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Development of the English Listening and
Reading Computerized Revised Token
Test Into Cantonese: Validity, Reliability,
and Sensitivity/Specificity in People
With Aphasia and Healthy Controls

Mehdi Bakhtiar,®

Purpose: This study reports the psychometric development
of the Cantonese versions of the English Computerized
Revised Token Test (CRTT) for persons with aphasia (PWAs)
and healthy controls (HCs).

Method: The English CRTT was translated into standard
Chinese for the Reading—Word Fade version (CRTT-R-e-
Cantonese) and into formal Cantonese for the Listening version
(CRTT-L-Cantonese). Thirty-two adult native Cantonese PWAs
and 42 HCs were tested on both versions of CRTT-Cantonese
tests and on the Cantonese Aphasia Battery to measure the
construct and concurrent validity of CRTT-Cantonese tests. The
HCs were retested on both versions of the CRTT-Cantonese
tests, whereas the PWAs were randomly assigned for retesting
on either version to measure the test—retest reliability.
Results: A two-way, Group x Modality, repeated-measures
analysis of variance revealed significantly lower scores for
the PWA group than the HC group for both reading and
listening. Other comparisons were not significant. A high and
significant correlation was found between the CRTT-R-yg-
Cantonese and the CRTT-L-Cantonese in PWAs, and 87%
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of the PWAs showed nonsignificantly different performance
across the CRTT-Cantonese tests based on the Revised
Standardized Difference Test. The CRTT-R-ye-Cantonese
provided better aphasia diagnostic sensitivity (100%) and
specificity (83.30%) values than the CRTT-L-Cantonese.
Pearson correlation coefficients revealed significant
moderate correlations between the Cantonese Aphasia
Battery scores and the CRTT-Cantonese tests in PWAs,
supporting adequate concurrent validity. Intraclass correlation
coefficient showed high test—retest reliability (between
.82 and .96, p < .001) for both CRTT-Cantonese tests for
both groups.

Conclusions: Results support that the validly translated
CRTT-R-wr-Cantonese and CRTT-L-Cantonese tests
significantly differentiate the reading and listening
comprehension of PWAs from HCs and provides acceptable
concurrent validity and high test—retest reliability for both
tests. Furthermore, favorable PWA versus HC sensitivity
and specificity cutoff scores are presented for both CRTT-
Cantonese listening and reading tests.

phasia is an acquired neurogenic impairment of

language that crosses input and output modalities

and language domains resulting in difficulties
using linguistic symbols while listening, reading, speaking,
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and writing (McNeil & Pratt, 2001). Aphasia also excludes
sensory, motor, psychiatric, and primary cognitive deficits,
although these deficits frequently accompany aphasia.
According to the Department of Health, there are about
25,000 new cases of stroke each year in Hong Kong, with
between 17% and 38% of the survivors having persistent
language impairments at various levels of aphasia severity
in Cantonese (Kong, 2011).

Cantonese is a language spoken by over 70 million
people (Eberhard et al., 2019) and is the official language of
Hong Kong and Macau. Apart from Hong Kong, Macau,
and southern China, Cantonese is also widely spoken by
Chinese in Southeast Asia, Europe, and North America. The
use of Cantonese varies depending on context and modality.

Disclosure: The authors have declared that no competing interests existed at the time
of publication.
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In terms of speaking, colloquial Cantonese is used in casual
situations such as daily conversation, and it contains many
colloquial lexical items that, when transcribed into written
format, cannot be read out fluently in Mandarin (also
known as the “standard Chinese”). Formal Cantonese is
used in formal occasions such as radio broadcast and
news reporting. The transcription of formal Cantonese
can be read out fluently in Mandarin after replacing the
Cantonese function words with their counterparts in stan-
dard Chinese (Yeung et al., 2008). Colloquial Cantonese
does exist in writing, known as “written Cantonese” (Bauer,
1988); however, it is not used in official written documents
and published materials. Standard Chinese is the written
form that has been used in the Hong Kong educational
system from primary school to tertiary education and in
official documents (Yeung et al., 2008). In terms of scripts,
both formal Cantonese and standard Chinese are written
using the traditional scripts/characters. Even though Can-
tonese shares a similar writing system with Mandarin, it
differs substantially from Mandarin in terms of phonology,
lexical tones, and some grammatical structures. Therefore,
development of a language assessment test in one language
cannot be simply applied to the other.

Despite the relatively large number of Cantonese
speakers around the world, the only standardized assess-
ment available for aphasia is the Cantonese Aphasia Bat-
tery (CAB; Yiu, 1992). This test was adapted from the
Western Aphasia Battery (Kertesz, 1982), with some ad-
justment for linguistic and cultural appropriateness. The
CAB provides subtests for different input and output mo-
dalities, including speaking, listening, reading, and writing.
It adopts the diagnostic criteria of Aphasia Quotient (AQ)
and subtypes from the Western Aphasia Battery by mea-
suring the scores in spontaneous speech (fluency and
content), confrontation naming, repetition, and auditory
comprehension. The test computes quotients for different
verbal subtests but does not provide further explanation
of the reading and writing subtest scores. In addition, the
test was developed in 1992, and there has been no updated
version for more than 25 years despite cultural and linguis-
tic changes. Some of the stimuli included in the listening
and reading tasks are not familiar in current daily commu-
nication. For instance, the reading stimuli included out-
dated information about Hong Kong colonial history and
world energy. The stimuli used within the auditory com-
prehension tasks and across the auditory and reading
comprehension tasks are not adequately matched and
differ in terms of their linguistic features, such as sentence
length, syntactic structure, semantic and lexical items, and
response mode. These differences make it difficult to com-
pare performance within and between the auditory and
reading modalities, and limited sampling for each compo-
nent compounds this difficulty. Therefore, performance on
these tests may be influenced not only by the severity of
the language impairment or the degree of language com-
petence but also by other factors such as their premorbid
knowledge and their familiarity with specific lexical items
or commands within the tests.

Computerized Revised Token Test

Current standardized tests for aphasia have difficulties
making comparisons between listening and reading compre-
hension due to stimulus factors that fail to match for lexical-
semantic and syntactic structures, comparability of test
stimuli, scoring criteria, and response requirements. The
Computerized Revised Token Test (CRTT) is a computer-
ized and revised version of a token test first conceptualized
by DeRenzi and Vignolo (1962). The test stimuli are well
controlled in terms of syntactic structures and linguistic units.
The target lexical items are composed of five colors, two
shapes, and two sizes, which are considered as universal
concepts that can minimize the effect of linguistics or cul-
tural differences due to client’s personal background and
lifetime experiences (McNeil et al., 2015). Moreover, the
test has a systematic design for sentence types and length,
which can reflect the client’s severity of impairment from
the sentence level of linguistics complexity using a multi-
dimensional scoring system. Since the stimuli in listening and
reading comprehension versions of the CRTT are consistent,
the results across the two tests are comparable save for the
stimulus modality. Furthermore, McNeil et al. (2015) found
that the performance of persons with aphasia (PWAs) were
highly correlated between the listening comprehension ver-
sion of CRTT (CRTT-L) and three reading versions of the
test (CRTT-R; i.e., Computerized Revised Token Test—
Reading—Full Sentence, Computerized Revised Token
Test-Reading-Word Constant, and Computerized Revised
Token Test-Reading-Word Fade [CRTT-R-wg]), thus reflect-
ing similar linguistic processing difficulties across presentation
formats in PWA. It is suggested that CRTT-R-wr is preferred
over the other CRTT-R versions (i.e., CRTT-R-Word
Constant and CRTT-R-Full Sentence), as CRTT-R-wg can
capture the word-by-word reading time of the subjects and
calculate the reading time across different lexical items, com-
mands, and subtests (McNeil et al., 2015). Furthermore, the
presentation of stimuli in CRTT-R-w simulate better the se-
rial word presentation of the listening version of CRTT (i.e.,
CRTT-L) than other CRTT-R versions, which allows for a
more cognitively comparable cross-modality comparison of
language comprehension. Overall, the CRTT has been dem-
onstrated to have high construct and concurrent validity and
test-retest reliability to measure sentence comprehension
in PWA (McNeil et al., 2015).

The Revised Token Test (McNeil & Prescott, 1978)
and its computerized version (CRTT) has been adapted for
assessment of language comprehension in different languages,
including Turkish (Turkyilmaz & Belgin, 2012), Spanish
(Gallardo et al., 2011; Quintana et al., 2015), Mandarin
Chinese (CRTT-Mandarin; Chen et al., 2013), and several
others currently in development. The CRTT-Mandarin was
found to show acceptable concurrent validity in terms of
the correlation with the overall score of the Concise Chinese
Aphasia Test (Chung et al., 2003; r = .75), which is a stan-
dardized assessment test for PWAs in Taiwan (Chen et al.,
2013). Despite the relatively small sample size, the study
marks an important milestone in developing a valid and
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standardized test for Mandarin-speaking PWAs. Since
the Revised Token Test is unbiased in terms of gender,
educational, and premorbid language level (McNeil &
Prescott, 1978) and the CRTT has been tested on Tai-
wanese Mandarin speakers, with further development
the CRTT-Mandarin might provide a useful assessment
tool for Mandarin speakers in mainland China.'

