to all four grade levels.

Revisedmodified parallel analysis (Budescu, Cohen,
& BenSimon, 1997). At a conceptual level, it consists of
an exploratory factor analysis performed on the individ-
ual test items. Exploratory factor analysis provides a
test of the assumption that the individual items are not
independent of each other, but rather performance on
these items is reflective of one or more latent traits or
dimensions. The exploratory factor analysis involves
first computing the intercorrelation of the obtained test
items, and then it analyzes this correlation matrix to
produce unrotated eigenvalues. Because all items in this
study were scored in a binary fashion, the correlation
between items was based on a tetrachoric correlation
derived from a 2 × 2 table as would be used to derive a
chi-square with one degree of freedom. This tetrachoric
correlation represents whether correct and incorrect re-
sponses on one item are associated with correct and
incorrect responses on another item. The factor anal-
ysis provides a means of reducing the correlation matrix
to a smaller set of potential latent variables underlying
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these correlations. The eigenvalue for each dimension
represents the amount of variance accounted by each di-
mension. The larger the eigenvalue, the more that par-
ticular latent variable accounts for the covariance among
items in the matrix.

This type of factor analysis is referred to as explor-
atory factor analysis because no initialmodel concerning
themanner inwhich items are correlated is being tested.
As a result, interpreting the results can be challenging
because it is difficult to determine whether one or more
than one latent dimension underlies the items being
studied. Interpretation can be aided by constructing a
parallel factor analysis on data that are generated from
data in which the number of latent variables is fixed to
one. The obtained analysis can then be compared with
the parallel simulated analysis to determine whether a
single-dimensional model as shown by the simulation is
comparable to the obtained data.

If the comparison is to be valid, it is necessary to
generate simulated data item characteristics similar to
the actual test given to examinees, except that these
items are known to be measuring a single latent trait.
These item characteristics can be obtained using IRT
that describes items with respect to their difficulty and
discrimination. These features can be based on the ob-
tained items and then applied to the simulated items,
thus producing a parallel analysis. With these parallel
items created, they can then be subjected to the same
type of factor analysis as performed on the obtained
data. Thus, tetrachoric correlations can be computed for
the simulated items and the correlation matrix factor
analyzed to produce unrotated eigenvalues. The eigen-
values computed from a tetrachoric correlationmatrix of
obtained item scores are then compared with the eigen-
values computed from a tetrachoric correlationmatrix of
item scores from the parallel data set that are known to
be unidimensional by visual examination of scree plots.
A scree plot for the eigenvalues presents a pattern of
declining eigenvalues, and visual inspection can be used
to determine howmany factors should be retained in the
factor analysis. The scree plot from the obtained data in
the exploratory analysis can therefore be compared with

the scree plot from the parallel analysis to determine the
extent to which the obtained data conform to a single-
dimensional model. In a scree plot, the first unrotated
factor always accounts for the greatest amount of var-
iance and the last unrotated factor accounts for the least.
The decreasing rate from the first eigenvalue to the later
ones reflects the dimensionality of the data. If the data
are perfectly unidimensional, the first factor would ac-
count for all the correlations between all variables. The
remaining factors simply reflect random clustering of
correlations that represent error. Thus, the scree plot
of the simulated unidimensional data provides a model
scree plot against which the obtained scree plot can be
compared.

The particular method of parallel analysis used in
this study was that proposed by Budescu et al. (1997;
also see theAppendix formore information). Thismethod
skips the step of generating individuals’ scores (1 or 0)
on each simulated item. Instead, this method generates
only an expected 2 × 2 contingency table for each pair of
items (based on item parameters and a unidimensional
assumption), with the four cells of the table correspond-
ing to the number of individuals passing both items,
passing the first item but failing the second item, failing
the first but passing the second, and failing both items
(see Table 2 ). From this contingency table, a tetrachoric
correlation can be estimated. After a correlation between
all possible item pairs has been estimated, a tetrachoric
correlationmatrix is formed and a factor analysis can be
performed on this correlation matrix.

