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Abstract

Co-occurring verbal short-term memory (STM) and language impairments are often observed
in patients with left hemisphere stroke. The aim of this study is to investigate the relationship
between performance in verbal STM and auditory linguistic tasks in Cantonese speakers with
aphasia. Twenty five stroke participants and the same number of matched controls were
assessed with a series of immediate serial recall (ISR) tasks and auditory linguistic tasks.
Cantonese version of the Western Aphasia Battery (CAB) was also administered to stroke
participants. The results suggested that Cantonese speakers demonstrated more difficulties
with non-words and lexical decision tasks, potentially due to the additional linguistic factor of
lexical tone. The clinical assessment and rehabilitation of language impairment should take
into account of lexical tone processing in tonal languages.

Aphasia co-exists with cognitive impairments in individuals with left hemispheric stroke
(Martin & Reilly, 2012). Among all types of deficits in cognitive functions, verbal short-term
memory (STM) impairments occur most frequently and are the most persistent deficits in
individuals with aphasia (Attout, Van der Kaa, George, & Majerus, 2012). Extensive research
on verbal STM and its relation to the language system have been conducted, with evidence
suggesting that STM impairment is strongly related to impairment in language processing
(Attout et al., 2012; Majerus, 2009; Martin & Ayala, 2004; Martin & Reilly, 2012).

In the studies of STM and language performance, auditory-verbal STM span were
mostly measured by immediate serial recall tasks, where participants are usually presented
with a sequence of auditory stimuli (digits, words or non-words) and then recall the items
with spoken responses (Martin & Ayala, 2004; Potagas, Kasselimis & Evdokimidis, 2011),
written responses (Saint-Aubin & Poirier, 2000) or by pointing to targets (Majerus, Lekeu,

Van der Linden, & Salmon, 2001; Martin & Ayala, 2004). As for the nature of the stimuli to
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be recalled, digits, non-words and words have all been used. Notably, recall performance
varies across different types of stimuli, and is affected by the psycholinguistic properties of
the items, such as word frequency and word imageability (Martin & Ayala, 2004). Language
performance measured by standardized tests and auditory linguistic tasks is also variable, for
example auditory discrimination tasks (Attout et al., 2012), lexical decision tasks (Majerus et
al., 2001) and auditory word identification tasks (Martin & Ayala, 2004).

Most recent studies define the relation between verbal STM deficits and language
impairment in aphasia in two different approaches. One major approach is the neuroscience
approach. It involves the use of neuroimaging methods, which aims to identify the common
neural correlates of verbal STM and language processing (Majerus, 2009). The neuroimaging
data from these studies suggests a close relationship between verbal STM performance and
language impairment (Buchsbaum & D’Esposito, 2008; Majerus, 2013; Koenigs et al., 2011).
Another approach is the behavioral approach. The aim of this approach is to identify and
explain the relationship between verbal STM and language with reference to language-based
STM models (Attout et al., 2012; Majerus et al., 2001). Associations, as well as dissociations
between language impairment and verbal STM deficits have been identified (Attout et al.,
2012), which provide evidence that patterns of VSTM performance are related to the integrity
of the language processing network (Martin & Saffran, 1997).

Different STM models have been proposed to explain the relationship between verbal
STM and language impairment. One of the most influential models is the interactive
spreading activation model proposed by Martin and Saffran (1992; 1997). In this framework,
activation and maintenance of lexical, phonological and semantic representations within the
language network are essential in the verbal STM system. It is assumed that activation of
phonological nodes in the phonological network will spread to corresponding lexical nodes,

and to associate semantic nodes in the language network. After that, there will be a backward
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activation from the language network to the decaying phonological nodes (Martin & Lesch,
1996). Lexical, phonological and semantic representations of the corresponding spoken items
are temporarily maintained in the verbal STM by the process of spreading activation (Attout
et al., 2012; Majerus, 2009), so as to allow more time for comprehension of the spoken words.
Individuals with impairment in the language network will have breakdown in the process of
spreading activation (Attout et al., 2012; Martin & Ayala, 2004). A more rapid rate of decay
of the representations also leads to insufficient duration for obtaining the semantic knowledge
of the related item result in language processing deficits (Attout et al., 2012; Kalinyak-Fliszar,
Kohen & Martin, 2011).

Another influential view is the reconstruction hypothesis (Majerus, 2009). According to
this hypothesis, long-term phonological and/or semantic representation of the items which
best fit with the decayed trace will be retrieved, and thus, enable the reconstruction of
decayed trace in verbal STM. Therefore, phonological information in the verbal STM can be
maintained for output. Under this framework, it is hypothesized that the integrity of both the
phonological and semantic representations within the language network are essential in the
verbal STM system (Majerus, 2009; Saint-Aubin & Poirier, 2000). In other words, a
redintegration process is dependent on the activation efficiency of the phonological and
semantic representations. Impairments in the language system might lead to breakdown in the
redintegration process, and eventually result in verbal STM deficits (Martin, 2009).

Both the interactive spreading activation model and reconstruction hypothesis explain
the co-occurrence of verbal STM and language-processing deficits in individuals with
aphasia (Attout et al., 2012). In both, temporary retention of item information including
phonological and semantic information is required in the recall process of word lists. It has
been reported that verbal STM retains the order information of items as well since

serial-order information is essential for one to recall items in an ordered sequence (Attout et
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al., 2012). Evidence from behavioral studies shows that verbal STM for order information
should be distinguished from verbal STM for item information (Attout et al., 2012; Majerus,
Poncelet, Elsen, & Van der Linden, 2006). In particular, item retention capacity of verbal
STM is closely related to the level of integrity of the language-processing network, whereas
the order-specific verbal STM does not depend on the language system (Attout et al., 2012).
Studies in normal adults revealed that recall of item information could be facilitated by long
term language knowledge. For instance, the immediate serial recall of concrete words (e.g.
‘apple’, ‘tree’), which have richer lexical-semantic representations than abstract words (e.g.
‘suggestion’, ‘concept’), had lead to higher recall accuracy at the level of item information.
Such an effect was, however, not observed at the level of order information (Attout et al.,
2012; Majerus, 2009). In other words, it only affects the number of items that one can recall
correctly, but not the order of items.

