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Abstract: Anomia is an early and prominent feature of primary progressive aphasia (PPA) and other
neurodegenerative disorders. Research investigating treatment for lexical retrieval impairment in
individuals with progressive anomia has focused primarily on monolingual speakers, and treatment
in bilingual speakers is relatively unexplored. In this series of single-case experiments, 10 bilingual
speakers with progressive anomia received lexical retrieval treatment designed to engage relatively
spared cognitive-linguistic abilities and promote word retrieval. Treatment was administered in
two phases, with one language targeted per phase. Cross-linguistic cognates (e.g., rose and rosa)
were included as treatment targets to investigate their potential to facilitate cross-linguistic transfer.
Performance on trained and untrained stimuli was evaluated before, during, and after each phase
of treatment, and at 3, 6, and 12 months post-treatment. Participants demonstrated a significant
treatment effect in each of their treated languages, with maintenance up to one year post-treatment
for the majority of participants. Most participants showed a significant cross-linguistic transfer
effect for trained cognates in both the dominant and nondominant language, with fewer than half
of participants showing a significant translation effect for noncognates. A gradual diminution of
translation and generalization effects was observed during the follow-up period. Findings support
the implementation of dual-language intervention approaches for bilingual speakers with progressive
anomia, irrespective of language dominance.

Keywords: bilingualism; primary progressive aphasia; treatment; intervention

1. Introduction

The majority of individuals worldwide speak two or more languages (e.g., [1,2]);
nonetheless, most studies that have evaluated the benefits of speech-language intervention
for individuals with aphasia have focused on monolingual speakers (e.g., [3–8]). This dis-
parity is even more striking in aphasia caused by neurodegenerative disease (e.g., [9,10]).
In the United States, bilingual speakers are more likely to belong to historically minoritized
populations (e.g., [10]). Therefore, the lack of evidence regarding treatment for bilingual
speakers with aphasia disproportionately impacts individuals from historically marginal-
ized populations, which, in turn, contributes to health disparities in these groups. In an
era of globalization, speech-language pathologists are increasingly called upon to provide
services for individuals who speak more than one language [11,12]. This necessitates
careful consideration of therapeutic manipulations that may be used to support multiple
languages for bilingual speakers, especially given the shortage of bilingual speech-language
pathologists in the United States [13].
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In this study, we sought to investigate whether a lexical retrieval intervention that has
largely been evaluated in monolingual speakers [14–16] would be efficacious for bilingual
speakers with progressive anomia. The treatment was adapted to include distinct targets
treated in each of the participants’ languages. We also examined whether inclusion of
targets with shared phonology (i.e., cross-linguistic cognates, such as dentist and its Spanish
translation equivalent dentista) may promote naming accuracy across languages. In the
following sections, we briefly review neurodegenerative syndromes that may present
with progressive anomia, summarize the literature examining restitutive interventions in
monolingual and bilingual speakers with progressive anomia, and present evidence for
treatment-induced cross-linguistic transfer in bilingual aphasia.

1.1. Progressive Anomia

Anomia is a ubiquitous feature of aphasia syndromes and distinct etiologies can result
in word-retrieval difficulty. This study includes patients with anomia in the context of
a number of neurodegenerative disorders. Primary progressive aphasia (PPA) is a neu-
rodegenerative syndrome characterized by gradual worsening of speech and language
ability, with relative sparing of other cognitive domains [17]. International consensus
criteria delineate three clinical variants of PPA [18]: the nonfluent/agrammatic variant, the
semantic variant, and the logopenic variant. Each subtype presents with a distinct profile
of speech and/or language impairments and pattern of brain atrophy (e.g., [19]). Anomia is
a core feature of both the logopenic and semantic PPA variants but for different underlying
reasons. The logopenic variant of PPA (lvPPA) presents with a core deficit in phonolog-
ical processing, which manifests as impaired word retrieval in spontaneous speech and
naming, and impaired repetition of phrases and sentences [20]. In this syndrome, cortical
atrophy is typically observed in left temporoparietal regions implicated in phonological
processing and phonological working memory [20,21]. LvPPA is most often associated
with Alzheimer’s pathology [22].

The semantic variant of PPA (svPPA) presents with left greater than right atrophy in
the anterior temporal lobes [23,24]. Individuals with svPPA have impaired confrontation
naming and single-word comprehension due to a gradual degradation of conceptual
knowledge [18]. In cases where right anterior temporal atrophy is greater than that in the
left hemisphere, individuals are characterized using different diagnostic terminology, either
behavioral variant frontotemporal dementia or right temporal variant of FTD (e.g., [25,26]).
These individuals are also anomic; however, their anomia is typically less pronounced
than deficits in affect processing, and person and social semantic knowledge [25–28]. Both
left and right temporal variants of FTD that present with primary deficits in semantic
processing are associated with TDP-43 proteinopathy [22].

1.2. Treatment for Progressive Anomia in Primary Progressive Aphasia

At present, there are no pharmacological interventions proven to successfully treat the
speech and language symptoms that accompany PPA or FTD. There is, however, a growing
body of evidence documenting the utility of behavioral speech-language interventions to
improve targeted communication skills in PPA. Most of this work has centered on treating
anomia in the context of PPA, with the overwhelming majority of studies focusing on
monolingual speakers (for reviews, see [29–36]).

Treatment for anomia has been shown to result in improved naming in all three PPA
variants; however, given the scope of the current paper, we will focus on outcomes reported
in sv and lvPPA. The treatment approaches used to treat anomia in sv and lvPPA range
from rehearsal of spoken and/or written word forms [31,37–49] to more varied training
tasks, some of which are designed to encourage self-cueing through the recruitment of
residual semantic and word form knowledge [14,15,40,50–52]. Maintenance of treatment
gains has been more frequently observed in lv versus svPPA, with gains observed up to
12 [15,53] and 15 months post-treatment [54], respectively. In both variants, generalization
to untrained items has been reported. Generalization is more often reported in studies
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that have utilized approaches that incorporate more elaborated training tasks and/or that
encourage self-cueing, e.g., [14–16,40,50–52,55].

