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Abstract

Background—There are a limited number of aphasia language tests in the majority of the
world's commonly spoken languages. Furthermore, few aphasia tests in languages other than
English have been standardized and normed, and few have supportive psychometric data
pertaining to reliability and validity. The lack of standardized assessment tools across many of the
world's languages poses serious challenges to clinical practice and research in aphasia.

Aims—The current review addresses this lack of assessment tools by providing conceptual and
statistical guidance for the development of aphasia assessment tools and establishment of their
psychometric properties.

Main Contribution—A list of aphasia tests in the 20 most widely spoken languages is included.
The pitfalls of translating an existing test into a new language versus creating a new test are
outlined. Factors to consider in determining test content are discussed. Further, a description of
test items corresponding to different language functions is provided, with special emphasis on
implementing important controls in test design. Next, a broad review of principal psychometric
properties relevant to aphasia tests is presented, with specific statistical guidance for establishing
psychometric properties of standardized assessment tools.

Conclusions—This article may be used to help guide future work on developing, standardizing
and validating aphasia language tests. The considerations discussed are also applicable to the
development of standardized tests of other cognitive functions.
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Background

Standardized assessment of aphasia serves to determine important aspects of an individual's
language functioning, including whether he or she has aphasia, the severity and
characteristics of language impairment, prognosis for language recovery, communicative
strengths and weaknesses, target areas for treatment planning, and the degree of
improvement or regression over time. In aphasia research contexts, standardized assessment
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is essential for providing reliable and valid quantification of language abilities and enabling
comparisons across individuals and groups.

Clinicians and researchers working with English-speaking people with aphasia are
privileged to have access to numerous standardized aphasia tests, ranging from
comprehensive batteries and general measures of “functional” abilities to tests of specific
language domains (see Spreen and Risser (2003) and Patterson and Chapey (2008) for
overview of aphasia assessment tools in English). Unfortunately, few standardized aphasia
tests exist in the majority of the world's commonly spoken languages other than English.
This is largely due to the fact that specialized clinical care and research foci related to
aphasia are in early development states in much of the world. In Table 1, the 20 most widely
spoken languages are listed in order according to the estimated number of native speakers of
those languages (Lewis, 2009). Aphasia tests developed or translated for use in each
language are shown.

As demonstrated in Table 1, amongst those available most have not been standardized and
normed, and lack reliability and validity psychometric data. Many aphasia tests in languages
other than English are translations of well-known and widely used assessment instruments in
English, such as the Boston Diagnostic Aphasia Examination (BDAE; Goodglass, Kaplan,
& Barresi, 2001a, the Boston Naming Test (BNT; Goodglass & Kaplan, 2001), the
Multilingual Aphasia Examination (MAE; Benton, Hamsher, & Sivan, 1994), and the
Western Aphasia Battery (WAB; Kertesz, 1982). Some of these tests are mere literal
translations of the English-language originals (e.g., Lauterbach, 2006), while others entail
thoughtful adaptations that take into account important cultural and linguistic factors
associated with the target language (e.g., Benton & Hamsher, 1991; Kertesz, Pascaul-Leone,
& Pascaul-Leone, 1990; Kim & Na, 2001). Notable examples of tests originally developed,
standardized, and extensively normed in a non-English language are the Standard Language
Test of Aphasia (SLTA) in Japanese (SLTA Committee, 1977), the Aachen Aphasia Test
(AAT) in German (Huber et al., 1983), and the Verb and Sentence Test (VAST) in Dutch
(Bastiaanse, Maas, & Rispens, 2000).

As shown in Table 1, novel tests or adapted and translated versions of existing assessment
instruments often remain unpublished (e.g., Bhatnagar, n.d.; Tseng, 1993) or have limited
circulation (e.g., Kacker, Pandit, & Dua, 1991; Lauterbach, 2006). Sometimes a test is
translated for a specific study or for a student's academic project and then is not used again
(e.g., Sreedevi, 1991; Tsang, 2000). Several authors refer to specific translated versions of
tests but merely cite the English version (e.g., Naeser & Chan, 1980). Some report the use of
tests translated into additional languages, but provide no explicit source for these versions,
which do not appear to have been normed on native speakers of the target languages
(Chenggapa, 2009). Frequently, psychometric data on a test are published in a non-English
language, preventing the larger audience of aphasiologists from evaluating the validity and
reliability of the assessment instrument (e.g., Tsevtkova, Axytina, & Pulaeva, 1981;
Watamori et al., 1987). In the published papers on assessment instruments there is great
variability in what constitutes a normative sample (of control participants without
neurological disorders and people with aphasia) and how comprehensively the psychometric
properties of the test have been established. Of course, publication of a test does not
guarantee that it has been properly normed and that solid test construction principles have
been incorporated (Roberts, 2001). In sum, there are little or no normative data for many
non-English-language aphasia tests and most are not available to a wide audience, thus
limiting their research and clinical use.
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Aims

The lack of standardized aphasia assessment tools across many of the world's languages
poses a serious challenge to clinical practice and research. This tutorial is offered to help
clinicians and researchers strategically address this challenge. Readers are given a
framework for considering the pros and cons of translating and adapting existing tests for
use in other languages or developing new tests in target languages. Then, a review of critical
psychometric properties and corresponding statistical analytic methods for quantitative
aphasia tests is given. The aim is to provide constructive guidance for clinical researchers
aiming to develop, validate, and standardize new or translated and adapted aphasia tests.
Much of the content is also applicable to the development of standardized tests of other
cognitive functions, such as memory, attention, and executive functions, and tests of other
types of communication disorders. Given its aim, the tutorial also provides a practical
review of standardized testing and psychometrics, and a summary of key psychometric issue
to address, many of which are neglected in existing assessments. Authors of new tests are
encouraged to consult additional resources on test development and statistics, while making
sure to consider all aspects mentioned here. Highly recommended are the works by Allen
and Yen (2002), Anastasi and Urbina (1997), Fishman and Galguera (2003), Franzen
(2003), Mitrushina, Boone, Razani, and D'Elia (2005), Schiavetti and Metz (2002), and
Strauss, Sherman, and Spreen (2006).

Construction of an Aphasia Language Test in a New Language

There are two general approaches to developing a new test: an existing standardized test in
another language can be translated into the target language, or a new original test may be
developed. Below we examine each approach and outline its advantages and challenges.
Then we describe factors in test design and administration procedures that should be
addressed irrespective of the approach adopted.

Considerations in translating an existing test

The translation of an existing test may at first appear easier and more efficient than
developing a new test. However, this approach has many caveats. A direct or literal
translation of an existing test is never appropriate (Paradis, 1987) because there is not a one-
to-one match between words and syntactic structures across any two languages (even similar
languages with common origins, such as the Latin languages). Therefore, verification of a
new version through back-translation (when the new language version is translated back into
the original language and compared with the initial version of the test; Brislin, 1970) is not
entirely possible or appropriate, due to differing aspects of the original and the target
languages, including rules of phonology, morphology and syntax (Bates, Wulfeck, &
MacWhinney, 1991; Paradis, 1987).

