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Purpose: This study aimed to investigate treatment effects of naming therapy 
targeting nouns and verbs in Mandarin–English bilingual adults with aphasia 
(BWA). 
Method: Twelve Mandarin–English bilingual adults with chronic aphasia completed 
a 40-hr semantic-based naming treatment for either nouns or verbs. Eight of these 
participants completed both noun and verb treatment, and the other four completed 
either noun or verb treatment. Participants were trained in either Mandarin or English 
for both treatment cycles. Weekly naming probes were measured to capture the 
direct treatment gain and within- and cross-language generalizations. Performance 
on the standardized language assessments was analyzed to examine further gener-
alizations beyond the word level and to standardized naming tasks. 
Results: Responses in the weekly naming probes showed significant treatment 
gains in both noun and verb treatment, but the effect was greater in verb treat-
ment. Generalization to semantically related items was captured in noun treat-
ment only. Cross-language generalization was identified in both noun and verb 
treatment with a larger effect in verb treatment. Additionally, widespread gener-
alizations beyond the word level and to standardized naming tasks were found 
following both noun and verb treatment, but the effect was larger following 
noun treatment in discourse and verb naming tasks. 
Conclusions: Findings from this study suggested robust treatment effects of 
semantic-based naming treatment targeting nouns and verbs in Mandarin– 
English BWA. However, patterns of treatment gains and generalizations differed 
between these word categories. This study provides strong evidence of bilingual 
aphasia rehabilitation in Mandarin–English BWA. 
Supplemental Material: https://doi.org/10.23641/asha.23818299 
Bilingual aphasia refers to the loss of function in 
one or both languages (Paradis, 2001). Different patterns 
of language impairment may emerge due to complex inter-
actions among bilingual language history and cross-
linguistic differences (Paradis, 2001). In the United States, 
Chinese is the third mostly spoken language, followed by 
English and Spanish (Zeigler & Camarota, 2019). The 
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growing bilingual population coincides with an overall 
increase of older people at risk for neurogenic disorders 
(i.e., stroke; Hoeffel et al., 2012). However, evidence of lan-
guage recovery in bilingual adults with aphasia (BWA) is 
mainly derived from individuals speaking Indo-European 
languages (e.g., Spanish–English). Given the increase in 
Chinese-speaking individuals, it is imperative to establish 
the evidence base for this bilingual population with aphasia. 

Language intervention is a critical component of 
recovery for communication deficits and quality-of-life 
changes in BWA. Most previous studies examining the 
effect of naming therapy in BWA have reported significant 
improvement in the trained items (Gil & Goral, 2004;
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Kiran et al., 2013; Lerman et al., 2019; Li et al., 2021). 
However, one conceptual challenge in bilingual aphasia 
rehabilitation is whether training one language can general-
ize to the untrained language (i.e., cross-language generali-
zation). Evidence of cross-language generalization is 
inconsistent across previous studies as some have identi-
fied both treatment gains and cross-language generaliza-
tion (Edmonds & Kiran, 2006; Goral et al., 2012; Kiran 
& Roberts, 2010; Li et al., 2021; Miertsch et al., 2009), 
whereas others have only observed direct treatment gains 
(Galvez & Hinckley, 2003). 

Among various treatment approaches targeting lex-
ical impairment in BWA, semantic-based treatment has 
shown positive treatment gains and generalizations 
(Edmonds & Kiran, 2006; Kiran & Roberts, 2010; Kiran 
et al., 2013). Theoretically, since bilingual lexicons share 
the same semantic system (Costa et al., 2006), training 
lexical semantics should induce spreading activation from 
the semantic system not only to semantically related 
items in the same language (i.e., within-language general-
ization) but also to items in the untreated language (i.e., 
cross-language generalization). Kiran and colleagues have 
previously modified semantic feature analysis (SFA; Boyle, 
2004; Boyle & Coelho, 1995) and replicated in bilinguals 
with a variety of language combinations (Edmonds & 
Kiran, 2006; Kiran & Roberts, 2010; Kiran et al., 2013). In 
general, these studies have shown a robust treatment gain 
and within-language generalization, but patterns of cross-
language generalization varied across participants. These 
results suggest that semantic-based treatment effectively 
improves lexical retrieval ability in BWA. 

Most previous studies in bilingual aphasia rehabilita-
tion have focused on nouns. Nevertheless, lexical retrieval 
of other word categories (i.e., verbs) may also be affected 
after brain damage (Bastiaanse & Jonkers, 1998; Vigliocco 
et al., 2011). There has been evidence suggesting that pat-
terns of lexical impairment differ by a specific grammatical 
category (i.e., noun or verb) in both monolingual (Kim & 
Thompson, 2000) and bilingual (Dai et al., 2012; Faroqi-
Shah & Waked, 2010; Kambanaros & van Steenbrugge, 
2006; Li & Kiran, 2023) individuals with aphasia. How-
ever, to what extent similar patterns of treatment-induced 
language recovery emerge in nouns and verbs remains 
unclear. Several single-subject studies and case series have 
implemented semantic-based treatment targeting verb retrieval 
in bi/multilinguals with aphasia (Ansaldo et al., 2010; 
Goral et al., 2012; Knoph et al., 2015; Li et al., 2021). 
Findings from these studies indicate significant improve-
ments in the trained verbs with varying patterns of within-
and cross-language generalizations across individuals. 

Although similar findings have been reported in 
either noun or verb treatment studies, none have directly 
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compared treatment effects between these grammatical 
categories. Knowing whether treatment effect differs by a 
specific category is essential for developing treatment 
plans for individuals with lexical retrieval deficits. Three 
studies to date have targeted both nouns and verbs in bi/ 
multilinguals with aphasia (Ansaldo et al., 2010; Goral 
et al., 2012; Miertsch et al., 2009). In Miertsch et al. 
(2009), a German–English–French trilingual with aphasia 
was trained in the third language (L3; French), targeting 
lexical semantic processing. Treatment effect was captured 
via subtests of the Bilingual Aphasia Test (Paradis, 1987) 
in all three languages. This participant demonstrated signifi-
cant improvement in word production in both third lan-
guage (French) and second language (L2; English). In Goral 
et al. (2012), a Spanish–German–French–English multilin-
gual with aphasia received two phases of naming treatment 
targeting both verbs and nouns, one in Spanish and one in 
English. Significant gains in noun and verb naming were 
reported following both treatment phases. Another study 
targeted verb and noun retrieval in a Spanish–English bilin-
gual with pathological switching (Ansaldo et al., 2010). 
Results showed significant  improvement  in both word cate-
gories in the trained language (Spanish) but no generaliza-
tion to the untrained language (English). Altogether, results 
from these three studies pointed to a robust treatment gain 
targeting either verbs or nouns. Nevertheless, none of them 
have investigated patterns of treatment-induced recovery as 
a function of grammatical category. 