As Cantonese is extensively different from Mandarin
and considering the limited standardized aphasia tests avail-
able in Cantonese, this study sought to develop the Cantonese
reading (CRTT-R-wpg-Cantonese) and listening (CRTT-L-
Cantonese) versions of CRTT for assessment of language
comprehension in PWA. Although Cantonese spoken out-
side Hong Kong may be slightly different from Hong Kong
Cantonese in terms of some vocabulary items used due to
the different sociopolitical systems, they share substantially
the same phonological system and can be easily understood.
Therefore, it is believed that the Cantonese version of CRTT
should be applicable to the larger global population of
Cantonese speakers living outside Hong Kong.

Research Aims Assessed

This study aims to report (a) the translation procedures
of the CRTT-English into the CRTT-L-Cantonese and the
CRTT-R-wg-Cantonese; (b) the construct validity of
the CRTT-L-Cantonese and the CRTT-R-ywp-Cantonese;
(c) individual differences between the CRTT-L-Cantonese
and the CRTT-R-wg-Cantonese; (d) the sensitivity, specific-
ity, and cutoff scores for the CRTT-L-Cantonese and the
CRTT-R-wg-Cantonese; (e) the intermodality associations
between the CRTT-L-Cantonese and the CRTT-R-wg-
Cantonese; (f) the concurrent validity of the CRTT-
Cantonese tests as compared to the CAB; and (g) the
test-retest reliability for the CRTT-L-Cantonese and the
CRTT-R-wg-Cantonese tests among PWAs and healthy
controls (HCs).

Method
Development of CRTT-Cantonese

Translation procedure. The English CRTT was initially
translated into formal Cantonese (forward translation) by
two independent translators, including one native Cantonese
student enrolled in the master of speech therapy (MST) pro-
gram and one professional Cantonese—English translator.
Then, a panel consisting of the first author and four native
Cantonese speakers, including the professional translator,
one speech therapy professor, and two new MST students,
discussed and compared the two independent translations.
In order to ensure the CRTT-Cantonese appears culturally
appropriate and linguistically natural for both listening and
reading comprehension, the panel suggested the necessary
adjustments to adapt the CRTT-L into formal Cantonese

'Dr. Min Zhang is currently developing another version of the Mandarin
CRTT (called: CRTT-R-wg and CRTT-L-Mandarin Mainland), which
includes different recorded auditory stimuli without a Taiwanese accent.

and the CRTT-R-wr into standard Chinese, both using the
traditional scripts. The panel also suggested seven changes
on word choices such as translating “touch” as #& | instead
of 4 and “circle” as [E] [ instead of [EIJ. The syntactic struc-
tures of the sentences are typically similar across the listening
and reading versions of CRTT-Cantonese, with some dif-
ference in terms of the lexical items. For instance, the word
“little” is translated as [sei33] in CRTR-L-Cantonese and
as /] [siu35] in CRTT-R-wg-Cantonese. Although /s can
also be read aloud as [siu35], it is unnatural to use it in the
spoken language to represent the meaning of “little” (refer to
Table 1).

Subsequently, the professional translator provided the
second versions of CRTT-Cantonese for listening (CRTT-L-
Cantonese) and reading (CRTT-R-wg-Cantonese). The for-
ward translations of CRTT tests (second version) were then
translated back from Cantonese to English (backward trans-
lation) by two native Cantonese—speaking MST students
who were not among the forward translation panel. The
backward translations of CRTT were sent back to the test
developer for comments and final approval. The backward
translations were judged to be appropriate translations both
in comparability of language and similarity of interpretation.
Hence, no further changes were made to the second (and
final) versions of CRTT-Cantonese. Five native Cantonese
speakers also confirmed that the final versions of the trans-
lations were natural and did not include any orthographic
errors. It is notable that differences between the lexical items
in reading and listening versions is limited. Overall, among
the 1,493 morphemes presented in CRTT-Cantonese tests,
281 (18.80%) morphemes were different between the two
versions, while 1,212 (81.20%) morphemes were the same
across the CRTT-L-Cantonese and the CRTT-R-wg-Can-
tonese, Table 1 displays a summary of differences in lexical
items used in the CRTT-Cantonese tests and the CRTT-
Mandarin and shows an example of comparisons between
the CRTT-Cantonese tests. Detailed comparisons are dis-
played in the Appendix.

Participants

The PWA participants were recruited through poster
presentations at different institutions such as community
centers and support groups for PWAs. The matched HC
group was recruited from promotions at elderly community
groups, The Hong Kong Polytechnic University campus,
and social media. A survey was provided to all participants
(or caregivers if necessary) to collect demographic informa-
tion and medical history. The inclusion criteria for all the
participants were as follows: (a) native Cantonese speakers
with a minimum level of elementary education (6 years or
above); (b) had no history of speech, language, cognitive,
and/or psychiatric deficits; (c) visual acuity higher that 20/40
(based on Snellen chart or Near Vision Test); (d) a pure-
tone hearing threshold lower than 50 dB HL at 500, 1000,
2000, and 4000Hz in both ears; (e) without major cognitive
impairments (except for language impairment in the PWA
group) as determined using the Hong Kong version of the
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Table 1. Summary of differences in lexical items used in the Cantonese Computerized Revised Token Test Listening (CRTT-L-Cantonese) and
Reading—Word Fade (CRTT-R-wg-Cantonese) subtests and the Mandarin Computerized Revised Token Test (CRTT-Mandarin), illustrated with

sample sentences.

English CRTT “possessive” little and by the instead of instead of
CRTT-L-Cantonese L Eill [ Iz, . s L3 ST MR
[ke33] [sei33] [t"un21] [mai21] [hei35]...[tsek55] [pin55] [m21] [hou35]  [ji21] [m21] [hei22]
[ji21] [hei22]
CRTT-R-ye-Cantonese i /N il fE... %18 AN A2
[tik55] [siu35] [wo21] [tsoi22]...[p"on21] [pin55] [pet55] [jiud3]  [ji21] [pet55] [si22]
[ji21] [si22]
CRTT-Mandarin ] /N A 1E... 551 ANEEL A A2
[t¥55] [cjau214] [x¥35] [tsar51]...[p"an35] [pjen55]  [pud5] [jauvs1]  [e~35] [pul5] [s151]
[0-35] [s151]
English CRTT Touch the little blue square and the big black square
POS Verb Article  Adjective Adjective  Noun  Conjunction  Article  Adjective Adjective  Noun
CRTT-L-Cantonese et 4 Mg B ET % ke PN B L) ETTE o
CRTT-R-we-Cantonese  fE i /N Ef] Bith EHTE Al PN i e EAE .
POS Verb  Adjective  Particle  Adjective Noun Conjunction Adjective Particle  Adjective  Noun

Note. The choice of translation for “instead of” was dependent on the sentence structure. POS = Part of speech.

Oxford Cognitive Screen (HK-OCS; Kong et al., 2016); and
(f) possessed the necessary lexical knowledge, perceptual
abilities (i.e., shape, size, color), and sufficient hand mo-
tor abilities to execute the CRTT tasks as determined by
their performance during the CRTT-R-wg-Cantonese and
CRTT-L-Cantonese pretests. Additionally, any PWAs with
a poststroke onset time of less than 4 months and/or a
diagnosis of global aphasia based on the CAB were also
excluded from the study.

A total of 74 participants; 42 HCs and 32 PWAs who
met the inclusion criteria, participated in this study. The
age, gender, and education level of HCs were distribution-
ally matched with the PWAs. The demographic details of
the participants and further clinical information, including
poststroke onset, aphasia type, and CAB scores, are pro-
vided in Table 2. The PWA group (22 men and 10 women)
had a mean age of 58.69 years (range: 46-72 years, SD =
6.25) and a mean education level of 11.69 years (range: 6—
19 years, SD = 3.75). All of the PWAs were premorbidly
right-handed with a single left hemisphere stroke with an
average poststroke onset of 62.16 months (range: 4-194
months, SD = 45.4). The mean overall AQ score from the
CAB for the PWA group was 82.61 (range: 49.80-95.40,
SD =10.11), with a mean score of 8.82 (range: 4.90-10.00,
SD = 1.14) for auditory comprehension and a mean raw
score of 64.47 (range: 44-76, SD = 10.14) for reading com-
prehension. The HC group (28 men and 14 women) had a
mean age of 58.65 years (range: 43-76 years, SD = 7.94)
and a mean education level of 11.90 years (range: 6-19 years,
SD = 3.15). The mean overall AQ score for CAB for the HC
group was 99.50 (range: 97.80-100.00, SD = 0.63), with a
mean subtest score of 9.92 (range: 9.10-10.00, SD = 0.16)
for auditory comprehension and a mean raw score of 75.12
(range: 68-76, SD = 1.64) for reading. The study was ap-
proved by the Human Subjects Ethics Committee of The
Hong Kong Polytechnic University, and written consents
were obtained from the participants before the commence-
ment of the study. The participants were reimbursed for their

travel expenses, which was supported by the Dean Reserve
Fund granted by The Hong Kong Polytechnic University.