It is important to control for potential confounding factors when translating a test from a
different language. Psycholinguistic controls that may have been implemented in the design
of a test developed in one language do not necessarily apply in the new version in a different
target language. These include controls for phonemic complexity, articulatory difficulty,
word frequency and familiarity, age of acquisition of lexical items, morphological length
and complexity, specific syntactic structures, syntactic complexity, verbal stimulus length,
and cultural relevance (Edwards & Bastiaanse, 2007; Ivanova & Hallowell, 2009; Lorenzen
& Murray, 2008; Roberts, 2008; Murray & Clark, 2006; Roberts & Doucet, 2011). Also,
where appropriate, attention to other factors such as, verb tense, aspect, mood, noun case
and gender, and type of script should be controlled. In some cases a test is being developed
so that it may be administered across multiple languages; this is important for comparing
individual multilingual speakers’ abilities across varied languages . Consistently
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implementing controls for myriad linguistic factors across all target languages is challenging
and requires strong teamwork among native speakers of each of the target languages who
are also experts on language and aphasia.

It is important to recognize that even when careful adaptations are made and parallel
linguistic controls are implemented, culturally-linked attitudes of individuals about types of
tasks (e.g., question-answer, multiple-choice) and means of indexing responses (e.g.,
correct/incorrect scoring) may influence performance. Further, the very act of clinical testing
may not be as common in the cultures of speakers of target language as it is in cultures
associated with the original language (Baker, 2000; Lezak et al., 2004). Likewise, the
pragmatic roles of tester and test-taker, often a younger person who “knows” the correct
answers testing an older person who may feel a loss of face in having his or her deficits
emphasized, are especially problematic in some cultural contexts. Such cases require
especially thoughtful consideration of the validity, interpretation, and generalization of
results.

Even when a test has been linguistically and culturally adapted for use in a different target
language, further standardization and norming are essential before one may draw valid
conclusions about an individual's language abilities (Bates et al., 1991; Edwards &
Bastiaanse, 2007; lvanova & Hallowell, 2009; Roberts & Doucet, 2011). Norms developed
in one language are not applicable to an individual's performance on the test in a different
language (Kohnert et al., 1998; Manuel-Dupont, Ardila, Rosseli, & Puente, 1992).
Individuals with comparable severity and analogous aphasia types might exhibit differing
patterns of performance depending on the psycholinguistic characteristics of their native
language (Bates et al.). An identical score or change in scores on the same test in two
different languages is not necessarily interpretable in the same manner. Therefore, for test
results to be interpreted appropriately the test's reliability and validity must be substantiated
anew. In sum, given the challenges of test translation and adaptation, and given that
normative data must be established in the translated version, development of an entirely new
test in the target language is sometimes a preferable alternative.

Considerations in creating a new test

Creation of a new test begins with thoughtful consideration of what constructs are to be
assessed and why, and what types of individuals are to be assessed and why. When deciding
on the purpose of the test one must delineate the decisions/inferences that will be made
based on assessment results, and define the reference population (Wolfe & Smith, 2007a).
Clearly articulating the test's purpose from the beginning helps ensure that further steps
(item selection, task structuring, determination of scoring and scaling models, and so forth)
are all in accordance with and serve its main purpose.

Selection of subtest and test item types is motivated by a certain framework for
conceptualizing aphasia as well as by the need to sample specific types of linguistic
behaviors for particular purposes (e.g., Howard, Swinburn, & Porter, 2010; Marshall &
Wright, 2007). For instance, providing a baseline for detection of change over time requires
measurement of performance across several similar items in the same domain. In contrast,
determining type of aphasia and areas of strength and weakness across language modalities
requires diverse items from varied domains. A general aphasia test should address the
abilities to comprehend and produce linguistic content (semantics), form (phonology,
morphology, and syntax) and the ability to use language appropriately in context
(pragmatics) (Patterson & Chapey, 2008). It should also include items of varying difficulty
(Goodglass, Kaplan & Barresi, 2001b) so that it will be sensitive in indexing impairments of
varying severity levels. General language functions to be covered by a comprehensive
aphasia test include auditory comprehension, repetition, automatic speech, naming,
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spontaneous speech, reading, and writing (Goodglass et al., 2001b; Kertesz, 2007b; Murray
& Clark, 2006). A brief summary of clinical symptoms and types of test items
corresponding to these seven domains is provided in Table 2.

Beyond the investigation of language domains test developers should consider the
importance of assessing nonverbal aspects of aphasia, and whether these are to be assessed
by the test they are developing versus through additional recommended assessments. There
is growing evidence that cognitive nonlinguistic deficits in aphasia interact with and tend to
exacerbate the language impairment (Helm-Estabrooks, 2002; Hula & McNeil, 2008;
McNeil, Odell, & Tseng, 1991; Murray, 2004; Wright & Fergadiotis, 2012). When assessing
language abilities, clinicians ideally should perform a screening of attention, memory, and
executive skills (Connor, MacKay, & White, 2000). Additionally, it is important that
clinicians assess the impact of cognitive nonlinguistic variables on language processing in
aphasia (Martin, Kohen, & Kalinyak-Fliszar, 2010; Murray, 1999, 2004). One of the main
challenges in assessing cognitive nonlinguistic deficits in persons with aphasia is that most
cognitive tasks require some level of verbal processing. Therefore, performance on these
tasks might be confounded by individuals’ receptive and expressive linguistic deficits and
provide a distorted picture of their cognitive nonlinguistic strengths and weaknesses
(Hallowell, Wertz, & Kruse, 2002; lvanova & Hallowell, 2012; Odekar, Hallowell, Lee, &
Moates, 2009).

Despite mounting evidence of concurrent nonlinguistic impairments in aphasia assessment
of cognitive functions has not become an integral part of standardized aphasia assessment
instruments and aphasia tests tend to have a strong psycholinguistic orientation. The
Comprehensive Aphasia Test (Swinburn, Porter, & Howard, 2004) is designed to screen for
associated cognitive deficits (visual neglect, semantic memory, word fluency, recognition
memory, gesture use, and arithmetic skills). However, these screening tools are intended
primarily to minimize potential confounds of test administration, not to investigate
concurrent cognitive deficits. The Cognitive Linguistic Quick Test (Helm-Estabrooks, 2001)
is another test enabling evaluation of cognitive strengths and weaknesses, although it is not
designed specifically for use with people who have aphasia. Additional standardized tools to
assess cognitive functions for people with aphasia are needed.