Only one study [10] has examined the effects of naming intervention administered to a
bilingual speaker (Norwegian-English) with PPA (i.e., lvPPA). The treatment, administered
only in English, began with eight in-person sessions, which were then followed by 11
months of home practice. In general, the participant showed a decline in both languages
from pre- to post-treatment, with the exception of written naming accuracy. More specif-
ically, the participant demonstrated better written naming for trained versus untrained
items in English. Despite the fact that treatment was only offered in English, evidence for
cross-language transfer was observed in oral naming and naming-to-definition in Norwe-
gian. The results of this study suggest that cross-language transfer is possible in bilingual
PPA, despite progressive worsening.

In sum, research addressing speech-language treatment for monolingual speakers
with PPA documents that intervention is efficacious and may have long-term benefits
for some individuals. In bilingual speakers, additional research is needed in order to
evaluate the effects of intervention within and between languages, and to investigate
optimal treatment designs to promote cross-linguistic transfer.

1.3. Cross-Linguistic Transfer in Treatment for Anomia in Bilingual Aphasia and the Role
of Cognates

Studies of linguistic processing in healthy bilingual speakers can inform predictions
regarding treatment-induced cross-linguistic transfer in bilingual aphasia. Perhaps the
closest analogue to cross-linguistic transfer in neurotypical bilingual speakers is that of
translation. Evidence from studies of healthy bilingual speakers has shown asymmetry
in translation directionality, such that backward translation (L2 to L1) is faster and more
accurate than forward translation (L1 to L2, e.g., [56–59]), particularly for those who learn
their L2 subsequent to their L1. This pattern is thought to reflect weakened links between
the L2 lexicon and conceptual representations relative to the L1. This is in addition to
stronger lexical links from the L2 to the L1 (bilingual speakers may access conceptual
information via the L1, particularly at lower levels of L2 proficiency, as is described in the
revised hierarchical model [58]). Interestingly, bilingual speakers who speak languages
that share cross-linguistic cognates (i.e., words that share meaning and form across lan-
guages, such as telephone and teléfono) tend to demonstrate a cognate facilitation effect,
wherein cognates are named faster and are translated more quickly and reliably relative to
noncognates (e.g., [56,57,60–67]). This may be possible due to shared conceptual represen-
tations activating lexical items in both languages, with cognates benefiting from increased
activation from shared phonological segments.

Studies examining cross-linguistic transfer effects following treatment for anomia in
stroke-induced aphasia have reported different patterns of transfer (e.g., [3–5,68]). The
majority of naming intervention studies report transfer or generalization from participants’
trained L2 to their untrained L1 (e.g., [69–73]). Other studies have found transfer to the
untrained L2 following L1 treatment (e.g., [74–76]). Taken together, these studies illustrate
that bidirectional transfer is possible, but not uniform, in the context of aphasia treatment.
In addition, a series of studies (e.g., [72,75,77]) has shown that the effects of an intervention
targeting semantic bases of naming can result in within- and between-language transfer
(to translation equivalents of trained items and to untrained items). Other work has
investigated whether the inclusion of cognates in treatment may result in greater cross-
linguistic transfer effects.

The effect of including cognates as treatment targets for bilingual speakers with
aphasia has been examined primarily in the context of naming intervention. A handful
of studies has reported positive transfer effects for cognate items [78,79] in individuals
with nonfluent aphasia. Other studies have not observed such an effect [69,80,81]. The
variability of cognate transfer effects reported from single cases in the literature may be
attributed to a number of factors, including participant characteristics and differences
in methodology (e.g., treatment approaches/tasks). Given that the majority of studies
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examining treatment for bilingual aphasia have focused on stroke-induced aphasia, a study
examining the effect of treatment and potential for cross-language transfer in progressive
aphasia is warranted.

1.4. The Present Study

The aim of this study was to investigate the effects of an established lexical retrieval
training approach in a series of bilingual speakers with progressive anomia. Each individual
underwent treatment using a single-subject multiple baseline design, with treatment
administered in each of their languages in distinct phases. We assessed performance on
items trained in each language, as well as cross-linguistic transfer effects (performance
of untrained translation equivalents in one language that were trained items in the other
language). Performance on trained and untrained items as well as standardized tests was
assessed before, during, and after treatment, with follow-up testing at 3, 6, and 12 months
post-treatment. Consistent with previous research [15], we predicted that treatment would
result in improved naming for trained items, with maintenance of gains in the follow-up
period, and with some participants demonstrating evidence of generalization to untrained
items. We also hypothesized that treated cognates would show significant cross-linguistic
transfer and that the magnitude of transfer would be significantly greater than that for
noncognates.

2. Materials and Methods
2.1. Participants

Ten bilingual speakers with progressive anomia were recruited for this study. Partici-
pants included one individual with the right temporal variant of frontotemporal dementia,
four participants with the semantic variant of PPA, and five participants with the logopenic
variant PPA. With the exception of the participant with right temporal variant FTD, partici-
pants with PPA met current diagnostic criteria for PPA and subtype [17,18]. Inclusionary
criteria required that individuals presented with progressive anomia, and attained a con-
ceptual or composite score ([82–84]; where an appropriate response in either language is
counted as correct) of 15 or higher on the Mini-Mental State Exam [85] at pre-treatment. In
addition, we recruited only bilingual individuals who reported speaking both languages
at the time of enrollment and who were in favor of undergoing treatment in both of their
languages. Bilingual individuals who reported no longer using one of their languages
were not enrolled in the current study but were enrolled in a separate study evaluating the
effects of intervention provided in English only.

Six individuals were male and nine were right-handed, with one participant reporting
ambidexterity. The mean age of participants was 67 years (±7) and, on average, individu-
als were 3.5 years (±2) post symptom onset. All participants spoke English and another
language (n = 5 Spanish, n = 2 Farsi, n = 1 Portuguese, and n = 1 French; see Table 1).
Participants gave written informed consent, and all procedures were approved by the
institutional review board at The University of Texas at Austin. Structural magnetic reso-
nance imaging was acquired for five participants prior to the commencement of treatment
and voxel-based morphometry analysis was conducted, comparing each participant to
30 healthy age-matched controls (see Figure 1). The results from these analyses revealed the
expected pattern of atrophy for each individual (left > right anterior temporal lobe atrophy
in svPPA (right > left for right temporal variant) and left > right temporoparietal atrophy in
lvPPA). All participants lived at a distance from the research site; therefore, assessment and
treatment were conducted via HIPAA-compliant videoconferencing software (Fuze, Adobe
Connect or Zoom). Previous work from our group has shown that treatment delivery
modality (face-to-face versus telerehabilitation) does not impact treatment outcomes (i.e.,
performance on the primary outcome measure and maintenance and generalization effects)
for the intervention used in this study [86].
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Table 1. Individual Demographic and Language History Profiles.