In addition to behavioral studies, many recent neuroimaging studies and verbal STM
models further suggested the representations of item and order information are located in
distinct neuro-networks (Majerus, 2009; Majerus et al., 2010; Majerus, 2013). Neuroimaging
studies of verbal short term maintenance revealed that regions associated with phonological
and/or semantic processing including superior temporal region, posterior temporo-parietal
region and inferior temporal regions were activated in tasks involving item information,
suggesting associations between item-specific verbal STM and language knowledge (Majerus
et al., 2010; Majerus, 2013). However, verbal STM for order information is found to be less
involved in the activation of language processing regions in the temporal lobe (Majerus, 20009,
Majerus, 2013). Majerus (2013) also emphasized such a distinction between item and order
specific information in the review article: *“...the language network ensures the encoding and
representation of phonological and semantic item information during temporary maintenance

of verbal information. Critically, this excludes the representation of novel serial order
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information.” (Majerus, 2013, p.3). The above findings suggest that verbal STM for item
information will be of higher relevance to one’s language knowledge. As the aim of the
present study is on investigating the relationship of verbal STM and language impairment of
Cantonese speakers with aphasia, the present study will focus on verbal STM for Cantonese
item information instead of serial order information.

Given that verbal STM deficits are associated with language impairments, there is
growing attention to the effect of verbal STM training on aphasia treatment outcomes
(Kalinyak-Fliszar et al., 2011; Murray, 2012). Studies have indicated that treatment of STM
deficits generally have positive effect on patients’ responses to language therapy
(Kalinyak-Fliszar et al., 2011; Majerus et al., 2005). Nevertheless, more studies are needed to
establish concrete treatment design and identify variables that contribute to optimal
maintenance and transfer of treatment effects (Murray, 2012). In particular, there is a lack of
research investigating the performance of and the relationship between verbal STM deficits
and language impairments in Chinese speakers with aphasia. Although extensive research on
impaired memory and language of individuals with aphasia has been conducted, previous
studies mainly focused on alphabetic languages such as English and French. Owing to
cross-linguistic differences in Cantonese and alphabetic languages, it is necessary to verify if
findings in previous studies involving alphabetic languages can be generalized to Cantonese.
Studies of the relationship between verbal STM deficits and language impairments in
Cantonese speakers are therefore needed.

Unlike English and other alphabetic languages, Cantonese is a syllable-based language
with one syllable corresponding to one morpheme. In addition, Cantonese is a tonal language.
There are nine tones to indicate different lexical meanings in a syllable (So, 1996). Similar to
other Chinese syllables, Cantonese syllables have simple phonological structures, in

consonant-vowel (CV), consonant-vowel-consonant (CVVV) or consonant-vowel-consonant
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(CVC) configuration (Cheung & Kemper, 1994) while alphabetic languages might involve
consonant clusters in syllable initial or final positions (Giegerich, 1992). This simple
phonological structure allows Chinese words to be articulated in a faster rate (Cheung &
Kemper, 1994). As the amount of phonological information held in verbal STM is dependent
on rate of articulation, a faster articulation rate is expected to contribute to better memory
span performance (Baddeley, 1986). Chen, Cowell, Varley, and Wang (2009) also suggested
that shorter articulation time for digits in spoken Chinese accounts for higher digit spans than
English. This evidence suggests that linguistic differences in Cantonese have an effect on
recall span.

There are also a tremendous number of homophones in Cantonese, which is less
common in English (Li & Yip, 1998). Homophones are words with the same pronunciation,
but carrying different semantic meaning. They can be heterographic, e.g. /ts"a/ for the words

X (fork) and 3%(bad), or homographic, e.g. /fen’/ for the words 43 (scores) and 43 (separate).

Homophones have an identical phonological representation and share a common
phonological node, but the semantic representations among them are different (Caramazza,
Costa, Miozzo & Bi, 2001). With regard to this, Li and Yip (1998) suggested that processing
of spoken homophones would involve more levels of cognitive processing. For example,
recognition of homophones requires the processing of contextual information, so as to
facilitate the activation of corresponding semantic representation. Since the majority of
Cantonese words contain homophones, it is expected that the effectiveness of the activation
and retrieval of lexical representations of Cantonese words in verbal STM will also differ
from that of English words.

Moreover, Cantonese is considered to be a logographic language (Law, Yeung & Chiu,
2008). Native Cantonese speakers, especially those educated in Hong Kong, do not acquire

an alphabetic form of their spoken language (Law et al., 2008). There is a lack of
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grapheme-phoneme relationship in Cantonese, and instead, Cantonese speakers show reliance
of phonetic radicals for phonological information. The absence of grapheme-phoneme
correspondence in Cantonese results in poor phonological awareness among Cantonese
speakers (Law et al., 2008). As suggested in Mann and Liberman (1984), there is a moderate
correlation found between phonological awareness and verbal STM span. Therefore, it is
expected that poor phonological awareness among Cantonese speakers would give rise to
differential performance in verbal STM tasks as well.

Owing to the linguistic differences between Cantonese and alphabetic languages, it is
necessary to investigate if findings from previous studies involving alphabetic languages can
be generalized to Cantonese. Studies in the Cantonese population will be necessary to
identify whether the association between verbal STM deficits and language deficits exist in
Cantonese. The present study first compared the verbal STM and language performance of
Cantonese individuals with history of left hemispheric stroke (LH group), individuals with
history of right hemispheric stroke (RH group) and normal controls. Following that, the
relationship of performance in verbal short-term memory tasks and auditory linguistic tasks
of Cantonese speakers with aphasia was examined. Such understanding is essential to give
insight into future investigations on how the language deficits and co-existing verbal STM
deficits can be rehabilitated in Cantonese aphasic population. The hypothesis to be tested is
that Cantonese speakers with left hemispheric brain damage will show impairment on verbal
STM tasks when compared to Cantonese speakers with right hemispheric brain damage and
controls. This hypothesis is motivated by the findings from neuroscientific and behavioral
studies showing more left hemisphere involvement in both verbal STM and language
processing deficits in aphasia.

Method

Participants
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Twenty-five participants with a history of single and unilateral stroke, and 25 normal
controls (mean age = 55.00, S.D. = 9.01, range = 33 — 72) were recruited. The 25 individuals
with stroke were at least 6-month post onset. Fifteen of them had a history of unilateral left
hemispheric stroke (mean age = 54.87, S.D. = 10.07, range = 32 — 72), while the remaining
ten of them suffered from unilateral right hemispheric stroke (mean age = 58.50, S.D. = 6.60,
range = 47 — 67). In addition, all participants were native Cantonese speakers and
right-handed. Individuals with a significant hearing loss (i.e. over 30 dB HL), or motor
speech disorders that were moderate or severe in severity were excluded from participation.
The age (x five years), gender, and educational background (primary education or below /
secondary education / tertiary education or above) of the control participants were matched
with the stroke patients. All participants were informed of the details of the study including
purpose, procedure and more. Written informed consent (see Appendix A) was obtained from
all participants.