The extent to which cognitive functions will be screened in an aphasia test depends upon the
framework for conceptualizing aphasia that is adopted by the authors (Hallowell & Chapey,
2008). For instance, Goodglass et al. (2001b) defined aphasia as a “disturbance of any or all
of the skills, associations, and habits of spoken and written language” (p. 5). This purely
language-oriented view of aphasia led to the selection of strictly language-focused tasks for
the BDAE (Goodglass et al., 2001a). In contrast, one might propose taking a more
cognition-oriented approach. For example, a test developer who regards language
impairment in aphasia as intrinsically tied to the impaired short-term memory would
emphasize indexing of short-term memory by manipulating memory load in the context of
various language tasks (e.g., Martin et al., 2010).

Controlling confounding factors in test design

A confounding factor is any aspect of a verbal or visual stimulus or testing task that may
influence test performance in any way that is not directly related to the language ability
being assessed. For example, when assessing single-word comprehension, a person's prior
experience with a word or concept would influence his or her ability to point to a correct
image in a multiple-choice task. Thus, word familiarity would confound an assessment of
the degree of comprehension deficit due to aphasia. Attributing incorrect responses to
aphasia when something other than aphasia has led to the incorrect response is invalid.
Cognitive and linguistic controls for multiple potentially confounding factors should be
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implemented in the test design process. A summary of such factors is provided in Table 2. It
should be kept in mind that many original tests that might be used as a basis for translation
were not necessarily designed with careful attention to the need for such controls.

Just as there are specific cognitive and linguistic factors to be taken into account in test item
design, there are also key factors to consider in the development of test stimuli and test
procedures in general. Given that problems of motor control, speech, visual acuity, color
perception, hearing acuity, auditory processing, attention, and memory are all common
concomitant factors in the target population (Hallowell, 2008; Heuer & Hallowell, 2009;
Lezak, Howieson, & Loring, 2004; Murray & Clark, 2006), it is important to take these into
account to the greatest degree possible during test development, through stimulus design,
test administration instructions, or both. Otherwise, concomitant impairments are likely to
confound assessment and leave room for alternative explanations of results. For instance, it
should be assured that visual stimuli are presented clearly and are perceptible for individuals
with decreased visual acuity. Type of font, size of print, competing visual stimuli within the
test displays or arrays of objects to be presented, and color and other physical properties of
visual stimuli can all impact performance of individuals with aphasia (Arditi & Cho, 2007;
Brennan, Worrall, & McKenna, 2005; Hallowell, 2008; Heuer & Hallowell, 2007, 2009).
Likewise, clarity, intensity, rate, and fundamental frequency of auditory stimuli should be
taken into account when such stimuli are pre-recorded as part of the test; otherwise, these
should be addressed explicitly in test administration instructions.

In general, when controlling for potentially confounding factors it is important to minimize
non-linguistic cognitive requirements of language tasks, such as reliance on remembering
task instructions, intact visual-spatial processing abilities, etc. It is crucial for authors to
acknowledge overtly non-linguistic demands within linguistic tasks that cannot be
eliminated, such as auditory and visual acuity, focused attention, and so forth. This will help
cue future consumers of the test to screen their examinees for these prerequisite abilities
prior to test administration, and in the case of identified deficits, will help to provide
alternative explanations for performance errors.

Standardizing test administration

The term “standardize” has two meanings in the assessment context. In a broad sense, the
term refers to the collection of psychometric data on a test. In a narrower sense, it refers to a
uniform administration protocol from patient to patient and from one examiner to another.
This includes consistent use of specific and concrete instructions on how the various tasks
that compose the test should be presented to an individual, how repetition and prompting
may be used, how responses are to be scored, and how any qualitative judgments are to be
made. It also includes: instructions on required screenings and ratings of premorbid
proficiency in each language of a multilingual speaker; recommendations for taking into
account non-linguistic cognitive, perceptual, and motor deficits in test administration and
interpretation; reminders to control the test environment by eliminating background noise,
ensuring appropriate lighting, and controlling extraneous visual clutter; and suggestions for
considering such factors as depression, fatigue, anxiety, concomitant illness, and pain in
determining optimal testing times. Thorough instructions are important for ensuring
consistent administration, which minimizes inter- and intra-examiner differences.

Some standardized tests include ceiling/floor rules in the description of administration
procedures. These rules make test administration shorter by helping clinicians assess
individuals with aphasia on relevant items. A ceiling rule indicates the number of items that
may be answered incorrectly within a given task or subtest before the clinician discontinues
testing on that particular task or subtest. For instance, a ceiling rule might state that if an
individual incorrectly names five objects in a row, then testing should continue with a
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different task of naming actions, and the rest of the items in the object naming tasks should
be marked as incorrect. A floor rule guides the decision of which items to start testing, so
that time is not spent on items that are too easy. If ceiling/floor rules are not provided, the
examiner should not arbitrarily skip items that intuitively seem too easy or too difficult for
the individual being tested. This would violate the standardized structure of the test and
render an individual's results incomparable to the hormative group.

Once test items are well developed (translated or created anew in a target language), based
on solid practical and theoretical motivations, and once a standardized protocol is
established, it is then important to administer the test to large samples of individuals with
and without aphasia so that the psychometric properties of the test may be studied. Key
areas to address are norm referencing, validity, reliability, and item analysis.

Psychometric Properties of Aphasia Language Tests

Norm referencing

It is important that any test for use with people with language impairments be thoroughly
normed on a large sample of people with no history of neurological disorder so that
appropriate cutoff scores for “normal” performance may be determined. It is desirable for
normative groups to include at least 100 individuals (Franzen, 2003). An assumption that
people without language impairment should perform errorlessly on such a test is not
acceptable as there is variability in “normal” linguistic performance and individuals without
neurogenic language impairments do not always obtain perfect scores on existing aphasia
batteries (Ross & Wertz, 2004). Furthermore, performance on language tests is often
influenced by age, education, and socio-economic status (Lezak et al., 2004; Mitrushina et
al., 2005). Thus, the normative sample should be comparable in terms of each of those three
factors to the clinical group for whom it is intended. For example, it is inappropriate to norm
an aphasia test exclusively on college students. Also, normative results can be used to
evaluate item validity. If a sufficient number of participants without aphasia respond
incorrectly to an item and the score on that item stands out from the distribution of scores on
most items, then it is advisable to reevaluate the item for potential confounds (e.g., poor
wording, ambiguous stimuli, culturally inappropriate material) and possibly revise or
eliminate it.