Stimuli

Stimuli for the CRTT-L-Cantonese was recorded in
a sound-attenuated booth using a Telefunken M80 dynamic
microphone connected to a Focusrite Scarlett 2i2 USB au-
dio interface. The bit rate was 128 kpbs, and the sampling
frequency was 44.1 kHz. The distance between the micro-
phone and the speaker was approximately 6 in. The audi-
tory stimuli were recorded in natural voice quality by a male
native Cantonese speaker (among six other male candidates),
who received the highest perceptual rating from five native
Cantonese speakers in terms of speech rate, pitch range,
clarity, and voice quality. The speech rate was controlled
at an average rate of approximately four syllables per sec-
ond, without any unusual emphasis (rate, pitch, or inten-
sity) on any constituents in the sentence (Chan & Lee, 2005;
McNeil et al., 2015). During the recording process, a native
Cantonese—speaking student studying MST monitored the
recording through headphone AKG K77. Immediate feed-
back was given when any articulation or prosodic errors
were noticed. Each stimulus was recorded for three trials
consecutively and was perceptually judged by three native
Cantonese speakers for speech rate, intensity, vocal quality,
and clarity. The stimulus was re-recorded until at least one
trial of the stimulus was agreed among three judges to be
acceptable. All audio files were then edited using Praat to
achieve an average intensity of 70 dB SPL, and 50 ms of si-
lence was considered as a buffer between the beginning and
at the end of the recording.

The lexical items for the CRTT-R-wg-Cantonese
stimuli were coded based on their part of speech and their
words boundaries to ensure that the presentation method
would be the same as the English CRTT-R-wp version
(McNeil et al., 2015). All reading stimuli were entered into
the program and presented in word-by-word self-paced
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Table 2. Demographic details and clinical information of the participants based on the Cantonese Aphasia Battery (CAB).

Participants Age Gender Education TPO (months) CAB_L CAB_R CAB_AQ Aphasia type
HCO1 56 F 11 — 9.95 76.00 99.70 None
HC02 59 M 9 — 9.70 76.00 99.40 None
HCO03 61 F 11 — 10.00 76.00 100.0 None
HC04 49 M 11 — 10.00 76.00 100.0 None
HCO05 53 M 11 — 9.70 74.00 98.80 None
HCO06 58 M 11 — 10.00 76.00 100.0 None
HCO07 68 M 11 — 10.00 76.00 100.0 None
HCO08 63 M 11 — 10.00 76.00 100.0 None
HC09 63 F 7 — 10.00 76.00 99.80 None
HC10 69 M 8 — 10.00 76.00 99.60 None
HC11 68 M 9 — 10.00 76.00 99.20 None
HC12 62 M 11 — 10.00 74.00 99.0 None
HC13 65 M 7 — 9.10 74.00 97.80 None
HC14 55 M 8 — 10.00 74.00 97.80 None
HC15 58 M 15 — 9.70 76.00 98.80 None
HC16 54 M 16 — 10.00 76.00 100.0 None
HC17 53 M 11 — 9.85 74.00 99.50 None
HC18 55 F 16 — 10.00 76.00 100.0 None
HC19 66 F 11 — 10.00 76.00 100.0 None
HC20 62 M 18 — 10.00 76.00 100.0 None
HC21 64 F 6 — 10.00 75.00 100.0 None
HC22 59 M 12 — 10.00 76.00 100.0 None
HC23 60 F 11 — 10.00 76.00 100.0 None
HC24 60 M 12 — 10.00 76.00 99.40 None
HC25 50 M 14 — 9.70 74.00 99.00 None
HC26 50 F 12 — 9.85 76.00 99.50 None
HC27 68 M 9 — 10.00 76.00 100.00 None
HC28 47 M 14 — 10.00 76.00 100.00 None
HC329 74 F 12 — 10.00 68.00 98.10 None
HC30 71 M 8 — 9.85 76.00 99.30 None
HC31 48 F 14 — 9.75 74.00 99.50 None
HC32 62 M 62 — 9.80 70.00 99.00 None
HC33 50 M 14 — 10.00 74.00 100.00 None
HC34 76 F 8 — 9.95 75.00 98.50 None
HC35 52 F 19 — 10.00 76.00 100.0 None
HC36 65 F 14 — 10.00 74.00 98.80 None
HC37 63 M 12 — 9.87 74.00 99.70 None
HC38 43 M 14 — 10.00 75.00 99.00 None
HC39 48 M 20 — 10.00 76.00 100.00 None
HC40 47 F 16 — 9.85 76.00 99.70 None
HC41 55 M 11 — 10.00 76.00 100.00 None
HC42 54 M 13 — 10.00 76.00 100.00 None
PWAO1 55 F 9 37 9.40 57.00 82.60 Anomic
PWAO02 60 M 6 64 9.60 69.00 93.60 Unspecified
PWAO3 58 F 12 31 8.85 76.00 93.10 Anomic
PWAO04 46 M 11 121 4.90 44.00 49.80 Broca
PWAO05 50 M 9 61 8.90 56.00 77.60 Conduction
PWAO06 56 M 9 18 10.00 74.00 78.40 Anomic
PWAOQ7 66 M 9 10 8.80 61.00 81.40 Anomic
PWAO08 63 M 9 32 8.05 76.00 78.90 Anomic
PWAOQ9 62 F 6 194 9.60 76.00 90.60 Anomic
PWA10 72 M 6 19 7.70 54.00 77.40 Anomic
PWA11 69 M 11 68 10.00 76.00 94.60 Unspecified
PWA12 59 M 9 29 9.70 76.00 92.00 Unspecified
PWA13 63 M 9 81 8.35 52.00 81.10 Anomic
PWA14 58 M 8 61 9.05 61.00 91.20 Anomic
PWA15 59 M 15 25 7.90 45.00 70.80 ™
PWA16 58 F 15 38 9.85 72.00 94.10 Anomic
PWA17 55 M 11 79 9.80 74.00 92.60 Anomic
PWA18 58 M 19 111 8.90 60.00 76.20 Anomic
PWA19 63 M 12 157 9.60 67.00 83.80 Anomic
PWA20 53 M 15 92 9.45 72.00 91.10 Anomic
PWA21 52 M 19 131 9.15 64.00 79.70 Anomic
PWA22 53 F 14 38 8.30 46.00 75.20 Anomic
PWA23 58 F 12 14 7.85 65.00 86.90 Anomic
PWA24 66 F 10 54 9.85 69.00 74.50 Conduction

(table continues)
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Table 2. (Continued).

Participants Age Gender Education TPO (months) CAB_L CAB_R CAB_AQ Aphasia type
PWA25 62 M 18 38 7.40 46.00 63.20 ™
PWA26 50 F 15 75 9.25 72.00 88.70 Anomic
PWA27 52 M 18 33 6.10 62.00 82.60 TS
PWA28 67 M 12 92 8.90 62.00 82.00 Anomic
PWA29 70 F 6 6 9.80 66.00 90.80 Anomic
PWA30 52 F 14 85 9.30 76.00 95.40 Anomic
PWA31 55 M 15 91 8.45 72.00 71.30 ™
PWA32 61 M 12 4 9.50 65.00 82.20 Anomic
Note. Em dashes indicate data not available. TPO = time postonset; CAB_L = CAB Listening subtest; CAB_R = CAB Reading subtest;

CAB_AQ = CAB Aphasia Quotient subtest; HC = healthy control; F = female; M = male; PWA = person with aphasia; TM = transcortical

motor aphasia; TS = transcortical sensory aphasia.

manner, which simulated the processing in the CRTT-L
(McNeil et al., 2015).

Procedure

The experiment was conducted over four sessions for
the PWA group and three sessions for the HC group, includ-
ing the implementation of all screening tests (i.e., visual and
auditory screenings, HK-OCS, CAB, and CRTT-Cantonese
pretests) and the experimental CRTT-L-Cantonese and
CRTT-R-wg-Cantonese tests and retests. There was a time
interval of 5-12 days between the experimental CRTT-
Cantonese tests and 7-21 days between the last CRTT-
Cantonese test and retest, which was judged to be long enough
to minimize practice effects and short enough to minimize the
occurrence of an additional neurological event. The order
of tests was counterbalanced among the participants in
which half of the participants started with the CRTT-L-
Cantonese followed by the CRTT-R-wg-Cantonese in the
next session or vice versa. Following the completion of
the experimental tests, the retest session was arranged for
PWAss at the fourth session and for the HCs at the third
session. Since PWA participants were not able to complete
both CRTT-Cantonese tests in the retest session, they were
randomly assigned to retake either the CRTT-L-Cantonese
or the CRTT-R-wg-Cantonese, while HC participants com-
pleted both CRTT Cantonese tests in the third (i.e., retest)
session. Only one HC was unable to complete the retest due
to a schedule conflict.

The CRTT-Cantonese was administered using a lap-
top computer with a 14-in. diagonal screen (Lenovo, Think-
Pad TP470) connected to a standard mouse. The stimuli
were presented to participants through the laptop speaker.
The laptop computer was positioned on a computer stand
to ensure that the monitor was located at the eye level with
a 16-in. distance from the participant. The CRTT-R-wg-
Cantonese was presented in a self-paced word-fade manner
in which each word appeared by a single mouse click from
the left to the right side of the screen and then disappeared
with the onset of the following word. This style of stimuli
presentation is consistent with the English CRTT-R-w pre-
sentation and suggested to be more similar to the CRTT-L
(McNeil et al., 2015). The written stimuli were presented in

36-point Arial font within a textbox near the bottom of the
screen. The PWA participants were asked to use their intact
hand (left hand) to respond to the stimuli, and HC participants
used their nondominant hand (i.e., left hand) as well to be com-
parable with response mode of the PWA group. The partici-
pants’ performances on each word, sentence, and subtests were
recorded by the CRTT-Cantonese program, and the overall
and efficiency scores were automatically computed accordingly.
The CRTT-Cantonese provides two scales to measure
language comprehension. The overall score is calculated
from the average of the 15-point multidimensional scale
assigned to each content word in the sentence across all
10 sentences from all 10 subtests. The maximum value for
all linguistic item, sentence, subtest, and overall assigned
scores for both scoring metrics is 15.00. Moreover, the
CRTT-Cantonese provides efficiency scores, which reflect
the accuracy results in relation to the response generation
time. The efficiency score is calculated by “multiplying the
[CRTT] scores by the ratio of length of time, in seconds,
that it takes to complete the command to the maximum time
allowed per command” (McNeil et al., 2015, online supple-
mental material, p. 12). Further details for calculation of the
CRTT overall and efficiency scores were reported by McNeil
et al. (2015) as an online supplemental material.