Table 1. The demographic information of participants with stroke

Subject Gender Age Education Side of Post-
affected onset
hemisphere  (Month)
1 M 60 Secondary L 24
2 M 56 Primary L 84
3 M 56 Secondary L 96
4 M 54 Secondary L 15
5 M 44 Tertiary L 10
6 F 48 Tertiary L 72
7 F 56 Primary L 48
8 M 72 Tertiary L 216
9 F 57 Secondary L 156
10 F 63 Primary L 192
11 M 59 Secondary L 51
12 M 60 Secondary L 25
13 F 65 Secondary L 192
14 F 32 Tertiary L 16
15 M 41 Tertiary L 64
16 F 62 Tertiary R 17
17 M 57 Secondary R 84
18 M 47 Secondary R 48
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19 M 53 Secondary R 204
20 F 62 Secondary R 60
21 M 51 Tertiary R 11
22 M 67 Secondary R 264
23 M 65 Tertiary R 156
24 M 64 Primary R 96
25 M 57 Secondary R 36

Note. F = Female; M = Male; L = Left; R = Right; Primary = Primary education or below; Secondary
= Secondary education; Tertiary = Tertiary education or above.

Materials

Participants with history of stroke were assessed with the Cantonese version of the
Western Aphasia Battery (CAB; Yiu, 1992). In addition, all participants were assessed with a
series of immediate serial recall (ISR) tasks and auditory linguistic tasks:

ISR tasks. The ISR tasks contained seven tasks with different stimuli presented
auditorily, including (1) digits; (2) monosyllabic high frequency non-words; (2) monosyllabic
low frequency non-words; (4) disyllabic non-words; (5) monosyllabic real words; (6)
disyllabic high imageability real words; and (7) disyllabic low imageability real words. Each
task list contained 2 to 11 item lengths, with four different stimuli at each item length. The
items did not repeat in the same list, except for the lists of 11 digits in ISR task for digits. The
lists were recorded in a female voice and stored in a computer drive.

In the ISR task for monosyllabic non-words, two sets of stimuli were used, with one set
composed of high frequency and another set of low frequency phonemes at onset and rimes.
This was to examine the effect of phonotactic frequency on recall of Cantonese nonwords.
All non-words in the lists were constructed based on the phoneme frequency table by Leung,
Law and Fung (2004). Both sets of stimuli contained task lists of 2 to 7 item lengths, with
four different stimuli at each item length (see Table 2). The constituent phonemes did not
repeat themselves in the same list.

Table 2. Constituent phonemes in the ISR tasks for monosyllabic non-words with reference to

phoneme frequency reported by Leung et al. (2004)

| ' High token frequency | Low token frequency |
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Onset k, 1, j, h, ts, t (>10000) t", 1, n, p", kw, kw" (<3000)
Rimes 9, ®i, eu, 1, a, ou, ei, € (>5000) ek, on, en, ce, au, ut, ap, an (<500)
Note: The total token frequencies for onset and rimes are 123,807 and 137,484 respectively.

The ISR task for disyllabic real words had two sets of stimuli, with one set of high and
the other set of low imageability items to examine the effect of word imageability on recall of
Cantonese materials. The words were sampled from A Test Battery for Chinese Aphasia (Law,
2007) and were all nouns. Both sets of stimuli contained task lists of 2 to 7 item lengths, with
four different stimuli at each item length. The words did not repeat in the same list.

Auditory linguistic tasks. A series of auditory linguistic tasks were administered,
including (1) auditory discrimination task; (2) auditory lexical decision task; and (3) auditory
word recognition task. The auditory discrimination task was adapted from A Test Battery for
Chinese Aphasia (Law, 2007), and the other two were designed with reference to
Psycholinguistic Assessments of Language Processing in Aphasia (PALPA) (Kay, Coltheart
& Lesser, 1992). The auditory discrimination task included 40 pairs of stimuli which were
identical pairs or minimal pairs different in tone, onset, nucleus, or coda. Lexical decision
task involved 20 real words and 20 non-words. The non-words were created based on
phonotactic rules of Cantonese syllables. The auditory word recognition task had a total of 40
items, which were composed of an equal number of high and low frequency nouns and verbs
(i.e. ten items in each category). There were four pictures presented in each trial, including
the target picture, phonological distractor, semantic distractor and unrelated distractor.

The stimuli lists are shown in Appendix B.

Procedure

All participants were assessed with a series of ISR tasks and auditory linguistic tasks.
The stimuli in all ISR and auditory linguistic tasks were recorded in a female voice and stored
in a computer drive. Stimuli were presented once to participants with soundproof headphones
connected to a laptop computer. To avoid complication from potential underlying deficits in

the orthographic output lexicon and visual analysis, written responses were not used in this
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study. Participants were instructed to give their answers orally in the ISR tasks, auditory
lexical decision task and auditory discrimination task, and by pointing in the auditory word
recognition task.

In each of the ISR tasks, all participants began the recall procedure with lists of two item
lengths. At each item length, there were four different stimuli. When a participant was able to
recall three or more stimuli at certain item length, s/he was required to recall stimuli in the
next item length condition. When a participant failed to recall three or more stimuli at certain
item length, the task was terminated. The stimuli were presented with an average of 200ms
intervals between different stimuli. The end of the sequences was marked by a beep sound
(1000Hz, 800ms). Participants were instructed to repeat the items orally after the beep sound.

Two practice trials were presented as an introduction to each of the ISR and auditory
linguistic tasks. Participants’ responses in the experimental trials were recorded and scored by
the experimenter. There was no time limit for each trial. All participants were able to finish
each trial within 60 seconds.

For participants with history of stroke, the Cantonese version of the Western Aphasia
Battery (CAB; Yiu, 1992) was administered in addition to the ISR recall tasks and the
informal auditory linguistic tasks to identify possible types and severity of aphasia in
participants with history of stroke. The participants in LH and RH group were assessed with
sub-tests related to oral language including: spontaneous speech, auditory comprehension,
repetition and naming. The scores in the above subtests were obtained. The total aphasia
quotient (AQ) was also calculated as an indicator of the severity of aphasia.

Scoring

Immediate serial recall (ISR) tasks. A given trial was regarded as correct when all

items were recalled in their exact pronunciation. Phonemic paraphasia and perseveration were

not accepted. The span performance was defined as the greatest length at which the
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participant could recall at or more than 75% accuracy (i.e. correct in three out of four trials).
For participants who failed to achieve 75% accuracy at the lists of two items, span length was
marked as one if the participant could consistently recall one of the two items in the lists.
Otherwise, span length was recorded as zero.

