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1. Introduction

Spoken discourse production has been increasingly recognised as an important source
for assessing language competence of persons with aphasia (PWA). Some linguistic
measures, such as type-token ratio (TTR), or mean length of utterance, can be auto-
mated, if transcripts of relevant discourse productions are available, to assist PWA
discourse analysis. Other types of measures, such as main concepts (Dalton &
Richardson, 2015; Dalton & Richardson, 2019; Kong, 2009; Nicholas & Brookshire,
1995; Richardson & Dalton, 2016; Richardson et al., 2021), content units (Yorkston &
Beukelman, 1980), Correct Information Units (ClUs, Nicholas & Brookshire, 1993) and
main-events (Capilouto et al., 2005) require subjective judgements by trained annota-
tors. While these measures are informative in revealing different aspects of language
competence and deficiencies of PWA, they often involve labour-intensive and time-
consuming processes, such as transcription and annotation, and have seldom been
used in real-time clinical practices. Thus, there is a need for standardized and norm-
referenced measures that can be easily applied in clinical settings.

Recently core lexicon analysis has been developed and proposed as a feasible and easy-to-
use measure for PWA assessment (Dalton & Richardson, 2015; Kim, Berube et al., 2022; Kim
et al, 2019; Kim & Wright, 2020). The basic assumption of core lexicon analysis is that
functional communication abilities during discourse production tasks can be evaluated via
a set of typical vocabularies or a core lexicon (MacWhinney et al., 2010). A core lexicon list
based on productions by healthy controls for a specific task could index PWA'’s ability to
retrieve words at discourse level for that task. Such task-specific and norm-referenced core
lexicon lists are useful in clinical settings as clinicians can assess PWA’s spoken discourse
production by checking the list in real time. Core lexicon lists have proved to be effective in
distinguishing PWA from control groups as well as subtypes of aphasia (S. G. Dalton &
Richardson, 2015; Kim et al,, 2021, 2019). They also significantly correlate with linguistic
measures, such as correct information units, lexical diversity, syntactic complexity (Kim &
Wright, 2020), main concepts (Dalton & Richardson, 2015), thematic units, and coherence
measures (Kim & Wright, 2020), suggesting good concurrent validity. The core lexicon lists
have also achieved acceptable interrater reliability even for raters with very limited experience
and training time (Kim & Wright, 2020). Thus, a well-built core lexicon list saves the time for
recording, transcribing and annotating discourse production as required by most traditional
measures, such as TTR and is more objective than other measures, such as main concepts,
which require long-term trainings and are difficult to maintain inter-rater consistency.

Several English core lexicon lists have been constructed in previous studies for English-
native PWA. Dalton and Richardson selected spoken discourse production data of the Broken
Window task from the AphasiaBank by 92 healthy participants as a normative sample and
created a core lexicon list of 24 lemmas that were produced by 50% or more people in the
group (Dalton & Richardson, 2015). Then they calculated the number of lemmas produced by
PWA (n= 235) and another healthy group (n = 166) that matched the core lexicon list (also
called CorelLex) and found a significantly difference between PWA and healthy controls as well
as between Broca’s aphasia and other aphasia subtypes (e.g., anomic, conduction and
Wernicke's, but no significant differences among these latter subtypes) in terms of CoreLex.
A novel contribution of the study is that for PWA and for all within subgroups, CorelLex
positively correlated with main concept scores (i.e., essential concepts of a narrative).



1768 J. CHEN AND H. CHANG

Kim and colleagues in another study constructed age-based core lexicon lists for
content words (nouns, verbs, adjectives, and adverbs; Kim et al., 2019) and function
words (Kim et al., 2021) using two storytelling tasks: Good Dog Carl (Day, 1985) and
Picnic (McCully, 1984). For the content word lists, they found significant positive correla-
tions between core verbs and Aphasia Quotients (AQs, as in Western Aphasia Battery-
Revised, WAB, Kertesz, 2006) but no correlations between other word types and AQs (Kim
et al., 2019). For the function words, PWA produced fewer core function words than the
control group and there was a correlation between core function word use and aphasia
severity. In addition, core function words can distinguish non-fluent PWA from fluent
PWA, as the former group produced fewer function words than the latter (Kim et al., 2021).

Most previous discourse production studies have focused on English PWA. Only a few
studies have examined Chinese PWA discourse productions. Chinese is an isolating language,
in which most words cannot be analyzed into suffixes or prefixes, typologically different from
English (Cui & Sung, 2022; Li & Thompson, 1989). One Chinese syllable is orthographically
represented by one character and generally corresponds to one morpheme. The majority of
Chinese words comprises of one or more characters/syllables: 6% of Chinese words are single-
character and 73% two-character (i.e,, compound words; Tse et al., 2017). In terms of grammar,
unlike English, Chinese does not require verb conjugation, subject-verb agreement, pluraliza-
tion, case/gender specification, and the use of articles, but it relies on context, adverbs, or
nouns, such as yijing (. £), jiangyao (K%, le (T'), zhe (), and guo (i) to indicate tense and
aspect, particles such as a (W), ya (%1), ba (&), bei (1), ma ("5), ne (W), to form questions and
signpost certain emotions or tone of speech (Cui & Sung, 2022).

Most studies that investigated Chinese spoken discourse production employed classic
lexical and syntactic measures (Lai et al., 2019; Law et al., 2018) or main concept analysis
(Deng et al., 2021). Lai and colleagues compared discourse production of 12 anomia
Mandarin PWA and healthy controls using single-picture description, sequential picture
description and story narrative tasks. They found that the anomic aphasia group was
lower than the control group in terms of mean length of utterance in words, the moving
average type-token ratio, words per minute and proposition density. Similarly, based on
a large spoken database Cantonese AphasiaBank, it was found that control group partici-
pants had larger vocabulary size than the fluent PWA in personal story narrations (Law
et al., 2018), but the distribution of parts-of-speech, frequency of occurrence, and the ratio
of concrete to abstract items in major open word classes were all similar.