An additional set of normative data should be based on a sample representative of the
population for which the test is intended. For example, an aphasia test should be normed on
people with various types of aphasia and various levels of severity of language impairment,
as well as people without neurological disorders. Relevant features (e.g., age, education
level, socio-economic status, time post onset, site of lesion, and concomitant medical
conditions) of the standardized sample should be described in detail. Normative clinical data
allow the examiner to interpret an individual's raw test score by considering where his or her
performance lies in the distribution of scores. This also helps to associate that individual's
performance with a certain clinical profile. For this purpose, raw scores of the clinical
normative samples are ideally transformed into standardized scores, the most common of
which are percentiles and Z-scores. Diagnostic percentiles allow clinicians to determine the
percentage of people from a particular group who perform better or worse than any
particular individual. For example, if an individual's score corresponds to the 65t percentile,
then 65% of all people in the normative sample (the group used for comparison) scored
lower on the test.

A Z-score shows how many standard deviations above or below the mean of the normative
group an individual is performing. The following formula is used to calculate a Z-score:
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Reliability

where xis the individual's raw score, w is the population mean, and o is the population
standard deviation. For example, if the mean of a normative population is .6 with a standard
deviation of .2 and the raw score a given individual is .4, then the Z score for that individual
is (.4-.6)/.2 = -1. If the Z score is negative, it indicates that the individual scored this many
standard deviations belowthe mean of the normative group.

Again, for standard scores to be reliable it is typically desirable for the clinical normative
sample of a test to include 100 or more individuals. In some cases it is also advisable to
collect normative data on individuals who have brain injury but no language impairment
(see below discussion on criterion validity; Kertesz, 2007b).

A possible alternative to norm referencing is criterion or domain referencing (AERA, APA,
and NCME, 1999; McCauley, 1996), which is used to compare an individual's performance
to a specific functional performance standard or body of knowledge. While norm
referencing permits interpretation of how an individual performs compared to other
individuals within a similar diagnostic category, criterion referencing enables inferences
regarding what skills individuals with aphasia have lost and to what extent. In clinical
practice criterion-referenced tasks are often implemented for determining treatment
candidacy and tracking progress during intervention. While criterion referencing is not
typically implemented in standardized aphasia batteries, clinicians and researchers may
implement their own criterion references for specific applications of test results (e.g., for
determining inclusion in a certain study, or for meeting treatment goals). For example, for
determining that a treatment goal has been met, pre-determined criterion scores for verbal
fluency might be set through performance on the picture description task from the WAB-
Revised (Kertesz, 2007a) or for naming on the BNT (Goodglass & Kaplan, 2001). In the
current overview we limit our discussion to norm-referenced tests.

The term reliability refers to the consistency, stability, and accuracy of a measuring
instrument. Although reliability is related to the quality and the soundness of the test, it is
also influenced by the domain and the population being measured. For example, people with
aphasia show greater variability in behavioral performance compared to individuals without
neurological disorders (Strauss et al., 2006); hence, there are always limitations to how
reliable any aphasia test may be. Three types of reliability are particularly relevant for
aphasia tests: internal consistency, test-retest stability, and inter-rater reliability.

Internal consistency (or internal reliability) reflects the constancy of results across items
within a subtest or the overall test. It is usually estimated through a procedure called split-
half reliability with a larger correlation indicating higher reliability. For dichotomous items
(e.g., right/wrong) a suitable correlation to use is Kuder-Richardson (KR-20). If the items
are continuous in nature then Cronbach's alpha is more appropriate. Each of these
correlation coefficients can be interpreted as the mean of all possible split-half coefficients
and therefore is preferred to simply correlating results from two halves of the test. As a
general rule a reliability coefficient over 0.7 is considered an indication of sufficient internal
consistency (Allen & Yen, 2002; Strauss et al., 2006).

For a subtest/test to have sound internal reliability it should have an adequate number of
items. Including too few items can make performance easily prone to influence of
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validity

fluctuations in extraneous factors. Such factors may be internal to the test taker (e.g.,
distraction, fatigue, or motivation to participate, which are often inconsistent for a given
individual) or related to fluctuations in the probability that a given person could respond
well across linguistic items even without a language deficit (e.g., due to familiarity with
constructs being assessed). All such factors make measurement unreliable. Conversely,
including too many items, although it may lead to higher internal reliability, is generally
impractical due to increasing fatigue and limits on available testing time. It is recommended
that a pilot version of a test include more items than one intends to include in the actual test;
based on analyses of results from the larger set the number can be reduced while still
ensuring high internal reliability. Additionally, the number of items will depend on the aims
of the test — whether it is to sample a broad range of behaviors or index a specific domain in
detail. Item reliability and discriminability parameters can also be helpful in the quest for
optimal subtest length (see section on Item Analysis).

Split-half reliability is important for estimating the standard error of measurement (SEM),
another important psychometric property. SEM is an estimate of the error inherent in
interpreting an individual's test score. In other words, as the obtained score does not
necessarily reflect the individual's true score on the test, but rather an estimate of it, the
standard error of measurement reflects how accurate and precise that estimate is likely to be
(Mitrushina et al., 2005). Standard error of measurement is calculated according to the
following formula:

SEM=SD~1 —ry

where SD s the standard deviation of all the scores in the sample, and r, is the reliability
coefficient for the test. The higher the reliability of a test, the smaller the standard error of
measurement is.

Test-retest reliability is a measure of the stability of measurement across time. It requires
administering the same test to the same group of participants twice, within a time period
during which the construct being measured is unlikely to change. It is calculated by
correlating the two sets of scores. The higher the correlation coefficient, the stronger the
reliability of the instrument is. When testing a person with the same instrument twice,
especially if the time between sessions is brief, learning effects should be taken into
consideration. On the other hand, the longer the wait between the test and the retest, the
greater the likelihood that the skills and abilities under examination might change, thereby
confounding test-retest reliability. This is especially relevant for individuals with aphasia,
whose language abilities are prone to variation due to a number of factors. For these reasons,
two similar versions of the same test can be used to estimate test-retest reliability; in this
case item variance should be taken into account as well. Unfortunately, few aphasia tests
have multiple forms available for this purpose.

Inter-examiner reliability is a measure of how much the examiner influences participants’
performance on a test. It is established by correlating results obtained by the same
individuals when the test is administered and scored by two different examiners. As
mentioned earlier, detailed presentation and scoring guidelines enhance inter-examiner
reliability.

Validity refers to the degree to which a test actually measures what it purports to measure
such that conclusions drawn from performance on that test are appropriate. Tests in and of
themselves are not valid or invalid; it is the inferences made from them that can be evaluated
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for validity (Franzen, 2003). Therefore, the issue of validity should be approached from a
perspective of the questions one hopes to answer using the results of the test. Several types
of validity are of particular relevance to aphasia batteries. These include face, content,
criterion, and construct validity.

Face validity is based on a subjective judgment by individuals considering test results that
there is a match between the purpose of the test and its actual content. For example, one may
be interested in face validly according to test administrators, test-takers, or readers of articles
describing tests administered in research protocols.