Auditory linguistic tasks. As the auditory lexical decision and auditory discrimination
tasks required Yes-No responses, sensitivity indexes (d’) of the tasks were calculated as
d' = Z(hit rate) - Z(false alarm rate) (Macmillan & Creelman, 2004). As for the auditory word
recognition task, percentage scores of each participant were calculated with the following
equation:

number of correct trials

ercentage score = - x 100%
P & total number of trials 0

Data and statistical analysis

In order to compare the verbal STM capacity across the three groups, a non-parametric
Kruskall-Wallis test was performed using SPSS with o = .05. The main effects of groups were
examined, followed by pairwise comparisons to indicate the levels which the differences
existed. Pairwise comparisons were performed with the use of Mann-Whitney tests, with
alpha values adjusted through Bonferroni correction. In addition, Wilcoxon Signed Rank tests
were performed in order to compare recall performance between real words and non-words in
LH group participants.

To examine the relationship of verbal STM deficits and language impairment in the LH
group, their performance in ISR tasks were correlated with AQ and comprehension score in
CAB using non-parametric Spearman Rank-Order Correlation. In addition, the relationships
between comprehension score in CAB and performance in auditory linguistic tasks were also
examined through multiple regression analysis.

Finally, the association between individual memory and auditory linguistic task



VERBAL STM DEFICIT AND ITS RELATION TO LANGUAGE IMPAIRMENT 13

performance was examined. The LH group performances in seven ISR tasks were correlated
with performance in three auditory linguistic tasks, with the use of Spearman Rank-Order
correlation.
Results

The descriptive statistical data for performance of all participants on different tasks are
summarized in Table 3. The standardized residual plots indicated skewed distribution and
kurtosis in most of the dependent variables. The control group had the best performance
across all tasks, whereas the performance of the LH group was the poorest. Furthermore, the
ranges of performance in LH group were the greatest for all tasks, except for ISR tasks of

monosyllabic high frequency non-words.
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Table 3. Descriptive statistics of the scores in the three participant groups.
LH group RH group Control
Mean SD Range Mean SD Range Mean SD Range
AQ 71.25 27.66 22.80-100.00  98.57 2.37  92.20-100.00 / / /
Comprehension 7.44 2.81 2.25-10.00 9.93 0.14 9.55-10.00 / / /
Auditory discrimination(d’ score) 2.60 2.00 -0.61-5.15 4.39 0.97 2.56 -5.15 441 0.85 2.56 -5.15
Auditory lexical decision (d’ score) 2.76 1.12 0.14-4.22 3.55 0.51 2.68 —4.22 3.94 0.71 2.12-5.15
Auditory word recognition (% correct) 85.17 21.29  32.50 -100.00 99.25 1.21  97.50 -100.00 99.50 1.02 97.50 - 100.00
LH group RH group Control
25" Median 75" 25" Median 75" 25" Median 75"
ISR for digits 3.00 7.00 8.00 7.75 9.00 9.00 9.00 9.00 10.00
ISR for monosyllabic HF NW 1.00 1.00 2.00 1.00 2.00 3.25 2.00 3.00 4.00
ISR for monosyllabic LF NW 0.00 0.00 1.00 1.00 1.00 2.00 1.00 1.00 2.00
ISR for disyllabic NW 0.00 1.00 2.00 2.00 2.00 2.25 2.00 2.00 3.00
ISR for monosyllabic RW 1.00 3.00 5.00 5.00 6.50 7.00 5.00 5.00 7.00
ISR for disyllabic HI RW 1.00 2.00 4.00 3.00 4.00 4.00 4.00 4.00 4.50
ISR for disyllabic LI RwW 1.00 2.00 3.00 3.00 3.50 4.00 3.00 3.00 4.00

Note. SD = Standard Deviation; 25" = 25" percentile; 75" = 75" percentile; AQ = Aphasia Quotient; ISR = Immediate Serial Recall; NW = Non-word; RW =
Real Word; HF = High Frequency; LF = Low Frequency; HI = High Imageability; L1 = Low Imageability. As the control group was not tested on CAB, AQ of
participants in the control group were not obtained. A slash indicates that these data are not available.
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Since most data sets had a skewed distribution and kurtosis, and had heterogeneous
variances, non-parametric Kruskall-Wallis test was performed to compare performances
among the three groups. After that, pairwise comparisons were performed with the use of
Mann-Whitney tests, with Bonferroni correction to adjust alpha value (0.05/3 = 0.017). The
results of the Kruskall-Wallis test main analyses and Mann-Whitney pairwise comparisons
are summarized in Table 4. The differences among the performances of the three groups were
statistically significant for all tasks. As in the post hoc analyses, differences between the
performance of the LH and control groups were statistically significant across all tasks.
Significant differences were also found between the performance of LH and RH groups in all
tasks, except for ISR for monosyllabic high frequency non-words. However, performance of
RH and control groups were not significantly different in any of the tasks

Table 4. Results of Kruskall-Wallis tests in main analyses and Mann Whitney pairwise
comparisons between the performance of the three groups.

Tasks Main effect Pairwise comparisons (df =1)
(df=2) LHvs.RH RHvs.Con LHvs.Con
Auditory discrimination (d’ score) 10.10** 33.50* 122.00 84.50**
Auditory lexical decision (d” score) 13.39** 38.50* 80.00 65.50**
Auditory word recognition (% correct) 16.34** 30.50* 112.50 67.50**
ISR for digits 26.48** 19.00** 76.00 16.50**
ISR for monosyllabic HF NW 12.24** 48.00 89.00 67.50**
ISR for monosyllabic LF NW 16.21** 32.50* 109.00 59.00**
ISR for disyllabic NW 17.18** 38.00* 82.50 57.50**
ISR for monosyllabic RwW 16.00** 17.50** 98.50 68.50**
ISR for disyllabic HI RW 18.70** 34.00* 77.00 52.00**
ISR for disyllabic LI RW 17.92** 26.00** 110.00 48.00**

Note. LH = LH group; RH = RH group; Con = Control; df = degree freedom; ISR = Immediate Serial
Recall; NW = Nonword; RW = Real Word; HF = High Frequency; LF = Low Frequency; HI = High
Imageability; LI = Low Imageability. *p < .05 (1-tailed) in main effect / adjusted p <.017 (1-tailed) in
pairwise comparison; **p < .01 (1-tailed) in main effect / adjusted p <.003 (1-tailed) in pairwise
comparison.

In addition, Wilcoxon Signed Rank tests were performed and indicated that the LH

group’s recall performance in monosyllabic high frequency non-words were significantly
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poorer than that in monosyllabic real words (Z =-2.96, p < .01). Recall performance in
monosyllabic low frequency non-words was also significantly poorer than in monosyllabic
real words (Z = -3.42, p <.01). Wilcoxon Signed Rank tests were also performed and
indicated significant differences between the group’s performance in disyllabic high
imageability real words and non-words (Z =-3.17, p <.01), and between disyllabic low
imageability real words and non-words (Z = -2.49, p <.05). The LH group’s recall
performance with real words was better than non-words.