So far there has been only one core lexicon study on Mandarin PWA discourse
production. Jiang and colleagues developed core noun and verb lists for three different
task types, i.e., picture descriptions, story narrative and procedural discourse, using
Mandarin AphasiaBank data (Jiang et al., 2023). PWA were found to produce fewer core
words than participants in the control group, but there was no correlation between core
lexicon use and the severity of aphasia. As a pioneering work on this issue, their research
generally supports that core lexicon analysis is feasible and applicable in assessing
Mandarin spoken discourse production. However, it remains unresolved whether/how
core lexicon scores correlate with other linguistic measures, such as lexical diversity and
discourse informativeness measures, such as Correct Information Units (Nicholas &
Brookshire, 1993). Methodologically speaking, high frequency words were extracted as
core words (in Jiang et al.,, 2023), which could be biased if a single word was used
significantly more frequently than others by a particular participant. In addition, core
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words extracted from specific tasks within a task type were aggregated in calculating core
lexicon scores. For example, in their study, the Broken Window, the Refused Umbrella, the
Cat Rescue and the Flood tasks were combined for the Picture Description task and the
Tortoise and the Hare as well as the Cry Wolf for the Story Narrative task. However, given
that a core lexicon list is not only task-specific but also sensitive to elicitation materials. It
is likely that there were important variations among different specific tasks. Furthermore,
Jiang and colleagues did not include function words in their core lexicon lists, which have
been shown to be relevant in Mandarin PWA production (Wang et al., 2019).

Thus, the present study reports our development of core lexicon lists for each specific task
with inclusion of both content and function words with Mandarin PWA data from
AphasiaBank. In addition, we hypothesize that core lexicon scores assess linguistic productivity
and discourse informativeness at lexical level. We examined these hypotheses by conducting
correlation analyses between core lexicon scores, and lexical diversity measures as well as ClUs.

2. Materials and methods
2.1 Data

Data for this study were drawn from the Mandarin section (Deng et al., 2021; Chen et al,
2018) of the AphasiaBank database (MacWhinney & Fromm, 2016; MacWhinney et al., 2011).
The original English AphasiaBank protocol contains five sections: (1) Greetings (Initiating the
conversation); (2) Picture Descriptions (A. Broken Window, B. Refused Umbrella, C. Cat
Rescue, D. Flood); (3) Story Narrative (A. Cinderella); (4) Procedural Discourse (Peanut
Butter and Jelly Sandwich); and (5) Free Speech (A. Important Event, B. Stroke Story and
C. Stroke Coping). Some changes were made in the Chinese AphasiaBank protocol in which
the Cinderella story was replaced by two culturally familiar stories: A. The Tortoise and the
Hare and B. Cry Wolf. In addition, the Peanut Butter and Jelly Sandwich procedural discourse
task was replaced with description of Egg Ham Fried Rice.

We selected all the seven semi-spontaneous discourse tasks from three major task types,
i.e., picture descriptions, story narrative and procedural discourse, for core lexicon list devel-
opment and for examining task effects on core lexicon analysis in Mandarin PWA. Details
regarding administration of these tasks and transcription of discourse samples are included at
the AphasiaBank website (https://aphasia.talkbank.org/protocol/languages/Mandarin/).

2.2 Transcripts

Transcripts from 61 neurologically intact participants and 18 PWA were selected from the
Mandarin section of the AphasiaBank database (see Table 1). The PWA were diagnosed by
WAB-R (Kertesz, 2006) with anomic aphasia (n = 15), Broca’s aphasia (n = 1), Wernicke’s
aphasia (n = 1) and conduction aphasia (n = 1).

The neurologically intact participants’ data were further split into two sets with age and
years of education matched (see Table 2): One set (n = 43) as a normative sample which
was used to generate the core lexicon lists and the other as a control group (n = 18) which
served as a baseline for comparison with the PWA. There were also no significant
differences between the PWA and the two neurologically intact groups in terms of age
and years of education.
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Table 1. Demographic information for normative, control and PWA groups.

Age Education WAB Time since stroke

(yrs) (yrs) Aphasia Quotient (months)
Groups n M sD Range M SD  Range M sD Range M SD
Normative 43 43.1 16.2 22-70 126 44 6-20 - - - - - -
Control 18 479 127 28-67 128 3.1 9-20 - - - - - -
PWA 18 446 133 23-67 142 59 5-32 78.4 12 54-93 6.3 5.8

Table 2. Statistical tests of age and years of education among normative, control and PWA
groups.

Groups t df p
Age Normative Control -1.24 40.42 0.66
Normative PWA -0.36 38.63 0.88
Control PWA 0.78 33.93 0.88
Years of education Normative Control -0.22 4435 0.95
Normative PWA -1.02 25.23 0.95
Control PWA —-0.86 25.85 0.95

Note: T-tests were used to compare age and years of education among the three groups, with Holm adjustments
made for the p-values.

We also controlled the amount of language production between the normative and
control group to be comparable in terms of number of Chinese characters, number of
word tokens and types (see Tables 3 and 4).

2.3 Procedures

In the present study, we used several state-of-the-art natural language processing and
modelling packages in R (R Core Team, 2018) to analyze the data instead of the
Computerized Language Analysis (CLAN) program. The R packages maximise the effi-
ciency and reproducibility of data analysis with a highly integrated workflow.