Specifically, the eigenvalues for the revised modi-
fied parallel analysis analysis in this study were derived
from tetrachoric correlation matrices formed from the
item level data obtained from the participants’ perfor-
mance on the items listed in Table 3 or from the expected
contingency tables. These correlations were computed
using the SASmacro POLYCHOR (SAS Institute, 2000).
To generate the expected contingency table, the difficulty
and discrimination power of each item needed to be esti-
mated from the obtained data using IRT. In this case, a
two-parameter IRTmodel consisting of item parameters
representing itemdifficulty (d) and discriminiation power

Table 2. Expected contingency table for numbers of individuals who pass (or fail) item i, item j, and both items i and j
in a sample of K individuals.

No. out of K individuals who pass or fail item i

TotalPass Fail

No. out of K individuals who pass or fail item j pass A Mj jA Mj

fail Mi jA K jMi jMj + A K jMj

Total Mi K jMj K

Note. A, Mi, and Mj were computed using the formulas in the Appendix.
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(a) given to an examinee with an ability (q) was obtained
from the IRT analysis on the real data using BILOG
(Meslevy&Bock, 1990). These parameterswere obtained
from the performance of all participants at each grade
level, and, therefore, the samedistribution of ability con-
tributed to each item at each grade level.

These item parameters were then used to compute
the expected contingency table for each pair of items
using amethod described byBudescu et al. (1997), which
is reviewed in the Appendix. After the tetrachoric cor-
relations between all 56 items were computed from the
contingency tables, the eigenvalues for this correlation
matrix were derived and comparedwith the eigenvalues
from the real data. After this, the factor loadings of each

item onto each factor were examined so that the mean-
ing of the factors could be discerned.

Confirmatory factor analysis provides a means of
testing specific hypotheses concerning the presence of
latent traits or dimensions underlying test scores. Be-
cause the hypothesized dimensions pertained to the orga-
nization of subtests, composite scores for subtests were
used rather than employing the individual test items as
used in the revised modified parallel analysis. The com-
peting models were a unidimensional model treating all
of the subtests asmeasuring one latent trait, “ language,”
and a model with two latent traits. The subtests could
be either classified into receptive–expressive categories
or vocabulary–sentence categories. For all the four grade

Table 3. Items selected from standardized language tests used in kindergarten, second, fourth, and eighth grades for inclusion in modified
parallel analysis.

Test items Kindergarten Second grade Third grade Fourth grade No. of items Modality
Language
domain

TOLD–2:P
Picture Vocabulary subtest Items 9–22 X 14 R V
Oral Vocabulary subtest Items 2–15 X 14 E V
Grammatic Understanding subtest Items 11–24 X 14 R S
Sentence Imitation subtest Items 4–10 X 7 E S
Grammatic Completion subtest Items 6–12 X 7 E S

PPVT–R
Items 70, 71, and 74–79 X 8 R V
Items 80–83 X X 4 R V
Item 84 X 1 R V
Item 85 X X 1 R V
Items 86–94 X 9 R V
Items 99–106 and Items 108–113 X 14 R V

CREVT
Items 2 and 3 X 2 E V
Items 4–10 X X 7 E V
Items 11–15 X X X 5 E V
Items 16 and 17 X X 2 E V
Items 18 and 19 X 2 E V

CELF
Word Structure subtest Items 26–32 X 7 E S
Recalling Sentences subtest Items 6–8 X 3 E S
Recalling Sentences subtest Items 9 and 10 X X 2 E S
Recalling Sentences subtest Items 11 and 12 X X X 2 E S
Recalling Sentences subtest Items 13–15 X X 3 E S
Recalling Sentences subtest Items 16–24 X 9 E S
Formulated Sentences subtest Items 6–12 X 7 E S
Sentence Structure subtest Items 14–20 X 7 R G
Concept and Directions subtest Items 17–23 X X 7 R G
Concept and Directions subtest Items 24–30 X X X 7 R G

