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Abstract

Objective: The Boston Diagnostic Aphasia Examination (BDAE) is one of the most commonly used aphasia batteries.
The newest edition has undergone significant revisions since its original publication in 1972, but existing evidence for
its validity is lacking. We examined the construct validity of BDAE-3 and identified the factor structure of this battery.
Method: A total of 355 people with aphasia of various types and severity completed neuropsychological evaluations to
assess their patterns of language impairment. A principal component analysis with varimax rotation was conducted to
examine the components of BDAE-3 subtests. Results: Five components accounting for over 70% of the BDAE-3 total
variance were found. The five language factors identified were auditory comprehension/ideomotor praxis, naming and
reading, articulation-repetition, grammatical comprehension, and phonological processing. Conclusions: Our results
show that the BDAE-3 demonstrates good construct validity, and certain language functions remain primary, distinct
language domains (i.e., receptive vs. expressive language) across severities of aphasia. Overall, our findings inform
clinical practice by outlining the inherent structure of language abilities in people with aphasia. Clinicians can utilize the
findings to select core BDAE-3 tests that are most representative of their respective functions, thereby reducing the total
testing time while preserving diagnostic sensitivity.
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INTRODUCTION integrated recent findings on neurolinguistic research while
preserving the test’s clinical utility. Some of the changes in
BDAE-3 include the addition of abbreviated and extended
testing formats, the incorporation of the Boston Naming Test
(Kaplan et al.,, 1983) as a subtest, the addition of subtests
assessing ideomotor praxis, and the clarification of scoring
procedures and definitions. To demonstrate continued clinical
utility, the authors reported that the BDAE-3 has good
internal and alternate form reliability overall (Goodglass
et al., 2001a).

In contrast, the validity of BDAE-3 has not yet received
strong support. In one existing study that examined the
validity of BDAE-3, language clusters were predefined
(i.e., a priori) based on a conceptual framework. The authors
then examined correlations among subtests within each
conceptually predefined cluster without considering correla-

- tions across clusters (Goodglass et al., 2001a). This limited
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The Boston Diagnostic Aphasia Examination (BDAE) is one
of the most commonly used test batteries for aphasia, both
nationally and internationally, as well as across hospital set-
tings (Katz et al., 2000). The test battery allows comprehensive
assessment of different aspects of language function in people
with aphasia with the aims of assisting with the diagnosis of
aphasia syndromes, providing guidance in therapy, and meas-
uring treatment outcome (Goodglass et al., 2001a). Given these
goals, examining the psychometric properties (i.e., reliability
and validity) of BDAE is a clinical necessity.

The BDAE has undergone two significant revisions since the
publication of its first edition in 1972 (Goodglass & Kaplan,
1972b); it was revised in 1983 (Goodglass & Kaplan, 1983b)
and again in 2001 (Goodglass et al., 2001b). The 2001 revision
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Factor structure of BDAE-3

Although there are a few studies that examined the factor
structure of the earlier versions of BDAE or the non-English
versions of BDAE-3, no studies have yet explored the factor
structure of the English version of BDAE-3 in people with
aphasia. Moreover, prior studies suggested that the factor
structure of the earlier versions varied considerably as a
function of the subtests included in the analysis. Goodglass
and Kaplan (1972a) identified five factors of the original
BDAE based on a group of 207 people with aphasia.
The factors were labeled as general language, spatial-
quantitative-somatagnostic, articulation-grammatical fluency,
auditory-comprehension, and paraphasia. Goodglass and
Kaplan (1983a) also conducted a factor analysis on the
second edition of BDAE using a sample of 242 people with
aphasia. They included all the language measures and rating
scales (primarily assessing language fluency) in the analysis.
They found that auditory comprehension, repetition-recitation,
reading, and writing were factors of roughly equal variance,
followed by fluency, nonverbal oral agility, and paraphasia.
These authors conducted another factor analysis on the same
group of participants, but excluded all the rating scales.
Results yielded a five-factor structure in which four factors
were of approximately equivalent importance, and one was a
minor factor. The main clusters were identified as reading, rec-
itation-repetition, writing, and auditory comprehension. The
minor factor was labeled as oral agility/rhythm.