Content validity refers to the adequacy of sampling from the domain of the construct to be
measured. Ideally items of a test should be representative of the constructs under study. For
instance, a subtest on reading comprehension should include items that target various
aspects of reading comprehension, rather than evaluate breadth of general knowledge, verbal
reasoning, or ability to produce coherent speech. The importance of attending to this
seemingly obvious tenet was highlighted by Nicholas, MacLennan, and Brookshire (1986),
who showed that people with and without aphasia who had not even read passages taken
from published aphasia tests were still able to answer correctly more than half of the
corresponding “comprehension” questions at well above chance levels. Establishing content
validity entails detailed conceptual item and task analysis. The content of each construct
being tested should agree with content areas as defined by other researchers in the field.
While establishment of content validity is based primary on rational arguments, statistically
it can be partially supported through investigation of item discriminability, described below
under Item Analysis.

Criterion validity reflects how well the score on the test can predict a certain outcome
(criterion). Criterion validity can be quantified as the correlation coefficient between scores
on the test under study and an external measure. Depending on the type of criteria chosen
several subtypes of criterion validity may be distinguished. Concurrent validity reflects the
relationship between one or more specific criteria and scores from the test under
development. The criterion may entail a score on a previously validated test or another
objective measure (e.g., presence of language impairment). Predictive validity indicates how
well the test scores can predict future events (e.g., a person's language ability several months
following test administration). In aphasia language testing predictive validity is
demonstrated less frequently than concurrent validity.

As mentioned above, one of the means of establishing concurrent validity is to investigate
the correlation between a new test and another test of known validity (termed by some as
convergent validity; see Mitrushina et al., 2005). A strong relationship between two tests
implies that one is measuring the same construct as the other. However, the initial
motivation for developing a test may be that there is no instrument available for assessment
of a specific ability in a certain population or that the existing tools in and of themselves
have questionable validity and reliability; in such cases a high degree of concurrent validity
is not necessarily the test author's goal. Another frequently used method for demonstrating
concurrent validity is using presence of a language impairment as the criterion. In this
instance the degree to which the test distinguishes performance of individuals with aphasia
from that of individuals without neurological impairment indicates the test's concurrent
validity. Statistically this is verified by a significant difference in language scores between a
sample of people with aphasia and a control group without neurological deficits. However, it
is important to recognize that differences in performance between the two groups may be
attributable to a number of factors (e.g., concomitant cognitive and perceptual problems),
that may be relevant but not central to the language deficit the examiner wishes to study. To
increase confidence that the differences in performance are associated with distinctions
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relevant to the nature of the disorder being assessed, other groups should be used to establish
criterion validity of a test as well. Ideally a language test should distinguish people with
aphasia not only from controls without neurological impairment, but also from individuals
with neurological disorders but without language impairment (Kertesz, 2007b; Spreen &
Risser, 2003).

As a part of the examination of criterion validity for a categorical criterion other indices can
be considered. When examining an instrument's ability to distinguish normal from impaired
performance, even though the mean scores of the two groups might be significantly
different, there is still likely to be some overlap between them. Thus, when making a clinical
decision based on test results it is important to consider the degree of overlap (the proportion
of individuals with aphasia scoring at or above the minimum expected score for people
without aphasia) and/or the index of determination (the degree to which being diagnosed
with aphasia compared to having no aphasia predicts performance on a test) (Ross & Wertz,
2003). Psychometric properties of a test such as sensitivity (the percent of individuals with
aphasia who perform below a cutoff score for normal performance) and specificity (the
proportion of individuals without aphasia who obtain results above the cutoff for normal
language abilities) are also valuable when evaluating the likelihood that a test score leads to
a correct interpretation (Ross & Wertz, 2004). The cutoff for performance of people with
aphasia should be established by simultaneously considering the sensitivity and specificity
of a test (Pepe, 2003; Strauss et al., 2006). This may be done simply by examining
sensitivity and specificity information in graphical or tabular format and selecting a score
that provides an optimal balance between false positives (suggesting that there is a deficit
that is not there) and false negatives (failing to detect a deficit that is actually present), thus
enhancing criterion validity of the instrument.

Construct validity represents the test's ability to index the underlying theoretical construct it
is intended to measure. It is a determination of whether the created measure behaves the way
it should according to the theory in which it is grounded. Construct validity is supported by
an accumulation of theoretical rationale and empirical evidence. Theoretical considerations
include consideration of how accurately the specific operationalization (items and tasks of
the test) matches the underlying construct. Empirical demonstration of convergent validity
(indexed via high correlations with other tests measuring the same construct) and
discriminant validity (indexed via low correlations with tests measuring other constructs)
can be used as supporting evidence for construct validity (Mitrushina et al., 2005).
Additionally, factor-analytic statistical techniques are used to show whether the subtests in a
given battery each contribute to one or more major factors that represent language/cognitive
functions consonant with the conceptual framework behind the test. At the early stages of
instrument development, all subtest scores may be entered into exploratory factor analysis.
This analysis can be used to examine which factors account for the most variance in
distribution of subtest scores and whether scores from different language functions influence
(or “load onto™) different factors or just a single severity-related factor. Then follow-up
hypothesis-driven confirmatory factor analysis performed on a new sample of data may
provide a more in-depth evaluation of the goodness of fit of the specific model of language
processing to the obtained pattern of results. Other options for examining construct validity
might be studies demonstrating differences between clearly differing clinical groups or
between pre- and post-test data collected during an aphasia intervention study.

Recently there has been a theoretical shift from distinguishing diverse types of validity to
viewing validity as a unified construct supported by multiple levels of convergent evidence
(Messick, 1995; Strauss et al., 2006; Wolfe & Smith, 2007a). That is, “various sources of
evidence may illuminate different aspects of validity, but they do not represent distinct types
of validity. Validity is a unitary concept. It is the degree to which all accumulated evidence
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supports the intended interpretation of test scores for the proposed purposes.” (AERA, APA,
and NCME, 1999, p. 11). In the test development process all aspects of validity, whether
considered part of a common construct or not, should be taken into account, as they each
make a unique and a significant contribution to the adequacy of interpretations and actions
based on scores of the test instrument under development. Furthermore, test validation is an
ongoing process; data collected with the instrument may contribute to further refinement of
its psychometric properties, provide guidance for test revisions, or help delineate the test's
limitations.

Item analysis

It is also crucial to investigate an assessment instrument at the level of its individual items. It
is important to consider three interrelated but different aspects of test items: item difficulty,
item reliability (consistency), and item discriminability.

