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Abstract

Background: An individual’s diagnostic subtype may fail to predict the efficacy of a given 

type of treatment for anomia. Classification by conceptual-semantic impairment may be more 

informative.

Aims: This study examined the effects of conceptual-semantic impairment and diagnostic subtype 

on anomia treatment effects in primary progressive aphasia (PPA) and Alzheimer’s disease (AD).

Methods & Procedures: At baseline, the picture and word versions of the Pyramids and 
Palm Trees and Kissing and Dancing tests were used to measure conceptual-semantic processing. 

Based on norming that was conducted with unimpaired older adults, participants were classified as 

being impaired on both the picture and word versions (i.e., modality-general conceptual-semantic 

impairment), the picture version (Objects or Actions) only (i.e., visual-conceptual impairment), 

the word version (Nouns or Verbs) only (i.e., lexical-semantic impairment), or neither the picture 

nor the word version (i.e., no impairment). Following baseline testing, a lexical treatment and a 

semantic treatment were administered to all participants. The treatment stimuli consisted of nouns 

and verbs that were consistently named correctly at baseline (Prophylaxis items) and/or nouns and 

verbs that were consistently named incorrectly at baseline (Remediation items). Naming accuracy 

was measured at baseline, and it was measured at three, seven, eleven, fourteen, eighteen, and 

twenty-one months.

Outcomes & Results: Compared to baseline naming performance, lexical and semantic 

treatments both improved naming accuracy for treated Remediation nouns and verbs. For 

Prophylaxis items, lexical treatment was effective for both nouns and verbs, and semantic 

treatment was effective for verbs, but the pattern of results was different for nouns -- the 

effect of semantic treatment was initially nonsignificant or marginally significant, but it was 

significant beginning at 11 Months, suggesting that the effects of prophylactic semantic treatment 

may become more apparent as the disorder progresses. Furthermore, the interaction between 

baseline Conceptual-Semantic Impairment and the Treatment Condition (Lexical vs. Semantic) 
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was significant for verb Prophylaxis items at 3 and 18 Months, and it was significant for noun 

Prophylaxis items at 14 and 18 Months.

Conclusions: The pattern of results suggested that individuals who have modality-general 

conceptual-semantic impairment at baseline are more likely to benefit from lexical treatment, 

while individuals who have unimpaired conceptual-semantic processing at baseline are more likely 

to benefit from semantic treatment as the disorder progresses. In contrast to conceptual-semantic 

impairment, diagnostic subtype did not typically predict the treatment effects.
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Introduction

Anomia is a common deficit in neurodegeneration, including primary progressive aphasia 

(PPA; Westbury & Bub, 1997) and typical Alzheimer’s disease (AD; Appell et al., 1982). 

While the typical presentation of AD involves impairment in the learning and recall of new 

information (McKhann et al., 2011), individuals with typical AD may also develop language 

deficits, and these individuals have benefited from treatment for anomia (Altmann & 

McClung, 2008; Morelli et al., 2011; Noonan et al., 2012). PPA, which has been associated 

with frontotemporal lobar degeneration (FTLD) and atypical AD (Mesulam et al., 2014), is 

a clinical syndrome that involves progressive language impairment (Gorno-Tempini et al., 

2011; Mesulam, 1982). Behavior and other aspects of cognition, such as visuospatial skills 

and episodic memory, are relatively preserved during the initial phases of the illness.

PPA Variants

Three main variants of PPA have been identified (Gorno-Tempini et al., 2011). The two core 

features of the semantic variant (svPPA) are impaired confrontation naming and single-word 

comprehension deficits. Both of these features are required for diagnosis. At least three 

of the following features are also required for diagnosis: 1) Impaired object knowledge; 

2) surface dyslexia or dysgraphia; 3) spared repetition; 4) spared speech production. In a 

majority of cases, svPPA has been associated with TDP-43 positive FTLD (Leyton et al., 

2016; Mesulam et al., 2014; Snowden et al., 2007).