Participant rtFTD1 SV1 SV2 SV3 SV4 LV1 LV2 LV3 LV4 LV5

Demographics

Sex M M M F F F M F M M
Age (years) 67 72 64 60 63 78 80 59 64 62
Education (years) 16 12 18 20 20 16 20 18 18 13
Years Post Onset 3 5 3 3 9 2 4 2 2.5 1.5
Handedness Right Right Right Ambidextrous Right Right Right Right Right Right

Language History Variables

Language Span Eng Span Eng Farsi Eng Span Eng Span Eng French Eng Port Eng Span Eng Farsi Eng Span Eng

Age of acquisition (years) Birth 6 Birth 5 Birth 18 11 Birth 9 Birth 17 Birth Birth Birth Birth 16 Birth 14 Birth 17
Premorbid proficiency (5-point
scale; with 5 indicating
native-like proficiency)

3 5 4 5 4 5 3 5 5 5 5 5 4 5 5 5 5 4 5 5

Premorbid daily usage (out of
100%) 7% 93% 16% 85% 60% 40% 8% 93% 12% 88% 13% 88% 10% 90% 20% 80% 37% 63% 48% 52%

Weekday 13% 87% 18% 82% 38% 62% 15% 85% 12% 88% 13% 88% 13% 87% 20% 80% 53% 47% 46% 54%
Weekend 1% 99% 13% 87% 82% 18% 0% 100% 12% 88% 13% 88% 6% 94% 20% 80% 21% 79% 50% 50%

Postmorbid proficiency (5-point
scale; with 5 indicating
native-like proficiency)

3 5 3 5 4 5 2 4 2 3 5 5 2 4 2 2 5 4 3 4

Postmorbid daily usage (out of
100%) 5% 94% 7% 93% 60% 40% 8% 93% 97% 3% 13% 88% 6% 94% 10% 90% 80% 20% 85% 15%

Weekday 6% 91% 7% 93% 38% 62% 15% 85% 100% 0% 13% 88% 6% 94% 10% 90% 80% 20% 87% 13%
Weekend 3% 97% 7% 93% 82% 18% 0% 100% 94% 6% 13% 88% 6% 94% 10% 90% 80% 20% 83% 17%

Self-reported dominance English English Farsi English English English English English Farsi Spanish
Dominance index (lower BNT
score/ higher BNT score) 0.39 0.15 0.50 0.33 0.82 0.50 0.14 0.22 0.47 0.97

Note: rtFTD1 = participant with right temporal variant frontotemporal dementia; sv = semantic variant PPA; lv = logopenic variant PPA. See Gollan et al., 2010; 2012 for details regarding dominance index. Span
= Spanish, Eng = English, Fre = French, Port = Portuguese.
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was a range in age of second language acquisition (birth-18 years) and seven participants 
reported dominance in English. All participants received a comprehensive cognitive-lin-
guistic evaluation prior to the initiation of treatment in order to confirm diagnosis and 
clinical subtype. Aphasia with prominent anomia and a history of progressive decline 
were confirmed in all participants. In general, participants demonstrated better perfor-
mance in their dominant language. Pre-treatment assessment scores are presented in Ta-
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Figure 1. Results of whole brain voxel-based morphometry analysis showing atrophy patterns for
each participant relative to controls (n = 30, FWE < 0.05, k = 100, total intracranial volume and age
included as covariates). Note that scans were available for only five participants. rtFTD = right
temporal variant of frontotemporal dementia; SV = semantic variant; LV = logopenic variant.

A language use history questionnaire (subset of items from Kiran et al. [87]) was used
to gain information regarding individuals’ use and exposure to each of their languages. A
summary of each individual’s language history is provided in Table 1. There was a range
in age of second language acquisition (birth-18 years) and seven participants reported
dominance in English. All participants received a comprehensive cognitive-linguistic
evaluation prior to the initiation of treatment in order to confirm diagnosis and clinical
subtype. Aphasia with prominent anomia and a history of progressive decline were
confirmed in all participants. In general, participants demonstrated better performance in
their dominant language. Pre-treatment assessment scores are presented in Table 2.

2.2. Treatment Design and Procedures

Treatment was administered following a single subject multiple-baseline design, with
two intervention phases (one language per phase; see Figure 2 for the training schedule). An
adapted form of Lexical Retrieval Cascade Treatment [14,15] was used to target individually
tailored word sets for all participants. The treatment cascade targets naming via guided
retrieval of residual semantic, phonological, and orthographic information, with the goal
of retraining specific vocabulary as well as instilling strategies for word retrieval more
broadly (see Table 3 for the sequence of training tasks). Treatment sessions occurred twice
weekly. Daily homework consisted of Copy and Recall Treatment [88], involving repeated
rehearsal and delayed recall of spoken and written target words.
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Table 2. Pre-Treatment Assessment Battery.

Participant ID rtFTD1 SV1 SV2 SV3 SV4 LV1 LV2 LV3 LV4 LV5

Language Span Eng Span Eng Farsi Eng Span Eng Span Eng Fre Eng Port Eng Spa Eng Farsi Eng Span Eng