As mentioned above, evidence of bilingual aphasia 
rehabilitation has been chiefly derived from Indo-European 
languages (i.e., Spanish–English and French–English). It is 
important to examine the treatment effect between nouns 
and verbs in bilinguals speaking typologically different lan-
guages (i.e., Mandarin–English). Concretely, Mandarin is a 
“verb-friendly” language in which verbs do not carry rich 
morphosyntactic structures (Gentner, 2006; Vigliocco et al., 
2011). In addition, pronouns can be dropped in a Mandarin 
sentence (Huang, 1989), making verbs at the sentence-initial 
position and more salient. Hence, patterns of treatment-
induced language recovery may differ between Mandarin 
and English, particularly for verbs. To date, one study has 
examined the effect of a verb therapy in two Mandarin– 
English BWA (Li et al., 2021). Both participants received a 
semantic-based naming treatment in their  first language (L1;
Mandarin). While positive treatment effect and generaliza-
tions were reported, therapy was only delivered in one lan-
guage and evidence was limited to a small sample size. 

Improvements beyond the word level can further 
promote communication skills in individuals with aphasia. 
Nevertheless, generalization to sentence and discourse 
production has not been systematically investigated across 
treatment studies in BWA. Several studies have reported 
significant improvements in these tasks following verb
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therapy (Goral et al., 2012; Knoph et al., 2015; Lerman 
et al., 2019; Li et al., 2021), which corroborates the 
assumption that verbs can activate nouns being assigned 
to thematic roles (i.e., agent and patient; McRae et al., 
2005). Hence, training the target verb may have the poten-
tial for generalization beyond the single-word level. 

In summary, the bulk of previous research in bilingual 
aphasia rehabilitation has been limited to noun treatment, 
and only a few studies have targeted verbs. Although posi-
tive treatment effect has been identified in studies targeting 
either nouns or verbs, to what extent this effect is similar in 
both grammatical categories remains unclear. Hence, the 
same treatment steps need to be implemented so that treat-
ment effects can be examined as a function of grammatical 
category. Moreover, most evidence of bilingual aphasia reha-
bilitation has stemmed from Indo-European languages. 
Given the cross-linguistic differences in verb morphology 
and verb salience between Mandarin and English, it is 
important to investigate if similar patterns of treatment-
induced language recovery emerge in both languages. There-
fore, this study aimed to investigate patterns of treatment 
gains and generalizations between training nouns and verbs 
in a larger sample of Mandarin–English BWA  who were
trained in either Mandarin or English. Results from  this
study would help us better understand bilingual aphasia 
treatment targeting different grammatical categories. 

Specifically, we investigated patterns of the direct 
treatment gain, within-language generalization, cross-
language generalization, and widespread generalizations to 
sentence and discourse production and standardized nam-
ing tasks. It was hypothesized that Mandarin–English 
BWA would show significant improvements in naming the 
trained and semantically related items in treated and 
untreated languages following both noun and verb treat-
ment (Ansaldo et al., 2010; Goral et al., 2012; Kiran 
et al., 2013; Lerman et al., 2019; Li et al., 2021). The 
treatment effect would be larger in verb treatment since 
verbs may be more impaired than nouns at the semantic 
representation level (Dai et al., 2012; Faroqi-Shah & 
Waked, 2010; Kambanaros & van Steenbrugge, 2006). We 
also hypothesized widespread generalizations to sentence 
and discourse production and standardized naming tasks 
after both noun and verb treatment (Goral et al., 2012; 
Knoph et al., 2015; Lerman et al., 2019; Li et al., 2021). 
The effects would be larger following verb therapy given 
the priming effect from verbs to their thematic roles 
(McRae et al., 2005). Therefore, we tested the above 
hypotheses by addressing the following aims: 

1. Do differences in treatment acquisition, within-language 
generalization, and cross-language generalization emerge 
between training nouns and verbs in Mandarin– 
English BWA? 
• •2130 American Journal of Speech-Language Pathology Vol. 32 21
2. Do differences in generalizations to sentence and 
discourse production emerge between training nouns 
and verbs in Mandarin–English BWA? 

3. Do differences in standardized naming tasks emerge 
between training nouns and verbs in Mandarin– 
English BWA? 
Method 

Participants 

Twelve Mandarin–English bilinguals with chronic 
aphasia were enrolled in this study (see Table 1; six female 
participants, mean age = 52.6 ± 18.5 years, mean years of 
education = 17.7 ± 3.4, mean months postonset = 51.4 ± 
48.4, L1: Mandarin). Eleven of them had a single left 
hemisphere stroke, and one had a traumatic brain injury 
(P4). These individuals met the following inclusion cri-
teria: (a) fluent in speaking both Mandarin and English 
before onset (Grosjean, 1982), (b) diagnosed with aphasia 
based on the Western Aphasia Battery–Revised (WAB-R; 
Kertesz, 2007) for English and the Aphasia Battery in 
Chinese (ABC; Gao, 1993) for Mandarin, (c) were between 
18 and 85 years old, (d) presented with normal/near-normal 
or corrected-to-normal hearing and vision, (e) were premor-
bid right-handed, and (f) had no other neurological condi-
tion (i.e., dementia) or learning disorders. Participants were 
recruited from local and national hospitals, rehabilitation 
centers, and aphasia support groups. All enrolled partici-
pants gave consent according to the Boston University 
Institutional Review Board protocol. 

The bilingual language history was collected via the 
Language Use Questionnaire (Kastenbaum et al., 2019; see 
Table 1). Specifically, language usage measured the propor-
tion of time that participants and their conversation part-
ners spent using Mandarin and English during weekdays 
and weekends. Lifetime exposure captured the average pro-
portion of time that participants heard, spoke, and read 
each language. Language ability rating (LAR) indicated the 
average self-rated scores of premorbid abilities to listen, 
speak, read, and write in each language. All these factors 
contributed to the overall language proficiency in bilinguals 
(Peñaloza et al., 2020). Our participants reported higher 
usage of L2 (English) as they lived in the United States for 
work or study during the period of this study. Although 
most of them were proficient in both languages, the overall 
LAR was relatively higher in L1. 

Experimental Design 

At the group level, a crossover treatment design was 
implemented; that is, participants began with either noun
•28–2145 September 2023
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Table 1. Patient demographics, language use history, and treatment assignment. 

ID Sex 
Age 

(years) 
Edu 

(years) MPO AoA 

Usage % Exposure % LAR % 
Tx 

Lang 
Tx 

AssignmentL1 L2 L1 L2 L1 L2 

P1 F 75.2 18.0 110.8 16.0 4.4 95.6 32.9 67.1 100.0 100.0 C N ➔ V 
P2 M 72.7 20.0 165.2 10.0 33.4 66.6 19.5 80.5 100.0 100.0 C N ➔ V 
P3 M 31.5 25.0 45.0 10.0 43.9 56.1 63.3 36.7 100.0 80.0 E N ➔ V 
P4 F 29.3 17.0 19.2 8.0 0.0 100.0 39.2 60.8 100.0 100.0 C N ➔ V 
P5 F 67.9 13.0 20.8 17.0 22.5 77.5 47.0 53.0 100.0 68.6 E N ➔ V 
P6 F 25.2 20.0 8.2 9.0 56.6 43.4 74.1 25.9 100.0 68.6 E N ➔ V 
P7 M 57.9 20.0 77.3 10.0 19.5 80.5 70.7 29.3 100.0 80.0 C V ➔ N 
P8 M 42.8 16.0 17.4 12.0 50.0 50.0 80.2 19.8 100.0 60.0 C V ➔ N 
P9 F 61.7 19.0 75.5 13.0 36.9 63.1 50.9 49.1 100.0 100.0 E V 