First, we extracted different tasks from the transcripts. Then, we used functions in the
stringr package with regular expressions to filter out annotations such as repetition and
pauses. Only transcriptions of clear speech were kept. Then, we tokenised the transcrip-
tions via the jiebaR package, which uses dynamic programming to find the most probable
combination based on word frequency and has been frequently used in Chinese natural
language processing (Chen et al,, 2019; Qin & Wu, 2019). We also manually checked the
results and modified user-defined dictionary to maximize tokenisation accuracy.

The top 30 words with the widest distribution in the normative samples, i.e., percen-
tage of people in the normative group who used the word, were selected in the present
study. This threshold was used because it yields a reasonable size of lexicon, which is
manageable in clinical settings and comparable to previous research (n = 25 for only
content words, Jiang et al.,, 2023) and includes a reasonable number of content and
function words. We did not use a fixed percentage, say 50% by the normative group as in
(Dalton & Richardson, 2015), because that will result in a different number of core lexicon
items for each task. This would make it difficult to compare core lexicon scores across
different tasks because participants who produce the same number of core words will
have different core lexicon scores in different tasks. We did not base our core lexicon lists
on word frequencies in the normative samples (c.f., Kim et al., 2019) because frequencies
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Table 3. Number of characters, word types, and tokens for each task and each group.

Characters Types Tokens
Tasks Groups M N M SD M D
Pic-CatRescue Normative 156.8 95.7 59.2 226 1153 68.1
Control 148.5 64.2 59.2 18.1 109.6 45.9
PWA 83.8 54.5 35.1 16.6 66.7 45.1
Pic-Flood Normative 108 80.8 44.2 229 73.5 54.3
Control 99.8 67.8 41.3 19.0 67.9 444
PWA 579 55.0 26.2 19.5 45.0 40.6
Pic-Umbrella Normative 142.4 84.2 55.9 238 104.0 59.6
Control 131.6 473 533 14.6 99.0 327
PWA 76.8 41.2 323 13.9 59.5 335
Pic-Window Normative 120.4 97.8 47.6 24.1 87.2 69.6
Control 120.3 64.5 483 14.1 87.7 46.4
PWA 53.0 321 243 10.5 40.1 24.5
Proc-FriedRice Normative 127.7 84.8 48.0 22.1 88.6 62.2
Control 119.7 60.0 47.6 18.0 835 41.5
PWA 52.1 344 23.7 14.1 39.2 26.8
S-CryWolf Normative 2479 168.4 80.4 374 1833 122.6
Control 246.8 126.2 78.7 29.7 185.8 95.6
PWA 100.6 76.8 38.6 240 76.4 60.1
S-TortioseHare Normative 256.4 162.1 86.5 37.3 176.5 1125
Control 240.6 113.2 84.7 299 166.1 79.0
PWA 100.3 65.7 35.1 19.1 711 45.6

Note: Pic = picture descriptions; Proc = procedural discourse; S = story narrative.

may be biased if a single word was used significantly more than others by a particular
participant. In English core lexicon studies, lemmas were used to include different forms
of a word. In Chinese, there is no inflection for words. But we grouped synonyms as a core
lexicon in generating the core lexicon list. For example, “/N%” (small kid) and “#% 1" (kid)
were considered the same.

For both PWA and control groups, we calculated agreement percentage as core lexicon
scores by dividing the number of matched core lexicon items by the total number of core
lexicon items, i.e., 30. Each word was counted only one time in each task regardless of how
many times it may have been used.

The core lexicon scores were evaluated for two aspects of validity. For known-groups
validity, we hypothesized that PWA would have significantly lower core lexicon scores
than the control group. For convergent validity, we conducted correlation analysis of core
lexicon scores with aphasia severity scores (AQs of the WAB-R), lexical diversity measures
and informativeness measures. We hypothesize that core lexicon scores will have mod-
erate correlations with AQs. We did not anticipate high correlations because AQ scores
were also affected by PWA’s comprehension competence.

Lexical diversity represents the breadth of vocabulary utilized in a text by a speaker,
reflecting their ability to access and retrieve words for constructing discourse. We expect
that core lexicon scores will have strong correlations with lexical diversity. Note that there
exist many leixcal diversity measures. The most traditional one is TTR, which calculates the
ratio of word types to tokens. However, TTR is influenced by sample length. As the sample
size grows, the likelihood of introducing new words diminishes, causing the number of
word types to grow at a slower rate than the number of tokens, which consistently
increases with every additional word. Alternative measures have been explored to miti-
gate the influence of text length. This includes the application of transformations to TTR,
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Table 4. Statistical comparisions of linguistic productivity variables among normative, control and

PWA goups.
Measures Tasks Groups w p
Characters Pic-CatRescue Normative Control 351 0.569
Normative PWA 617 < 0.01*
Control PWA 259 < 0.01*
Pic-Flood Normative Control 383 0.95
Normative PWA 598 < 0.01*
Control PWA 247 0.02*
Pic-Umbrella Normative Control 340 0.462
Normative PWA 604 < 0.01*
Control PWA 255 < 0.01*
Pic-Window Normative Control 348 0.543
Normative PWA 658 < 0.01*
Control PWA 282 < 0.01*
Proc-FriedRice Normative Control 395 0.912
Normative PWA 666 < 0.01*
Control PWA 275 < 0.01*
S-CryWolf Normative Control 351 0.575
Normative PWA 634 < 0.01*
Control PWA 272 < 0.01*
S-TortioseHare Normative Control 381 0.931
Normative PWA 684 < 0.01*
Control PWA 274 < 0.01*
Types Pic-CatRescue Normative Control 335 0.411
Normative PWA 647 < 0.01*
Control PWA 269 < 0.01*
Pic-Flood Normative Control 397 0.881
Normative PWA 614 < 0.01*
Control PWA 250 0.01*
Pic-Umbrella Normative Control 368 0.770
Normative PWA 616 < 0.01*
Control PWA 263 < 0.01*
Pic-Window Normative Control 321 0.300
Normative PWA 693 < 0.01*
Control PWA 303 < 0.01*
Proc-FriedRice Normative Control 382 0.937
Normative PWA 651 < 0.01*
Control PWA 278 < 0.01*
S-CryWolf Normative Control 365 0.728
Normative PWA 649 < 0.01*
Control PWA 274 < 0.01*
S-TortioseHare Normative Control 365 0.728
Normative PWA 728 < 0.01*
Control PWA 294 < 0.01*
Tokens Pic-CatRescue Normative Control 358 0.652
Normative PWA 590 < 0.01*
Control PWA 250 0.01*
Pic-Flood Normative Control 385 0.975
Normative PWA 559 0.02*
Control PWA 234 0.05*
Pic-Umbrella Normative Control 336 0.420