Data Analysis

Data analyses were conducted using SPSS 25.
Independent-sample ¢ test or Mann—Whitney U test (when
these measures were not normally distributed) was used to
compare the demographic data and screening tests between
the groups. In order to explore any association between de-
mographic data and clinical information (i.e., age, educa-
tion, and time poststroke) and participants’ performance
on CRTT-Cantonese tests, Pearson correlation analysis
was conducted. A two-way repeated-measures analysis of
variance (ANOVA), with group (PWA and HC) as the be-
tween-subjects factor and CRTT-Cantonese tests (CRTT-L-
Cantonese and CRTT-R-wp-Cantonese) as the within-subject
factor, was used to measure the overall accuracy and efficiency
scores across the groups and tests to determine the construct
validity. The individual differences in performance on the
CRTT-L-Cantonese and CRTT-R-ywg-Cantonese tests were
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examined in PWAs using the Revised Standardized Differ-
ence Test (RSDT; Crawford & Garthwaite, 2005). The
generated receiver operating characteristic (ROC) curve
(Hajian-Tilaki, 2013) was used to determine the sensitiv-
ity, specificity, and cutoff scores of the CRTT-Cantonese
tests. The intermodality association between the CRTT-L-
Cantonese and the CRTT-R-wg-Cantonese was measured
by the Pearson correlation and regression analysis of differ-
ent CRTT-Cantonese test scores. Pearson correlation coef-
ficients were used to measure the correlation between the
overall scores from CRTT-Cantonese tests and CAB scores
to evaluate the concurrent validity of the CRTT-Cantonese.
Lastly, intraclass correlation coefficient (ICC) was used to
examine the test-retest reliability for the CRTT-L-Cantonese
and the CRTT-R-wpg-Cantonese.

Results

There were no significant differences between groups
in terms of age (¢ = —0.02, p = .10) or education level (¢ =
0.27, p = .18). The measures from CAB including the AQ
scores (U = 0, p < .001), auditory comprehension (U = 99.00,
p <.001), and reading subtest scores (U = 195.00, p < .001)
confirmed significantly lower language performance for the
PWA group than the HC group. Furthermore, both groups
showed comparable cognitive performance across different
subtests of HK-OCS, except for some language-related
subtests such as sentence reading, number writing, and
calculation (see Table 3). Pearson correlations between
age, education, and CRTT-Cantonese tests scores were sig-
nificant only for the HC group (age and CRTT-L-Cantonese:
r=-.58, p <.001; age and CRTT-R-wg-Cantonese: r = —.65,
p <.001; education and CRTT-L-Cantonese: r = .46, p < .01;
education and CRTT-R-wg-Cantonese: r = .61, p < .001).
No significant correlations between the variables were found

for the PWA group (age and CRTT-L-Cantonese: r = .34,
p =.053; age and CRTT-R-wg-Cantonese: r = .09, p = .61;
education and CRTT-L-Cantonese: r = —.10, p = .57; ed-
ucation and CRTT-R-wg-Cantonese: r = —.17, p = .35).
Furthermore, there was no significant correlation between
time poststroke onset and CRTT-L-Cantonese (r = .09,
p = .62) and CRTT-R-wg-Cantonese (r = .07, p = .71).

Construct Validity

Descriptive results for the overall scores and efficiency
scores of CRTT-Cantonese tests are provided in Table 4.
Regarding the construct validity, results of the ANOVA
on overall CRTT-Cantonese score revealed a significant
main effect of groups, F(1, 72) = 104.66, p < .001, with
the PWA group demonstrating lower overall accuracy than
the HC group (see Table 4). There was no significant main
effect of CRTT-Cantonese tests, F(1, 72) = 0.44, p = .51,
and no significant interaction between groups and tests,
F(1, 72) = 0.043, p = .84, indicating that both groups showed
a similar pattern of performance between the tests. A simi-
lar pattern was also observed in the analysis of the CRTT-
Cantonese efficiency score in which there was a significant
main effect of group, F(1, 72) = 97.78, p < .001, with the
PWA group demonstrating a lower performance than the
HC group and no significant main effect of CRTT-Cantonese
tests, F(1, 72) = 0.003, p = .96, and no significant interaction
between groups and CRTT-Cantonese tests, F(1, 72) = 0.08,
p=.78.

Following McNeil et al. (2015), the RSDT was used
to further assess individual differences between listening and
reading against group differences based on a 2-SD criterion
(Crawford & Garthwaite, 2005). This test was originally de-
veloped to determine the presence of neuropsychological
dissociations in single-case studies. It uses a ¢ distribution
rather than the standard normal distribution to estimate

Table 3. The descriptive results and group differences for the Hong Kong version of the Oxford Cognitive Screen (HK-OCS) subtest scores

among person with aphasia (PWA) and healthy control (HC) participants.

HC (n = 42) PWA (n = 32)

HK-OCS subtests M SD Range M SD Range p
Picture Naming 3.90 0.37 2—4 3.69 0.64 2-4 .07
Semantics 2.98 0.15 2-3 2.94 0.44 2-3 41
Sentence Reading 21.24 0.98 19-22 19.25 3.81 5-22 .003**
Orientation 4.00 0.00 4-4 3.94 0.25 3-4 .10
Verbal Memory 3.57 0.63 2-4 3.66 0.60 2—4 .51
Episodic Memory 3.88 0.33 34 3.69 0.54 2-4 .07
Visual Field Test 4.00 0.00 4-4 3.94 0.25 3-4 .10
Broken Hearts Test 48.38 1.87 44-50 48.09 2.01 43-50 56
Executive Tasks: Task Switching -0.64 1.54 -2-8 -0.44 1.39 -1-5 19
Number Writing 2.83 0.38 2-3 2.06 1.11 0-3 .001***
Calculation 3.86 0.42 2-4 3.59 0.71 1-4 .04*
Gestural Imitation 11.43 1.11 8-12 10.97 1.77 3-12 11

Note. Visual Field Test: While maintaining a central fixation, the participants need to indicate if they see hand movement. Broken Heart Test:
The participants need to cross out all the complete hearts. Executive Tasks: Task Switching: The participants need to make connections from

large to small and alternate between triangles with circles.
*0 < .05. *p < .01. **p < .001.
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Table 4. Descriptive data for the overall scores and efficiency scores of the Cantonese Computerized Revised Token Test Listening (CRTT-L-

Cantonese) and Reading—Word Fade (CRTT-R-wg-Cantonese) subtests across different groups.

Group CRTT measure N M SD Range Maximum test score

HC Overall CRTT-L-Cantonese 42 13.70 0.51 12.43-14.62 15.00
Overall CRTT-R-yr-Cantonese 42 13.76 0.65 12.38-14.89 15.00
Efficiency CRTT-L-Cantonese 42 12.51 0.65 11.32-13.99 15.00
Efficiency CRTT-R-yg-Cantonese 42 12.55 0.92 10.29-14.16 15.00

PWA Overall CRTT-L-Cantonese 32 11.48 1.71 6.24-13.75 15.00
Overall CRTT-R-wr-Cantonese 32 11.60 1.22 8.36-13.10 15.00
Efficiency CRTT-L-Cantonese 32 10.05 1.81 5.20-12.87 15.00
Efficiency CRTT-R-yg-Cantonese 32 9.99 1.57 4.92-12.05 15.00

Note. Efficiency scores are calculated “by multiplying CRTT score by the ratio of length of time, in seconds, that it takes to complete the
command to the maximum time allowed per command” (McNeil et al., 2015, p. 12).

whether an individual score is significantly lower than the
scores of the control sample (Crawford & Garthwaite, 2005;
Crawford & Howell, 1998). Using this procedure, three PWAs
performed significantly (p < .05) better on the CRTT-L-
Cantonese than on the CRTT-R-wp-Cantonese (PWALS,
difference = 2.34; PWA17, difference = 2.75; PWA22, differ-
ence = 1.71) and one PWA performed significantly (p < .05)
better on the CRTT-R-wpg-Cantonese than the CRTT-L-
Cantonese (PWA4, difference = —6.43).

Lastly, ROC curves (Hajian-Tilaki, 2013) were gen-
erated on the overall and efficiency scores of the CRTT-L-
Cantonese and the CRTT-R-wg-Cantonese to obtain the
optimal cutoff scores that differentiate the groups to-
gether with sensitivity and specificity scores (see Table 5
and Figure 1). The areas under the curve (AUC) were
high (> 90%) for both the overall and efficiency scores
for both CRTT-Cantonese tests. The CRTT-Cantonese’s
overall scores showed better diagnostic values than the ef-
ficiency scores. Furthermore, the overall scores from the
CRTT-R-wg-Cantonese showed higher diagnostic value
than the CRTT-L-Cantonese. Table 5 presents different
diagnostic values including AUC, sensitivity, specificity,
and cutoff scores from the overall and efficiency scores
for both CRTT-Cantonese tests.