Given the substantial changes made to the previous
versions of BDAE, along with relatively weak evidence
for its construct validity, it is crucial to examine the factor
structure of this widely used instrument. Such data will
enhance its clinical utility by providing users with an under-
standing of the underlying dimensions of the measure,
thereby facilitating accurate interpretation. Hence, we
conducted an exploratory factor analysis to examine the
construct validity of BDAE-3 in a large sample of people
with aphasia.

METHOD

Participants

We analyzed data from 355 consecutive people with aphasia
(times post-onset ranging from 1 week to 1248 weeks), aged
16-90 (M =56.98; SD =15.42), 42% female (see Table 1
for sample demographic characteristics), who were referred
for language-focused neuropsychological evaluations at an
academic medical center in the Midwestern United States.
These assessments were conducted either in an out-patient
office setting on site or on an in-patient basis in an affiliate
rehabilitation center. As part of the testing procedures,
all participants completed portions of the Boston
Diagnostic Aphasia Examination, Third Edition (BDAE-3;
Goodglass et al., 2001b). Participants also completed a
variety of other tests of cognitive abilities and emotional
functioning at the discretion of the board-certified
neuropsychologist on staff (R.F.). However, the current
study analyses pertain only to BDAE-3 subtests. The
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Table 1. Sample demographic characteristics
N Mean SD
Age (years) 355 56.98 15.42
Years of education 338 13.92 2.62
Weeks post-Injury 355 34.58 112.02
Language Competency Index 351 37.5 28.5
N %
Gender
Male 207 58.3
Female 148 41.7
Marital status
Married 219 61.7
Unmarried 135 38.0
Unknown 1 3
History of mood, anxiety, or substance use disorder(s)
Positive history 57 16.1
Negative history 275 77.5
Unknown history 23 6.5
Type of aphasia
Anomic 111 31.3
Broca’s 22 6.2
Conduction 3 .8
Global 72 20.3
Mixed non-fluent 30 8.5
Transcortical motor 12 34
Transcortical sensory 22 6.2
Wernicke’s 25 7.0
Other 30 8.5
Etiology of injury
Left cortical ischemic 223 62.8
Left cortical hemorrhagic 77 21.7
Subcortical stroke 17 4.8
Traumatic 16 4.5
Other 20 5.6
Unknown 2 .1

relevant clinical data were approved for research purposes
by the affiliate university’s Human Research Protection
Office.

Measures
BDAE-3

The BDAE is a popular test battery examining various aspects
of language functioning. Relative to other aphasia batteries,
the BDAE is more comprehensive, consisting of more than
50 subtests and benefiting from interpretation through the
lens of the Boston Process Approach. Empirical research sup-
ports the reliability and validity of previous versions of
BDAE (Davis, 1993; Goodglass & Kaplan, 1972a; Helms-
Estabrooks & Ramsberger, 1986), and it has been adapted
for use among non-English speakers (e.g., Pineda et al.,
2000; Tsapkini et al., 2010).
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Table 2. Number of items and participants, and rotated component matrix of the selected BDAE-3 subtests

Number Number of Component

Subtest of items participants 1 2 3 4 5
Word comprehension: Foods 10 321 .78
Word comprehension: Tools 10 323 7
Basic word discrimination 37 354 .76 42
Word comprehension: animals 10 321 75
Number matching 12 314 .74
Picture—word matching 10 338 73 40
Matching cases and scripts 8 319 71
Praxis: conventional gestures 12 326 71 45
Praxis: pretended objects 24 323 .68 45
Word comprehension: body parts 20 290 .67 43
Oral commands 15 353 .65 37 37 .33
Semantic probe 60 263 .64 32
Reading: free grammatical morphemes 10 257 .60 46 34
Praxis: natural gestures 12 326 .59 .39
Word comprehension: map locations 15 312 57 31
Complex ideational material 12 353 .54 40 40
Lexical decision 10 233 .52 33
Boston naming test 60 354 33 .76
Oral reading: mixed morphemes 12 254 33 76 35
Oral reading: Paralexia-prone words 12 245 5 33
Oral word reading 30 329 37 5 37
Naming of tools 12 257 .30 75
Naming of animals 12 258 .35 73
Naming of colors 8 305 .39 1 .35
Naming of actions 12 259 33 .68 33 33
Color/Letter/Number naming 12 316 42 .66 43
Responsive naming 20 251 .35 .61 37 .36
Reading comprehension: sentences and 10 246 46 .59