Mini-Mental State Examination 1

(30)
23 22 15 25 30 27 17 23 14 17 23 26 6 29 9 14 29 27 26 27

CVLT Total (36) 2 15 16 13 18 - 15 0 13 - 13 - 19 - 17 - 11 - 24 9 11

CVLT 10-min Recall 2 1 3 0 0 - 0 0 0 - 1 - 5 - 2 - 3 - 3 0 0

Stroop Color naming 2 26 38 12 45 - 38 - 35 11 48 - 42 - 52 - 7 - 69 38 38

Stroop interference 2 14 24 7 30 - 12 - 21 9 31 - 31 - 20 - 4 - 49 23 22

Complex Figure Copy (17) 2 - 14 - 14 - 15 - 17 - 17 - 13 - 15 - 7 - 16 16 -

Complex Figure Recall (17) 2 - 6 - 3 - 13 - 15 - 11 - 10 - 6 - 4 - 17 5 -

Calculations (5) 2 - 5 - 4 - 5 - - - - - 3 - - - 0 - 5 - -

Digit Span Forward 2 4 5 5 6 - 6 5 7 4 6 - 6 - 5 - 3 - 6 3 3

Digit Span Backward 2 3 4 3 5 - 5 4 5 5 5 - 4 - 4 - 2 - 4 4 3

PPVT Short (16) 2 - 14 - 10 - 8 - 1 - 4 - - - 12 - 9 - 8 - 13

Western Aphasia Battery (AQ; 100) 3 78.2 92.6 69.2 87.5 90.2 81.3 42.9 75.9 51 74.4 77.3 88.7 38.4 86.8 39.3 61.3 92 82.1 84.4 82.8

Motor Speech Eval: AOS (0–7) 4 0 0 0 0 - 0 N/A N/A - 0 - 0 - 0 - 0 - 0 0 0

Motor Speech Eval: Dysarthria
(0–7) 4 0 0 0 0 - 0 N/A N/A - 0 - 0 - 0 - 0 - 0 0 0

Pyramids and Palm Trees Test 5

(short; 14 6; * = /25, ˆ = /20 7)
- 14 - 14 12 14 - 7 14 ˆ 14 * - 13 - 14 - 13 - 14 - 13

Boston Naming Test (60; * = /18) 8 11 28 4 27 8 4 1 3 2 * 2 17 34 4 29 2 9 43 20 33 34

UCSF Syntax Comprehension Test
(%) 9 - 97 - 100 - 97 - - - - - 97 - 100 - 75 - 92 - -

BAT Syntax Comprehension Subtest
(%) 10 92 100 79 98 93 92 69 95 84 84 74 91 76 91 51 53 94 92 8 85

Arizona Phonological Battery (%) 11 - 50 - 80 - 53 - 97 - 94 - 58 - 56 - 8 - 69 - 50

Note: rtFTD1 = participant with right temporal variant frontotemporal dementia; sv = semantic variant PPA; lv = logopenic variant PPA, BAT = Bilingual Aphasia Test, Span = Spanish, Eng = English, Fre =
French, Port = Portuguese. 1 Folstein, Folstein & McHugh, 1975; 2 Kramer et al., 2003; 3 Kertesz, 1982; 4 Wertz, LaPointe & Rosenbek, 1984; 5 Howard & Patterson, 1982; 6 Breining et al., 2015; 7 Martínez-Cuitiño &
Barreyro, 2010; 8 Kaplan, Goodglass & Weintraub, 2001; 9 Wilson, Dronkers, et al., 2010; 10 Paradis & Libben, 1987; 11 Beeson et al., 2010.
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Table 3. Lexical Retrieval Cascade Used During Treatment Sessions (Henry et al., 2013; 2019).

1. (Picture is presented) Semantic self-cue

Clinician prompts semantic description with, “Tell me about it.” Additional
prompting follows, as needed: “Where would you find this? What is it used for? Do
you have any memories about this?” (If the item is named in this step, the clinician
proceeds to step 5.)

2. Orthographic self-cue

Clinician requests written form of the word: “Can you write the word?” If unable to,
the participant is encouraged to think of the first letter and/or sound of the word and
any other characteristics about the word (i.e., “Is it a long or a short word?”). If the
participant cannot come up with the first letter, the clinician writes the first grapheme.

3. Phonemic self-cue Clinician asks the participant to make the sound associated with the letter. (If the item
is named in this step, the clinician proceeds to step 5.)

4. Oral reading If the item is not yet named, the clinician writes out the remainder of the word and the
participant reads it aloud.

5. Written and Spoken Repetition The participant writes and says the word three times.

6. Semantic Plausibility Judgments Clinician asks three yes/no questions regarding semantic features of the item (e.g.,
“would you find this in a toolbox?”)

7. Recall Clinician asks the participant to provide the most salient semantic features and write
and say the word one time.

Treatment targets consisted of six sets of words, each containing 4 or 8 nouns (partici-
pants had different numbers of words per set for pragmatic reasons related to severity of
anomia and the number of viable cognates that existed across different language pairs);
therefore, the total treatment set contained either 24 or 48 nouns. Untrained items for each
participant comprised a minimum of two sets (again containing 4 or 8 nouns); therefore, the
total untrained set contained 8 to 24 items. Participants and their care partners provided
images of items for inclusion in treatment; when possible, these items were prioritized for
inclusion and were distributed across trained and untrained sets. When an insufficient
number of items from the personal set were provided, functional items were supplemented
by the clinician. In general, items were eligible for inclusion in treatment if participants did
not name the item on two out of three occasions in both languages. However, for the first
two participants, we required that they not name the item on two out of three occasions in
the target language only (i.e., the language the item was assigned to for training; rtFTD1
and SV1). This means that some items treated in Spanish were accurately named in English
on two out of three attempts and vice versa. For these two individuals, only the consistently
unnamed subset was included when examining cross-language translation effects. As a
result, for SV1, an insufficient number of items was present to assess translation effects for
noncognates from Spanish to English.

For each language of treatment, half of the treated and untreated items were cross-
linguistic cognates. Sets were trained for three sessions each in their assigned language.
All word sets (trained and untrained) were balanced for frequency, length in letters (En-
glish, French, Spanish, and Portuguese), or phonemes (English and Farsi) within and
across languages. When possible (i.e., when corpora contained these variables), sets were
also balanced within and across languages for familiarity, imageability, and concreteness
(English, Spanish, and French). Psycholinguistic parameters were attained from the fol-
lowing sources in each language: English = Medical Research Council Psycholinguistic
Database [89], Corpus of Contemporary American English [90], and the CLEARPOND
database [91]; Spanish= Corpus del Español [92], the CLEARPOND database, and Es-
Pal [93]; French= Lexique [94], and the CLEARPOND database; Portuguese = Corpus do
Portugues [95], and Farsi= TalkBank Persian [96,97].