Note. Items were assigned to modality (receptive [R] and expressive [E]) and language domain (vocabulary [V] and sentence [S]). TOLD–2:P = Test of Oral
Language Development—2: Primary; PPVT–R = Peabody Picture Vocabulary Test—Revised; CREVT = Comprehensive Receptive and Expressive
Vocabulary Test; CELF–3 = Clinical Evaluation of Language Fundamentals—3.
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levels, it was found that the model goodness of fit was
betterwith vocabulary–grammar classification thanwith
receptive–expressive classification. Thus, the one-factor
model was compared with this vocabulary–grammar
two-factor model. This confirmatory factor analysis was
conducted on language subtest scores using the computer
program Mplus (Muthen & Muthen, 2001). There were
five subtests from the kindergarten battery, six from sec-
ond grade, five from fourth grade, and four from eighth
grade.

To see how the relation between the vocabulary and
grammar factor changes, the correlation between the
two factors was compared across grade levels. Compar-
ison between second grade, fourth grade, and eighth grade
was also conducted using scores from those subtests that
were administered at all three grade levels. These sub-
testswere thePPVT–R,CREVT,CELF–III Concepts and
Directions subtest and the Recalling Sentences subtest.

Results
Revised Modified Parallel Analysis

This analysis asked whether there was more than
one latent variable underlying the set of items drawn
from the various subtests in each battery. Tetrachoric
correlations representing correlationsbetween itempairs
were computed for the 56 items in each of the kinder-
garten, second grade, and fourth grade batteries and the
51 items in the eighth grade battery. Eigenvalues were
obtained from these tetrachoric correlationmatrices. The
15 largest eigenvalues for each battery are shown in the
form of a scree plot in Figure 1. Each eigenvalue corre-
sponds to an independent variance component or factor
that can be thought of as a possible latent variable; how-
ever, these variance components can also simply repre-
sentminor clustering ofmeasurement error. Therefore, it
is necessary to determine which components are likely to

Figure 1. Scree plot of the largest 15 eigenvalues divided by the total number of items for the real data and unidimensional simulated data.
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reflect valid latent variables. Larger eigenvalues indicate
that a factor accounts for a larger amount of the total
variance than smaller eigenvalues. The factorswith large
eigenvalues are the most likely to represent valid latent
variables. Examination of Figure 1 shows that there was
a clear break point on the scree plot after the first fac-
tor. The eigenvalues computed based on IRT parameter
expectations, assuming that all items are measuring the
same ability, are also shown in Figure 1. The obtained
data can be seen to be similar to the expected data across
the batteries; however, some deviation from the unidimen-
sional example canbeseen for eachbattery, suggesting that
the items in these batteries are not fully unidimensional.

Because eigenvalues represent amount of variance
accounted for by a factor, the eigenvalues can be converted
to indices of percentage of total variance accounted for.
Across the four batteries, the first component accounted
for 25.19% of the total sample variance in the kinder-
garten battery, 32.07% in the second grade, 32.69% in
the fourth grade, and 31.60% in the eighth grade. The
second principal component in all of these batteries ac-
counted for much less: 4.98% at kindergarten, 10.89%
at second grade, 10.89% at fourth grade, and 7.51% in
eighth grade. These results show that across the batter-
ies, the first factor accounted for a substantially greater
amount of the variance than the next largest factor.
In second, fourth, and eighth grades, the second factor
accounted formore than5%percent of the total variance;
whereas in kindergarten, the second, third, and fourth
factorswere similar and collectively accounted for 13.61%
of the variance.

Because the lower order factors accounted for a
modest proportion of the total variance, the items from
these test batteries were examined with respect to their
loading onto the factors that accounted for more than
10% of the variance. Because the kindergarten battery
had three lower order factors that collectively loaded
over 10%, we examined all four factors for kindergarten.
The loadings of items onto the first four factors for
kindergarten are shown in Figure 2. As expected, all
items generally load onto the first factor. Items loading
on the higher order factors were in each case largely
associated with a particular subtest. Items loading onto
the second factor were largely from the Grammatic
Understanding subtest, whereas the third factor pre-
dominantly comprised the Expressive Vocabulary items
and the fourth factor was marked by high loadings from
the Receptive Vocabulary subtest. At second and fourth
grades, all items loaded onto the first factor and the
second factor appeared to consist of items from the
PPVT–R. In eighth grade, as in all other batteries, there
was a generally uniform loading of items onto the first
factor. The second factor at eighth grade comprised items
from two tests each representing vocabulary skills,
but in two very different modes of use (recognition vs.

expressive/metalinguistic definition construction). Items
from the receptive and expressive sentence usage tasks
negatively loaded onto this factor.