The two core features of the logopenic variant (lvPPA) are impaired single-word retrieval 

and impaired repetition of sentences and phrases. Both of these features are required 

for diagnosis. At least three of the following features are also required for diagnosis: 1) 

Phonological speech errors; 2) Spared single-word comprehension and object knowledge; 3) 

Spared motor speech; 4) Spared grammar. In a majority of cases, lvPPA has been associated 

with atypical AD (Leyton et al., 2016; Mesulam et al., 2014; Rabinovici et al., 2008).

The two core features of the nonfluent/agrammatic variant (nfvPPA) are effortful, halting 

speech with apraxia and agrammatic language production. Only one of these features is 

required for diagnosis. At least two of the following features are also required for diagnosis: 

1) Impaired comprehension of syntactically complex sentences; 2) spared single-word 

comprehension; 3) spared object knowledge. In a majority of cases, nfvPPA has been 
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associated with tau-positive inclusions in FTLD, corticobasal degeneration, or progressive 

supranuclear palsy (Hodges et al., 2004; Knibb et al., 2006; Mesulam et al., 2014).

Anomia in PPA and AD

The patterns of atrophy in PPA and AD and the types of paraphasias present in the different 

subtypes of PPA suggest that anomia results from varied underlying deficits in PPA and 

AD. The specific underlying deficit may determine the type of treatment that will be 

effective in rehabilitation programs for anomia (see Nickels, 2002). The semantic variant of 

PPA involves bilateral atrophy of the anterior temporal lobe (Gorno-Tempini et al., 2004; 

Gorno-Tempini et al., 2011; Mummery et al., 2000), an area that has been associated with 

conceptual-semantic processing (Mummery et al., 2000; Binney et al., 2010; Lambon Ralph 

et al., 2010; Migliaccio et al., 2016; Rogalski et al., 2011; Rogers et al., 2006). In the left 

hemisphere, atrophy may extend to mid and posterior portions of the middle temporal gyrus 

and inferior temporal gyrus (Mesulam et al., 2012; Leyton et al., 2016), areas that have 

been associated with the interface between lexical and semantic information (Migliaccio 

et al., 2016; Hickok & Poeppel, 2004; Hickok & Poeppel, 2007; Indefrey, 2011; Indefrey 

& Levelt, 2004). At the behavioral level, conceptual impairment, lexical-semantic deficits, 

and semantic paraphasic errors occur in svPPA (Hodges et al., 1994; Mesulam et al., 2009; 

Neary et al., 1998). Thus, anomia in svPPA appears to be caused by degraded conceptual 

representations and/or degraded lexical-semantic connections.

The logopenic variant of PPA involves atrophy of the left posterior superior temporal lobe 

and the left inferior parietal lobe (Gorno-Tempini et al., 2004; Josephs et al., 2013; Rohrer 

et al., 2010), areas that have been associated with phonological processing and phonological 

short-term memory (Hickok & Poeppel, 2007; Baldo & Dronkers, 2006; Baldo et al., 2012; 

Buchsbaum et al., 2011; Gorno-Tempini et al., 2008; Leff et al., 2009). At the behavioral 

level, phonemic paraphasic errors are likely to occur in lvPPA (Gorno-Tempini et al., 

2008; Henry & Gorno-Tempini, 2010). Thus, anomia in lvPPA may be caused by degraded 

phonological representations and/or difficulty maintaining these representations. However, 

as lvPPA progresses, atrophy spreads to areas of the temporal lobe that are associated with 

lexical-semantic and conceptual processing (Leyton et al., 2016), and semantic impairment 

may appear in cases of lvPPA (Roncero et al., 2020). Therefore, during the later stages of 

the syndrome, anomia in lvPPA may be due in part to lexical-semantic and/or conceptual 

impairment, in addition to the phonological impairment that develops during the earlier 

stages of the syndrome.