(Continued)
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Table 4. (Continued).

Measures Tasks Groups w p
Normative PWA 589 < 0.01*
Control PWA 257 <0.01*
Pic-Window Normative Control 346 0.517
Normative PWA 654 < 0.01*
Control PWA 281 < 0.01*
Proc-FriedRice Normative Control 388 1.000
Normative PWA 634 < 0.01*
Control PWA 267 <0.01*
S-CryWolf Normative Control 349 0.553
Normative PWA 634 < 0.01*
Control PWA 266 < 0.01*
S-TortioseHare Normative Control 379 0.899
Normative PWA 672 < 0.01*
Control PWA 274 < 0.01*

Wilcoxon tests were used to compare linguistic productivity variables among the three groups, with Holm adjustments
made for the p-values.

such as the log transformation known as Herdan’s C (Herdan, 1964, also denoted as
LogTTR), or the root transformation applied in Guiraud’s R (Root TTR).

Additionally, the moving average type-token ratio (MATTR) uses a moving window of
a specific size (say 500 words) and provides a more fine-grained analysis of lexical diversity
compared to a single TTR value for an entire text. MATTR is thus more suitable for analyzing
long texts, such as long articles or novels (Chen & Chang, 2023). A recent measure D, which is
reported to be relatively robust to text length variation, combines an algebraic transforma-
tion model and curve fitting to estimate lexical diversity (Fergadiotis & Wright, 2011). The
curve-fitting procedure for this measure, however, is carried out on a segment of 35-50
tokens (Malvern et al., 2004). Values for D could not be obtained for participants, especially
PWA, who produced less than 35 valid words. Here, we calculated TTR, Herdan’s C and
Guiraud’s R and compared their effectiveness in distinguishing between control and PWA
groups. These comparisons allow us to select the most suitable lexical diversity measure for
our further correlation analyses with core lexicon scores.

For discourse informativeness, we followed the previous study (Nicholas & Brookshire,
1993) to calculate CIUs, which are words that are intelligible in context, and are accurate in
relation to the picture(s) or topic, and are informative about their content. Words do not
have to be grammatically correct to be counted as ClUs. It is expected that core lexicon
scores will have relative strong correlations with CIU scores.

3. Results
3.1 Core lexicon lists

Table 5a and 5b show the top 30 core lexicon items generated from the normative
samples in each task. For example, the function word le “ 1" (FC1) ranked very high in
all tasks, which was shared by 84%-100% participants in the normative group. We
included a very brief table (Table 6) to list the basic functions/meanings of each function
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Table 5a. Top 30 core lexicon items generated by the normative sample for the four picture description
tasks (Cat Rescue, Flood, Refused Umbrella and Broken Window) with simple English glosses. Function
words with multiple functions were marked with FC plus a numeric ID with detailed explanations in Table 6.

Pic-CatRescue Pic-Flood Pic-Umbrella Pic-Window
Rank  Chinese %  English Chinese %  English  Chinese %  English  Chinese %  English
1 7 100 FC1 T 91 FQ1 7 100 FC1 T 100 FC1
2 B 95 tree ) 86 FC2 4 100 umbrella B 100 kick
3 £ 93 uwp 7 84 in G445 95 mum EK 95 ball
4 £ 88 in —A~ 81 classifier fik 91 he £ 91 in
(one)
5 Tk 84 come XA 77 this ~F 88 raining 1 86 FC2
down
W 84 cat NZ 74 kid K 86 FC2 F| 79 arrive
7 K 84 FQ2 J& 74 link verb A 81 negative 77 FG3
marker
8 ¥ 81 dog 72 save i 81 carry % 72 window
9 AN 79 negative ¥tk 67 flood L% 79 goto XA 72 this
marker school
10 it 77 FG3 H 60 have % 79 FC5 /& 70 link verb
11 N 74 small K5 58 then w74 FC4 K5 70 then
12 Kk 74 come X 58 this N 70 kid —A~ 65 classifier
(one)
13 7 74 ladder I 51 she W 70 rain fit 63 he
14 KI5 74 then % 51 FC5 RJIG 67 then % 60 look
15 e 74 climb o 47 FC3 65 want AN 53 negative
marker
16 72 save WE; 47 branch E 65 go w53 FC4
17 & 72 link verb — 44 one % 60 go BeF 53 glass
18 XA 72 this JK 44 water BffE 60 time — 51 one
19 H 70 have L 42 uwp W 60 get wet L 51 uwp
(by
rain)
20 F| 67 arrive o 37 FC7 £ 58 in N 51 kid
21 #H 67 FC5 w37 FC4 i 53 have 49 FC7
22 N 65 classifier R 35 negative Pt 53 say AL 49 TV
(one) marker
23 B 65 FC4 A 35 classifier XA 53 this X 49 this
24 T 60 down % 35 go 51 uwp 5 44 have
25 60 too K 35 come & 51 link verb # 44 FC5
26 X 60 this # 35 FC6 51 run A 42 man
27 % 58 go /N33 small 49 FQG3 /N 40 classifier
28 It 58 she B33 jnside % 49 none WA~ 40 that
29 /N 58 kid f1 28 inthe | 47 arrive HIH 40 inside
middle
30 58 think #| 28 arrive 47 back, % 37 home
return