Collectively, these results from the revised modified
parallel analysis suggest that when examined at the
item level, these items drawn from different tests are
all measuring predominantly a single latent variable. In
some cases, these items also reflect some additional la-
tent variables; in these cases, these seem to be associ-
atedwith specific tests or, as in eighth grade, the domain
of vocabulary.

Confirmatory Factor Analysis
The parallel analysis previously performed provided

ameans of examining the dimensionality of the language
test batteries at the item level using an exploratory ap-
proach.Exploratory factor analytic approaches are largely
descriptive in nature and lack specific tests for alternative
interpretations. Confirmatory factor analysis does pro-
vide such methods but requires the specification of a
model. The parallel analysis largely supported a uni-
dimensional model; however, some evidence was found
for two dimensions that made up the language domains
of vocabulary and grammar, particularly in the eighth
grade battery. An alternate two-dimensional model con-
sisting of receptive and expressive language was not
suggested in the exploratory parallel analysis; however,
this model cannot be refuted from this analysis and was
therefore also tested in the confirmatory analysis.

The results of confirmatory factor analysis appear
in Figures 3, 4, 5, and 6. In each figure, the correlations
of each subtest with the latent factor(s) are shown. Val-
ues are also provided for the correlations between the
two factors in the cases of the two-factormodels. Finally,
a set of measures indicating the goodness of fit of the
models are provided. The principal goodness-of-fit cri-
teria are the Comparative Fit Index (CFI) (larger values
are better, and values more than .95 are considered ex-
cellent) and the Akaike Information Criterion (AIC),
which rewards models for good fit but penalizes extra
parameters (lower values are more desirable).

As can be seen from the figures, for all grade lev-
els the two-factor model consisting of receptive and ex-
pressive aspects of language was not better than the
single-factor model. In contrast, the comparison of the
two factors of vocabulary and sentence use with the one-
factormodel favored the two-factormodel across the bat-
teries because the two-factor model had a smaller value
of AIC. It should be noted, however, that the single-
factor model fit the data nearly as well as the two-factor
models for the kindergarten, second grade, and fourth
grade data. In each of these cases, the CFI values were
always well above .95 for the single-factor model, which
is considered evidence of a good fit. In eighth grade,
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however, the two-factor model was clearly better than
the one-factor model, even though the goodness of fit
(CFI = .932 andTLI [Tucker–Lewis index] = .796) values
for this model were still acceptable.

As shown in Figures 3–6, the correlations between
the sentence use and vocabulary factors were high for all
batteries; however, it can be seen that the correlations
between these two domains decline across the grade lev-
els (for kindergarten, r = .941; for second grade, r = .934;
for fourth grade, r = .902; and for eighth grade, r = .782).
By eighth grade, the two domains show the potential for
separate traits underlying these domains.

In the previous analysis, the test batteries thatwere
used did not use the same subtests in each case. Thus,
it is possible that the factor correlation change across
batteries may have resulted from the changes in subtest
composition from kindergarten to eighth grade. To rule
out this possibility, we compared the factor correlations
between second grade, fourth grade, and eighth grade
for only those tests that were administered at all the
three grade levels. The results are shown in Figure 7. In
these correlations, there is a clear decreasing trend from
.925 at second grade to .861 at fourth grade and to .782
in eighth grade. This change showed that language

Figure 2. Loading of items onto first and second factors. TOLD = Test of Oral Language Development.
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ability differentiated from mainly one factor to correlat-
ed two factors if one agrees that two factors correlated
above .90 can be combined into one factor. Thus, even
when the analysis was limited to data derived from the
same instruments across age levels, the same type of
factor structure was obtained.