Item difficulty for dichotomously scored (e.g., right/wrong) items is regarded as the percent
of participants that respond correctly to the item. Ideally the distribution of item difficulty
should be close to normal and the range should be from near 0% to about 100% (or to the
cutoff for normal performance). Such a distribution will ensure that the test includes easy
and difficult items (assuming that other sources of variation are eliminated through analyses
of item consistency, as discussed below). Items of varying degrees of difficulty are critical
for making subtle distinctions among participants (Goodglass et al., 2001b). Item difficulty
should be evaluated based on a representative sample of people with aphasia. A
representative sample in this case depends on the instrument being validated. If a test is
designed to evaluate general language performance, then item difficulty should be examined
based on performance of people with various types and severity of linguistic deficits; if it is
designed for assessment of severe aphasia then results of a group of individuals with severe
aphasia should be examined.

Item consistency, or item reliability, is evaluated by recomputing the instrument's (or
subtest's) reliability ntimes, deleting a different item from the instrument/subtest each time;
this is called alpha-if-item-deleted (Fishman & Galguera, 2003). When deleting a particular
item causes the overall reliability of the instrument/subtest to rise, then the item is
considered to be a poor item, as the instrument becomes more consistent without it. On the
other hand, if deletion of an item causes the overall instrument/subtest reliability to fall, then
the item is desirable, since it contributes to the instrument's reliability. A second approach to
estimating a test's reliability at the item level is based on determining each item's inter-item
consistency, which is a measure of how this item relates to other items on the test. An item's
average correlation with every other item in the instrument/subtest is calculated. Items with
extremely high intercorrelations (over 0.8) should be examined for redundancy. If the item is
also highly correlated with the overall score and content analysis reveals its similarity to
other items, then it may be reasonable to discard the item. Items that correlate poorly with
the rest of the test should be further considered in terms of potentially confounding factors,
such as cultural relevance and familiarity, or physical stimulus characteristics.

Item discriminability is an item validity estimation procedure. It is computed through
corrected item total correlation, which is accomplished by correlating scores on a particular
item to the total score minus the score on that item. A bell-shaped curve with a mean of 0.60
to 0.80 is desirable for this statistic (Fishman & Galguera, 2003). A moderate to high
correlation with the overall score reflects that the item measures the same underlying
construct as that reflected by the instrument overall. Special attention should be paid to
items that demonstrate a high correlation (around .9) with the overall score, as this might be
an indication of the redundancy of that particular item. Item reliability and discriminability
parameters guide researchers in selecting the optimal number of items for a given subtest.
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Both item reliability and item discriminability for an aphasia language test should be
evaluated based on data from people with aphasia.

Item analysis can also be done using Rasch or more general item response theory models,
which are becoming increasingly popular in test development (Bond & Fox, 2007; Hula,
Doyle, McNeil & Mikolic, 2006). Rasch analysis models the relationship between person
ability, item difficulty and response probability. It permits examination of goodness of fit of
individual test items in relation to the construct being measured and provides a justification
for regarding the generated test scores as interval-level measures. It helps ascertain that all
test items within a subtest measure a single difficulty dimension; this allows detection of
items that poorly discriminate the construct being measured relative to the summary
discrimination of all items. Only recently Rasch analysis has started to be used as a
statistical foundation for development of new aphasia tests (Hula et al., 2010) and to
investigate aspects of validity in existing assessment instruments (Hula, Donovan, Kendall,
& Gonzalez, 2009; Hula et al., 2006; Willmes, 1997). An in-depth account of instrument
development based on Rasch modeling is beyond the scope of this tutorial; for further
information on the topic see Baylor et al. (2011), Bond and Fox, Embertson and Riese
(2000), and Wolfe and Smith (2007a, 2007b).

A summary of steps in developing a standardized quantitative aphasia test along with
corresponding psychometric indices is presented in Table 3.

Conclusions

Thorough psychometric evaluation of a test is effortful and time consuming, requiring data
to be collected on large samples of participants and then meticulously analyzed. However,
this should not daunt prospective researchers. First, this work can be accomplished in
several steps, with information gained at every stage contributing to a valuable empirical
evidence base for professionals using the assessment tool. Secondly, the process of data
collection can become more manageable through a multi-center collaboration, where several
teams in different settings work together on gathering data pertaining to a certain assessment
instrument.

Once relevant psychometric properties of the test have been established, it is important to
publish the test. Otherwise, professionals unacquainted with the authors have little or no
access to the test materials and its psychometric data. Also, other professionals cannot
evaluate content, reliability, or validity of unpublished tests used in research or clinical
evaluations. This undermines the quality of the research and the generalizations that can be
made based on research results. Additionally, it is important to publish reports on test
development and standardization in international journals that are accessible to a wide
audience. While such publications might not be particularly interesting in and of themselves,
they will become invaluable as references for researchers and clinicians who use those tests
to quantify language deficits. Future readers can then evaluate the content, reliability, and
validity of assessment instruments in a language that they do not speak. Dissemination of
test properties in peer-reviewed publications is essential and ultimately renders findings
obtained in different languages more comparable. Improvement in our clinical procedures
across languages and the augmentation of the scientific merit of our studies through
psychometrically valid assessment tools are well worth the efforts invested in developing
standardized tests.
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Languages Aphasia Language Tests * Normson
Control Norms people with
*x
aphasia
L Eﬂry:gﬁir?gﬁhwes - Bilingual Aphasia TestJ (“*Paradis & Shen, 1987) no no
Cantonese) . . . 2 ? ?
- Boston Diagnostic Aphasia Examination” (“Tseng, 1993; Naeser & Chan, ’ ’
1980)
. 3 ? ?
- Boston Naming Test™ (Tsang, 2000)
- Aphasia Battery in Chinese (Gao, 1996) ? yes
- Chinese Rehabilitation Research Center Standard Aphasia Examination ? yes
(zZhang, Ji, & Li, 2005)
. 4 . . . ? yes
- Western Aphasia Battery * (Cantonese version, also includes adapted items
from Boston Diagnostic Aphasia Examination; Yiu, 1992)
2. Spanish - Aphasia Language Performance Scale (°Keenan & Brassel, 1975) ? ?
- Bilingual Aphasia Test (“Paradis, & Ardila, 1989 *Paradis & Elias, 1987) no no
- Boston Diagnostic Aphasia Examination (‘Garcia-Albea, Sanchez- yes ?
Bernardos, & del Viso-Pabon, 1986; Pineda et al., 2002; Rosselli, Ardila,
Florez, & Castro, 1990)
- Boston Naming Test (*Kaplan, Goodglass, & Weintraub, 1986; Allegri et yes ?
al., 1997; Kohnert, Hernandez, & Bates, 1998; Ponton et al., 1992, 1996;
Taussig, Henderson, & Mack, 1992)
- Communicative Abilities in Daily Living (Martin, Manning, Munoz, & yes yes
Montero, 1990)
- Multilingual Aphasia Examination (“Benton, & Hamsher, 1991; Rey et al., yes yes (TBI)
1999, 2001)
A _— .5 ? ?
- Psycholinguistic Assessments of Language Processing in Aphasia™ (*Valle
& Cuetos, 1995)
- Western Aphasia Battery (*Kertesz et al., 1990) ? ?
3. English For extensive lists of standardized aphasia language tests available in - -
English see Spreen and Risser (2003) and Patterson and Chapey (2008).
4. Arabic - Bilingual Aphasia Test (“Paradis & Abidi, 1987+ “Paradis & El Halees, no no
1989)
5. Hindi - All India Institute of Medical Sciences Diagnostic Test of Aphasia ? ?
(Bhatnagar, n.d.; 1984; 2002)
- Bilingual Aphasia Test (“Paradis & Vaid, 1987) no no
- Boston Diagnostic Aphasia Examination (Kacker et al., 1991) ? yes
- Communicative Abilities in Daily Living (Mahendra, 2004) yes yes
6. Bengali No aphasia tests were found - -
£ Portuguese - Aachen Aphasia Test6(Lauterbach, 2006) yes no
no no