P10 F 53.0 15.0 20.5 12.0 29.2 70.8 43.6 56.4 88.6 82.9 E V 

P11 M 38.7 16.0 50.1 12.0 32.0 68.0 23.1 76.9 90.0 100.0 E N 

P12 M 74.7 13.0 6.2 20.0 50.0 50.0 80.8 19.2 100.0 48.6 E N 

M 52.6 17.7 51.4 12.4 31.5 68.5 52.1 47.9 98.2 82.4 

SD 18.5 3.4 48.4 3.6 17.7 17.7 21.5 21.5 4.2 18.1 

Note. Edu = education; MPO = months postonset; AoA = age of acquisition; Usage = the proportion of time that participants and their conversa-
tion partners spent using Mandarin and English during weekdays and weekends; Exposure = the average proportion of time that participants heard, 
spoke, and read each language; LAR = language ability rating, the average self-rated scores of premorbid abilities to listen, speak, read, and write 
in each language; Tx Lang = treatment language; Tx = treatment; F = female, M = male; L1 = Mandarin, L2 = English; C = Mandarin Chinese; N ➔ 
V = noun treatment then verb treatment; E = English; V ➔ N = verb treatment then noun treatment; V = verb treatment; N = noun treatment. 
or verb treatment. Within each participant, a multiple-
baseline approach (Connell & Thompson, 1986) was 
implemented for each treatment cycle; that is, each partici-
pant served as their own control by completing a baseline 
phase, a treatment phase, and a posttreatment phase (see 
Figure 1). Eight of the 12 participants completed a two-
cycle treatment (P1–P8), one for verbs and one for nouns 
(see Table 1). They either completed a noun therapy 
followed by a verb therapy, or vice versa. Additionally, a 
4- to 6-week washout period was added between each 
cycle,1 during which participants did not receive any indi-
vidual speech therapy. The other four participants (P9–P12) 
completed a one-cycle treatment targeting either nouns or 
verbs. The same language (either Mandarin or English) 
was targeted in both treatment cycles, counterbalanced 
across participants. Hence, a total of five participants were 
assigned to each treatment condition: (a) English noun, (b) 
English verb, (c) Mandarin noun, and (d) Mandarin verb. 
Standardized Language Assessments 
and Scoring 

A battery of standardized language assessments was 
administered before and after each treatment cycle, that is, 
4 times for P1–P8 (i.e., pretreatment of the first treatment 
cycle, posttreatment of the first treatment cycle, pretreat-
ment of the second treatment cycle, and posttreatment of 
1 The washout period for P3 and P4 was 4 and 6 months, respectively, 
due to health and personal reasons. 
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the second treatment cycle) and twice for P9–P12 (i.e., pre-
treatment of the first treatment cycle and posttreatment of 
the first treatment cycle). Testing sessions were counterba-
lanced by the target language (i.e., first session: English; sec-
ond session: Mandarin). All the assessments were conducted 
remotely via Zoom (https://zoom.us/) during the COVID-19 
pandemic (Dekhtyar et al., 2020). Scores were calculated 
based on guidelines within each test manual and aimed to 
characterize language impairment in both languages 
comprehensively. 

WAB-R and ABC 
The WAB-R (Kertesz, 2007) and the ABC (Gao, 

1993) were administered to measure the overall aphasia 
severity in English and Mandarin, respectively, as charac-
terized by the Aphasia Quotient (AQ). Improvement more 
than 5.03 points on the AQ was considered clinically sig-
nificant (Gilmore et al., 2019). 

Boston Naming Test 
Noun retrieval in English was evaluated with the Bos-

ton Naming Test (BNT) long form (Kaplan et al., 2001). A 
30-item version (the same items from the long form) was 
administered to assess noun retrieval in Mandarin (Chen 
et al., 2014). Improvement of more than 3.30 points was 
considered clinically significant (Gilmore et al., 2019). 

Northwestern Naming Battery and Northwestern 
Assessment of Verbs and Sentences 

Noun and verb naming were further administered using 
the Northwestern Naming Battery (NNB) and the Verb
Kiran: Noun and Verb Treatment in Bilinguals With Aphasia 2131
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Figure 1. Experimental design. Group-level crosssover treatment design: Participants completed either noun or verb treatment first. Within-
subject multiple-baseline approach: Each participant served as their own control by completing baseline, treatment, and posttreatment 
phases for each treatment cycle. Washout period: no individual speech therapy. 
Naming Test from the Northwestern Assessment of Verbs 
and Sentences (NAVS) for both English (Thompson, 2012; 
Thompson et al., 2012) and Mandarin (Wang & Thompson, 
2016). For the NNB, items that comprised the noun–verb 
ratio were administered (n = 16 each for nouns and verbs). 

Verb retrieval in sentences was assessed via the Argu-
ment Structure Production Test (ASPT) from the NAVS 
for English (Thompson, 2012) and Mandarin (Wang & 
Thompson, 2016). Following previous treatment studies 
(Edmonds et al., 2009; Li et al., 2021), the target verb was 
not shown in the ASPT. Responses were coded for the fol-
lowing measures to address Aim 2: (a) complete utterance 
(CU; 0 = incomplete, 1 =  complete; Edmonds et al., 2009; 
Lerman et al., 2019), (b) verb production (0 = inaccurate, 
1 =  accurate), (c) proportion of argument/noun production 
(i.e., agent and/or patients), and (d) a 0–5 rating scale cap-
turing the accuracy and completeness of an utterance (see 
Supplemental Material S1, Section 1.5, for scoring details). 
Pyramids and Palm Trees Test 
A three-picture version of the Pyramids and Palm 

Trees Test (Howard & Patterson, 1992) was administered 
to evaluate semantic processing. This test was adminis-
tered in the dominant or preferred language, given that 
bilinguals have a shared semantic system across languages. 

Cognitive Linguistic Quick Test 
Executive functions were assessed using the Cogni-

tive Linguistic Quick Test (Helm-Estabrooks, 2001), 
• •2132 American Journal of Speech-Language Pathology Vol. 32 21
including three nonlinguistic tasks (i.e., symbol trails, 
mazes, and design generation) and one linguistic task (i.e., 
generative naming). All the nonlinguistic tasks were admin-
istered in the dominant or preferred language, and the lin-
guistic tasks were evaluated in both languages. 

Discourse 
Connected speech samples were collected in Manda-

rin and English during separate sessions using a sequential 
picture (“Umbrella”), a single picture (“Cat Rescue”), and 
a storytelling task (“The Tortoise and the Hare”) from 
AphasiaBank (https://aphasia.talkbank.org/; see Supple-
mental Material S1, Section 1.6 and Figure S1). These 
tasks were chosen as they are relevant to the Chinese 
population (Kong, 2017) and have been commonly 
implemented to assess discourse production for both clini-
cal and research purposes (MacWhinney et al., 2011). 
Responses were video-recorded and transcribed by the 
first author using the Computerized Language Analysis 
program (MacWhinney, 2000). All narratives were coded 
using the Computerized Quantitative Production Analy-
sis command for the total numbers of (a) CUs, (b) utter-
ances, (c) narrative words, (d) nouns, and (e) verbs. The 
primary outcome measure was the total numbers of 
words (i.e., narrative words, nouns, and verbs), which 
have been applied to capture generalizations to discourse 
production following naming treatment (Dai et al., 
2012). The secondary outcome measure was the total 
numbers of utterances and CUs, given their clinical 
applicability and high sensitivity to generalization effects
•28–2145 September 2023



Complimentary Author PDF: Not for Broad Dissemination

 

 

(Edmonds et al., 2009; Lerman et al., 2019; Li et al., 
2021). 