word that appeared in Table 5a and 5b with some examples. It should be noted that
function words in Chinese are extremely complex in terms of their functions and their
interpretations in different structures and it is beyond this paper to elaborate on grammar
details of these function words (for information regarding functional categories, see Cui &
Sung, 2022; Huang et al., 2014; Li & Thompson, 1989).
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Table 5b. Top 30 core lexicon items generated by the normative sample for Procedural Discourse (Fried
Rice) and Story Narrative (Cry Wolf and Tortoise and Hare) with simple English glosses. Function words
with multiple functions were marked with FC plus a numeric ID with detailed explanations in Table 6.

Proc-FriedRice S-CryWolf S-TortoiseHare
Rank Chinese % English Chinese % English Chinese % English
1 KBE% 100 sausage T 100 FQ Lff, 100 tortoise
2 K> 98 stirfry fl 100 he T 100 FC1
3 95 FG3 ok 98 come HTF 100  rabbit
4 KU 95 rice IR 98  wolf 8 98 FC4
5 M 88 put {6 98 FQ2 {6 98 FQ2
6 T 84 FC1 N 95 FC4 1 95 in
7 W 81 ol 1 93 in = 93 it
8 SRJE 81 then ES 93  sheep # 93 run
9 HIR 81 egg fried rice e 91 none R 79  quick
10 S 79 first i 86 put B30 79 race
11 B 74 FC4 A 86 have ol 79 FC9
12 7] 70 wok —~ 84 classifier (one) — 77  one
13 " 67 FQ N 79  kid il 74 arrive
14 T} 63 then A 77 man % 74 FC8
15 WME 63  egg Wi 77 shout & 74 |
16 Pl 60 cut 2 77 link verb I 74 time
17 "L 56 can #B 77 all i 74 sleep
18 i 53 good HiY 72 real N 72 negative marker
19 & 53 link verb N 70  negative marker EEl 72 have
20 51 do N fiz 70 time e 67 link verb
21 £ 51 in P 70 say ] 67 then
22 8 49 pour X 65 again ) 65 animal
23 H}H 44 salt WG 65 then Wy 65 hear
24 HIl 44  inside Iz, 63 eat F 65 and
25 x4 XA 60 this s 65 very
26 2 42 into Wr 58  hear /3 63 games
27 —F 40 one time e 58 FC10 e 63 climb
28 ZJi 37 then E 58 FC3 2K 63 end
29 LG 37  after this w 58  (this) time ARG 60 begin
30 Bi/E 37 be exactly k 56 up W 60 none

3.2 Comparisions of core lexicon scores between PWA and healthy control groups

Next, we calculated core lexicon scores for both PWA and healthy control groups (see Figure 1).

We compared the scores of PWA with those of controls for each task. We used Wilcoxon

tests and reported here both p values and effect sizes. The results indicate that core
lexicon scores of PWA and those of controls were significantly different for all the tasks
and the effect sizes were all strong (See Table 7).

3.3 Correlations of core lexicon scores with aphasia severity, lexical diversity and
discourse informativeness

To investigate the relationship between core lexicon scores and aphasia severity, Spearman’s
correlations, a nonparametric test corresponding to Pearson correlations, were performed
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Table 6. A summary of Mandarin function words in the core lexicon lists.

ID Character(s)  Pinyin Function (s) Examples
FC1 T le le1: a grammatical marker indicating an event is bounded & T Hii¥(watched a
temporally (located in the past) movie)
le2: a sentence-final particle expressing a currently HRT o (The wind
relevant state is blowing.)
FC2 1 de a structural particle used after an attribute L1 (good)
FC3 4 ba an object marker, often used in the well-known ba-structure 11131 J(open the
door)
FC4 jiu an adverb, indicating imminent future or proximity of 5 F gt ok(about to
location come);
WAEIX HL (right
here)
FCG5  # zhe an aspect marker indicating a continuous state FT45 M <= (using an
umbrella).
FC6  # bei a passive marker 3T (be beaten)
FC7 ba a sentence-final particle FATEM! (Let's gol)
FC8 4 de a particle used after a verb showing effect H1G4R (run fast)
FCO it guo a grammatical marker showing something has happened at 1z - (have had
least once in the past lunch)
FC10 g ne a sentence-final particle fiRWE? (And you?)

204

Participants

Control
PWA

Core Lexicon scores

Pic-CatRescue Pic-Flood Pic-Umbrella Pic-Window Proc-FriedRice S-CryWolf S-TortioseHare
Task

Figure 1. Core lexicon scores of different tasks by Mandarin healthy controls and PWA. Note:
Pic = picture descriptions; Proc = procedural discourse; S = story narrative.

Table 7. Statistical comparisons of core lexicon scores between healthy controls and PWA in each
discourse production task.