The nonfluent/agrammatic variant of PPA has been associated with atrophy in several 

left hemisphere areas, including the inferior frontal gyrus, insula, and premotor and 

supplementary motor areas (Grossman et al., 1996; Josephs et al., 2006; Nestor et al., 

2003). These areas have been associated with phonological speech encoding (Indefrey, 

2011) and articulation (Hickok & Poeppel, 2007; Indefrey, 2011). At the behavioral level, 

phonemic paraphasic errors and speech apraxia are likely to occur in nfvPPA (Ash et al., 

2010, 2013). Thus, anomia in nfvPPA may be caused by difficulty producing the correct 

phonological output. However, compared to noun naming, impaired verb naming has been 

found to emerge earlier in nfvPPA (Cotelli et al., 2006; Hillis et al., 2004; Hillis et al., 
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2002; Thompson et al., 2012), suggesting that verb anomia in nfvPPA may be due in part to 

grammatical or conceptual-semantic impairment (Meyer et al., 2020).

Typical AD involves degeneration that originates within the medial temporal lobe (Braak 

& Braak, 1995; Delacourte et al., 1999). In AD, the underlying cause of anomia remains 

unclear. Anomia in AD may be due to degradation of the semantic network (Chertkow 

& Bub, 1990; Hodges & Patterson, 1995; Hodges et al., 1992; Caputi et al., 2016; Domoto-

Reilly et al., 2012; Frings et al., 2011), impaired lexical retrieval (Nebes et al., 1984), or a 

combination of the two (Rogers & Friedman, 2008; Joubert et al., 2010; Reilly et al., 2011). 

Impairment of strategic or controlled processing may also play a role (Rich et al., 2002; 

Moreaud et al., 2001; Nebes et al., 1989).

Anomia Treatment

Anomia treatment protocols are of three major types. Phonological treatment aims to 

strengthen the word’s phonological representation through tasks such as word repetition 

or phonological manipulation (see Jokel et al., 2016; Madden et al., 2017). Orthographic 

treatment seeks to strengthen the word’s orthographic representation via tasks such as 

reading and writing the word (e.g., Meyer et al., 2015b). Semantic treatment aims to 

strengthen the word’s conceptual representation through tasks such as semantic feature 

analysis (Boyle & Coelho, 1995; Reilly, 2016; e.g., “Is this a tool?” “Where do you find this 

object?” “What do you do with this object?”).

In studies of anomia treatment in PPA, a within-subjects design has not typically been 

utilized (exceptions, which are discussed below, include Jokel et al., 2016; Krajenbrink et 

al., 2020; Meyer et al., 2019; Suárez-González et al., 2018). As a result, it can be difficult 

to determine if differences in the observed effects of different types of treatment are actually 

due to disparities in treatment efficacy, rather than individual differences. Furthermore, 

treatment studies for anomia in PPA and AD have typically focused on the remediation 

of words that cannot be named at baseline. However, individuals with neurodegenerative 

aphasia will continue to decline over time, and additional words will be lost from an 

individual’s functional vocabulary. Therefore, prophylactic treatment of words that can be 

named at baseline may be necessary in order to prevent decline for these items. Several 

studies have demonstrated that prophylactic treatment results in maintenance of naming 

accuracy for trained words over time, while accuracy for matched untrained items declines 

over time (Flurie et al., 2020; Jokel et al., 2006, 2010; Meyer et al., 2015b, 2019).