Stimuli 

Either a 298-item noun-naming screener or a 230-
item verb-naming screener was administered before the 
targeted naming therapy (see Supplemental Material S1, 
Section 1.1). Inaccurate items in both languages  were
selected for treatment and control stimuli, which also 
served as naming probes. For each participant, six 15-
item sets were selected for nouns (see sample stimuli 
in Supplemental Material S1, Table A1): (a) English Set 
1, trained items (ESN1); (b) Mandarin translation of 
ESN1 (MSN1); (c) English Set 2, semantically related to 
Set 1 (ESN2); (d) Mandarin translation of ESN2 
(MSN2); (e) English Set 3, unrelated/control items 
(ESN3); and (f) Mandarin translation of ESN3 (MSN3). 
Another six 15-item sets were chosen for verbs: (a) 
English Set 1, trained items (ESV1); (b) Mandarin trans-
lation of ESV1 (MSV1); (c) English Set 2, semantically 
related to Set  1 (ESV2);  (d) Mandarin translation of
ESV2 (MSV2); (e) English Set 3, unrelated/control items 
(ESV3); and (f) Mandarin translation of ESV3 (MSV3). 
Cognates (i.e., more than 50% phoneme overlap) were 
excluded given their potential cross-linguistic facilitation 
effect (Costa et al., 2005). Lexical frequency, the number of 
syllables, familiarity, and imageability were matched within 
participant2 (see Supplemental Material S1, Section 1.2). 
Semantic features for noun and verb stimuli were selected 
from previous databases (Buchanan et al., 2019; Sandberg 
et al., 2020). At least 12 features (i.e., six applied and six 
did not apply) were assigned to each trained item. Feature 
categories were then assigned to the applied features based 
on noun and verb SFA treatment protocols (see details in 
Supplemental Material S1, Section 1.4, and examples in 
Supplemental Material S1, Tables S2 and S3). 
Procedure 

Baseline 
Three consecutive sessions of probe testing were 

administered in both languages at the beginning of each 
treatment cycle. All the probe stimuli (i.e., six 15-item sets, 
total n = 90) were presented in language blocks, counter-
balanced across sessions (i.e., Session 1: English first, 
Mandarin second; Session 2: Mandarin first, English sec-
ond; Session 3: English first, Mandarin second). Stimuli 
were pseudorandomized in each probe to ensure that (a) 
two semantically related items were not presented 
2 Stimuli were not matched across participants given that not all par-
ticipants were enrolled at the same time. 
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sequentially and (b) no more than two items from the 
trained set (i.e., ESN1, MSN1, ESV1, and MSV1) were 
presented sequentially. 

Treatment and Posttreatment Probes 
During the treatment phase, the 90-item naming 

probes in both languages were administered at the begin-
ning of every other treatment session (n = 10 per lan-
guage). Three posttreatment probes for both languages 
were administered immediately following the treatment 
phase. Verbal instructions and scoring criteria followed 
that for naming screeners (see Supplemental Material S1, 
Section 1.3). Responses were audio- and video-recorded 
for data analysis. 

Treatment 

Treatment was delivered via Zoom during the 
COVID-19 pandemic using PsychoPy3 (Peirce, 2007) on 
Pavlovia (https://pavlovia.org/). In each treatment cycle, 
participants received 2-hr sessions twice per week for 
10 weeks (total = 40 hr per cycle). One treatment cycle 
was terminated after all 20 sessions were completed. 
Treatment was conducted by the first author and trained 
research assistants who are fluent in both Mandarin and 
English. For each participant, 15 treatment stimuli (i.e., 
Set 1 items) were randomized across sessions. 

The steps for delivering noun therapy followed pre-
vious bilingual aphasia studies (Edmonds & Kiran, 2006; 
Kiran et al., 2013) and were adapted for verb treatment 
based on the verb SFA protocol (Wambaugh & Ferguson, 
2007). A total of six steps were administered for each tar-
get word: (a) spontaneous naming, (b) feature selection 
and assignment, (c) word association, (d) feature verifica-
tion, (e) spontaneous naming, and (f) sentence production 
(see details in Supplemental Material S1, Table S5). 

Treatment Reliability 
To ensure the reliability of treatment administration, 

two trained research assistants conducted a fidelity check 
for 25% of all the videotaped sessions. Point-by-point inter-
rater reliability between Raters 1 and 2 was performed for 
20% of their rated sessions using Pearson correlations. 

Data Analysis 

Descriptive and statistical analyses were conducted 
to address each research aim. All analyses were performed 
in RStudio (Version 4.0.3). The significance threshold was 
set at p < .05.3 
3 Threshold of statistical significance: p < .05. Findings with p < .01 
indicated stronger statistical significance.

Kiran: Noun and Verb Treatment in Bilinguals With Aphasia 2133
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Treatment Gain and Within- and 
Cross-Language Generalizations 

Probe responses in all treatment phases (i.e., base-
line, treatment, and posttreatment) served as the primary 
outcome measure. To capture treatment effects in noun 
treatment, two generalized linear mixed-effects models 
(GLMMs) were conducted to estimate (a) the direct 
treatment gain and within-language generalization in the 
treated language and (b) cross-language generalization in 
the untreated language. In both models, the item-level 
accuracy was the dependent variable (0 = inaccurate, 1 =  
accurate). Fixed factors included probe session (i.e., 
Probe 1, Probe 2, etc.), item set (i.e., SN1, SN2, SN3), 
and a Session × Set interaction term. The Western 
Aphasia Battery–Aphasia Quotient (WAB-AQ) was 
included as a covariate. Random intercepts for subject 
and item and by-subject and by-item random slopes for 
session were added. Both models were repeated to assess 
treatment effects in verb treatment. Two additional 
GLMMs were performed to examine treatment effects 
between nouns and verbs in the treated and untreated 
languages. In each model, the item-level accuracy 
across all stimuli (i.e., nouns and verbs) was the depen-
dent variable. The independent variables included 
probe session,  item  set (i.e., SN1, SN2, SN3,  SV1, SV2,
SV3), treatment category (i.e., verb, noun), and a Ses-
sion × Set × Category three-way interaction. The treat-
ment order (i.e., first vs. second) and WAB-AQ were 
entered as covariates. Random intercepts for item and 
subject and by-item and by-subject random slopes for 
session were also included. Individual effect sizes were 
further calculated using the Cohen’s d statistic (Cohen, 
1988; see benchmarks in Supplemental Material S1, 
Section 2). 