paragraphs
Verbal oral agility 14 314 .33 81
Repetition of nonsense words 5 330 .39 75
Repetition of single words 10 344 31 .39 73
Automatized sequences 8 253 .52 .64
Repetition of sentences 10 288 A48 .62 32
Buccofacial Praxis 12 324 .52 .55
Nonverbal oral agility 12 306 .35 54
Auditory comprehension: touch A with B 12 249 .69
Homophone matching 5 218 .33 .80
Auditory comprehension: reversible possessives 10 252 44 .63
Auditory comprehension: embedded sentences 10 250 .38 44 47

Statistical Analyses

Given that the current study data were collected for clinical
purposes, varying proportions of missing data were present
across the BDAE-3 subtests. Specifically, the neuropsycholo-
gist overseeing the aphasia clinic utilizes a flexible battery
within a hypothesis testing approach. Consequently, the
clinician elected to administer those BDAE-3 subtests that
were deemed most relevant in answering the referral ques-
tion, contingent upon each patient’s individual background
characteristics, severity, location of injury, and testing perfor-
mance. For the purposes of the current study, we elected to
exclude those BDAE-3 subtests with missing data >40%
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(i.e., a number of subtests in the Reading sections including
oral sentence reading, oral sentence comprehension, pseudo-
homophones, bound morphemes, and derivational mor-
phemes, as well as all subtests in the Conversational and
Expository Speech and Writing sections), leading to a total
of 39 subtests available for analysis (see Table 2). For these
subtests, we implemented a five-iteration multiple imputation
(MI) procedure in order to estimate the values of missing data.
Sophisticated estimation techniques such as MI have been
repeatedly shown to produce less parameter bias than simple
deletion or mean imputation when examined in simulation
studies (Newman, 2003; Schafer & Graham, 2002). On a
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broad level, MI and maximum likelihood approaches have
been determined to provide the greatest degree of accuracy
when analyzing datasets with significant missingness on
key variables, thereby reducing statistical bias and enhancing
precision in data interpretation (Ning et al., 2013; Schafer &
Graham, 2002).

All statistical analyses were performed using SPSS 20.0.
The Bartlett’s test of sphericity and Kaiser-Meyer-Olkin
(KMO) measure of sampling adequacy were conducted to
assess the factorability of data and the strength of shared vari-
ance. Since both component analysis and common factor
analysis can produce comparable results (Tabachnick &
Fidell, 2001; Velicer & Jackson, 1990) and that our goal
was to reduce the number of subtests to a smaller number
of representative components, we conducted a principal com-
ponent analysis (PCA) with varimax rotation to examine the
underlying dimensions of BDAE-3 subtests. Factors with
eigenvalues >1 were extracted and interpreted.

RESULTS

Results of the Bartlett’s test were significant (3> = 83957.3;
p < .05). The KMO test was marvelous (KMO =.97) per
the interpretation guidelines in Beavers et al. (2013).
Overall, the results of these tests suggest that the correlation
matrix was factorable and the strength of the relationships
was adequate.