Discussion
This study was concerned with the extent to which

the various types of language tasks contained within
standardized language assessment instruments for school-
age children ref lect different underlying language abilities.
The literature on language development and language
disorder has often assumed thatmultiple language skills
are measured by such instruments. Most often, these
skills are either characterized in terms of the modalities
of expression and reception or linguistic domain in the
form of lexical (vocabulary) and grammatical abilities. In
this study, items reflecting each of these categories were
examined at four time points across the age range of
6 years to 14 years of age using both exploratory and con-
firmatory analysis methods. The results of each of these
methodswere similar andprovide a fairly coherent picture
of the information provided by these language measures.

Evidence for Dimensionality
The exploratory analysis using modified parallel

analysis permitted an examination of the dimensional-
ity of the language measures at an item level. In this
respect, no preexisting assumptions were made about
what the items were measuring. At each of the four
grade levels, there was evidence of a dominant single
factor that all items loaded onto. In modified parallel
analysis, the evidence for dimensionality is based on a
comparison of the eigenvalues of the second and third
factors for the obtained data and the data expected un-
der a unidimensional IRTmodel. In each of the four item
sets, there was some evidence of multidimensionality.
The nature of these lower order factors was revealed by
plotting the factor loading for each item, as shown in
Figure 1.

For those items in the kindergarten battery using
the TOLD–2:P, three lower order factors collectively ac-
counting for more than 10% of the variance were found.
Each of these factors could be attributed to one of the
subtests of the TOLD–2:P. In this respect, there is no
strong evidence for the language performance of these
children showing systematic variance across a modality
or a domain of language, but rather these lower level
factors appeared to reflect task-specific features. In

Figure 3. Confirmatory factor analysis of kindergarten subtest scores for models combining subtest scores according to modality or to the
language domains of vocabulary and sentence use. CFI = Comparative Fit Index; TLI = Tucker–Lewis index; AIC = Akaike Information Criterion.
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second, fourth, and eighth grades, only one lower order fac-
tor accounted for an appreciable amount of the variance.
The item loadings in second and fourth grades onto this
second factor were all items from the PPVT–R, and all
other items including the expressive vocabulary mea-
sure formed the contrasting factor. Thus, as in kinder-
garten, a coherent lower order factor that transcended
a single test was not apparent, again suggesting task-
specific variance as the basis of the lower order dimen-
sionality. In eighth grade, however, the items loading
onto the second factor continued to include the PPVT–R
items, but the expressive vocabulary items from the
CREVT loaded onto this factor as well. Thus, by eighth
grade, the items concerning vocabulary, regardless of
the manner of assessment, seem to be tapping into a
common aspect of language and, in contrast, the items
that involved sentence processing organized in a sepa-
rate factor. Nowhere in the exploratory analysis was
there support for a receptive–expressive dimension.

The exploratory analysis performedat the item level
also showed that the items contained in any given subtest
across the batterieswere quite homogeneous. Thus, there

was no evidence that these items should be reorganized
to form subtests other than the ones they have been as-
signed to by the test developers. Given that the batteries
for second grade through eighth grade comprised items
from three different tests, these findings cannot be at-
tributed to prior item analyses in the construction of
the tests.

The pattern of an increasing presence of multi-
dimensionality of the items in these test batteries around
a vocabulary–sentence contrast was supported by the
confirmatory factor analysis. Although across all of the
batteries the two-factor model involving a vocabulary–
grammar contrast yielded a slightly better fit to the
data, it was only in eighth grade that this two-factor
model was noticeably better than the one-dimensional
model. The trend toward a multidimensionality of lan-
guage contrasting vocabulary and sentenceusewas shown
in the systematic decline in the correlations between
these two factors across grade levels. These results could
be viewed as providing support for there being some
dimensionality of language with regard to the contrast
of vocabulary versus sentence use, particularly among

Figure 4. Confirmatory factor analysis of second-grade subtest scores for models combining subtest scores according to modality or to the
language domains of vocabulary and sentence use. PPVT–R = Peabody Picture Vocabulary Test—Revised; CREVT = Comprehensive
Receptive and Expressive Vocabulary Test; CELF = Clinical Evaluation of Language Fundamentals.
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Figure 5. Confirmatory factor analysis of fourth-grade subtest scores for models combining subtest scores according to modality or to the
language domains of vocabulary and sentence use.