Generalizations to Sentence and 
Discourse Production 

To estimate generalization to sentence production, 
responses from the ASPT in both Mandarin (n = 20
items) and English (n = 22 items) were included.4 Mixed-
effects models were conducted for each dependent variable 
in the treated and untreated languages separately: CUs (0 
or 1), verb production (0 or 1), percent argument/noun 
production (%), and rating scale (0–5). Fixed factors 
included time point of assessment (i.e., pre, post), treat-
ment category (i.e., verb, noun), and their interaction 
term. The WAB-AQ and treatment order were included as 
covariates. Random intercepts for subject and item were 
also added. 
• •

4 Twelve items in the English ASPT included the same target verb but 
optional argument structure (i.e., “the man drives the car” and “the 
man drives”), which were excluded from the analysis. 
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To estimate generalization to discourse production, 
Poisson GLMMs were conducted for each dependent 
variable in the treated and untreated languages sepa-
rately: total counts of narrative words, nouns, verbs, 
utterances, and CUs across all three discourse tasks. 
Fixed factors included time point of assessment (i.e., 
pre, post), treatment category (i.e., verb, noun), and 
their interaction term. The WAB-AQ and treatment 
order were included as covariates, and random intercept 
for subject was added. Twenty percent of the narratives 
were randomly assigned to a trained student and tran-
scribed to check for reliability. Interrater reliability was 
calculated for all the outcome measures using Pearson 
correlations. 

Generalizations to Untrained Verbs and Nouns 
To address the last research aim, responses from the 

standardized naming tasks were included. Noun stimuli 
were the same items on the Mandarin and English BNTs 
(n = 30 per language) and items that contributed to the 
noun–verb ratio on the NNB (n = 16 per language). Verb 
stimuli were the nonredundant items from the NNB and 
the NAVS (n = 21 for Mandarin, n = 31 for English). 
Four GLMMs were performed to estimate the effect of 
generalization to noun and verb naming in the treated 
and untreated languages. In each model, the item-level 
naming accuracy was the dependent measure. Fixed fac-
tors included time point (i.e., pre, post), treatment cate-
gory (i.e., noun, verb), and their two-way interaction. The 
WAB-AQ and treatment order were included as covari-
ates. Random intercepts for subject and item were also 
added. 
Results 

This section includes group-level results. Individual 
performance is illustrated in Supplemental Material S1, 
Section 3.5 
Standardized Language Assessments 

As shown in Table 2, the average WAB-AQ in the 
treated language improved significantly following noun 
treatment in L1 Mandarin (> 5.03 points; Gilmore et al.,
•

5 Standardized assessments (see Supplemental Material S1, Table S6), 
treatment probes (see Supplemental Material S1, Figure S2), treat-
ment effect sizes (see Supplemental Material S1, Table S7), sentence 
production (see Supplemental Material S1, Table S8), discourse pro-
duction (see Supplemental Material S1, Table S9), and standardized 
naming tasks (see Supplemental Material S1, Table S10). 
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2019), and the average BNT score in the treated lan-
guage increased significantly after verb treatment in L2 
English (> 3.30 points; Gilmore et al., 2019). Although 
other measures did not reveal any statistical significance 
(paired t tests, p > .05), patterns of gains were observed 
in both treated and untreated languages. These results 
suggested that both noun and verb treatment facilitated 
gains in the overall aphasia severity and lexical retrieval 
ability. 

Treatment Gain and Within- and 
Cross-Language Generalizations 

Group-level performance (see Table 3) in noun 
treatment (see Figures 2a and 2b) exhibited significant 
gains in the trained item, semantically related untrained 
items, and translations of the trained items, suggesting a 
remarkable treatment gain, within-language generaliza-
tion, and cross-language generalization. Responses in 
verb treatment (see Figures 2c and 2d) showed significant 
improvement in the trained but not semantically related 
items and significant gains in the translations of both 
trained and untrained items. These results indicated a 
direct treatment gain and a cross-language generalization 
in verb treatment, but no within-language generalization. 
When directly comparing treatment effects between 
nouns and verbs, the trained items (p < .05) and transla-
tions of both trained (p < .01) and untrained (p < .05) 
items improved to a significantly larger extent in verb 
treatment, suggesting that verb treatment promoted 
greater therapy gains and cross-language generalization 
than noun treatment. Among the 25% of sessions 
checked for fidelity, the treatment protocol was followed 
with a reliability of 99.6%. Interrater reliability showed a 
significant correlation (r = .2,  p < .05).  

Generalization to Sentence Production 

The results in sentence production (see Table 3) did 
not reveal any significant improvement in CUs (see Fig-
ure 3a) or the target verbs (see Figure 3b) following 
either noun or verb treatment. However, argument/noun 
production (see Figure 3c) significantly improved in both 
treated and untreated languages following noun treat-
ment and in the treated language following verb treat-
ment. The rating scale (see Figure 3d) also significantly 
gained in both treated and untreated languages following 
noun and verb treatment. None of these measures 
revealed any significant differences between training 
nouns and verbs (i.e., two-way interactions, ps > .05).
These findings suggested that both noun and verb treat-
ment enhanced argument production and the overall 
accuracy of sentence production to a similar extent in the 
treated and untreated languages. 
Li &
Generalization to Discourse Production 

There were significant gains in the total number of 
narrative words (see Figure 4a) in both treated and 
untreated languages following noun treatment and in the 
untreated language following verb treatment (see Table 3). 
The extent of this generalization in the treated language 
was significantly greater after noun treatment (i.e., two-
way interaction, p < .05). Other measures also signifi-
cantly improved following noun treatment, including noun 
production (see Figure 4b) in the untreated language and 
verb production (see Figure 4c) and CUs (see Figure 4d) 
in both treated and untreated languages. Since generaliza-
tions were mostly observed in noun treatment, follow-up 
analyses were conducted to examine whether performance 
in verb treatment differed by training in L1 versus L2. 
The number of narrative words in both treated (p < .05) 
and untreated (p < .01) languages and the number of 
nouns in the treated language (p < .05) significantly 
improved after L1 verb treatment, whereas the number of 
narrative words in the untreated language (p < .05) 
remarkably improved after L2 verb treatment. Altogether, 
noun treatment led to better overall lexical retrieval 
and more CUs, whereas verb treatment mainly generalized 
to lexical retrieval, particularly when treatment targeted 
L1. All discourse measures showed high interrater reliabil-
ity in both L1 and L2 (see Supplemental Material S1, 
Table S4). 

Generalization to Standardized Naming 

Results in object noun naming tasks (see Figure 5a) 
captured significant improvement in the treated language 
after noun treatment (see Table 3). In action verb naming 
tasks (see Figure 5b), significant gains were identified in 
the treated language after both noun and verb treatment 
and in the untreated language following noun treatment. 
The magnitude of this generalization in the untreated lan-
guage was significantly larger after noun treatment (i.e., 
two-way interaction, p < .05). Follow-up analyses were 
conducted to examine if generalization patterns differed 
by training in L1 versus L2. Findings showed that L2 
noun treatment facilitated verb naming in the treated lan-
guage (p < .05), whereas L1 noun treatment enhanced 
verb naming in the untreated language (p < .05). These 
results indicated that both noun and verb treatment pro-
moted generalization to standardized naming, but the 
effect was larger following noun treatment. 
Discussion 

This study aimed to investigate patterns of treatment-
induced language recovery between nouns and verbs via
Kiran: Noun and Verb Treatment in Bilinguals With Aphasia 2135
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Table 2. Group-level performance on standardized assessments by each treatment cycle. 