The lead author (S.G.) administered treatment in both phases for individuals who
spoke English and Spanish, and in the English phase for individuals who spoke English
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and a different language. For those participants who spoke English and a different lan-
guage (French, Portuguese, and Farsi), clinicians were recruited and trained to administer
treatment in the non-English treatment phase; in one case, a doctoral student in French
linguistics assisted with assessment and treatment after extensive training and observation.

After the formal treatment period ended, participants were allowed to retain their
homework materials and to practice their trained items. Allowing practice to take place
after the immediate treatment period likely mirrors what occurs in typical clinical care
with speech-language pathologists, wherein individuals are allowed and encouraged to
practice with their treatment materials. This was consistent with procedures from the
original studies demonstrating efficacy for this treatment approach [14,15].

2.3. Treatment Fidelity

Undergraduate and graduate students in speech-language pathology or linguistics,
who spoke the language of treatment administration, were trained to conduct treatment
fidelity ratings. Raters were provided with a template that included each treatment step
(in the prescribed order). While reviewing each video, the rater indicated whether the
clinician performed each step. If the same clinician provided treatment to a participant in
both phases of treatment, then 25% (5/18) of the total number of sessions (sampled across
phases) were independently reviewed by one student. If different clinicians administered
each phase of treatment, 33% (3/9) of the total number of sessions were reviewed from each
phase of treatment, except for two participants. For these two participants, videos were only
available for 11% (1/9) or 22% (2/9) of sessions from one phase of treatment; however, a
full set of videos was available for the other phase of treatment. The percentage of correctly
administered treatment steps was calculated for each reviewed session. Fidelity ratings,
averaged across participants, revealed that clinicians adhered to the treatment steps with
99.21% accuracy.

2.4. Self- and Communication Partner-Assessment of Change Following Treatment

Participants and their primary communication partners were asked to complete a
post-treatment survey [14,15] documenting their perceptions regarding changes in commu-
nication from pre- to post-treatment. The survey consisted of 20 questions and a qualitative
rating scale was used to capture respondents’ perceptions (7 point scale: 3 = “A lot bet-
ter,” 2 = “Better,” 1 = “Somewhat better,” 0 = “Unchanged,” −1 = “Somewhat worse,”
−2 = “Worse,” and −3 = “A lot worse”).

2.5. Follow-Up Assessment

Follow-up assessments were conducted at 3, 6, and 12 months post-treatment. Only
one participant (lv1) was unavailable for follow-up assessment at 3 and 6 months post-
treatment, due to health-related issues. Additionally, one individual had yet to complete the
follow-up period (sv5) at the time that this paper was written. All remaining participants
were available at one year post-treatment. Performance on standardized assessments at
each time point is reported in Appendix A.

2.6. Outcome Measures and Statistical Analysis

Data were analyzed at the single-subject level. The primary outcome measure was
the proportion of items named correctly during probing for trained and untrained stimuli
in the target language. Cross-linguistic transfer was assessed by examining participants’
responses to treatment probes for trained stimuli in the non-targeted language (i.e., transla-
tion effects). Probes were collected in each language three times at pre-treatment, once or
twice at mid-treatment, twice at post-treatment, and once at each follow-up visit (3, 6, and
12 months post-treatment). Additionally, approximately half of items were probed at the
beginning of each treatment session in a given language, so that all sets were probed once
per week in each language.
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Significance testing was conducted using a simulation technique [98]. An individual’s
percent accuracy was attained from each condition and probabilities of correct responses
were used to create simulated datasets with parameters that mirror the observed data.
This procedure was completed 10,000 times to create 10,000 simulated distributions of
accuracy scores from each condition, at each time point. The resulting simulated datasets
from two conditions were then directly compared to one another to calculate a p-value
(i.e., the likelihood that post-treatment performance was greater than pre-treatment perfor-
mance). In addition, using the simulated data, difference scores were calculated between
conditions to determine the 95% confidence intervals of the observed differences. For
comparing differences in the magnitude of effects (e.g., translation effects between cognate
and noncognate items), the same process was followed with one additional step. Specif-
ically, simulations were conducted for each condition and time point, but p-values were
calculated by comparing difference scores between time points and conditions (e.g., the
difference scores for trained and untrained stimuli for simulated post-treatment minus
simulated pre-treatment performance).

We predicted that each participant would demonstrate a significant treatment effect,
with maintenance in the follow-up period. We also predicted that some participants would
demonstrate evidence of generalization to untrained items. It was hypothesized that each
participant would show a significant cross-language translation effect for cognate items
and that the magnitude of this effect would be greater for cognates relative to noncognates.

In addition, we assessed performance over time (pre-treatment versus subsequent
time points) on a subset of assessments administered in the dominant and nondominant
language using paired permutation tests at the group level in order to identify overall
trends with respect to stability and/or progression. Specifically, the stability of general
cognitive and linguistic function (MMSE and WAB-R; [85,99]) and overall naming ability
(Boston Naming Test; BNT [100]) were evaluated. We predicted that performance on the
BNT would improve at post-treatment, consistent with previous literature demonstrating
generalization on this measure in monolingual speakers with PPA [15]. Analyses comparing
subsequent timepoints on the BNT and for all timepoints for the other assessments (MMSE
and WAB-R) were assessed using two-tailed tests, as performance on these measures was
less predictable over time.

3. Results

In the following sections, outcomes that are directly related to the aforementioned
hypotheses will be reported. In order to contextualize our reporting of the number of
participants demonstrating significant improvement at the individual level, we also provide
the average change and range of performance for the entire group. For additional treatment
outcomes (including outcomes following the first treatment phase and cross-linguistic
generalization effects to untrained items), please see the Supplementary Materials.

3.1. Treatment and Maintenance Effects

Simulation analyses revealed that each participant demonstrated a significant treat-
ment response in both their dominant (M change = 70.37%; range = 31–92%) and non-
dominant language (M change = 65.03%; range = 30–97%, see Figure 3) from pre- to
post-treatment (after training in both languages was completed). Of the eight participants
for whom follow-up data were collected at 3 and 6 months post-treatment, all participants
had significantly better performance at the 3-month follow-up, and all but one individual
had significantly better performance at the 6-month follow-up relative to pre-treatment.
At 12 months post-treatment, seven of nine participants demonstrated significantly bet-
ter performance relative to pre-treatment in their dominant language, with six of eight
participants showing this pattern in their nondominant language.
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Figure 3. Within-language treatment and generalization effects at each time point relative to pre-
treatment. (a). Depicts the percentage of cases demonstrating a significant effect at each time
point relative to pre-treatment. (b). Depicts the average percent change at each time point relative
to pre-treatment. At mid-treatment, seven of nine participants had received treatment in their
dominant language and three had received treatment in their nondominant language; the figure
shows performance for these subsets at mid-tx for trained items. See Supplemental Materials for data
at the single-subject level. Mid = mid-treatment; mo = month.