- Bilingual Aphasia Test (*Paradis & Hub Faria, 1989+ Paradis, Simdes, &
Dillinger, 1987)

Aphasiology. Author manuscript; available in PMC 2014 January 01.



1dudsnuely Joyiny vd-HIN 1duasnuely Joyiny vd-HIN

wduosnue Joyiny vd-HIN

Ivanova and Hallowell

Page 23

Languages Aphasia Language Tests * Normson
Control Norms people with
* %
aphasia
8. Russian - Bilingual Aphasia Test (“Paradis & Zeiber, 1987; Ivanova & Hallowell, no yes
2009)
- Multiple-Choice Test of Auditory Comprehension in Russian (Hallowell & yes yes
lvanova, 2009)
- Quantitative Language Assessment in Patients with Aphasia yes yes
(Kolichestvennaya Ocenka Rechi y Bol'nux s Aphasieu; “Tsvetkova et al.,
1981)
9. Japanese - Bilingual Aphasia Test (*Paradis & Hagiwara, 1987) no no
- Communication Activities of Daily Living (“Watamori et al., 1990; yes yes
Sasanuma, 1991; Watamori et al., 1987)
- Standard Language Test of Aphasia (‘SLTA Committee, 1977; Hasegawa yes yes
etal., 1984; Higashikawa, Hadano, & Hata, 2006)
- Test of Differential Diagnosis of Aphasia (Sasanuma, Itah, Watamori, ? ?
Fukusako, & Monoi, 1992)
- Western Aphasia Battery (*Sugishita, 1986) ? ?
10.  German - Aachen Aphasia Test ("Huber, Poeck, Weniger, & Willmes, 1983) yes yes
- Bilingual Aphasia Test (*Paradis & Lindner, 1987) no no
- Lexicon and Morphology Test (Lexikon Modellorientiert; “De Bleser, ? ?
Cholewa, Stadie, & Tabatabaie, 2004, 1997; Stadie, De Bleser, Cholewa, &
Tabatabaie, 1994)
11.  Javanese No aphasia tests were found - -
12. Lahnda (includes - Aphasia Screening Test (Mumby, 1988, 1990) no yes
Panjabi and
Seraiki)
13.  Telugu No aphasia tests were found - -
14. Vietnamese - Bilingual Aphasia Test (“Paradis & Truong, 1987) no no
15.  Marathi No aphasia tests were found - -
16.  French - Bilingual Aphasia Test (*Paradis & Goldblum, 1987) no no
- Boston Diagnostic Aphasia Examination (‘Mazaux & Orgogozo, 1982) yes ?
- Boston Naming Test (Roberts & Doucet, 2011; Thuillard-Colombo & yes no
Assal, 1992)
- Examination of Acquired Dyslexias (Examen des Dyslexies Acquises; yes ?
‘“Lemay, 1990, 1988)
- Lille Test of Communication (Test Lillois de Communication; “Rousseaux, ? ?
Delacour, Wyrzykowski, & Lefeuvre, 2003; Delacour, Wyrzykowski,
Lefeuvre, & Rousseaux, 2000)
- Montreal-Toulouse Aphasia Battery (“Nespoulos et al., 1992; Beland & yes ?
Lecours, 1990; Beland, Lecours, Giroux, & Bois, 1993)
- Picture Naming Test (Test de Dénomination Orale d'lmages; ‘Deloche & yes ?

Hannequin, 1997; Metz-Lutz et al., 1991)

Aphasiology. Author manuscript; available in PMC 2014 January 01.



1duasnuey Joyiny vd-HIN 1duasnue Joyiny vd-HIN

wduosnue Joyiny vd-HIN

Ivanova and Hallowell Page 24

Languages Aphasia Language Tests * Normson
Control Norms people with
* %
aphasia
- Test for the Examination of Aphasia (Test pour I'Examen de I'Aphasie; ? ?
“Ducarne, 1989)
17. Korean - Bilingual Aphasia Test (*Paradis & Suh, 1991) no no
- Boston Naming Test (°Kim & Na, 1997; 1999) yes no
- Korean Aphasia Test Battery Form 1 (based on the Japanese Test of yes yes
Differential Diagnosis of Aphasia; Park, Sasanuma, Sunwoo, Rah, & Shin,
1992)
- Screening Test for Aphasia and Neurologic Communication Disorders yes yes
(“*Kim, 2009)
- Western Aphasia Battery (*Kim & Na, 2001, 2004) yes yes
18.  Tamil - Bilingual Aphasia Test (*Paradis, & Devanathan, 1989) no no
- Revised Token Test (“Sreedevi, 1991; Chenggapa, 2009) ? yes
19.  Italian - Aachen Aphasia Test (“Luzzati, Willmes, & De Bleser, 1996) ? ?
- Bilingual Aphasia Test (“Paradis, Canzanella, & Baruzzi, 1987) no no
- Boston Naming Test (D'Agostino, 1985) yes no
- Communicative Abilities in Daily Living (Pizzamiglio et al., 1984) ? ?
- Clinical Test of Lexical Retrieval and Production (Test Clinici di Ricerca e yes ?
Produzione Lessicale; Novelli et al., 1986)
- Italian Battery for Assessing Aphasic Deficits (Batteria per I'Analisi dei ? ?
Deficit Afasici; “Miceli, Laudanna, Burani, & Capasso, 1994)
20. Urdu - Bilingual Aphasia Test (*Paradis & Janjua, 1987) no no

Note. The content for this table was developed through an extensive review of the literature, internet searches through multiple search engines, and
correspondence with colleagues studying aphasia in many countries. Given that many assessment tools are unpublished and that others may only be
found through searches in languages the authors do not know, this table is not necessarily exhaustive. Only quantitative tests, for which a specific
source could be located, even if it was a reference to an unpublished manuscript or a conference presentation, are listed in this table. VVersions of
tests that are mentioned in studies/books but without a corresponding source or with a corresponding English version are not included. Also,
questionnaires and rating scales are not included.