Correlations tests were conducted to examine the association between memory and
language performance. The analysis was limited to the LH group as all participants in this
group were diagnosed with a certain level of language impairment (as diagnosed by CAB).
Severity of aphasia (in terms of AQ) in the LH group, and their performance in CAB
comprehension sub-tasks were correlated with their performances in different verbal STM
tasks. The results of correlations are displayed in Table 5. The Spearman's rank correlation
coefficients were statistically significant for all correlations.

Table 5. Spearman’s Rank Correlation between AQ, comprehension score of LH group and
their performances in different verbal STM tasks

Correlation Coefficient

AQ Comprehension
ISR for digits .856** .885**
ISR for monosyllabic HF NW .486* 551*
ISR for monosyllabic LF NW T79** .832**
ISR for disyllabic NW 916** .815**
ISR for monosyllabic RwW .829** .158**
ISR for disyllabic HI RW .188** 822**
ISR for disyllabic LI RW 687** 730**

Note. ISR = Immediate Serial Recall; NW = Nonword; RW = Real Word; HF = High Frequency; LF =
Low Frequency; HI = High Imageability; LI = Low Imageability; AQ = Aphasia Quotient.
*p <.05(1-tailed); **p <.01 (1-tailed).

Besides, the association between individual memory and auditory linguistic tasks
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performance was examined. The correlation analyses were performed only in the LH group,
as the study aims to explore the relationship underneath impaired STM and language
processes. Table 6 shows the correlations between the performance of the LH group in all
ISR and auditory linguistic tasks. The Spearman's rank correlation coefficients were
statistically significant in almost all correlations between ISR tasks with auditory
discrimination and auditory word recognition tasks, except ISR task for monosyllabic high
frequency non-words with the auditory word recognition task. Performances in five (out of
seven) of the ISR tasks did not correlate with that in auditory lexical decision tasks. In
addition, Mann-Whitney U test was performed to compare all participants’ performance in
auditory lexical decision and auditory discrimination tasks. The test indicated significant
higher false alarm rate in auditory lexical decision than auditory discrimination tasks (U =
659.5, p <.001). This suggested that the participants, regardless of the group they belong,
performed significantly poorer in auditory lexical decision task than in auditory
discrimination task.

Table 6. Correlations between performance of the LH group in ISR and auditory linquistic

tasks (n=15).

Auditory Auditory Auditory

discriminati lexical word
on (d’ score)  decision (d>  recognition
score) (% correct)
ISR for digits .902** 289 .790**
ISR for monosyllabic HF NW .654** -.048 375
ISR for monosyllabic LF NW .688** 345 .655**
ISR for disyllabic NW A37** 387 921**
ISR for monosyllabic RwW 7133** 527* 627**
ISR for disyllabic HI RW .814** 353 .664**
ISR for disyllabic LI RW 738** A442* 515*

Note. ISR = Immediate Serial Recall; NW = Nonword; RW = Real Word; HF = High Frequency; LF =
Low Frequency; HI = High Imageability; LI = Low Imageability. *p <.05; **p <.01 (1-tailed)

Lastly, simultaneous multiple regression analysis was performed to test if the LH
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group’s performances in auditory linguistic tasks predict comprehension score in CAB. Table
6 shows the result of analysis. The overall regression equation was highly significant [F(3, 11)
=38.65, p <.001, R? = .913].

Table 7. Simultaneous Multiple Regression Analysis on Comprehension score in the LH
roup.

b SE /] t
Auditory discrimination (d’ score) 518 .148 .368 3.49**
Auditory lexical decision (d’ score) 011 .380 .004 .028
Auditory word recognition (% correct) .095 022 122 4.29**
Note. **p <.01 (1-tailed).
Discussion

The aim of this study was to examine the relationship between verbal STM tasks and
auditory linguistic tasks for Cantonese speakers with aphasia. Verbal STM performance and
language performances (in terms of auditory linguistic performances) were compared
between LH, RH and the control groups. The result of comparison confirmed the hypothesis
that participants in the LH group would perform significantly worse than those in the RH and
control groups in both verbal STM and auditory linguistic tasks. There was no significant
difference found between the RH group and the normal controls (see Table 4). No significant
verbal STM weakness or language impairment was found in the RH group. Therefore, verbal
STM deficits and language impairment were considered to be specific to Cantonese
individuals with left hemispheric stroke history, in which the pattern is coherent with the
hypothesis that left hemisphere is usually involved in verbal processing (Gillespie, Bowen, &
Foster, 2006). The result also shows that brain damage per se cannot explain the relationship
between verbal STM and language impairments. Only damages in language dominant left
hemisphere appear to be associated with verbal STM deficits. Moreover, the fact that verbal
STM impairments (as compared to controls) were not observed in RH group participants,

who do not have language impairment, implies that verbal STM impairments reflect language
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processing deficits but not in reverse. Such findings supported the previously mentioned
STM models, which suggested that that recall of verbal materials are supported by long term
language knowledge (Attout et al., 2012; Majerus, 2009). Individuals with impairment in the
language network will lead to breakdown in the process of spreading activation (Martin &
Saffran, 1992; Martin & Saffran, 1997) or redintegration (Martin, 2009), and will eventually
result in reduced ability to maintain phonological information in the verbal STM.

Correlations tests were conducted to examine the association between verbal STM
performance and language performance in the LH group. The correlation measures indicated
that language performance in terms of CAB comprehension score was significantly correlated
with performance in all ISR tasks (see Table 5). This suggests an association between verbal
STM performance and receptive language ability. Similar findings were also reported in the
study of Leff et al. (2009), which suggested that verbal STM performance is a determining
factor of speech comprehension ability. In addition, the LH group’s language performance in
terms of AQ also showed statistically significant correlation with all ISR tasks. AQ is a
combined score of various aspects of language performance, including fluency, receptive and
expressive language. Such findings show that that verbal STM performance is not only
associated with receptive language performance, it is associated with multiple aspects of
language performance. This is consistent with findings in other recent studies, in which links
between verbal STM and repetition (Majerus, 2013) and links between verbal STM and
language production were reported (Acheson, Hamidi, Binder, & Postle, 2011; Koenigs et al.,
2011)

According to the current results, ISR tasks had moderate to high correlations between
auditory discrimination and auditory word recognition tasks. However, the auditory lexical
decision task, which requires one to discriminate between words and non-words, did not

appear to have significant correlation with most ISR tasks (see Table 6). As the result showed
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that the false alarm rate in auditory lexical decision task was significantly higher than that in
auditory discrimination tasks, it can be concluded that there is a floor effect in the auditory
lexical decision task. Both the stroke participants and controls tend to fail in rejecting
non-words. In other words, the task is not sensitive to detect verbal STM problems.