Tasks w p Effect sizes

Pic-CatRescue 291 < 0.001 0.68 large
Pic-Flood 268 < 0.001 0.56 large
Pic-Umbrella 290 < 0.001 0.68 large
Pic-Window 31 < 0.001 0.79 large
Proc-FriedRice 291 < 0.001 0.68 large
S-CryWolf 308 < 0.001 0.77 large
S-TortioseHare 300 < 0.001 0.73 large

Note: Pic = picture descriptions; Proc = procedural discourse; S = story narrative. Effect sizes: < 0.3 (small), 0.3 ~ 0.5
(moderate), > 0.5 (large).
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Table 8. Correlations of core lexicon scores with aphasia

severity.
Tasks Fspearman p
Pic-CatRescue 0.46 0.06
Pic-Flood 0.39 0.1
Pic-Umbrella 0.23 0.36
Pic-Window 0.07 0.78
Proc-FriedRice 0.41 0.09
S-CryWolf 0.47 0.05*
S-TortioseHare 0.51 0.03*

Note: Pic = picture descriptions; Proc = procedural discourse; S = story
narrative.

between core lexicon scores and WAB-based Aphasia Quotients (AQs) for each task as in
a previous study (Kim et al., 2019). Significant correlations between core lexicon scores and
WAB AQs were found only for the two story narrative tasks (see Table 8).

As mentioned in section 2.3, we calculated the type-token ratios (TTR), log transformed TTR
(i.e., Q) and root transformed TTR (i.e., R) for each group and task (see Table 9) to quantify
lexical diversity. PWA showed significantly and unexpectedly higher TTR than both normative
and control group for the Cry Wolf task and there were no signiticant differences among the
three groups for all the others tasks (see Table 10). This suggests that TTR as affected by text
sample size cannot accurately quantify lexical diversity in our dataset. On the other hand, PWA

Table 9. Lexical diversity measures of each group per task.

TTR C R
Tasks Groups M D M D M sD
Pic-CatRescue Normative 0.6 0.1 0.9 0 5.6 0.7
Control 0.6 0.1 0.9 0 57 0.7
PWA 0.6 0.1 0.9 0 43 0.8
Pic-Flood Normative 0.7 0.1 0.9 0 5.2 0.9
Control 0.6 0.1 0.9 0 5.0 1.0
PWA 0.7 0.2 0.9 0.1 39 1.1
Pic-Umbrella Normative 0.6 0.1 0.9 0 55 0.9
Control 0.6 0.1 0.9 0 53 0.7
PWA 0.6 0.1 0.9 0 42 0.8
Pic-Window Normative 0.6 0.1 0.9 0 52 0.8
Control 0.6 0.1 0.9 0 53 04
PWA 0.7 0.2 0.9 0.1 39 0.8
Proc-FriedRice Normative 0.6 0.1 0.9 0 5.1 0.8
Control 0.6 0.1 0.9 0 5.2 0.7
PWA 0.7 0.2 0.9 0.1 3.7 1.0
S-CryWolf Normative 0.5 0.1 0.9 0 6 0.9
Control 0.5 0.1 0.8 0 58 0.8
PWA 0.6 0.1 0.9 0 44 1.2
S-TortioseHare Normative 0.5 0.1 0.9 0 6.6 0.9
Control 0.5 0.1 0.9 0 6.6 0.9
PWA 0.5 0.1 0.8 0 4.1 1.1

Note: TTR = type-token ratios; Pic = picture descriptions; Proc = procedural discourse; S = story narrative.
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Table 10. Statistical comparisions of lexical diversity measures among normative, control and PWA

goups per task.

Measures Tasks Groups w p
TTR Pic-CatRescue Normative Control 375 1.000
Normative PWA 344 1.000
Control PWA 151 1.000
Pic-Flood Normative Control 442 1.000
Normative PWA 358 1.000
Control PWA 132 1.000
Pic-Umbrella Normative Control 440 1.000
Normative PWA 379 1.000
Control PWA 129 1.000
Pic-Window Normative Control 405 0.867
Normative PWA 320 0.867
Control PWA 131 0.867
Proc-FriedRice Normative Control 333 0.470
Normative PWA 269 0.186
Control PWA 124 0.470
S-CryWolf Normative Control 445 0.363
Normative PWA 230 0.027*
Control PWA 79 0.027*
S-TortioseHare Normative Control 364 1.000
Normative PWA 367 1.000
Control PWA 166 1.000
C Pic-CatRescue Normative Control 352 0.768
Normative PWA 443 0.768
Control PWA 199 0.756
Pic-Flood Normative Control 455 0.867
Normative PWA 415 1.000
Control PWA 159 1.000
Pic-Umbrella Normative Control 464 0.458
Normative PWA 465 0.315
Control PWA 190 0.458
Pic-Window Normative Control 387 1.000
Normative PWA 408 1.000
Control PWA 167 1.000
Proc-FriedRice Normative Control 308 0.651
Normative PWA 370 1.000
Control PWA 168 1.000
S-CryWolf Normative Control 471 0.561
Normative PWA 338 0.561
Control PWA 126 0.561
S-TortioseHare Normative Control 357 0.644
Normative PWA 543 0.039*
Control PWA 234 0.045*
R Pic-CatRescue Normative Control 336 0.428
Normative PWA 685 < 0.01*
Control PWA 294 < 0.01*
Pic-Flood Normative Control 398 0.869
Normative PWA 666 < 0.01*
Control PWA 259 < 0.01*

(Continued)
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Table 10. (Continued).

Measures Tasks Groups w p
Pic-Umbrella Normative Control 432 0.487
Normative PWA 635 < 0.01*
Control PWA 261 < 0.01*
Pic-Window Normative Control 332 0.389
Normative PWA 689 < 0.01*
Control PWA 315 < 0.01*
Proc-FriedRice Normative Control 363 0.713
Normative PWA 657 < 0.01*
Control PWA 281 < 0.01*
S-CryWolf Normative Control 432 0.482
Normative PWA 657 < 0.01*
Control PWA 270 < 0.01*
S-TortioseHare Normative Control 351 0.578
Normative PWA 742 < 0.01*
Control PWA 308 < 0.01*

Note: Pic = picture descriptions; Proc = procedural discourse; S = story narrative.

showed significantly lower C scores than both normative and control groups but only for the
Tortiose and Hare task. This suggests that although C scores can estimate lexical diversity for
that task, it is not sensitive enough for other tasks.