3.2. Within-Language Generalization to Untrained Items

Seven of 10 individuals showed improvement on matched, untrained items in their
dominant language (M change = 27.18%, range = −3–75%; see Figure 3), with four indi-
viduals showing this pattern in their nondominant language (M change = 13.50%, range
= −4–38%), from pre- to post-treatment. A direct comparison of the magnitude of im-
provement on trained versus untrained items revealed a significant difference (with greater
improvement for trained items) for six individuals from pre- to post-treatment in the
dominant language (an additional three participants demonstrated a marginal or trending
difference between trained and untrained items; M difference = 43.19%, range = –0.1–89%),
and eight participants showing this pattern in the nondominant language (the remaining
two participants demonstrated a marginal difference between trained and untrained items;
M difference = 51.53%, range = 27–87%). Performance on untrained items showed gradual
decline in the follow-up period.

3.3. Cross-Linguistic Translation Effects

Following both treatment phases, eight of 10 participants demonstrated a signif-
icant cross-linguistic translation effect relative to pre-treatment for cognates from the
nondominant to the dominant language (M change = 54.70%, range = 0–83%) and seven
of 10 participants showed this pattern from the dominant to the nondominant language
(M change = 39.60%, range = 0–83%; see Figure 4). Of the eight participants who were
available for the 3- and 6-month follow-up, six and five individuals demonstrated a sig-
nificant translation effect for cognates in both the dominant and nondominant languages,
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respectively. At 12 months post-treatment, four of the original seven individuals demon-
strated maintenance of a cognate translation effect to the dominant language, with three of
the original seven maintaining this pattern of transfer to the nondominant language.
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Figure 4. Cross-linguistic transfer effects by cognate status at each time point relative to pre-treatment.
(a). Depicts the percentage of cases demonstrating a significant effect at each time point relative to
pre-treatment. (b). Depicts the average percent change at each time point relative to pre-treatment.
Performance on trained items across languages represents translation effects. At mid-treatment,
seven of nine participants had received treatment in their dominant language and three had received
treatment in their nondominant language; the figure shows performance for these subsets at mid-tx
for trained and untrained items. See Supplementary Materials for data at the single-subject level.
Mid = mid-treatment; mo = month.

With regard to cross-linguistic translation of noncognates, four of nine individuals
showed a significant translation effect from their nondominant to their dominant language
(M change = 28.22%, range = 0–83%) and two of 10 showed this pattern from the domi-
nant to the nondominant language (M change = 8.10%, range = −3–47%), following both
phases of treatment. A similar pattern of performance was observed at 3 and 6 months
post-treatment. At 12 months post-treatment, one of the original four individuals demon-
strated maintenance of a noncognate translation effect in the dominant language, with no
individuals maintaining this pattern in their nondominant language.

A direct comparison of the magnitude of translation effects for cognate and noncog-
nate items revealed a significant difference (with better translation of cognates) for four
individuals from pre- to post-treatment from the nondominant to the dominant language
(M difference = 25.11%, range = −17–83%; see Figure 5), and five participants showing
this pattern from their dominant to nondominant language (M difference = 31.50%, range
= 0–77%). At subsequent follow-ups, a gradual decline was observed in the number of
participants who showed a significant difference in the magnitude of the translation effect
observed between cognates and noncognates (see Figure 5).
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Figure 5. Cross-linguistic transfer for cognates versus noncognates at each time point relative to
pre-treatment. (a). Depicts the percentage of cases demonstrating a significant difference in the
magnitude of transfer between cognates and noncognates at each time point relative to pre-treatment.
(b). Depicts the average difference in the magnitude of change between cognates and noncognates at
each time point relative to pre-treatment. Performance on trained items represents translation effects.
Performance on untrained items represents generalization effects. At mid-treatment, seven of nine
participants had received treatment in their dominant language and two of three who had received
treatment in their nondominant language had sufficient data for these contrasts; the figure shows
performance for these subsets at mid-tx for trained and untrained items. See Supplemental Materials
for data at the single-subject level. Mid = mid-treatment; mo = month.

3.4. Performance on Additional Outcome Measures

Paired permutation tests revealed that participants demonstrated significant improve-
ment on the BNT at post-treatment relative to pre-treatment in the nondominant language
(t = −1.59, p = 0.047; see Appendix A). Performance on this measure at other time points
was not significantly different from pre-treatment, nor was performance in the dominant
language at any time point relative to pre-treatment. Performance on the MMSE showed a
relatively steady decline over time, with significant decline emerging at 12 months post-
treatment relative to pre-treatment in the dominant language only (t = 2.76, p = 0.012).
Lastly, performance on the WAB-R also showed a gradual decline over time, with significant
decline noted at three months post-treatment (t = 2.15, p = 0.020) and at each subsequent
follow-up (6 months post-treatment (t = 1.75, p = 0.023); one-year post-treatment (t = 2.78,
p = 0.006)) in the dominant language. A similar pattern was observed in the nondomi-
nant language, but with significant decline emerging at 6 months post-treatment (t = 2.55,
p = 0.023); one-year post-treatment (t = 2.37; p = 0.016).

3.5. Self and Communication Partner Assessment of Change

The mean improvement reported by all respondents (caregivers and participants
combined) on the post-treatment survey was 1.17 (just above “somewhat better”). The
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mean rating for participants with lvPPA was 1.68 (between “somewhat better” and better”),
and for participants with svPPA, the mean rating was 0.65 (between “unchanged” and
“somewhat better”). The average caregiver rating was consistent with the overall mean
(1.17). The items and results from the post-treatment survey are reported in Appendix B.