The current results also showed that Cantonese speakers with aphasia had more
difficulties with non-words than real words, and this could be attributed to one’s poor
performance in auditory lexical decision task regardless his/her verbal STM span
performance. According to Cutler and Chen (1997), Cantonese listeners were much slower in
lexical decision task involving tone. Besides, they were more likely to recognize a non-word
as a real word when the difference was only in tonal value (Cutler & Chen, 1997). The same
type of errors in lexical decision was also demonstrated by the LH group participants in the
present study. Some participants, who repeated the stimuli after the recording, perceived
non-words as real words with another tone, e.g. /ko22/ (a non-word) was perceived as /ko33/
(a real word). Besides participants in the LH group, normal controls in the present study also
performed statistically significantly better in recognizing real words than non-words.
Nevertheless, normal controls outperformed LH group participants in the tasks. Therefore, it
is proposed that Cantonese speakers in general have more difficulties with non-words and
lexical decision tasks because of the lexical tone in Cantonese.

In general, the results from this study revealed a correlation of language impairment and
verbal STM deficit in Cantonese individuals with aphasia. Such relationship is similar to that
found in populations speaking non-tonal languages (Attout et al., 2012; Majerus, 2009;
Martin & Ayala, 2004; Papagno, Vernice, & Cecchetto, 2013). But one key difference is that
Cantonese speakers demonstrated more difficulties in recall of non-words and in lexical
decision tasks. It is therefore expected that treatment on verbal STM in Chinese speakers with

aphasia can be done similarly to English for facilitating language rehabilitation. Particular
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attention could be given to memory for non-word stimuli and training of tone awareness in
nonword stimuli.

As for research on aphasia treatment, training on verbal STM by means of recall is
reported to be effective. In the studies conducted by Kalinyak-Fliszar et al. (2011) and
Majerus et al. (2005), gains were observed in both language and span performance.
Individuals with aphasia were first trained with immediate recall of words and non-words
lists. The duration of the interval between stimuli would gradually increase, thus aiming to
enhance activation of language representations and the participants’ ability to maintain those
representations in verbal STM for longer periods (Kalinyak-Fliszar et al., 2011; Majerus et al.,
2005). When one is able to hold phonological information for longer periods, there would be
more buffering time for the comprehension of verbal input. Hence, language performance
would be improved (Attout et al., 2012; Kalinyak-Fliszar et al., 2011).

Based on the findings in the present study, the rationale of the recall approach is
applicable to Cantonese speaking population as well. As ISR tasks have moderate to high
correlations between auditory discrimination and auditory word recognition tasks, it is
hypothesized that the recall approach, which is similar to ISR tasks in nature, will have
positive effects on auditory discrimination and auditory word recognition in Cantonese
speakers with aphasia. Furthermore, the improvement in auditory discrimination and auditory
word recognition tasks performance is expected to result in a gain in comprehension ability
(Duffy & Coelho, 2001). Regarding the high correlation between the two auditory linguistic
tasks and comprehension score, it can be hypothesized that there are common neural
processes for auditory discrimination/auditory word recognition and general receptive
language ability (in comprehension of words, sentences and questions). Based on this
hypothesis, improvement in auditory discrimination and auditory word recognition may

potentially facilitate rehabilitation of general comprehension ability. In sum, the recall
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approach proposed by Kalinyak-Fliszar et al. (2011) and Majerus et al. (2005) is expected to
facilitate rehabilitation of receptive language ability in Cantonese speakers as well. But
unlike the studies in Kalinyak-Fliszar et al. (2011) and Majerus et al. (2005), recall training
for Cantonese speakers with aphasia should pay special attention to the tone differences
between words and non-words, as tonal contrast between non-words and real words are
significantly more difficult to Cantonese speakers. For example, non-words stimuli which
differ from real words in tone can be specifically treated, so as to strengthen the ability to
maintain tonal information in verbal STM. Thus, lexical tone perception in individuals with
aphasia could be improved.

Besides, as results in the present study showed that performances in auditory
discrimination and auditory word recognition tasks had high correlation with comprehension
score in CAB, it is expected that assessment in one’s auditory discrimination and auditory
word recognition ability could give valuable information to evaluate his/her receptive
language ability. As mentioned above, improvements in auditory discrimination and auditory
word recognition are expected to facilitate rehabilitation of receptive language ability. In
addition, according to Schuell’s stimulation approaches of language intervention, constant
training in auditory discrimination and auditory word recognition tasks would provide
repetitive sensory stimulation to auditory cortical regions which are hypothesized to be
involved in general receptive language function (Duffy & Coelho, 2001). It is therefore
expected that direct training in the two auditory linguistic tasks would be facilitative to
rehabilitation of receptive language function.

In contrast, performance in auditory lexical decision task was found unrelated to one’s
performance in CAB comprehension sub-task, probably due to Cantonese non-words in
relation to processing of lexical tone. Despite the fact that the auditory lexical decision task is

a common assessment task in studies with non-tonal languages (Majerus et al., 2001; Martin
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& Gupta, 2004; Papagno et al., 2013), it is not sensitive to comprehension ability in
Cantonese speakers. Nevertheless, treatment in auditory lexical decision task might help to
improve tone awareness in Cantonese speakers with aphasia. As the recognition of spoken
Cantonese words relies on the acuity in lexical tone perception (Cutler & Chen, 1997),
improvement in tone perception is expected to have positive effect in comprehension ability.
Limitations

One of the limitations of the present study is the small sample size in each group. As the
number of participants was small, this led to inflation in error rates and resulted in a lack of
representation of the population (Cantonese speakers with aphasia). The sample was less
reflective of the population. Therefore, generalizability of the results was reduced. Readers
should be cautious in the interpretation of the results. Another limitation is the exclusion of
patients with more severe grade of aphasia. This group of patients was not included in the
study because most of these patients presented co-occurring motor speech disorder, at
moderate or severe level of impairment. Therefore, the findings in the current study might not
be reflective of Cantonese individuals with severe language impairment.
Recommendations for future studies

The hypothesis that the auditory lexical decision task is not related to comprehension
ability should be further verified. Further testing shall be done on auditory discrimination of
different types of non-words and real words, including (1) Cantonese non-words and real
words which differ only in tonal value; (2) Cantonese non-words and real words which differ
only in one phoneme (onset, nucleus, rime); and (3) non-words which do not follow
phonotactic rules in Cantonese words (for example, syllabic structure of V/CV/CVC) as this
will have implications for whether speech pathologists should assess and/or provide treatment
using lexical decision tasks for Cantonese speakers with aphasia.