In a recent study (Meyer et al., 2019), we utilized a within-subjects design that included 

two types of treatment (orthographic and phonological) to examine the prophylaxis and 

remediation of anomia in PPA. Where feasible, a portion of the items assigned to each 

condition were consistently named correctly by the participant during the initial evaluation 

(prophylaxis items), while the remaining items in each condition were consistently named 

incorrectly during the initial evaluation (remediation items). The analysis of the group 

treatment effects included 26 participants with prophylaxis items and 11 participants with 

remediation items.
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The orthographic and phonological treatments both resulted in significant treatment effects 

for prophylaxis and remediation items in svPPA and lvPPA, suggesting that the two 

treatments have similar levels of efficacy in these two subtypes, possibly because both 

treatments strengthened lexical-semantic connections through repeated activation. With the 

exception of one participant who also had remediation items, participants with nfvPPA only 

had prophylaxis items (because of their high baseline naming accuracy for the noun stimuli), 

and they showed significant treatment effects for these items.

A few studies have utilized a within-subjects design to compare phonological, orthographic, 

or lexical treatment to semantic treatment in svPPA or semantic dementia, and these studies 

have produced mixed results. Dressel et al. (2010) found that semantic treatment was 

initially more effective than phonological treatment in a single participant with semantic 

dementia, but this advantage was not maintained at follow-up. Jokel et al. (2016) found 

that phonological and semantic treatments were both effective in svPPA, and only one of 

the four participants showed a significantly larger effect for semantic treatment, compared 

to phonological treatment. Suárez-González et al. (2018) compared a conceptual-semantic 

treatment (Conceptual Enrichment training) to an orthographic treatment (reading the name 

of the target word). The Conceptual Enrichment treatment sought to strengthen the semantic 

network of the target item by presenting the target image along with semantically-related 

images. Both treatments improved naming in a participant with svPPA, but the conceptual-

semantic treatment also resulted in task generalization and longer maintenance of the 

treatment effect. In contrast, Krajenbrink et al. (2020) found that phonological/orthographic 

treatment that included writing of the target word improved spoken naming accuracy in 

a participant with svPPA, while neither Conceptual Enrichment training nor phonological/

orthographic treatment without writing resulted in significant improvement in spoken 

naming. Thus, there is currently no consensus that a particular type of treatment is more 

effective within svPPA or the other subtypes of PPA.

Challenges in PPA Subtype Classification

Another problem is related to PPA subtype classification. When the international criteria 

(Gorno-Tempini et al., 2011) have been utilized for subtype classification, between 10% and 

41% of PPA cases have been found to be unclassifiable (Mesulam et al., 2014; Botha et al., 

2015; Harris et al., 2013; Sajadi et al., 2012; Wicklund et al., 2014). A classification failure 

occurs when an individual with PPA simultaneously meets the criteria for two subtypes or 

does not meet the criteria for any subtype (Mesulam et al., 2014; Mesulam et al., 2012; 

Mesulam et al., 2009; Sajadi et al., 2012; Louwersheimer et al., 2016; Sajadi et al., 2014). 

This ambiguity regarding subtypes is not surprising, because the progression of the disease 

process is not identical in all patients, and they enroll in studies at different stages of 

their disease. Pure symptoms may occur in the initial stages of the disease, but as the 

disease progresses, other symptoms follow. Indeed, a more global language impairment is 

the common end-state of all subtypes (Rogalski et al., 2011).

A New Approach to Anomia Treatment Selection in PPA and AD

Given the aforementioned difficulties related to subtype classification and the constantly 

evolving set of symptoms, we hypothesize that a different approach to anomia treatment 
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selection will be more useful. In the current study, we sought to determine if the specific 

type of lexical or conceptual impairment is a better predictor of anomia treatment efficacy 

than the participant’s diagnostic subtype. Three potential causes of naming errors are 

lexical-semantic impairment (i.e., a disconnection between the concept and corresponding 

word), visual-conceptual impairment (i.e., a disconnection between the concept and its 

visual representation), and conceptual-semantic impairment (i.e., a difficulty with the 

concept that can be measured in both visual and linguistic modalities). For some individuals 

with PPA or AD, lexical-semantic processing may be more impaired than visual-conceptual 

processing, while other individuals may show the opposite pattern (Butler et al., 2009). 

Indeed, some individuals with svPPA have been found to have greater lexical-semantic than 

visual-conceptual impairment (Mesulam et al., 2013).