4. Discussion

To our knowledge, this is the first study to systematically investigate the utility of
speech-language intervention in a group of bilingual speakers with progressive aphasia.
Consistent with previous studies examining treatment primarily in monolingual speakers
with PPA [14,15], we hypothesized that bilingual speakers would show a robust treatment
effect in both of their treated languages, with maintenance at follow-ups. We also hypoth-
esized that generalization to untrained targets would be observed for some participants,
due to the strategic nature of the intervention [14,15]. In addition, we sought to investigate
whether the inclusion of cross-linguistic cognates would promote accurate translation of
treated items.

4.1. Within-Language Gains and Generalization Effects

Our results indicate that bilingual speakers with mild-moderate PPA showed a signifi-
cant and robust treatment effect in both of their treated languages following dual-language
naming intervention. With regard to performance on matched, untrained stimuli, a greater
number of participants demonstrated generalization in their dominant language at post-
treatment; however, generalization was observed in the nondominant language for a
smaller subset of participants. This suggests that the strategic nature of the intervention
resulted in generalization to untrained items for a subset of participants, with the greatest
benefit observed in the dominant language. In sum, our findings constitute further ev-
idence that this treatment approach is beneficial for word retrieval impairments in PPA
and FTD. Moreover, our results indicate that this approach is suitable for treating bilingual
speakers with progressive anomia, and highlight that significant gains can be observed in
both an individual’s dominant and nondominant language.

4.2. Maintenance of Treatment Gains

There is pessimism in the clinical and research communities regarding not only
the efficacy of treatment in individuals with progressive communication disorders but
particularly the potential for maintenance of gains [101]. As such, it is crucial to document
not only the immediate benefits of treatment, but also to evaluate stability of treatment
effects in the face of disease progression. Many studies that report the effects of intervention
in PPA have not explored performance beyond the immediate post-treatment period;
however, those that have reported maintenance effects have documented stability in the
follow-up period (e.g., [15,38,47,54]). Similarly, stability of treatment effects up to 12 months
post-treatment was observed for the majority of our participants. As in Henry et al. (2019),
participants were allowed to keep practice materials and encouraged to continue with
self- guided practice following the completion of structured intervention with the clinician.
In the prior study, post-treatment practice was monitored via self-report for a subset of
participants and, surprisingly, a relation was not observed between amount of ongoing
practice and maintenance of treatment gains. Future studies should employ methods for
systematic and objective tracking of individual practice to better understand maintenance
effects and the role of continued practice for individuals with PPA [15].

The maintenance effects in this study can be interpreted within the broader context
of cognitive-linguistic decline observed in this cohort of bilingual speakers. Specifically,
participants demonstrated gradual decline on general measures of linguistic and cognitive
functioning (see Appendix A). In the context of this general progression, our findings
confirm that a tailored approach to bilingual intervention results in significant improvement
for trained items as well as improvement or stability in confrontation naming more broadly
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(as noted on the BNT, see Supplementary Materials). These findings indicate a possible
protective benefit for the targeted behavior following treatment.

4.3. Cross-Linguistic Translation Effects

We observed that the majority of individuals showed a significant cognate translation
effect (i.e., ability to name cognate items in the untrained language) following both phases of
treatment, with fewer individuals showing an effect following the initial phase of treatment
(see the Supplementary Materials for results following the initial treatment phase). For
approximately half of participants, the translation effect at post-treatment was significantly
greater in magnitude for cognates relative to noncognates. Cognate translation effects were
generally maintained up to six months post-treatment (consistent with within-language
generalization observed in our prior study [15]), with fewer individuals demonstrating a
sustained benefit one year post-treatment. We note a couple of interesting patterns that
emerged from our data. First, the two individuals who did not show a cognate translation
effect (in at least one linguistic direction) obtained the lowest cognitive screening score
(MMSE; lv3) or naming score (BNT; sv3) at pre-treatment. This observation suggests that
an individual’s potential to benefit from inclusion of cognates may be mediated by severity
of cognitive and/or language deficits. This is also consistent with the finding that the most
notable decrease in cognate translation ability (for individuals who originally showed a
cognate translation effect) occurred between the 6 and 12-month follow-up visits (i.e., with
increasing severity of cognitive-linguistic deficits).

Pre- and postmorbid language history variables, such as order of acquisition and
frequency of use, may also influence translation effects (e.g., [3–5,68]). In PPA and other
neurodegenerative disorders, nonparallel patterns of language decline [6,99–101] have
been reported, which may influence frequency of language use and moderate treatment
outcomes across languages. In the future, larger samples will allow us to better understand
the relation between overall severity and translation effects, and to explore the possible
interaction of severity indices and language history variables.

Given that the distribution of participants who received treatment in the dominant
vs. nondominant language during the initial phase is unbalanced in this study (n = 3
received treatment in nondominant language in the initial phase), the following preliminary
observations should be interpreted with caution and require replication in a larger sample
utilizing a balanced design. Following the first treatment phase, a greater proportion
of participants showed a cognate translation effect from the nondominant to dominant
language (i.e., three of three participants who were treated in the nondominant language
in the initial phase and three of seven who were treated in the dominant language in the
initial phase). Findings following the initial phase of treatment are consistent with (1)
patterns observed in healthy bilingual speakers (e.g., [62,66]) and with (2) transfer and
translation patterns observed in stroke-induced aphasia (e.g., [65,82]), wherein ease of
translation may be facilitated from the weaker to stronger language. Following both phases
of treatment, the cross-linguistic translation effects for cognate items were bidirectional in
our cohort, (i.e., eight of 10 from the nondominant to the dominant language and seven of
10 participants from the dominant to the nondominant language). This may indicate that the
treatment approach, which targets both semantic and phonological bases of word retrieval,
strengthened cross-linguistic activation between translation equivalents with phonological
similarities. Together, results indicate that treatment in the nondominant language (or
treatment in the dominant language followed by treatment in the nondominant language)
resulted in robust translation effects for cognate items. We reiterate that this observation
should be interpreted with caution due to the small number of participants, heterogeneity
in clinical profile, and crucially, the fact that fewer participants received treatment in their
nondominant language in the initial phase of this study (n = 3).