Intermodality Association

A Pearson correlation coefficient was computed to
evaluate the association between the CRTT-L-Cantonese
and the CRTT-R-wp-Cantonese in terms of the overall and

efficiency scores for the PWAs and HCs to establish their
comparability. The two CRTT-Cantonese tests yielded sig-
nificant but relatively low correlations for the PWAs (r =
42, p < .01) and moderately high correlations for the HCs
(r=".73, p < .01) for the score, along with similar correla-
tions for the efficiency score (PWA: r = .43, p <.01; HC:
r=.62, p <.01). Furthermore, the efficiency and overall
scores were highly correlated with each other for both the
CRTT-L-Cantonese (PWA: r = .98, p <.01; HC: r = .80,
p < .01) and the CRTT-R-wg-Cantonese (PWA: r = .95,
p <.01; HC: r = .90, p < .01; see Hinkle et al., 2003). Further-
more, a regression analysis was computed to examine whether
the performance in CRTT-L-Cantonese can be predicted by
CRTT-R-wg-Cantonese and vice versa. The result showed
that the performance in CRTT-L-Cantonese can be pre-
dicted by performance in CRTT-R-wg-Cantonese (and vice
versa) in which 54% of the change in R” can be explained
accordingly (beta = 0.74, t = 9.25, SE = 0.07, p < .001).

Concurrent Validity

Concurrent validity was estimated by computing a
Pearson correlation between the two CRTT-Cantonese
tests” overall test scores and the AQ scores from CAB for
PWAs and HCs separately. For PWAs, Pearson correla-
tion coefficients yielded significant and moderately high
correlations between the CRTT-L-Cantonese and CAB
Auditory Comprehension scores (r = .72, p < .01), signifi-
cant moderate correlations between CRTT-L-Cantonese
and CAB AQ scores (r = .62, p < .01), and moderately

Table 5. Diagnostic accuracy of overall scores and efficiency scores in the Cantonese Computerized Revised Token Test Listening (CRTT-L-

Cantonese) and Reading—Word Fade (CRTT-R-yg-Cantonese) subtests.

CRTT test Score AUC [95% CI] Cutoff Sensitivity (%) Specificity (%)

CRTT-L-Cantonese Overall score 0.94 [0.89, 0.99] 13.75 100 42.90
Efficiency score 0.92 [0.85, 0.99] 12.97 100 21.40

CRTT-R-wg-Cantonese Overall score 0.97 [0.95, 1.00] 13.12 100 83.30
Efficiency score 0.95 [0.91, 0.99] 12.06 100 71.40

Note. Cutoff value is reported based on 100% sensitivity score. AUC = area under the curve; Cl = confidence interval.
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Figure 1. Receiver operating characteristic curves for overall and efficiency scores of the Cantonese Computerized Revised Token Test Listening
(CRTT-Listening-Cantonese; left chart) and Reading (CRTT-Reading-Word Fade-Cantonese; right chart) subtests.
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lower correlations between CRTT-R-wp-Cantonese and
CAB Reading scores (r = .49, p < .01), indicating accept-
able concurrent validity of the tests for the PWA group
(see Hinkle et al., 2003). There was a low positive but non-
significant correlation between the CRTT-R-wg-Cantonese
and CAB AQ scores (r = .23, p = .23) for PWAs. For the
HC group, no significant correlation was found between
the CRTT-L-Cantonese and CAB Auditory Comprehen-
sion scores (r = .25, p = .11), probably due to the lack of
variance in CAB Auditory Comprehension scores for this
group. However, the other correlations were significant
with low to moderate correlations for HC participants
(see Table 6). It is notable that when the scores from both
groups are combined together, significantly moderate to
high correlations (see Hinkle et al., 2003) were found be-
tween the CRTT-Cantonese overall scores and different
CAB scores (see Table 6).

Test—Retest Reliability

Test-retest reliability was calculated based on the data
from 41 HCs (as one participant was not able to return for
the retest) for both the CRTT-L-Cantonese and the CRTT-
R-wg-Cantonese. ICC yielded a correlation of .86 (p < .001)
for the CRTT-L-Cantonese and .88 (p < .001) for the
CRTT-R-wg-Cantonese. Fifteen PWAs were randomly
selected for retesting using the CRTT-L-Cantonese, and
16 PWAs were randomly selected for retesting using the
CRTT-R-wg-Cantonese. ICC yielded a high correlation of
.96 (p < .001) for the CRTT-L-Cantonese and .82 (p < .01)
for the CRTT-R-wg-Cantonese in PWA. Furthermore,
the standard error of measurement (SEM) based on the
test-retest data was calculated based on the correlation

Bakhtiar et al.: CRTT-Cantonese for Assessment of Aphasia

coefficients using the formula (SEM = SD+/1—r) where
the average SD from the test and retest was used for both
the CRTT-L-Cantonese and the CRTT-R-wg-Cantonese
for both participant groups. Overall, the SEM for the
CRTT-L-Cantonese was lower (HC, 0.19; PWA, 0.29) than
for the CRTT-R-wg-Cantonese (HC, 0.21; PWA, 0.60).

Discussion

This study describes the procedures used for the trans-
lation and validation of the Cantonese listening and reading
versions of the English CRTT. The construct validity, test
sensitivity and specificity, cutoff scores, concurrent validity,
and test-retest reliability data are provided for the CRTT-L-
Cantonese and the CRTT-R-wg-Cantonese. One aspect
of construct validity, the ability of the test to differentiate
HCs from PWAs, was evaluated with a repeated-measures
ANOVA and ROC curve analyses. The repeated-measures
ANOVA revealed that the HC group performed signifi-
cantly better than the PWA group both on the CRTT-L-
Cantonese and the CRTT-R-wg-Cantonese and on both
the overall accuracy and efficiency scores. This finding in-
dicates that both tests differentiated the listening and read-
ing comprehension of the PWA from the HCs at the group
level. ROC curve analysis yielded an AUC greater than
0.90, which translates to excellent group separation power
of CRTT-Cantonese tests. The results also showed that, at
the highest sensitivity scores (100%), CRTT-L-Cantonese
provided a lower specificity score of 42.90% while the
CRTT-R-wg-Cantonese provided a much higher specificity
score of 83.30%. We caution that, although these scores
from CRTT-Cantonese tests are effective for differentiating
PWAs from HCs, they are insufficient for diagnosing the
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Table 6. Pearson correlations between Cantonese Aphasia Battery (CAB) scores and Cantonese Computerized
Revised Token Test Listening (CRTT-L-Cantonese) and Reading—-Word Fade (CRTT-R-ywge-Cantonese) overall scores
for healthy controls (HCs), persons with aphasia (PWA), and all participants.

CRTT-L-Cantonese

CRTT-R-wr-Cantonese

Group CAB scores overall scores overall scores

HC CAB_AQ score 45 .54**
CAB_AC score 25 —
CAB_Reading score — .36*

PWA CAB_AQ score .62** .23
CAB_AC score 72 —
CAB_Reading score — 49**

All participants CAB_AQ score .81 .68**
CAB_AC score .81 —
CAB_Reading score — .70**

Note. Em dashes indicate data not available. CAB_AQ = CAB Aphasia Quotient subtest; CAB_AC = CAB Auditory

Comprehension subtest.
*p <.05. *p < .01.

presence of aphasia per se. Additional evidence for the
presence of aphasia beyond performance on the CRTT is
required to meet the definition and criteria for this specific
pathological diagnosis (see McNeil & Pratt, 2001, for possi-
ble criteria). While no participants from either group per-
formed at floor or ceiling level using either scoring metric,
it will be important that future research establishes the
sensitivity and specificity of tests for measuring levels of
listening or reading comprehension for a larger group of
PWAs and for other pathological populations such as de-
mentia, developmental language and learning disorders, or
psychiatric disorders such as depression or schizophrenia.
The current research adopted the self-paced word
fade version of the English reading CRTT (CRTT-R-w§)
from the three reading versions developed and reported by
McNeil et al. (2015). This version is judged to be most sim-
ilar to the listening CRTT (CRTT-L) in terms of the se-
quential, word-by-word presentation of the stimuli, without
the opportunity to review previous words and thus review
content before responding (McNeil et al., 2015). This study
revealed that both PWAs and HCs showed no significant
difference in performance between the CRTT-L-Cantonese
and CRTT-R-wg-Cantonese tests. Furthermore, the results
showed significant, positive, and moderate-to-high correla-
tions between the Cantonese listening and reading versions
of the test, both in terms of the overall and efficiency scores
for both groups, establishing a high degree of detection of
pathology for both CRTT-Cantonese tests. Furthermore,
using RSDT as the criterion, three PWAs performed more
poorly on the CRTT-R-w-Cantonese than on the CRTT-L-
Cantonese, and one PWA performed more poorly on the
CRTT-L-Cantonese than on the CRTT-R-wp-Cantonese.
This latter finding was also found in the English CRTT
study (McNeil et al., 2015). This result found that about
87% of the PWAs performed comparably across both CRTT
tests in Cantonese. Importantly, when large modality differ-
ences do occur between the two CRTT-Cantonese tests, an
explanation other than the shared deficit affecting central

language processing, that is, aphasia and measured by these
tests, would be hypothesized. That is, while significantly
higher performance in one modality was rare in this sample
of PWAs, modality differences can occur, and these well-
matched tests requiring comparable linguistic and other
cognitive demands are capable of detecting these differences
when present. Though still to be tested, it is predicted that
modality differences will be detectable in nonaphasic syn-
dromes such as pure alexia or word deafness, and these tests
will aid in these differential diagnoses.