As training on verbal STM tasks and direct treatment in two auditory linguistic tasks
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(auditory discrimination and auditory word recognition) are hypothesized to facilitate the
rehabilitation of receptive language ability, future research may evaluate and compare the
treatment efficacy in these two approaches. This would have implications for models of
language processing in aphasia and help to distinguish between the importance of verbal
short term memory and linguistic knowledge in explaining comprehension impairment.
Conclusion

In the present study, the LH group performance in auditory discrimination and word
recognition tasks showed moderate to high correlations with their performance in almost all
ISR tasks. But the LH group’s performance in lexical decision task did not appear to have a
significant correlation with their performance in most ISR tasks. It is hypothesized that
treatment on ISR tasks will have positive effects on auditory discrimination and auditory
word recognition in Cantonese speakers with aphasia, which further facilitate rehabilitation of
receptive language ability. Moreover, the results suggest that Cantonese speakers have more
difficulties correctly identifying non-words than real words. It is suggested that lexical tone
processing in Cantonese give rise to additional difficulty in non-word processing and lexical
decision tasks. The role of lexical tone in phonological processing of tonal languages should
be further investigated, as this will have implication on whether lexical decision tasks should

be implemented in assessment and/or treatment for Cantonese speakers with aphasia.
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Appendix A — Sample Consent Form

Participant Information
Research study: Verbal STM deficit and its relation to language impairment in
Cantonese speakers with aphasia

You are invited to take part in a research study as part of a student project conducted by Year
4 student, Koon Nim Ting, in the Division of Speech and Hearing Sciences at the University
of Hong Kong. The project is under the supervision of Professor Brendan Weekes and Dr.
Diana Ho from Division of Speech and Hearing Sciences, the University Hong Kong and Dr.
Anthony Kong from Department of Communication Science and Disorders, the University of
Central Florida.

Please read this information sheet to understand the details before you decide if you will
participate in this study. You can also discuss with your relatives, friends and other health
care professionals about participation in this study. If you want to know even more details,
you are welcome to ask the researchers any questions.

Purpose of the study
The aim of this research is to find out how aphasic patients at the age of 18 or above process
language in the brain, and how language processing is related with short term memory.

Procedures

In this study, you will be asked a few questions about your background and medical history.
After that, you will be required to participate in three memory testing (Digit Span Test,
Non-word Repetition Test, and Immediate Word Recall Test) and three language testing
(Auditory Discrimination Test, Same/Different Judgment Test, and Word Recognition Test).
The assessments will be performed at Hong Kong Society for Rehabilitation Community
Rehabilitation Network, elderly centres, elderly homes or at the clinic of Division of Speech
and Hearing Sciences, the University Hong Kong. The whole procedure will take
approximately 1 hour.

Potential risks / Discomforts and their minimization

The memory and language testing will not do any harm to you. Nevertheless, high level of
attention and concentration is required to complete the tests. You may feel tired during the
testing. We will try to minimize your tiredness as you can use different speed and time to
finish the testing. You can ask for breaks when you feel tired. We will give you breaks every
30 minutes.

Video-recording

In addition, for research purposes, we would like to videotape your participation for further
data checking. You can accept or reject being videotaped before the testing. If you accept to
be videotaped, we will use video-camera to record the whole procedure. You can review the
video-recording at any time and ask us to erase part or whole of the video-recording. The
video-record will be converted into a computer file. It will be stored in a computer of the
Division with password protection. After the research study, the entire videorecord will be
erased.

Potential benefits
We will tell you the assessment results and treatment directions briefly after the assessments.
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Your participation will provide valuable information for our understanding in language
processing and its relationship with short term memory.

Confidentiality

Any information obtained in connection with this project and that can identify you will
remain confidential. The data and test results will be stored securely without the participants’
names on them. Participant codes will be used to label data instead of using names such that
participants cannot be identified. Information about your identity will not be shared with
anyone outside of the research team.

Participation and withdrawal
Your participation is voluntary. This means that you can choose to stop at any time without
negative consequences.

Questions and concerns

If you have any questions or enquiries regarding this study now or in the future, please feel
free to contact the investigator Ms. Koon Nim Ting (Tel: 6842-6922, Email: koonnt@hku.hk).
If you have questions about your rights as a research participant, please contact the Human
Research Ethics Committee for Non-Clinical Faculties, HKU (2241-5267).

Thank you for your interest in this research project. If you wish to take part in the research

Participant Consent Form

1. 1 hereby consent to take part in the research study:
“The relationship between memory and language impairment in aphasic patients”.

2. | have carefully read the information sheet, and | had been fully explained the details of
the study, including the procedures, arrangements and potential risks of the experiment.

3. | ogive o do not give my permission for the researchers to videotape the
assessment sessions for research purposes.

4. | have been told that my privacy will be maintained at all times. Any information that
reveal my identity, including medical history, assessment results and video recordings, will
not be disclosed.

5. | understand that | am free to withdraw from the study at any stage, and that my
withdrawal will not cause any harm to my relationship with Division of Speech and Hearing
Sciences, the University of Hong Kong.

Name of participant Signature Date

Name of investigator Signature Date
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Appendix B — List of stimuli

Immediate Serial Recall (ISR) Tasks|

1. ISR for digits

Length | Stimuli Length | Stimuli

82 2541730

5 14 y 7296180
60 9042783
75 6089213
207 64392781

3 193 8 13925047
051 34205681
684 82316497
3209 894613702

4 1785 9 281073495
9743 627931584
8256 713024918
90237 5746932081

5 86541 10 0261749538
27398 8215369740
40615 4028936517
957186 18392064057

6 508394 1 86293051741
910562 20914725836
642973 31750928604
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2. ISR for monosyllabic nonwords

Length High frequency (HF) Low frequency (LF)
kil to3 kweel nanl
9 le3 ti3 phonl kwhut9
jeil o5 thoel kwanl
jei2 hel nek7 thonl
tseil heul kel nenl kwhap7 nut7
3 hil kei4 la2 thek7 kwaul nut7
jei2 ta3 105 kwhonl pheel naul
1i2 joul te3 phut7 kwaul theel
houl 1&3 tsol jei2 kwhonl thaul neel kwenl
4 kil tsou4 hei3 teil thaul kwonl phan3 ncel
tseu4 13 ka4 houl kwaul gon2 kwhap7 thut7
ti3 kei4 la6 ho3 phan3 kwonl neel thek7
tsa5 105 jel keid hil theel nap7 phenl paul kwut7
5 tseil kel 1i2 joul ta3 nel phenl kwek7 thaul non2
ko6 heul jel ti3 leil kwenl thek7 phonl neel naul
jal teil tsou4 hei3 leu3 kwhap7 nut7 theel phonl kwek7
tseu4 jel ta3 leil ho3 kei4 nagl kwenl phap7 thek7 naul kwheel
6 jeil ho3 teil kil 13 tseud phap7 kwanl nenl theel kwhonl naul
houl to3 kei4 tsi4 1e3 jal kwhut7 phan3 neel thek7 nap7 kwaul
lei3 hil tsou4 jel ko6 ta3 thap7 kwek7 kwheel naul phenl nut7
ti3 ka4 lou3 ha3 tseil jeil kei4 thut7 ncel nek7 phonl kwap7 naul kwhan6
; heul ta3 ko6 jel tsou4 teil leil kwhap7 thanl gut7 phonl nenl kwut7 theel

tsolleil kou4 hil ta3 jel 1i2
hei3 1€3 ti3 tsoud jeil kil ho3

pheel nut7 thek7 kwaul nenl phonl kwhap7
kwonl thaul neel phut7 kwhap7 nek9 thanl
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3. ISR for disyllabic NW