It is important to note that noncognates also have the potential to benefit cross-
linguistically from this intervention, due to the targeted analysis of semantic features,
which are shared across languages [58,102,103]. Nonetheless, far fewer individuals showed
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a significant noncognate translation effect after the initial phase of treatment (i.e., three of
three from the nondominant to the dominant language and zero of seven from the dominant
to the nondominant language) or following both phases of treatment (i.e., four of nine from
their nondominant to their dominant language and two of 10 from their dominant to their
nondominant language). The diminished translation effects for noncognates relative to
cognates may be driven by a lack of phonological similarity. This is corroborated by findings
from healthy bilingual speakers, which suggest that the combination of shared conceptual
representations and phonology leads to the well-documented cognate facilitation effect
(e.g., [56,57,60–67,104]).

4.4. Treatment and Translation Effects by PPA Variant

Following both phases of treatment, we observed that individuals with either sv or
lvPPA showed a significant treatment effect irrespective of language dominance. With
regard to generalization to untrained items, a slightly greater number of individuals within
each variant showed generalization in the dominant language (sv = 3 vs. 1; lv = 4 vs. 3).

Although we did not have specific hypotheses regarding treatment and translation
effects on the basis of the PPA variant, in this section, we note patterns that emerged
in this study. With respect to cross-linguistic translation effects, individuals with svPPA
and those with lvPPA demonstrated evidence of cognate translation effects. By contrast,
a subset (four of nine from their nondominant to their dominant language and two of
10 from their dominant to their nondominant language) of individuals with lvPPA and
no individuals with svPPA demonstrated significant translation effects for noncognates.
This pattern may be explained by the different underlying deficits contributing to naming
impairment in each variant. In lvPPA, semantic processing is relatively spared, and cognate
facilitation is likely a result of improved access to or assembly of phonology resulting from
repeated practice of target items. In the case of noncognates, the translation effects in some
lvPPA cases may be attributed to the strategic nature of the intervention, which requires
individuals to use residual semantic and word form knowledge in attempts to self-cue. In
lvPPA, translation of noncognates was greatest from the nondominant to the dominant
language. As has been reported in bilingual AD (e.g., [105,106]), it may be the case that
the dominant language is more resistant to decline in bilingual speakers with lvPPA [107],
and perhaps more likely to benefit from translation effects. This pattern might also reflect
reliance upon the dominant language to access semantic knowledge [58].

In svPPA, learning has been characterized as rigid, with generalization reported less
frequently (e.g., [37–39,43,108,109]). In addition, phonological processing is relatively
spared [107] and cognate translation effects may be facilitated by strengthening of seman-
tic representations for trained items, with similarities in phonology boosting activation
for these word forms across languages. Given that learning tends to be more rigid in
svPPA, it is not surprising that significant translation effects for noncognates (where spared
phonological processing would not confer the same benefit) were not observed.

4.5. Additional Considerations

This study provides evidence that lexical retrieval treatment is an efficacious inter-
vention for bilingual speakers with PPA in the mild-to-moderate range of severity. All
individuals in this study were seen via a telehealth platform, which allowed for the
inclusion of individuals living throughout the United States, as well as internationally.
Telehealth holds promise as an assessment and treatment modality, enabling clinicians
to reach individuals who may face barriers to accessing treatment, including ethnically
and racially diverse groups who experience barriers to service provision more generally
(e.g., [110–112]). In the future, advocacy for broad reimbursement of these services will be
crucial to exploiting this treatment modality. In addition, future research should continue
to broaden the evidence base for telehealth interventions intended for individuals with
PPA beyond the mild-to-moderate range in order to maximize communication across the
continuum of disease severity.
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This study had several limitations. First, although this is, to our knowledge, the largest
intervention study of bilingual speakers with PPA and FTD to date, the sample size is
a limiting factor. Future studies will benefit from larger samples in order to investigate
patterns of response to treatment, including cross-linguistic effects. This will also allow
for the investigation of different patterns on the basis of language distance (i.e., how
similar language pairs are to one another), as well as the consideration of language history
variables (e.g., age of acquisition, frequency of use). It is also important to note that our
results represent findings from language pairs that share cross-linguistic cognates. For
individuals who speak language pairs that do not share cognates, our results suggest that
the strategic component of this intervention may encourage generalization to untrained
items and that cross-linguistic transfer is possible for noncognate items (particularly for
individuals with lvPPA).

The treatment approach used in this study was selected due to its established benefit in
monolingual speakers with PPA and due to its emphasis on training procedures that draw
upon both semantic and phonological mechanisms supporting naming. From this study, it is
not possible to discern whether semantic versus phonological stimulation is more crucial for
within-language outcomes and transfer effects in this population. Future research may employ
facilitation studies to investigate whether particular components of intervention are especially
supportive of translation and generalization effects in bilingual speakers with progressive
anomia. In addition, there is a need to investigate the potential for generalized improvement
from naming intervention to connected speech, as such effects would further characterize the
ecological validity of naming interventions administered to individuals with PPA.

5. Conclusions

There is a growing literature base addressing the treatment of progressive disorders
of language. This work is crucial, as the global community anticipates a rapidly growing
aging population, and consequently, an increase in the number of individuals presenting
with neurodegenerative disorders (e.g., [113,114]). Simultaneously, we anticipate a growing
bilingual population [115,116]. Although previous work has established a strong foundation
for speech-language treatment research in monolingual speakers with neurodegenerative
disorders, much work is needed to address the optimization of these approaches for bilingual
speakers. At the same time, careful consideration of assessment and treatment methods
is needed to ensure the use of culturally tailored approaches, as bilingual speakers often
comprise culturally and ethnically diverse groups [12,117].

Our results indicate that bilingual speakers with PPA and FTD significantly improved
their word retrieval for trained items assigned to each of their languages, with maintenance
observed up to 6 or 12 months post-treatment. In addition, our findings indicate that mono-
lingual clinicians may be able to select cross-linguistic cognates as a means to support gains
across languages for words trained in a single language (i.e., “two for the price of one”).
This has ramifications for service delivery in the U.S., where a majority of clinicians are
monolingual English speakers. In the context of results from previous studies investigating
treatment outcomes for PPA, our results offer complementary support and confirm that tai-
lored behavioral intervention should be the standard of clinical care for linguistically diverse
individuals with progressive aphasia.
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