These results and predictions are also in line with the
hypothesis that sentence comprehension in terms of the
syntactic processing is modality general and depends on
central language processing (DeDe, 2012, 2013). In fact,
the nature of the language comprehension in the CRTT is
highly dependent on the syntactic processing skills as well.
Therefore, since the CRTT minimizes the lexical diversity,
a comparable performance across the CRTT-R-wp-Cantonese
and the CRTT-L-Cantonese would be predicted. These results
are especially interesting despite the fact that there were some,
though minimal, differences in terms of the lexical items
used between the CRTT-L-Cantonese and the CRTT-R-
wr-Cantonese and confirm that these differences were not
sufficient to tax performance in one modality over the other.
In general and in the absence of peripheral (diminished
visual or auditory acuity) or more central perceptual (audi-
tory or visual agnosia) impairments and also reading specific
impairments (e.g., letter recognition or grapheme-to-phoneme
conversion impairments), either test should provide an
overall index of impairment of language comprehension
in PWAs.

As summarized in Table 6, a measure of concurrent
validity was evidenced by the moderate-to-high correlations
between the CAB subtest scores and both the CRTT-L-
Cantonese and CRTT-R-ywg-Cantonese tests when the data
from both participant groups are combined. However, the
correlations were mainly moderate for the PWA group
and low for the HC group, reflecting the small distribution
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of scores especially for the HC group—findings that are con-
sistent with those reported for the English versions (McNeil
et al., 2015). Although there was no significant correlation
between the CAB AQ score and the CRTT-R-wg-Cantonese
among PWAs, it is notable that the reading scores are not
counted toward the calculation of the CAB overall AQ scores.
Chen et al. (2013) reported an overall high concurrent
validity in terms of correlation between the CRTT-Mandarin
scores and the Concise Chinese Aphasia Test (r = .75) when
all participants were combined (i.e., both PWAs and HCs).
It was notable that similar results were found for this
study when a correlation was computed between the CRTT-
Cantonese scores and different CAB scores of all partici-
pants (see Table 6).

As discussed, high test-retest reliability was found be-
tween the initial testing and retesting for both the CRTT-L-
Cantonese and CRTT-R-wg-Cantonese tests and for both
scoring metrics, especially for the PWA group. A similarly
high test-retest reliability (ICC = .83, p < .01; see Hinkle
et al., 2003) is also reported for the Turkish version of the
CRTT-L among healthy adults (Turkyilmaz & Belgin, 2012).
As with Cantonese, Yiu (1992) reported a high test-retest reli-
ability (r = .99) for the CAB Auditory Comprehension subtest
among a smaller group of seven Cantonese-speaking PWAs.
However, he did not report any measure for the test-retest
reliability for the CAB Reading subtest. Additionally,
the SEM was comparable and relatively small for both
groups. Again, these findings are consistent with those
reported for the English versions (McNeil et al., 2015), con-
firming high test-retest reliability for the CRTT-Cantonese
tests.

This study documents a reliable, valid, and sensitive
tool for the assessment of listening and reading comprehen-
sion in aphasia for Cantonese language users. It also provides
preliminary normative data on language comprehension for
a Hong Kong sample of PWAs and HCs. These data moti-
vate both within and outside Asia cross-cultural and cross-
linguistic (e.g., Sino-Tibetan vs. Indo-European languages)
comparisons of language processing ability in PWAs. How-
ever, while it is important to do so in future research, it is
beyond the scope and purpose of this study to develop
normative data and to examine the effects of aphasia sever-
ity, aetiology of the brain damage, socioeconomic status,
and linguistics background on performance on the CRTT-
Cantonese tests. Further psychometric properties that are
not investigated here, such as within-subtest item homoge-
neity, will be considered for future research. While the sam-
ple size for this study is comparable with others examining
translation and psychometric development of the CRTT
and other tests and is sufficient to establish the validity and
test—retest reliability of the tests, it is acknowledged that it
is relatively small, and future studies would benefit from a
larger sample and be required for norming the tests. Fur-
ther research should also be directed to the development
of the CRTT-Cantonese as a language assessment tool for
other age groups including children and also other disor-
dered populations without aphasia but with other cognitive
and language processing impairments.

Conclusions

This research reports the development of the CRTT-
Cantonese for the assessment of reading and listening
comprehension in PWAs. Overall, these results suggest
that a successful translation of the English listening and
reading CRTT has been achieved as evidenced by transla-
tion verification procedures and test performance. Addi-
tionally, both listening and reading comprehension tests
successfully differentiate PWAs from HCs, with the reading
test providing somewhat better sensitivity and specificity. The
lack of significant differences between the reading and listen-
ing comprehension performance on the group and individ-
ual participant bases, along with a significantly moderate-to-
high correlation between them, is consistent with the findings
from the English test versions and suggests that the overall
severity of language processing impairment in PWAs, as
measured by the CRTT, manifests similarly for most indi-
viduals across the auditory and visual modalities. Lastly, both
the CRTT-L-Cantonese and the CRTT-R-wp-Cantonese
have acceptable concurrent validity relative to the CAB, and
both achieved high test-retest reliability.
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Comparison Between the English Computerized Revised Token Test (CRTT) and Cantonese CRTT Listening (CRTT-L-Cantonese)

and Reading (CRTT-RWF-Cantonese) Subtests

No. of different No. of same

CRTT version Subtest Command morphemes morphemes Total

Touch the black circle.
CRTT-L 11 it PR AR 1 6 7
CRTT-R 11 i th B [

Touch the red circle.
CRTT-L 12 fi H AT CE [ [ 1 6 7
CRTT-R 12 e ALt BT

Touch the blue square.
CRTT-L 13 TR OB . 1 7 8
CRTT-R 13 fRHBEAIETE.

Touch the green square.
CRTT-L 14 f Ak WL IE T o 1 7 8
CRTT-R 14 faH AR IE T TG .

Touch the white circle.
CRTT-L 15 fa A e . 1 6 7
CRTT-R 15 fath B EE

Touch the green circle.
CRTT-L 16 Tt th o CEL IR [ ] 1 6 7
CRTT-R 16 i st (BT

Touch the black square.
CRTT-L 17 B H R EE R Y. 1 7 8
CRTT-R 17 fRH R IET R .
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Comparison Between the English Computerized Revised Token Test (CRTT) and Cantonese CRTT Listening (CRTT-L-Cantonese)
and Reading (CRTT-RWF-Cantonese) Subtests

No. of different No. of same

CRTT version Subtest Command morphemes morphemes Total

Touch the white square.
CRTT-L 18 fa i A WL IE T . 1 7 8
CRTT-R 18 R A BmIET g,

Touch the blue circle.
CRTT-L 19 i H B L 1 6 7
CRTT-R 19 e E A

Touch the red square.
CRTT-L 110 TRHBALEBE IR . 1 7 8
CRTT-R 110 TR AL AR ETT .

Touch the big green circle.
CRTT-L 111 Fig HH R Ao €[] 1 7 8
CRTT-R 11 fa K a Bl .

Touch the big black circle.
CRTT-L 12 Fia H O BE R 5|5 ] 1 7 8
CRTT-R 112 it KR A .

Touch the little blue square.
CRTT-L 113 T AT S (5 1E T % 2 7 9
CRTT-R 113 FaH/NYE GBIET T .

Touch the big red square.
CRTT-L 14 T HORRAL (5 1E 7 1 8 9
CRTT-R 114 FaH RIMALBIET I .

Touch the little red circle.
CRTT-L 15 Fit tHATBEAT (5[ 1] . 2 6 8
CRTT-R 115 fa /N IIALE R .

Touch the little green square.
CRTT-L 116 i AL AR (5 E T T . 2 7 9
CRTT-R 116 RN SENTE P

Touch the little white square.
CRTT-L n7 1 Y ARE B B IE TS T . 2 7 9
CRTT-R 7 fRH /MY A EIET T .

Touch the big white circle.
CRTT-L 118 i R (B F 1 1 7 8
CRTT-R 118 i R [

Touch the big blue circle.
CRTT-L 119 Fig HH JRE B €[] 1 7 8
CRTT-R 19 et KRB @ EE .

Touch the little black square.
CRTT-L 110 T AL 2 €5 1 T 2 7 9
CRTT-R 110 fr /NIRRT TR .