One way to evaluate the specific type of semantic and/or conceptual impairment for nouns 

and objects is through administration of the Word and Picture versions of the Pyramids 

and Palm Trees test (PPT; Howard & Patterson, 1992). Impaired performance on the 

Word version and unimpaired performance on the Picture version would suggest that a 

lexical-semantic deficit for nouns is present, while the opposite pattern would suggest that 

a visual-conceptual deficit for objects is present. Furthermore, impairment on both versions 

of the PPT would indicate that a modality-general conceptual-semantic impairment for 

objects/nouns is present. Similarly, the specific type of lexical-semantic, visual-conceptual, 

or modality-general conceptual-semantic impairment for actions and verbs can be evaluated 

via the Picture and Word versions of the Kissing and Dancing test (KD; Bak & Hodges, 

2003).

In the current study, the Word and Picture versions of the PPT and KD were administered 

to all participants at baseline. We predicted that participants with a lexical-semantic 

impairment would benefit more from lexical (phonological/orthographic) treatment than 

conceptual treatment, because lexical treatment was expected to strengthen the connection 

between words and their meanings (see Meyer et al., 2019), while conceptual treatment may 

be unnecessary if concepts are not declining. Furthermore, we predicted that participants 

with a visual-conceptual impairment or a modality-general conceptual-semantic impairment 

would benefit more from a treatment that focuses on conceptual representations, such as 

semantic feature analysis (Boyle & Coelho, 1995; Reilly, 2016). For prophylaxis items, 

which were consistently named correctly at baseline, conceptual representations may not be 

damaged at baseline. For these items, the goal of the semantic treatment is to strengthen 

the representations before they become degraded. For remediation items, which were 

consistently named incorrectly at baseline, conceptual representations may be damaged, 

but they might not be completely degraded, and semantic treatment could also strengthen 

these representations.

Anomia Treatment for Verbs

In PPA, only a few anomia treatment studies have included treatment stimuli from 

grammatical categories other than nouns (see Beales et al., 2016; Croot et al., 2019; Fenner 

et al., 2019; Paek et al., 2021; Sheppard et al., 2022; Taylor-Rubin et al., 2021). In the 

current study, we included noun and verb stimuli for all participants. While verb-naming 
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impairment may emerge earlier in nfvPPA (Cotelli et al., 2006; Hillis et al., 2004; Hillis et 

al., 2002; Thompson et al., 2012), verb-naming impairment has also been found in typical 

AD (Cotelli et al., 2006), and it has been found in lvPPA and svPPA (Meyer et al., 2020; 

Riello et al., 2018; Thompson et al., 2012). Thus, remediation and/or prophylaxis of anomia 

for verbs may be beneficial in all variants of PPA, as well as typical AD.

Method

Participants

This study was approved by the Institutional Review Boards of Georgetown University 

and Johns Hopkins University, and informed consent was obtained from all participants. 

Potential participants were referred by neurologists, clinical neuropsychologists, and speech-

language pathologists within the Washington, DC and Baltimore, MD metropolitan areas. 

The inclusion criteria were a clinical diagnosis of PPA or typical (amnestic) AD, English 

fluency since childhood, at least 10 years of education, age of at least 40 years, and no 

history of other neurological or psychiatric disorders. PPA subtyping was based on the 

international criteria (Gorno-Tempini et al., 2011) and each participant’s baseline assessment 

results. Participants with any subtype of PPA were included, as well as participants with 

unclassifiable PPA.

Forty-three individuals with PPA or AD enrolled in the treatment study. Three participants 

withdrew during the initial evaluation, and three participants withdrew during the initial 

treatment period, before any measurement of treatment effects had occurred. Of the 

remaining 37 participants, 11 had lvPPA, 5 had svPPA, 7 had nfvPPA, 10 had unclassifiable 

PPA, and 4 had typical AD (see Table 1 for demographic information). All of the 

participants with typical AD reported word-finding difficulty, and three out of four had 

baseline impairment on the Boston Naming Test (BNT; Kaplan et al., 2001; see Table 2).