R scores outperformed both TTR and C in that for all tasks both normative and control
groups were higher than PWA, suggesting higher lexical diversity as we expected.
Additionally, there was no significant differences between normative and control groups
(see Table 10). Thus, R scores was the best indicator for the present study and will be used as
the lexical diversity measure for the following correlation analyses with core lexicon scores.

To investigate the relationship between core lexicon and lexical diversity,
Spearman’s correlations were performed between core lexicon scores and
R scores for each task. Significant correlations between the two scores were
found for all the tasks (See Table 11).

We also did Spearman’s correlation analyses between core lexicon scores and ClUs with
PWA production data for each task to investigate the relationship between core lexicon
and discourse informativeness. Significant correlations were found for all the discourse
tasks, suggesting that core lexicon scores can be effective estimates of informativeness of
PWA discourse production (see Table 12).

Table 11. Correlations of core lexicon scores with lexical

diversity R.

Tasks Fspearman p

Pic-CatRescue 0.80 < 0.01*
Pic-Flood 0.83 <0.01*
Pic-Umbrella 0.81 <0.01*
Pic-Window 0.61 <0.01*
Proc-FriedRice 0.87 <0.01*
S-CryWolf 0.87 <0.01*

S-TortioseHare 0.88 < 0.01*
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Table 12. Correlations of core lexicon scores with Correct
Information Units.

Tasks I'spearman p

Pic-CatRescue 0.86 < 0.01*
Pic-Flood 0.82 < 0.01*
Pic-Umbrella 0.71 < 0.01*
Pic-Window 0.56 0.02*
Proc-FriedRice 0.86 < 0.01*
S-CryWolf 0.90 < 0.01*
S-TortioseHare 0.94 < 0.01*

4. Discussion

In the present study, we have developed core lexicon lists for Mandarin PWA data for
seven discourse production tasks. Core lexicon scores based on these lists distinguished
discourse produced by PWA and controls in all seven tasks and significantly correlated
with aphasia severity (AQs) for two story narrative tasks and with lexical diversity (R
scores) and discourse informativeness (ClUs) for all seven tasks.

First, core lexicon scores of Mandarin PWA were significantly lower than those of
controls across all the tasks as we expected, in line with previous studies on English
PWA (Dalton & Richardson, 2015; Kim et al., 2021, 2019) and Mandarin PWA (Jiang et al.,
2023). This suggests that lexical retrieval difficulties in discourse production by Mandarin
PWA can be assessed with task-specific core lexicon lists based on data produced by an
age- and education-matched normative sample group. Different from the previous
research on Mandarin PWA (Jiang et al., 2023) which aggregated different specific tasks
within a task type, our core lexicon lists for each task can be used directly by clinicians to
assess PWA discourse production.

Second, core lexicon scores positively correlated with AQs in the two story narrative
tasks. This is consistent with two previous studies (Kim et al., 2021, 2019) on English PWA
in which significant correlations were found between AQs and core verbs (Kim et al., 2019)
and function words (Kim et al., 2021) in two story narrative tasks. However,the previous
study on Mandarin PWA (Jiang et al., 2023) did not find significant correlations between
AQs and core nouns or verbs. This difference could be accounted for by the fact that
participants in our study included more subtypes than just anomia, and thus their AQ
variations were larger than those of Jiang et al. (2023).

Moreover, we have included both content and function words whereas only content
words (i.e., core nouns and verbs) were considered in Jiang et al. (2023), suggesting that
core function words have an important role to play in assessing PWA discourse produc-
tion. The core function words in our core lexicon lists revealed distinctive linguistic
characteristics of Chinese. For example, le “T " ranked first in several lists, suggesting
the importance of this function category. The fact that /e can serve as either a sentence-
final particle (sentential-le) or a particle that appears immediately after the verb (verbal-le)
may explain its wide distribution across different speakers. Other aspect makers such as
“3" zhe (imperfective aspect markers) and “id” guo (perfective aspect markers) were also
identified. Another important function category is numeral classifiers, such as ge “4“’,
which frequently appeared in several lists. In Chinese, classifiers are obligatory in cases
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where a noun is preceded by a number (one, yi ge “—“"), a demonstrative (this/that, zhe
ge/na ge “iXA~/FRAN"), and certain quantifiers (some, ji ge “JL"; Huang et al., 2014). Thus,
our study emphasised the importance of including function words in assessing Mandarin
PWA discourse production.

In addition, our correlation analysis of core lexicon scores and AQs suggested
that the story narrative task is the most revealing task type in assessing discourse
production performance. In the picture description tasks, especially for single
picture descriptions, PWA tended to list all objects in the pictures with very simple
words and sentences. Thus, the variations in total lexical items and core lexicon
scores can be very small in general among PWA with differing AQs. In the
procedure task, PWA were constrained by the experience they had with the
procedure, i.e., making fried rice, which rendered the correlation between core
lexicon scores and AQs to be weak. In the story narrative tasks, however, partici-
pants had to describe temporal, spatial and/or causal information to form story-
lines. They generally produced more words with greater variations among PWA
with differing AQs (see Table 3). In fact, in the two English PWA studies (Kim et al.,
2021, 2019) that found correlations between core lexicon scores and AQs, their
data were elicited with two 30-page wordless picture books with storylines, similar
to the story narrative tasks in our study.