Test TL 

Noun Tx Verb Tx 

Tx Lang: L1 (n = 5) Tx Lang: L2 (n = 5) Tx Lang: L1 (n = 5) Tx Lang: L2 (n = 5)  

Pre Post Pre Post Pre Post Pre Post 

M SD M SD M SD M SD M SD M SD M SD M SD  

WAB-AQ T 55.6 19.2 61.9* 18.4 81.0 2.6 79.7 1.2 61.1 16.8 61.7 16.8 84.2 9.8 83.2 9.4 

U 52.5 29.4 54.8 29.8 84.2 5.9 86.1 7.6 55.3 31.7 57.0 30.0 85.6 4.6 85.5 5.6 

BNT Raw T 7.6 8.3 8.0 7.9 21.6 4.0 24.3 5.6 8.0 8.2 8.8 9.1 26.2 7.0 29.8* 6.6 
U 15.4 19.4 14.8 20.8 20.0 8.1 20.2 7.8 17.2 20.0 17.6 19.8 19.8 5.1 19.6 5.5 

NNB obj % T 38.8 34.9 57.5 27.7 78.8 12.2 83.8 7.1 45.0 38.4 50.0 28.0 83.8 9.5 82.5 14.3 

U 48.8 46.4 48.8 45.6 86.3 20.9 95.0 5.2 47.5 47.3 50.0 45.7 92.5 10.3 96.3 5.6 
NNB act % T 26.3 35.2 32.5 32.0 58.8 18.0 68.8 11.7 36.3 29.4 41.3 30.2 70.0 19.5 76.3 21.4 

U 25.0 36.2 35.0 36.6 68.8 17.1 80.0 12.8 33.8 37.1 38.8 38.6 87.5 15.9 78.8 16.3 

VNT % T 21.0 37.1 28.0 38.2 57.3 9.0 68.2 9.2 29.0 37.7 33.0 32.0 69.1 9.4 80.9 19.5 
U 30.9 41.7 39.1 40.9 71.0 7.6 74.0 5.0 34.5 41.5 41.8 41.4 82.0 5.0 71.0 13.5 

ASPT ALL % T 25.0 33.2 42.0 35.1 83.1 14.2 80.6 11.6 37.0 29.0 45.0 30.5 87.5 18.6 76.3 18.6 

U 36.3 35.4 42.5 40.9 77.0 16.4 90.0 16.7 38.1 43.8 41.3 39.4 85.0 15.7 87.0 16.4 

CLQT EF-NV 19.2 6.8 17.5 1.7 22.6 9.2 22.2 10.4 22.4 6.3 21.6 6.4 23.6 9.5 21.8 10.2 

PPT % 85.7 9.1 85.0 9.9 94.4 5.8 95.0 2.8 82.8 15.8 89.1 10.4 95.9 2.4 92.5 7.4 

Note. Bolded values indicate higher posttreatment than pretreatment scores. Asterisk (*) indicates significant change based on the previous benchmarks. Tx = treatment; Tx Lang = 
treatment language; L1 = Mandarin, L2 = English; Pre = pretreatment; Post = posttreatment; TL = target language; WAB-AQ = Western Aphasia Battery–Aphasia Quotient (total = 
100); BNT Raw = Boston Naming Test raw score (total = 60 for L2, total = 30 for L1); NNB obj = Northwestern Naming Battery Object Naming (total = 16 in L2 and L1); NNB act = 
Northwestern Naming Battery Action Naming (total = 16 in L2 and L1); VNT = Verb Naming Test (total = 22 in L2, total = 20 in L1); ASPT ALL = Argument Structure Production Test 
with all arguments (total = 32 in L2, total = 20 in L1); CLQT EF-NV = Cognitive Linguistic Quick Test Executive Function Nonverbal (total = 31); PPT = Pyramids and Palm Trees Test 
(total = 64).
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Table 3. Group-level regression results. 

RQ 1: Treatment gain and within- and cross-language generalizations 

Predictors 

Noun Tx 
Model 1: 
treated 

Noun Tx 
Model 2: 
untreated 

Verb Tx 
Model 1: 
treated 

Verb Tx 
Model 2: 
untreated 

Noun + 
Verb Tx 
Model 1: 
treated 

Noun + 
Verb Tx 
Model 2: 
untreated 

Item Condition (trained) × Session .45 (.04)*** .13 (.04)*** .50 (.03)*** .31 (.03)*** 

Item Condition (untrained) × Session .07 (.04)** .03 (.04) .05 (.03) .13 (.03)*** 

Item Condition (trained) × Session × 
Category (ref: noun) 

.12 (.05)** .14 (.05)*** 

Item Condition (untrained) × Session × 
Category (ref: noun) 

−.02 (.05) .10 (.05)** 

RQ 2: Generalization to sentence production 

Predictors CUs Verb production Argument production Rating scale 
Treated Untreated Treated Untreated Treated Untreated Treated Untreated 

Time point (category = noun) .29 (.28) −.00 (.39) .44 (.27) .41 (.31) .12 (.02)*** .04 (.02)** .80 (.19)*** .94 (.23)*** 

Time point (category = verb) .23 (.30) .61 (.39) .18 (.29) .60 (.33) .07 (.02)*** .00 (.02) .77 (.20)*** .54 (.23)** 

Category (ref: noun) × Time Point (ref: pre) −.06 (.41) .61 (.55) −.27 (.39) .19 (.45) −.05 (.03) −.04 (.03) −.03 (.27) −.40 (.32) 
RQ 2: Generalization to discourse production 
Predictors Narrative words Nouns Verbs CUs Utterances 

Treated Untreated Treated Untreated Treated Untreated Treated Untreated Treated Untreated 

Time point (category = noun) .20 (.04)*** .23 (.04)*** .12 (.08) .25 (.08)*** .19 (.09)** .17 (.09)** .30 (.12)** .25 (.12)** .19 (.10) .12 (.09) 

Time point (category = verb) .07 (.04) .17 (.04)*** .11 (.08) .14 (.08) .01 (.09) .14 (.09) .01 (.13) .19 (.12) .11 (.10) .12 (.09) 

Category (ref: noun) × Time Point (ref: pre) −.13 (.06)** −.07 (.05) −.01 (.11) −.11 (.12) −.19 (.13) −.03 (.12) −.29 (.18) −.06 (.17) −.08 (.13) −.01 (.13) 
RQ 3: Generalization to standardized naming 

Predictors Noun naming Verb naming 
Treated Untreated Treated Untreated 

Time point (category = noun) .47 (.19)** .19 (.23) .68 (.23)*** .79 (.28)*** 

Time point (category = verb) .32 (.20) .05 (.22) .63 (.25)** −.04 (.29) 
Category (ref: noun) × Time Point (ref: pre) −.15 (.27) −.14 (.31) −.05 (.34) −.83 (.40)** 

Note. Coefficients (standard error) are reported. RQ = research question; Tx = treatment; treated = treated language; untreated = untreated language; ref = reference level; cate-
gory = treated word category (verb or noun); CUs = complete utterances. 