Touch the green square and the black square.
CRTT-L 1 it AR (A 1B 5 R [R] HEB (M 1E 5 T« 3 12 15
CRTT-R I Fo AR I IR TR AL SRR IE T T

Touch the blue circle and the green square.
CRTT-L 2 fi th (R [ P [ B A (MR 17 T 3 11 14
CRTT-R 2 it B e T [ B AN A 1) LR T T o

Touch the white circle and the blue square.
CRTT-L n3 115t G [ ][] S g AT T 3 11 14
CRTT-R ns3 o th B BB RS (L) IEJ7 T

Touch the black circle and the white square.
CRTT-L 4 T HH A R [ P [ 34 1 EE g A 5 3 11 14
CRTT-R 14 it SR R AT A 1) IR TS T

Touch the green circle and the red square.
CRTT-L s Fig Hh Ao €0 MR [ o [ 3 AT € Mg A 5 3 11 14
CRTT-R s Fi H ok 1) B R FDAT 1) 1 5 T

Touch the red square and the white circle.
CRTT-L 1115 i AT R 1 5 1 [ 14 1 £ MR R e 3 11 14
CRTT-R e Fe AL AR IE DR A 9 G E

Touch the white square and the green circle.
CRTT-L nz Fi HH R IE D7 R[] 30 e (R 5] P 3 11 14
CRTT-R nz i H A R I 5 TR A e (1 6
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Comparison Between the English Computerized Revised Token Test (CRTT) and Cantonese CRTT Listening (CRTT-L-Cantonese)
and Reading (CRTT-RWF-Cantonese) Subtests

No. of different No. of same

CRTT version Subtest Command morphemes morphemes Total

Touch the black square and the red circle.
CRTT-L s Fi H PR R 1 5 T ) JLAT £ MR [ e 3 11 14
CRTT-R ns i H PR T 5 TR AT AL 1 [ P

Touch the red circle and the white circle.
CRTT-L 119 Fia AL MR [ e [ 341 1 € ] 3 10 13
CRTT-R 1o i H AT 1 BT EUR 5 6  [R

Touch the blue square and the black circle.
CRTT-L 1110 Fie H B CIR I g T [ L MR [ 3 12 15
CRTT-R nio i HH B A IR R AT R

Touch the big green square and the little black square.
CRTT-L V1 Fi HH ORI AR €5 1E U5 % R AN 2R €4 1E DT TR 4 13 17
CRTT-R V4 i KRR (O IE TN B O IE T o

Touch the big black square and the little red circle.
CRTT-L Iv2 Fi HH ORIBE R €5 11 % ) S AR AT € [ P 4 12 16
CRTT-R V2 F ORI R IE T AN AL L1

Touch the big blue circle and the little green square.
CRTT-L V3 i H ORISR 5 €5 ) Pl ) R AR Bk Aot € 1E 5 T o 4 12 16
CRTT-R V3 Fia H ORI 85 5 [ PR /IN P e 20 E T T

Touch the big white circle and the little blue square.
CRTT-L V4 i R O IBE 11 €2 (B P (RS AM R 5 € 1R 5 o 4 12 16
CRTT-R V4 i H ORI 1 [E P AT/ B 0BT TR

Touch the little blue square and the big black square.
CRTT-L V5 i H AL RS (5 1E 7[R3R (51T 4 13 17
CRTT-R V5 FR VN E ORI AR B IR T

Touch the little green circle and the big red square.
CRTT-L V6 Fie H AR Ao €5 5] P () 1R R AT € 1 5 7 o 4 12 16
CRTT-R V6 i H /N e € [ PEL AT ORI AL B8 0E T T

Touch the little black circle and the little white square.
CRTT-L Iv7 i b AR € ] o [R] B ABE (5 €51 9 5 11 16
CRTT-R V7 Fi HH/IN 10 R 6 R Bl AN 1 B T T

Touch the little white square and the big green circle.
CRTT-L Iv8 Fi HYARNE 9 €5 1ET7 % [ B R M A (6 5] P 4 12 16
CRTT-R V8 PN L E T TR 1 ek e [ 1

Touch the little red circle and the big blue circle.
CRTT-L V9 i AR AT €5 [53)  ) 19ACIBE e5  [ 4 11 15
CRTT-R V9 Fi H /)N FROATL (B PR K 1) 5 £ R e

Touch the big red square and the big white circle.
CRTT-L V10 i H R MBRAT € 1F 77 T2 [ 380 KR 11 65 6 3 13 16
CRTT-R V10 PR IAL G BT AR 1 1 L E

Put the black square by the red circle.
CRTT-L V1 3% B E8 T 75 T A AT € ] P B 325 3 12 15
CRTT-R V1 H5 PR E T T TE AT B Bl 11 5535

Put the black circle above the white square.
CRTT-L V2 o 2 0 [ P SR 1 € 1 D TR LT 2 13 15
CRTT-R V2 35 B €A I B T 1 B D T T Y LT

Put the blue square before the black circle.
CRTT-L V3 R €8 1 7 T TSR S [ B R T 17T o 2 13 15
CRTT-R V3 o B €0 17 TV TSCLE €5 R P T T

Put the red circle on the blue circle.
CRTT-L V4 AT €0 B P S A B € [ Pl g i 2 12 14
CRTT-R V4 1 441 [ P S 1 5 [ P ) i T

Put the blue circle behind the green square.
CRTT-L V5 S5 5 €0 ] B b €24 1E 5 T BRAR T 2 13 15
CRTT-R V5 517 55 5 R Pl TSP Aok £ 1E 7 T2 AR T

Put the green square under the black square.
CRTT-L V6 Ao €24 1 7 R T R 68 1 J TR E R T 2 14 16
CRTT-R V6 e 1 5 A B T TR R T
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Comparison Between the English Computerized Revised Token Test (CRTT) and Cantonese CRTT Listening (CRTT-L-Cantonese)
and Reading (CRTT-RWF-Cantonese) Subtests

No. of different No. of same

CRTT version Subtest Command morphemes morphemes Total

Put the white circle below the blue square.
CRTT-L V7 31 11 €0 [ P TSR B €8 I D7 TR T T 2 13 15
CRTT-R V7 35 €8 B TS B A T T R I

Put the white square next to the green circle.
CRTT-L V8 o 9 €8 1 5 R T e €5 B MR AU 3 12 15
CRTT-R \%: o5 O ETT T IAE e 0 B BB 11 5505

Put the red square in front of the white circle.
CRTT-L V9 SHFRT € TE 7 R T3 F € R 1 R i T 2 13 15
CRTT-R V9 AL B 1E T3 T AAE 1 6 B P i T

Put the green circle beside the red square.
CRTT-L V10 3F¢ i € [ P TSR AL €5 1E 5 TR 3 12 15
CRTT-R V10 otk (0 [ P TR AE AT €5 IE DT T IR 5505

Put the big red square in front of the big white circle.
CRTT-L VI SR IRAT €2 1777 7 JSOWA R IBE 14 €2 8 e R i 4 15 19
CRTT-R VI R BRI AT €8 15 75 T ACPE B £ € 3 B P T T

Put the big blue circle before the little green square.
CRTT-L VI2 o IR 5 € [ P SR AR A € 1 D7 P OBE 1T T 5 14 19
CRTT-R VI2 ORI 1 0 R P RO /N ) A €8 1E 7 T2 1 T T

Put the little green circle under the big red square.
CRTT-L VI3 o5 A R i [ P TSR MR AT €1 J7 TR R THT 5 14 19
CRTT-R VI3 /NI e R P IS DK AT €8 1E D7 TR 1 T T

Put the big black square above the little red circle.
CRTT-L Vi4 S5 IR 28 €2, T 775 112 O OHAR TR A7 €2 5] s B _L- i 5 14 19
CRTT-R Vi4 o5 R IR 0 TE 5 T A /N (R A4 € BT P ) LT

Put the little black circle below the little white square.
CRTT-L VI5 S5 A IBE 1 [ P TSR SRR 19 €0 D7 TR THT 6 13 19
CRTT-R Vi5 AN ERe A1l o) Ee AN S ReNTewp A I T

Put the little blue square behind the big black circle.
CRTT-L Vi6 S ATINER 5 €2, 11 077 2 TS R E 8 €4 ] e B 422 1 5 14 19
CRTT-R VI6 o5 /N 0 B 0 T 75 T TP R 1 8 (0 [ P ) A% TR

Put the big green square by the little black square.
CRTT-L vI7 o5 R e (1, 1 75 T2 TR A R 8 €2 1 5 T 8 6 14 20
CRTT-R vI7 R IR o €8 1B 7 T JBCLE /N [ 28 B 1 D T B 558

Put the big white circle next to the little blue square.
CRTT-L VI8 SRR 5 €2 6 ) TS MR AT 5 €2 1 5 T M2 o 6 13 19
CRTT-R VI8 RN 1 € [ P T AE AN B B IE T TR 1 5535

Put the little red circle beside the big blue circle.
CRTT-L VI9 st AR AT €2 [ Pl A MR DR € [ PR 325 6 12 18
CRTT-R VI9 S5 /N ERD AT £ 1B B TS DR D 5 0 R B 1) 5538

Put the little white square on the big green circle.
CRTT-L VIO S ATINER, 19 €2, 1= 777 % TS Rk e €2 1] R 1 1 5 14 19
CRTT-R VI10 35N A €8 T D77 R TS A Y e €2 T Y 1 T T

Put the black circle to the left of the white square.
CRTT-L Vi o1 S €6 5] Pl S 1 €5 1E DT TR A 35 2 13 15
CRTT-R Vi1 o B A R P S/ 1 B I DT TR A3

Put the red square to the left of the white circle.
CRTT-L Vii2 AL 1E 75 T TSR 1€ P E 7 3 2 13 15
CRTT-R vii2 AL I 7 T E BT 8 1) /235

Put the black square to the right of the red circle.
CRTT-L VI3 SN FB A IE T R TR AL €0 [ P B A 228 2 13 15
CRTT-R VI3 o RR ATy TR AL E Bl A%