Third, core lexicon scores of Mandarin PWA discourse production also signifi-
cantly correlated with lexical diversity R scores for all tasks, indicating the under-
lying common discourse features, such as lexical semantics, shared by both
measures. The advantage of the core lexicon score is that it can be obtained in
real time without transcriptions relative to other lexical diversity measures. The
seven core lexicon lists in our study, covering the commonly used task types in
aphasia research, serve as a response to the need of a transcription-less approach
in analysing discourse production in clinical settings (Kintz & Wright, 2018; De
Riesthal & Diehl, 2018). These strong correlations across all tasks are different from
a previous English study (Kim & Wright, 2020), in which separate lists were
generated for core nouns, verbs, adjectives, adverbs and function words for two
story narrative tasks, Good Dog, Carl and Picnic. In that study, core nouns, verbs,
adjectives and function words generated with the Picnic task correlated positively
with lexical diversity measures, whereas for the Good Dog, Carl task, there is no
positive correlation between any core lexicon lists and lexical diversity, suggesting
task-induced variations in core lexicon measures and/or lexical diversity. Our core
lexicon lists did not separate word classes but incorporated both content and
function words and showed more stable and consistent correlations with lexical
diversity across task types. Another cause for the different results could be the
different ways of calculating lexical diversity (MATTR as in Kim & Wright, 2020). As
stated in the methodology section, no single best measure of lexical diversity
exists for all tasks and all languages. In our case, the measure we chose is valid
in the context of our study as it effectively distinguished lexical differences
between healthy and PWA participants and at the same time remained stable
across the normative and control groups.

Fourth, core lexicon scores also significantly correlated with the discourse informa-
tiveness measure, CIU scores, for all tasks, suggesting that core lexicon scores can
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roughly assess the informativeness of discourse production. We attribute this to the
fact that our distribution-based core lexicon lists captured content words that are
closely related to the content of each task. For example, in the Cat Rescue picture
description task, core nouns are “/NZ" (kid), “Jti” (cat), “H"(dog), “B"(tree), “Fi
F"(ladder) and core verbs are “Jl€” (climb), “ " (go down), “{” (save). These words
can, therefore, serve as a baseline for quick real-time assessment of informativeness in
each task. Our findings diverge from the previous English study (Kim & Wright, 2020),
in which only the core adverb list in the Good Dog, Carl task and the core adjective list
in the Picnic task exhibited correlations with ClUs. It should be noted that the
participant cohort in (Kim & Wright, 2020) was smaller (N = 11) with a wider range
of aphasia types (3 anomia, 2 conduction, 5 Broca and 1 transcortical motor), thus
leading to potentially greater variations and more intricate dynamics between core
lexicon and discourse informativeness compared to our study. Additionally, the inclu-
sive incorporation of all word classes in our core lexicon lists appears to enhance their
sensitivity in capturing the content of discourse and diminish susceptibility to task
variations.

Limitations and future directions

There are several limitations to our study that need to be considered in future investiga-
tions. First, although core lexicon scores are informative in assessing aphasia discourse
production, the best approach to construct a core lexicon list is still inconclusive. There are
two traditional approaches in constructing core lexicon lists: The frequency-based
approach and the percentage (or distribution)-based approach. Kim, Schoemann et al.
(2022) investigated the differences between the two approaches with English aphasia
data via structural equation modelling and found that these two different approaches
measured the same construct and were highly correlated with each other, suggesting that
core lexicon lists developed using these two approaches can be functionally interchange-
able. However, there were variations in measurement errors between the two approaches
across word classes. Lower measurement errors were found in core nouns, verbs, adjec-
tives, and adverbs developed via the frequency-based approach whereas the percentage-
based approach was more suitable for function words. Additionally, lexical retrieval is
influenced by discourse task types, consequently impacting the optimal approach for
generating core lexicon lists (Kim, Schoemann et al., 2022). Our present study employed
a consistent approach across picture descriptions, procedural discourse and story narra-
tives without accounting for the distinctive characteristics inherent in each task type.
Future research may explore the most effective strategies for developing core lexicon
checklists for these task types.

A second pressing methodological issue is the lack of uniformity in determining the
appropriate number of lexical items for inclusion in checklists. The previous frequency-
based Mandarin core lexicon lists (Jiang et al., 2023) employed a criterion of the top 25
content words. As we intended to include both content and function words, we expanded
our percentage-based list to include the top 30 words. In both cases the choices were
arbitrary. Subsequent research is thus warranted to systematically investigate and ascer-
tain the optimal threshold for item selection across different approaches and tasks.
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Although we have explored the correlation between core lexicon scores and
linguistic productivity and discourse informativeness, more systematic investigation
of psychometric properties of Mandarin core lexicon lists with consideration of both
microlignuistic and macrolinguistic measures (as demonstrated by Kim & Wright,
2020) is needed. It will not only augment the methodological rigor in the generation
of core lexicon lists but also contribute to the attainment of more accurate core
lexicon lists, thereby assisting clinicians in selecting the most appropriate list for their
assessments.

Most PWA in the present study were identified as anomic aphasia. Future studies could
include a sufficient number of participants with different aphasia subtypes to test if core
lexicon scores can distinguish different subtypes of aphasia in Mandarin. Our analysis was
based on Mandarin production. Future research can develop local dialectal version of core
lexicon lists at least for major dialects in China, which would require collaboration
between linguistics and local speech/language pathologists.

Conclusions

Seven Mandarin Chinese core lexicon lists were developed for three major discourse
elicitation task types and core lexicon scores generated with reference to these lists
can distinguish discourse production between healthy controls and PWA. Story
narrative tasks, compared with picture and procedural description tasks, were parti-
cularly revealing in assessing discourse production within PWA as core lexicon scores
for these tasks strongly correlated with AQs. Significant correlations between core
lexicon scores and R scores and CIU scores for all seven tasks indicate that core
lexicon scores can be used to estimate lexical diversity and discourse informative-
ness. These lists, in general, serve as an alternative transcription-less approach in
assessing Mandarin PWA discourse production.
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