Figure 6. Confirmatory factor analysis of eighth-grade subtest scores for models combining subtest scores according to modality or to the
language domains of vocabulary and sentence use.
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older children. Such a contrast provides some support
for those who argue for a distinction between vocabulary
and grammar (Pinker, 1998; van der Lely, Rosen, &
McClelland, 1998). However, if these data are to be used
to support such a position, it will be necessary to explain
why this dimensionality is weak initially and only ap-
pears at older age levels.

This increase in dimensionality concernedwith vocab-
ulary and sentence use with increments in participants’
age can be explained in several ways. One explanation
draws on the obvious requirement of the sentences in
these tasks to use lexical items. As Bates and Goodman
(1999) have noted, it is not possible to have a task in-
volving grammatical performance without also employ-
ing the lexicon (Bates & Goodman, 1999). To minimize
the influence of lexical ability on grammatical ability,
measures of sentence use should use lexical items that
are familiar to the examinee. The technical manual of
the CELF–III does not discuss the criteria for selection
of lexical items of the sentence material. It possible that
young examinees would be less familiar with some of
the words used in the sentence tasks than the older

examinees. If this were so, then the confounding of vo-
cabularywith sentence usewould diminishwith age and
greater dimensionality would become apparent. This
explanation allows for the processing and representa-
tional systems involved at the word level and the sen-
tence level skills to be inherently separate at least to
some degree throughout this developmental period, and
the high level of association between these in the early
years is explained by a measurement confound.

Alternatively, the increasing dimensionality of these
systems with age could be viewed as support for those
who view sentence level systems such as syntax andmor-
phology as emergent (Bates & Goodman, 1999). Such
accounts predict that a grammatical system that is at
least partially independent of lexical abilities would be-
come apparent as the language user approached matu-
rity as a language user.

A final explanation for these results also needs to
be considered. The grammatical system thatmay account
for much of the unique knowledge to be learned at the
sentence level is typically thought of as a finite symbolic
system (Chomsky, 1965) that ismasteredbymiddle-to-late

Figure 7. Confirmatory factor analysis of subtest scores at second, fourth, and eighth grades for models combining subtest scores according to
modality or to the language domains of vocabulary and sentence use when only subtests common to all grades were used.

Tomblin &andZhang: Dimensionality of Language 1205



childhood. Thus, the learning trajectory for much of the
component skills involved in sentence use is likely to be
nonlinear with an asymptotic feature, as has been shown
for tensemarking byRice and colleagues (Rice,Wexler, &
Hershberger, 1998). Knowledge of vocabulary is much less
developmentally constrained, and growth often proceeds
well into adulthood. The appearance of greater indepen-
dence between measures of vocabulary and sentence use
in early adolescence may reflect the different growth tra-
jectories of these systems as grammatical development
asymptotes and lexical development continues to progress.

These three explanations for the systematic decrease
in the association between vocabulary and sentence use
across development cannot be distinguishedwith the data
at hand.At this point, further study of these data, andpre-
ferably data based on stimuli and tasks that incorporate
controls suchas lexical confounds in sentence tasks, should
permit better tests of these different accounts.

Implications for Clinical
and Research Applications

Standardized tests of language for the measure-
ment of children’s spoken language abilities are used
widely in both research and clinical settings. In most
instances, the users of these tests are interested in ag-
gregating the individual item performance of children in
some way to reach conclusions about the language trait
status of the children receiving the test. The results of
this study would support such an approach. In both the
exploratory and confirmatory analyses, therewas strong
evidence for a general language trait upon which all
items and subtests loaded rather well. In this regard,
language, asmeasured and represented in these various
tests, can be thought of predominantly as a single trait,
particularly in the early school years.