Length | Stimuli

flotd =
SN

wE Bk
s EA

Ay pHal EE
Bl A st
158 R REF
£ HE +=

08 B0 3BT A9
HEE o dE E HEE
sRAE K% OKEF 3R
o P D = b=

R L I F e S|
fRIE AL i IrfF AIE
'R TH A He 7

wEH & wE ME K=

ml feey FEE JIdb Uik mE
HE N RR JtfE FER OE
T UEE fEEl Rk £fE E
w52 VT R e A BT

B EH BRE Aa L EE [Eit
NI S RAVARNE /5 B S I e
HzZE Rl oA &K R PEERE
s S s S N S S AV <74
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4. ISR for monosyllabic RW

M8 mfE N QL b s << B R N R E

W B o H R EQKEE Y B R s E ON

B < K ®BEEREXLEEEX DR EEERREZSERIE

B fe - RO e WP B E R EE R EXKRR XX NE R &% R

W EEE N B RO X NWERZX ||IEdEOKAEEREEHRTEKRER IR EK

= =[N 1 @ H[E KR & B CE|N DR SO W e X iE J $E(oE 4 8 K - K H |k =

m\ AR g~ KK # R | S <G = H PSR i B O T o SR EE ) K IR O R X m O R
<

2 S A 2 LA L A A A

|
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5. ISR for disyllabic real words

37

Length High imageability (HI) Low imageability (LI)
MEE el fladt
) =g R4R FRED =%
wioe BHAO Bk BoE
RO EDY haa  antd
FrEL M SR iz [REE 1ok
3 R OB EE BE iE
K Rax S &M mE F|XA
HE R B LY
RZE HlE 27 &7 ffr&y &1 ZE4E B
A AR AN MRE ol Jobe JFE WiE HEE
HE K H#E =& B 5 sk HR
wroH ROl EPER EE &y BRED BB Jola
[IE1 S = 1 S B 7 o4 Wi g ek hE FEt
5 K& BWA & BHO R EWOMREE O ZH P
REE M@t R IRE IS FEL ERH BEE ER o
HE N 2P e R R G &Y % W
HE B BY T MEE EE FLA B = (BE bEE BRED
6 RZE =i ER UE wmiE KE WA Thea F &P BE St
HE U HE BEr K&K Ba &y ol e W EE BoE
g HEEE R REE Rk JOfE oofs PREE P B R D
WA REE &N =Y EE WE B FE O GF Q8 FE R @ O WE
. | 2AT MR T R CR& BE B Bk \E =F sk B0 s R
B BrER EiER dn REE 2P IRE  ThEE D REE IREE Bex W RY
o =i &Y Mk U &N Bt BodH @R B B i R 4
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IAuditory Linguistic Tasks|

1. Auditory lexical decision task 2. Auditory discrimination task

Item no. Target IPA Item no. Minus  Stimulus1  Stimulus 2
1 5 /mund/ 1 tone it=! B
2 / /iel/ 2 / ik it
3 =1 /niu3/ 3 / T T
4 / /leil/ 4 onset Efl
5 / /ltheel/ 5 / fit fi
6 ¥a) Ikeu2/ 6 / & &
7 & lley4d/ 7 nucleus % 8H
8 / /kwonl/ 8 / &5 e
9 R /buil/ 9 coda HE #H
10 / [fa2/ 10 / y i
11 Zt /keil/ 11 onset =4 i
12 / /kil/ 12 tone =t P
13 T /"2 / 13 / Jila il
14 / Iteil/ 14 / i i
15 / 2/ 15 coda = T
16 i /kweil/ 16 / ® ®
17 = Iwen4/ 17 tone = P
18 / /thaul/ 18 / /N /N
19 Foe /ken3/ 19 nucleus 11f] 55
20 / /phonl/ 20 / e 5
21 1E [fall 21 onset &= 5%
22 7K Iscey2/ 22 / ¥ ¥
23 / ljall 23 / i3 Tk
24 / /1€3/ 24 nucleus A i
25 / /ko6/ 25 coda iH HH
26 5% Itsyl/ 26 / b b
27 i /hai4/ 27 nucleus = B
28 / /hil/ 28 onset & b3
29 o Itsonl/ 29 / %5 %5
30 / /naul/ 30 nucleus =% ]
31 Tt Isy6/ 31 / = ZE
32 e Its"en1/ 32 / s F
33 / /tsol/ 33 tone i L
34 / i3/ 34 / JéE Jé
35 / /kwenl/ 35 / g =5
36 4% /ts"in2/ 36 / i i
37 iR /nan5/ 37 onset 8 i
38 / kweel 38 coda H ]
39 = /bak1/ 39 / ® %
40 / /kwhonl/ 40 tone i ¥
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3. Auditory word recognition tasks

Category Item Target Phqnological S_emantic U_nrelated
no. distractor distractor distractor
1 & fif 16 &
2 8 E i e
3 S = E 2N
4 F i HAl &
Noun (High 5 i Rz B i
frequency) 6 i s & 5
7 i & 7K
8 s = % e
9 B & iz i
10 B B & i
1 iz i i
2 E =S 4 i
3 i A A
4 21 T i B
Noun (Low 5 R ] £ 3 2
frequency) 6 = 8 2 iR
7 A & Afi %
8 el 5y 4l &=
9 i it et &
10 Fal 1L & &
1 % Bk U X
2 A B i i
3 (G fif ® ¥
4 5 g 5 () 7
Verb (High 5 Y] &5 *h ES
frequency) 6 X e (55) & i
7 IR B R B
8 M, i % J]
9 =3 C X iR
10 2} = Bk =
1 7% ft ® P
2 5 T = =
3 58(%) i | FT(ER) Bk
4 L i i £
Verb (Low 5 1% AN % B
frequency) 6 Bk % gl PN
7 e = () i
8 & fa FHCR) 7
9 e P 7 iz
10 il i i K
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