**p < .05 (significance threshold). ***p < .01.
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Figure 2. Group-level performance on naming probes in noun and verb treatment. X-axis is Probe Sessions 1–16: 1–3 (baseline phase), 4– 
13 (treatment phase), 14–16 (posttreatment phase). Y-axis is the average response accuracy across participants at each assessed time point 
(1.00 = 100%). Control_Tr = translations of control items; Trained_Tr = translations of trained items; Untrained_Tr = translations of semanti-
cally related untrained items. 
the implementation of the same treatment steps for both 
noun and verb treatment. Specifically, we examined if dif-
ferences in the following treatment and generalization 
effects emerged between training nouns and verbs: (a) treat-
ment acquisition and within- and cross-language generaliza-
tions, (b) generalizations to sentence and discourse produc-
tion, and (c) generalizations to standardized naming. Our 
study captured seven key findings (see Table 4), which will 
be elaborated in the following paragraphs. This study, to 
our knowledge, is the first one in bilingual aphasia rehabili-
tation that included the largest sample size of Mandarin– 
English BWA. Findings provide evidence of treatment-
induced language recovery targeting nouns and verbs and 
help grow the evidence base for bilingual aphasia rehabili-
tation in Mandarin–English BWA.

Standardized Language Assessments 

Our participants demonstrated significant improve-
ments on the WAB-AQ in the treated language following 
noun treatment in L1 (i.e., Mandarin) and on the BNT in 
the treated language following verb treatment in L2 (i.e., 
English; Finding 1). These findings suggest that practicing 
lexical retrieval and associated features of an item facili-
tated the overall aphasia severity and lexical retrieval 
• •2138 American Journal of Speech-Language Pathology Vol. 32 21
ability (Edmonds & Kiran, 2006; Kiran & Roberts, 2010; 
Li et al., 2021). 

Treatment Gain and Within- and 
Cross-Language Generalizations 

This study replicated a significant direct treatment 
effect in both noun and verb treatment in Mandarin– 
English BWA (Gil & Goral, 2004; Kiran et al., 2013; 
Lerman et al., 2019; Li et al., 2021), but the magnitude 
of this effect was significantly larger in verb treatment 
(Finding 2). Our findings support the hypothesis that 
repeated activation of labels and their semantic features 
strengthens the links between semantic representations and 
associated lexical representations, leading to increased lexi-
cal retrieval accuracy (Boyle & Coelho, 1995). Despite the 
cross-linguistic differences in verb morphology and verb 
salience between Mandarin and English (Gentner, 2006; 
Vigliocco et al., 2011), training in either L1 or L2 facilitated 
the direct treatment gain. This finding is particularly impor-
tant in bilingual language rehabilitation, as targeting the 
lexical semantic representation may have the potential for 
improving lexical retrieval in wider bilingual populations. 
In addition, a larger treatment effect in verb treatment sug-
gested that retrieving nouns associated with the thematic
•28–2145 September 2023
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Figure 3. Group-level performance on sentence production before and after both noun and verb treatment. Box plots capturing the average 
performance in the trained and untrained languages based on measures including (a) average proportion of complete utterance (1.00 = 
100%), (b) average proportion of accurate verb production (1.00 = 100%), (c) average proportion of noun production (1.00 = 100%), and (d) 
average rated scale (0–5). Cross (×) indicates the mean value across participants. Asterisk (*) indicates significant improvement from pre- to 
posttreatment based on pairwise comparisons: *p < .05. **p < .01. 
roles of a verb may facilitate verb retrieval (Edmonds et al., 
2009; Li et al., 2021; Wambaugh & Ferguson, 2007). 

Mandarin–English BWA also demonstrated signifi-
cant improvements in the semantically related items in 
noun treatment (Finding 3), which is in line with previous 
treatment studies (Kiran & Roberts, 2010; Kiran et al., 
2013). However, we did not find any within-language gen-
eralization in verb treatment. This could be due to concep-
tual factors that affect the degree of semantic relatedness 
of verbs. For example, somatotopic information (i.e., 
body part) is automatically activated in verb processing 
and primes verbs sharing the same features (e.g., “licking” 
➔ “kissing”; Faroqi-Shah et al., 2010). In addition, the 
naming accuracy tends to be higher for instrumental verbs 
(i.e., involve an artificial instrument, e.g., “sweep”) than non-
instrumental verbs in individuals with aphasia (Bastiaanse & 
Jonkers, 1998). Another explanation is the extent of feature 
Li &
specificity (Faroqi-Shah et al., 2010). Prior studies have 
shown that training general features (e.g., use tools) of a 
word (e.g., “dig”) was insufficient in facilitating retrieval 
of another tool verb (e.g., “scoop”). Therefore, generali-
zation to semantically related verbs may require specific 
features that directly link to the target names. 

Items in the untrained language improved signifi-
cantly in both noun and verb treatment, suggesting the 
potential for cross-language generalization (Goral et al., 
2012; Li et al., 2021). This effect was again more robust 
when treatment targeted verbs, as evidenced by a larger 
magnitude of improvement in translations of both trained 
and untrained items (Finding 4). Such differences between 
noun and verb treatment may be due to cross-language 
inhibitory control (Kiran et al., 2013). When both L1 and 
L2 lexicons are activated, language selection is achieved 
by inhibiting lexical representations in the nontarget
Kiran: Noun and Verb Treatment in Bilinguals With Aphasia 2139
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Figure 4. Group-level performance on discourse tasks before and after both noun and verb treatment. Box plots showing scores averaged 
across three discourse tasks as measured by the total numbers of (a) narrative words, (b) nouns, (c) verbs, (d) complete utterances (CUs), 
and (e) utterances. Cross (×) indicates the mean value across participants. Asterisk (*) indicates significant improvement from pre- to post-
treatment based on pairwise comparisons: *p < .05. **p < .01.
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Figure 5. Group-level performance on standardized (a) object naming and (b) action naming tasks. Y-axis: naming accuracy averaged across 
participants. Cross (×) indicates the mean value. Asterisk (*) indicates significant improvement from pre- to posttreatment based on pairwise 
comparisons: *p < .05. **p < .01. 
language (inhibitory control model; Green, 1998). Since 
the cross-linguistic semantic overlap is higher for concrete 
than abstract words (de Groot, 1992), training nouns may 
yield more cross-linguistic interference, leading to stronger 
between-languages inhibitory control (Green, 1998). This 
finding may also be attributed to less complicated verb 
morphology in Mandarin, which makes lexical access to 
verbs easier (Li et al., 2019). In fact, three of the four par-
ticipants who received verb treatment in L2 showed signif-
icant effect sizes in the untreated language (i.e., Mandarin; 
P3, P6, and P9). Altogether, these findings suggested that 
training semantic features of nouns and verbs promoted 
generalizations to the untreated language, but the underly-
ing mechanism may depend on individual and language-
specific factors.
Table 4. Summary of key findings. 