In some research or clinical situations, these mea-
sures are used to characterize profiles of strengths and
weaknesses and, in some instances, the subtype of lan-
guage impairment. The results of this study show that
thesemeasures only provide information for certain kinds
of contrasts, and even then only for certain ages. The cur-
rent findings indicate that these measures are not likely
to be able to reflect reliable differences within individ-
uals with respect to receptive and expressive modalities.
When such differences are found, these results would
suggest that the differences are more likely spurious and
unreliable, which may explain the findings of Conti-
Ramsden and Botting (1999) wherein subtypes that were
partially orwholly reflective ofmodality dimensionswere
found to be unstable. Such conclusions stand in contrast
with common clinical and research practice in which
children with language disorders are subtyped according
tomodality (see, for instance, Conti-Ramsden, Crutchley,
& Botting, 1997; Rapin, 1996; Wilson & Risucci, 1986). It

remainspossible that these subtypes do exist; however, to
identify these subtypes itwill be necessary todevelopnew
measures that can be shown to measure receptive and
expressive language independently.

In contrastwith the receptive–expressive dimension,
it does seem that separate measures of vocabulary and
sentence use may be informative, but only among older
school-age children. Even in this case, there is good evi-
dence that these are not independent traits and that the
correlation between these aspects of language is high.
Thus, a single composite score does not result in much
loss of information and probably results in better reli-
ability for clinical decision making. Taken collectively,
these results would suggest that in clinical or research
settings it is not necessary to employ as many different
language assessment tasks as are often provided in com-
mercial test batteries. Simply because a test or subtest
involves different content or different tasks does notmean
that the latent trait measured by the measure is different
from those measured in other subtests. Instead, this is an
empirical question that should be providedwith each test.

Generality of Findings
Several years ago, Clark (1974) pointed out that re-

search in languagemust contendwith the problemof gen-
eralization of results beyond the specific language items
used in research. These concerns certainly apply to the
findings from this study aswell. If one has randomly sam-
pled items from a universe of items, then it is reasonable
to generalize the results back to that universe. However,
wemust exercise caution in cases suchas this study,where
themanner inwhich the itemswere sampled is not known
and, in fact, it is not even clear what universe these items
were drawn from. Thus, a conservative conclusion would
be that the dimensionality of the itemsand subtests of the
particular tests included in this study is low, consisting of
onemajor dimension and one emergingminor dimension.
Themeasures used in this study did comprise some of the
most commonly used instruments for testing language
in children, and these instruments used the most typical
methods of testing language among children in this age
range. Thus, it is at least reasonable to argue that these
conclusions are probably applicable to other similar stan-
dardized tests of language. The measures in this study
did not extend to levels of language often contained in the
domains of discourse, text, and pragmatics. Therefore,
it would be inappropriate to conclude that the findings
of this study can be generalized to these domains of lan-
guage use.
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Appendix. Revised modified parallel analysis.

Revised modified parallel analysis differs frommodified parallel analysis in that the parallel unidimensional data set against
which the obtained data are compared is derived from computational formulas rather than generated via simulation. The
derivation of the unidimensional data begins by employing item parameters based on item response theory (IRT) that have
the same parameter values as those in the obtained data set. These IRT item parameters for a two-parameter model are ai
(the item discrimination parameter) and di (the item difficulty parameter). The probability o f a correct response for item i by an
examinee with a single latent trait qj (Uij = 1) is

pij = Pr(Uij = 1/qj ) = 1/ 1 + exp[--ai (qj -- di )] (two-parameter solution):

The expectation of the unidimensional hypothesis implies that the number of persons in a sample of K individuals who would
pass item i, item j, and both items i and j are respectively,

Mi

XK

k=1

pik , Mj =
XK

k=1

pjk and A =
XK

k=1

pikpjk :

With these expected frequencies (Mi , Mj , A), a 2 × 2 contingency table could be constructed as shown in Table 2. With this
contingency table, a tetrachoric correlation between items i and j was computed. After the tetrachoric correlation between
all 56 items were computed, the eigenvalues for this correlation matrix were derived and compared with the eigenvalues
from the obtained data.
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