Put the blue circle to the left of the green square.
CRTT-L Vii4 o7 5 5 P S MR Ak £ 1E 7 T MR 235 2 13 15
CRTT-R Vii4 o B (0 [ Pl TP Ak (0 IE DT T R 7235

Put the green circle to the left of the red square.
CRTT-L VII5 o1 e €0, [ P TASOMA AT €20 1 T T 7 358 2 13 15
CRTT-R VII5 ek € [ P TSP AL €8 1E 7 TR IR 235

Put the white square to the right of the green circle.
CRTT-L VII6 35 €8 1 5 T 0N i € ] Pl B A5 2 13 15
CRTT-R VvIie 35 1A € TE 7 T T e C T B PO A 35
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Comparison Between the English Computerized Revised Token Test (CRTT) and Cantonese CRTT Listening (CRTT-L-Cantonese)
and Reading (CRTT-RWF-Cantonese) Subtests

No. of different No. of same

CRTT version Subtest Command morphemes morphemes Total

Put the red circle to the right of the blue circle.
CRTT-L ViI7 I AT €00 ] P TS 5 €0 ] R A 35 2 12 14
CRTT-R vII7 AT €0 B Pl TS A2 B e R P 0 A 3

Put the white circle to the right of the blue square.
CRTT-L VI8 o5 € Pl 3 5 € LE DT T A 35 2 13 15
CRTT-R VI8 EASRENEE i€ NIy A FEp N

Put the blue square to the left of the black circle.
CRTT-L ViI9 S5 5 €00 1 75 T OS2 € ] s B i 2 13 15
CRTT-R VII9 5B OB T AR SR B R 7235

Put the green square to the right of the black square.
CRTT-L VII10 Ik 8 1E 7 T2 TR P 0 E T TR AT 15 2 14 16
CRTT-R VII10 SHFA (0 1L T R L IR TT TR AT 2

Put the little green circle to the left of the big red square.
CRTT-L Vi SIS AT et €2 ] TS R MRAT. €20 1E 7 T MR i 5 14 19
CRTT-R VI o5 /I8 0 o (0 B B TRCAE K AL (B TT TR R A

Put the big white circle to the left of the little blue square.
CRTT-L V2 SN RIBE 1 € [ P TSR SRR 85 £ 1 D7 TR e i 5 14 19
CRTT-R vz SRR €2 T B TS /N R B B R T T I i

Put the big green square to the right of the little black square.
CRTT-L VI3 35 R At €24, 1 75 T2 A ATIE 2 €5 1E D7 TR A 35 5 15 20
CRTT-R VI3 R IR e € IR 7 T E /N K R B E T TR AT 3

Put the little white square to the right of the big green circle.
CRTT-L Viii4 SHFARIBE 1 1E 75 T TR R B A € B BB A 25 5 14 19
CRTT-R Vili4 /N R 9 B8 T 5 T ICE R B e € [ L P A

Put the big red square to the left of the big white circle.
CRTT-L ViIi5 [EONL RSN PN R=RENR | CL s e 4 15 19
CRTT-R Viii5 R AL € IE 7 TR A E BT 1 238

Put the little black circle to the left of the little white square.
CRTT-L Viiie sHeF AEER 2EL €0 [ Pl TR AR 1 €8 IE T T /2 3 6 13 19
CRTT-R WIS NN EReN A6 AN M S RENTewap A s

Put the little red circle to the right of the big blue square.
CRTT-L \Yillrg SHF AT AL €6 ] Pl OO TR 5 €2 17 TEME A 488 5 14 19
CRTT-R iz N AT B TR AE R I B B IE T TR R A8

Put the big black square to the right of the little red circle.
CRTT-L Vg S IR 8 €2 11 77 T TR AT R AT ¢4 158 Pl B A 3 5 14 19
CRTT-R viiig S5 ORI B €8 TE 5 T AR /N B AL € [ Bl P A

Put the big blue circle to the left of the little green square.
CRTT-L VIIi9 3% DR 5 €2 ] TR MR A B e €24 1E 77 TR i 5 14 19
CRTT-R VIIig ORI B € B TR AE N A B IE T TR 238

Put the little blue square to the left of the big black circle.
CRTT-L VIIo S AR 285 £, 11 7 T TR DR IR B € [ P R 7 38 5 14 19
CRTT-R ViIo S5 /I R 5 €8 T 5 TR O R B € [ el ) i

Instead of the green square touch the black square.
CRTT-L X1 Wi AR (0 LT R R SR L R IR T R 3 15 18
CRTT-R IX1 AR Ak B IE TR IR 1R G IETT I .

Unless you have touched the white square, touch
the green circle.

CRTT-L IX2 FRAEAR COAS T H 1 1B 7 T A5 R H e £ Y e 0 17 17
CRTT-R IX2 FRAEfR AR At IET7 T 15 RIS H ok (o JE e

If you have not touched the white circle, touch the

blue square.
CRTT-L IX3 IR ARAAE H € B B s B e T R 0 17 17
CRTT-R IX3 IR RASR B OB AR B B BT

Touch the green circle if you have not touched the

red square.
CRTT-L IX4 WRARAAR AL (5 E T7 TE 4R Hhfek e [E P 0 17 17
CRTT-R IX4 WIESARARAR AL (I T TR Ak (o [E P .

Either touch the red square or the white circle.
CRTT-L IX5 TRBAL AR REE I aEE. 0 12 12

CRTT-R IX5 Fe AL G IE T T alE .
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Appendix (p. 6 of 6)

Comparison Between the English Computerized Revised Token Test (CRTT) and Cantonese CRTT Listening (CRTT-L-Cantonese)
and Reading (CRTT-RWF-Cantonese) Subtests

No. of different No. of same

CRTT version Subtest Command morphemes morphemes Total

Touch the blue circle instead of the green square.
CRTT-L I1X6 Fif B £ B T B (R Ak (B IE T T o 2 12 14
CRTT-R IX6 i R B 1T A S AR L IE DT TR

Touch either the red circle or the blue circle.
CRTT-L IX7 i H AT 7 B Pl ml 3 85 B 0 11 11
CRTT-R IX7 Fi HH AT (0 B e 2 15 e I

Touch the black square if there is a red circle.
CRTT-L IX8 G — AT (A 5 B A4 SR AT . 0 16 16
CRTT-R IX8 WA —EAT R P A B B IE T

Touch the blue square unless you have touched

the black circle.
CRTT-L IX9 FRAEfR LA H 2R £ 5 Bl 15 U4 B (0 1B DT T 0 17 17
CRTT-R 1X9 BRAEIR CLAC e H R P 5 AR R B BB T TR

If there is a black circle, touch the white square.
CRTT-L IX10 T SR — i 2 5 [ s 4 T E T R 0 16 16
CRTT-R IX10 AR — 1 PR [ 5 B IR T T .

Touch the big black square unless you have touched

the little red circle.
CRTT-L X1 Bl AR LA Hi HH ARBLAL € 150 el 75 R R ORIE 2R € I T T 3 18 21
CRTT-R X1 FRAEOR SO H /N R AL 5 e 75 Fil s H ORI SR BT T

Touch the little blue square if there is a big black circle.
CRTT-L X2 Dy SRAT {18 DB R €5 5] P s i L AR 5 (5 1E DT 3 17 20
CRTT-R X2 N SRAT — R 1) 2 B B4 /D B R IR T

Unless you have touched the little white square, touch

the big green circle.
CRTT-L X3 FRAEAR QAT HARME 1 (5 1E 7 15 FU4R R & (o [E 1] 3 18 21
CRTT-R X3 FRAEAR CLAS i H /N B 68 1E D TR 75 B H DK R A

If there is a big white circle, touch the little blue square.
CRTT-L X4 L A — {1 R BE 5 €0 [ P i 4 L AL B (BT O 3 17 20
CRTT-R X4 LR (NN E REN S R F RN R ENTowap | A

Touch the big blue circle instead of the little green square.
CRTT-L X5 15 HH RBE 125 €5 ] P iy W AR AR A € IE DT T 5 13 18
CRTT-R X5 Fi HH ORI S 0 B e i AN /N A B I T T

Touch the little green circle if you have not touched the

big red square.
CRTT-L X6 IR ARA A HHORBEAT (51 75 T 415 HH ATk Ak (0 1)« 3 18 21
CRTT-R X6 LR AR K IAT B 1E 7 TR B/ (e e [

Touch either the big green square or the little black square.
CRTT-L X7 i H R MBR Ak €5 1F 7 1 53 AHIE R €5 1E T T 3 14 17
CRTT-R X7 it R ARG IE T R EE MR B IETT T .

Instead of the big red square, touch the big white circle.
CRTT-L X8 WG i it DR MBEAT €5 1E 777 T2 1T 348 HHORWE 1 € B 1 5 16 21
CRTT-R X8 ANELFE R AL (IR Ty T T i i H ORI (R R

If you have not touched the little black circle, touch the

little white square.
CRTT-L X9 I SR AR L OB R €0 B B g4 LH OB 1 R 1R DT )R 4 17 21
CRTT-R X9 AN SARATR /N 28 e [RTRE lAis HE /N  E EBE T T

Either touch the little red circle or the big blue circle.
CRTT-L X10 Fi tHATBEAT (2 [5] P 53 RIBE 5 ([ P 3 12 15
CRTT-R X10 Fi5 /DN 0 AT €6 | 0 R s T

Total 281 1212 1493
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