Outcome measures Noun treat

1. Standardized language assessments ✓

WAB-AQ in L1 
(Tx lang = L1) 

2. Direct treatment gain ✓

3. Within-language generalization ✓

4. Cross-language generalization ✓

5. Generalization to sentences ✓

Lexical retrieval, overall a

6. Generalization to discourse ✓✓

Lexical retrieval, CUs

7. Generalization to standardized naming ✓✓

Noun naming; verb namin

Note. A checkmark indicates a significant treatment or generalization e
effect; a minus sign indicates no significant effect. WAB-AQ = Western A
ment language; BNT = Boston Naming Test; L2 = English; CUs = comple

Li &
Generalizations to Sentence and 
Discourse Production 

Both noun and verb treatment promoted generaliza-
tions to sentence production to a similar extent, as evi-
denced by gains in argument production and the overall 
sentence accuracy (Finding 5). These findings indicated 
that both types of treatment facilitated lexical retrieval of 
nouns associated with thematic roles in a sentence 
(McRae et al., 2005), leading to increased argument pro-
duction. In addition, since argument structure of a verb is 
an integral part of the semantic representation (Webster & 
Whitworth, 2012), repeated feature analysis of a verb’s 
subject and object may have strengthened its predicate 
argument structure and basic syntactic structure.
ment Verb treatment 

✓  
BNT in L2 
(Tx lang = L2) 

✓✓  
− 
✓✓  
✓  

ccuracy Lexical retrieval, overall accuracy 

✓ 
Lexical retrieval 

✓ 
g in L2 Verb naming 

ffect; two checkmarks indicate a larger treatment or generalization 
phasia Battery–Aphasia Quotient; L1 = Mandarin; Tx lang = treat-
te utterances. 
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Our participants further demonstrated varying gen-
eralization patterns in discourse production, as reflected 
by significant improvements in the numbers of narrative 
words, nouns, verbs, and CUs in both treated and untreated 
languages. However, most of these generalizations were 
observed following noun treatment (Finding 6). Since gener-
alizations were mainly confined to lexical retrieval, some 
levels of sentence production ability might be necessary for 
successful generalization to discourse (Wambaugh et al., 
2014). Our follow-up analyses showed that verb treatment 
targeting L1 (Mandarin) promoted lexical retrieval to a 
larger extent than L2 (English). This could be due to a 
higher L1 versus L2 LAR (see Table 1) that may facilitate 
the generalization effect in BWA (Gil & Goral, 2004). Our 
results also did not reveal any significant changes in CUs 
after verb treatment, which have been mainly reported in 
sentence-based treatment (i.e., Verb Network Strengthening 
Treatment; Edmonds et al., 2009). Hence, it may be neces-
sary to integrate verbs in a sentence context to promote this 
generalization. These findings reflect diverse mechanisms of 
generalization beyond the single-word level that differ by 
the trained grammatical category. 
Generalization to Standardized Naming 

Finally, our participants exhibited widespread gener-
alizations to standardized naming of nouns following noun 
treatment and to naming of verbs following both noun and 
verb treatment, but the magnitude of the generalization to 
verb naming was significantly larger after noun than verb 
treatment (Finding 7). These findings support the hypothe-
sis that strengthening semantic knowledge could lead to 
better overall lexical retrieval (Lerman et al., 2019; Li 
et al., 2021). From a semantic perspective, features such as 
location, time, and function of an object may activate an 
event (Lancaster & Barsalou, 1997). In addition, nouns are 
less semantically constrained than verbs and can prime verb 
processing (McRae et al., 2005). Therefore, training nouns 
from a variety of semantic categories might have strength-
ened their semantic connections to verbs. 

Our post hoc analyses revealed that training nouns 
in L2 facilitated generalization to verb naming in the 
treated language, whereas training nouns in L1 led to gen-
eralization to verb naming in the untreated language. In 
bilingual language processing, inhibitory control in the 
dominant language (i.e., L1) is stronger when the target 
language is the less dominant language (Green, 1998). 
Hence, when our participants received noun therapy in 
L2, the between-languages inhibitory control might be 
stronger than the generalized activation between nouns 
and verbs, leading to increased verb naming in L2. How-
ever, when receiving noun therapy in L1, the within-
language semantic interference (Belke et al., 2005) might 
• •2142 American Journal of Speech-Language Pathology Vol. 32 21
be stronger than between-languages inhibitory control and 
thus precluded generalization to verb retrieval in the 
treated language. These findings indicated that generaliza-
tion to standardized naming may depend on the semantic 
constraints of nouns and verbs, language-specific proper-
ties, and bilingual inhibitory control. 

Findings from this study provide clinical guidance for 
bilingual aphasia rehabilitation in Mandarin–English BWA. 
Specifically, lexical retrieval of both nouns and verbs should 
be thoroughly assessed across different linguistic contexts 
(i.e., naming, sentence/discourse production). Additionally, 
if the treatment goal is to improve the direct lexical 
retrieval, semantic-based interventions (i.e., SFA) can bene-
fit both noun and verb retrieval regardless of the target lan-
guage. However, if the goal is lexical retrieval of the 
untrained items, treatment stimuli should be carefully 
selected to maximize this generalization effect. Moreover, if 
therapy aims to improve lexical retrieval in the untrained 
language, targeting verbs may facilitate greater generaliza-
tions than nouns. Finally, language-specific properties such 
as verb morphology and verb salience should be considered 
if therapy is provided in Mandarin Chinese. 
Limitations and Future Directions 

First, we included a heterogeneous sample that var-
ied in bilingual language history and aphasia profile. It is 
important for future research to increase the sample size 
and investigate the effect of these factors on treatment 
outcomes. Second, our verb treatment did not show any 
within-language generalization, possibly due to factors 
affecting the semantic relatedness across stimuli. Future 
studies should control for variables such as instrumentality 
and somatotopic information of verbs to maximize this 
type of generalization. Third, while widespread generaliza-
tions beyond the trained items were evident in standardized 
naming tasks, patterns varied between training nouns and 
verbs. Hence, future research should examine the effects of 
semantic constraints of nouns and verbs, cross-linguistic dif-
ferences between Mandarin and English, and bilingual lan-
guage control. Finally, although our study demonstrated 
various significant treatment effects, findings are limited to 
Mandarin–English BWA. Therefore, future studies should 
replicate the current findings in other bilingual populations. 
Conclusions 

This study investigated treatment and generalization 
effects between nouns and verbs in a semantic-based nam-
ing therapy in 12 Mandarin-English BWA. Participants 
demonstrated significant improvements on the overall 
aphasia severity (i.e., WAB-AQ) and lexical retrieval
•28–2145 September 2023
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ability (i.e., BNT). Responses from weekly naming probes 
showed direct treatment gains in both noun and verb 
treatment, but the effect was greater in verb treatment. 
Generalization to semantically related items was identified 
in noun treatment but not in verb treatment. Cross-
language generalization was observed in both noun and 
verb treatment, but the effect was significantly larger in 
verb treatment. Widespread generalizations were captured 
in sentence and discourse production and standardized 
naming tasks. However, patterns varied by the target 
grammatical category. Our findings support the effective-
ness of semantic naming treatment targeting both nouns 
and verbs and help grow the evidence base for aphasia 
rehabilitation in Mandarin–English BWA. 
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