Results of the PCA yielded five factors with eigenvalues
>1 that accounted for 72.8% of the BDAE-3 total variance.
Table 2 shows the factor loadings for each subtest (only load-
ings >.30 were reported). Factor 1 is the auditory comprehen-
sion/ideomotor praxis factor and explained 25.8% of the
variance. This component is predominantly formed by tests
requiring participants to perform various tasks (e.g., selecting
pictures, pointing to parts of the body) after hearing spoken
words and sentences, as well as tests assessing participants’
ability to perform conventional gestures or gestures using
pretended objects. Factor 2 explained 21.6% of the variance
and is labeled as the naming and reading factor. This compo-
nent comprised tests that require participants to name various
auditory and visual stimuli and orally read and understand
words and sentences. Factor 3 is the articulation-repetition
factor that includes tests of oral agility (speech and non-
speech-related movements), buccofacial-respiratory praxis,
and repetition of words and sentences (explaining 14.6%
of the variance). Factors 4 and 5 each explained only about
5% of the variance. Factor 4 is the grammatical comprehen-
sion factor that assesses participants’ ability to process com-
plex syntactical relations and represents only 5.8% of the
variance. This factor comprised the Touch A with B subtest
that requires participants to understand how grammatical
structures like prepositions and conjunctions alter the mean-
ing of phrases. Factor 5 is the phonological processing factor
(explaining 5.1% of the variance) and mainly comprised the
homophone matching test that requires participants to match
phonemically identical words.
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DISCUSSION

This is the first examination of the factor structure of BDAE-
3. Our findings revealed that five factors accounted for >70%
of the total variance in BDAE performance, with the first
three explaining the majority of variance. Despite the
differences in the selection of subtests across studies, the
overall factor structure in this study appeared similar to find-
ings in studies of previous versions of BDAE (e.g.,
Goodglass & Kaplan, 1983a). Notably, the first two factors
in our analysis, representing auditory comprehension/ideo-
motor praxis, and naming/(mostly oral) reading, were found
to explain similar proportions total variance. These two dis-
tinct yet equally important language aspects are consistent
with the idea of localization or dissociation of primary lan-
guage functions.

One of the major revisions in BDAE3 was the addition of
ideomotor limb and buccofacial praxis subtests. We found
that subtests of ideomotor limb praxis loaded on Factor 1,
which also comprised some language tests mainly assessing
auditory comprehension. This finding is not surprising. In
fact, prior studies have already suggested that praxis is
associated with auditory comprehension (Wang &
Goodglass, 1992; Weiss et al., 2016). For example, Wang
and Goodglass (1992) showed that auditory comprehension
was the only one among auditory comprehension, reading,
and naming measures that was significantly and consistently
related to pantomime tests. A more recent study using voxel-
based lesion—symptom mapping found that lesions to the
Brodmann area (BA) 44 are associated with combined
deficits in language and praxis (Weiss et al., 2016). The
authors of the study argued that BA 44 serves as an interface
between language and (meaningful) action. Our results con-
firm previous research and suggest that the ability to plan and
perform an action (e.g., with the use of pretended objects) is at
least partly dependent on the ability to translate a concept into
representational form.

The current findings, although of significant clinical util-
ity, should be interpreted in light of several limitations.
First, although we used the multiple imputation procedure
to reduce bias from missing data, all writing-specific tasks
and several other subtests were still excluded due to the
unacceptably high proportions of missing data. Itis possible
that we would have obtained different results if we had
analyzed all 50 BDAE-3 subtests. Nevertheless, the exclu-
sion of all writing-specific tasks in this study allowed us to
examine as many other subtests with reasonable proportion
of missing data as possible while maximizing the accuracy
of parameter estimation when implementing multiple impu-
tations. This approach also allowed us to include people
with a wider range of aphasia severity, which increased
the representativeness and generalizability of our results.
Second, we performed an exploratory procedure — a PCA —
and our sample was not large enough to allow for the
cross-validation of the obtained factor structure using con-
firmatory analysis. We leave such an endeavor to future
researchers.
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In conclusion, despite the discrepancy in BDAE subtests
analyzed across studies, certain language functions remain
primary across language domains (i.e., receptive vs. expres-
sive language) and across different severity levels. Our study
also indicated that the current edition of BDAE continues to
demonstrate good construct validity, which is reassuring
given its popularity in clinical use. Finally, our results inform
clinical practice by outlining the inherent structure of
language abilities in people with aphasia. Clinicians can uti-
lize the current study to select core BDAE-3 tests that are
most representative of their respective functions, thereby
reducing the total testing time while preserving diagnostic
sensitivity. For example, the administration of three
BDAE-3 subtests measuring basic word comprehension, con-
frontation naming of objects (BNT), and verbal agility pro-
vides good, non-redundant coverage of the first three factors.
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