‘before a citation denotes an official separate publication of the test itself; other citations refer to sources that report on the test's construction,
development, and standardization. Whenever possible the latest version of the test is provided as a reference.

*
yes = test has been standardized on adult individuals without aphasia and norms and psychometric data are available; no = not standardized; ? =
not possible to determine that based on the available information

Hok

yes = test has been standardized on adult individuals with aphasia and aphasia norms and psychometric data are available; no = not
standardized; ? = not possible to determine that based on the available information

1The multiple-language versions of the Bilingual Aphasia Test were initially designed to evaluate bilingual patients; however, any single version of
the test can be used on its own to assess linguistic functioning in a single language in which other assessment instruments are not available
(Paradis,1987). The BAT is available in over 60 languages (Paradis, n.d.). The BAT is currently out of print. One can obtain copies of the test by
writing directly to Dr. Paradis or download the test materials from http://www.mcgill.ca/linguistics/research/bat/.

The Boston Diagnostic Aphasia Examination is also available in Finnish (Laine, Goodglass, et al., 1993; Laine, Niemi, Koivuselk&-Sallinen, &
Tuomainen, 1993), Norwegian (Reinvang & Graves, 1975), and Thai (Gandour, Dardarananda, Buckingham, & Viriyavejakul, 1986).

3The Boston Naming Test is also available in Dutch (Marien, Mampaey, Vervaet, Saerens, & De Deyn, 1998), Finnish (Laine, Goodglass, et al.,
1993; Laine, Koivuselké-Sallinen, Hannine, & Niemi, 1993), Jamaican (Unverzagt, Morgan, & Thesiger, 1999), and Swedish (Tallberg, 2004).
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4The Western Aphasia Battery is also available in Hebrew (Soroker, 1997) and Thai (Dardarananda, Potisuk, Grandour, & Holasuit, 1999).
5The Psycholinguistic Assessments of Language Processing in Aphasia is also available in Dutch (Bastiaanse, Bosje, & Visch-Brink, 1995).
6‘The Aachen Aphasia Test is also available in Dutch (Graetz, De Bleser, & Willmes, 1992; Willmes, Graetz, De Bleser, Schulte, & Keyser, 1991),

English (Miller, De Bleser, & Willmes, 1997; Miller, Willmes, & De Bleser, 2000), and Thai (Pracharitpukdee, Phanthumchinda, Huber, &
Willmes, 2000).
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Language Functions, Corresponding Test Items and Factors to be Controlled

L anguage functions and
associated deficits

Test items

Linguistic/cognitive factorsto be controlled in test
design

Auditory comprehension:
-phonemic and semantic
comprehension errors
-receptive agrammatism

-lexical decision (word vs. non-word
discrimination)

-selection of a multiple-choice image
corresponding to a verbal stimulus
-commands

-yes/no questions

-true/false statements

-questions following a story (complex ideational
material)

-story retell tasks

-spontaneous conversation

-word frequency

-word familiarity

-noun case and gender

-age of acquisition
-imageability
-concreteness/abstractness
-word, phrase, sentence length
-phonemic complexity
-grammatical complexity (e.g., semantically constrained
vs. not; canononicity; clausal types, verb tense, mood)
-plausibility of content

Reading: -matching cases/script/numbers -script, font
- reduced reading ability -copying letters, words, phrases, sentences -word frequency
(dyslexia/alexia) -orthographic lexical decision -word familiarity
-reading aloud -noun case and gender
-word/sentence/paragraph reading with picture -age of acquisition
matching -imageability
-paragraph/text reading with comprehension -concreteness/abstractness
questions -word, phrase, sentence length
-phonemic composition and articulatory difficulty
-grammatical complexity
-plausibility of content
Repetition: - repetition of phonemes, words (nonsense words,  -phonetic/phonemic composition and articulatory

-inability to repeat
-inaccurate repetition
-perseveration

single words, series of words), phrases, sentences

difficulty

-word, phrase, sentence length
-grammatical complexity
-grammatical and semantic
-plausibility

Automatic speech:

- limited automatic (rote,
highly learned) speech

- perseveration

- recitation of automatic sequences (numbers,
days of the week, months)

- recitation of nursery rhymes, poems, songs
- spontaneous automatic utterances during
conversation

-articulatory difficulty
-familiarity of rote sequences

Naming:

-word retrieval difficulties
-paraphasias (literal/
phonemic, semantic/global)
-perseverations
-circumlocution

-confrontation naming

-word descriptions/definitions requiring naming
response

-cloze sentences or phrases

-word fluency (i.e., produce words starting with a
certain letter or within a given semantic category)

-word frequency

-word familiarity

-age of acquisition

-imageability

-concreteness/abstractness

-phonemic composition and articulatory difficulty
-word length

-semantic category

-visual/tactile stimulation

-real objects versus images

-degree of control of physical stimulus properties of
images

Spontaneous speech:
-expressive agrammatism,
telegraphic speech
-dysnomia/anomia
-paraphasias
-perseverations

-picture description

-conversation/discussion of a topic (assessment
of expressive speech greatly depends on selected
performance measures - rating scales)

-degree of conversational structure and support
-topic complexity

-topic familiarity and personal significance
-relationship to conversational partner

Writing:
- reduced writing ability
(dysgraphia/agraphia)

-letter matching

-writing of words, phrases, sentences to dictation
-copying

-written picture naming

-narrative writing

-word frequency

-word familiarity

-age of acquisition

-imageability
-concreteness/abstractness

-word, phrase, sentence length
-phonemic complexity

-regular vs. irregular words
-complexity of target text

-topic familiarity and personal significance
-type of writing instrument/keyboard
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Requirement

Related psychometric indices

Standardized administration and scoring

Inter-examiner reliability
Test-retest reliability

Items covering intended domains of language functioning

Face validity
Content validity
Item discriminability
Construct validity

Discrimination between relevant characteristics of impairment

Content validity
Construct validity

Items of varying difficulty

Item difficulty index

Sufficient number of items for stability of measurements

Internal consistency
Test-retest reliability
Item reliability
Construct validity

Minimal effect of demographic (age, education) and other cognitive
variables (attention, memory, intelligence) on performance

Lack of correlation between these demographic/cognitive
factors and test performance
Representative normative sample

Differentiation between individuals with aphasia, individuals without
cognitive or language impairments, and individuals without aphasia but
with other cognitive deficits due to brain damage

Criterion validity
Sensitivity
Specificity
Construct validity

Measurement of similarity to results on known aphasia tests

Concurrent validity
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