The majority (9/10) of the participants with unclassifiable PPA had deficits in multiple 

language domains, which resulted in these participants either simultaneously meeting the 

criteria for two subtypes, or not meeting the criteria for any subtype. One participant 

(UPPA10) did not meet the criteria for any subtype because he had relatively mild language 

impairment.

During the baseline evaluation sessions, participants completed a battery of language and 

cognitive tests (see Table 2). The picture versions of the PPT (Howard & Patterson, 

1992) and KD (Bak & Hodges, 2003) were used to measure visual-conceptual processing 

for objects and actions, respectively, while the word versions of the PPT and KD were 

used to measure lexical-semantic processing for nouns and verbs, respectively. Additional 

tests included the BNT (Kaplan et al., 2001), Auditory Word-Picture Matching (Rogers 

& Friedman, 2008), Reading of Regular and Irregular Words (Meyer et al., 2018), 

Pseudoword Repetition (five-syllable pseudowords; Meyer et al., 2015a), and the MMSE 

(Folstein et al., 1975). Selected subtests from the BDAE (Goodglass et al., 2001) were 

also administered, including Picture Description, Embedded Sentences, Verbal Agility, and 

Sentence Repetition. A modified version of the Frontal Behavioral Inventory (FBI; Kertesz 
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et al., 1997) was completed by a caregiver. The modified FBI omitted the Concreteness, 

Verbal Apraxia, and Alien Hand questions.

Treatment Materials

For each participant, 120 pictures of nouns were selected from a set of 284 pictures, and 

60 pictures of verbs were selected from a set of 116 pictures. In norming conducted with 

unimpaired controls, these pictures had high name agreement. The selected items were 

those that were named correctly by the participant during three baseline oral naming tests 

(Prophylaxis Items), and/or those that were named incorrectly during all three of these tests 

(Remediation Items). Depending on their baseline naming performance, some participants 

had both Prophylaxis and Remediation items, while other participants had only Prophylaxis 

items or only Remediation items (see Table 1). For both nouns and verbs, each participant 

had two sets of treated items: Lexical Treatment Condition (LTC) and Semantic Treatment 

Condition (STC).

For nouns, in order to facilitate the measurement of item generalization within semantic 

categories, each participant also had two sets of untrained items [Untrained Lexical 

Condition (ULC) and Untrained Semantic Condition (USC)]. Each untrained set was 

matched with one of the treated sets on frequency (Baayen et al., 1995), semantic category, 

and length (number of syllables, phonemes, and letters). Semantic categories included 

Animals (e.g., cow), Appliances (e.g., toaster), Body Parts (e.g., arm), Clothing (e.g., shoe), 

Food (e.g., banana), Furniture (e.g., desk), Musical Instruments (e.g., guitar), Items from 

Nature (e.g., cloud), Common Objects (e.g., candle), People (e.g., doctor), Structures (e.g., 

bridge), Tools (e.g., hammer), and Vehicles (e.g., truck).

For verbs, the selected items were divided into three sets [LTC, STC, and the Untrained 

Condition (UC)], and the three sets were matched on frequency and length as described 

above, as well as transitivity (intransitive or transitive) and verb category. Verb categories 

included Object Action (e.g., lifting), Body Action (e.g., clapping), Body Action Motion 

(e.g., marching), and Mental State (e.g., thinking).

For each selected noun or verb picture, there were three different exemplars. Exemplar 1 was 

tested twice during the baseline evaluation and was utilized during treatment. Exemplar 2 

was tested once at baseline, was not trained, and was used to assess stimulus generalization 

during post-treatment and follow-up testing. Exemplar 3 was used as a foil during treatment.

Procedure

The baseline evaluation occurred over the course of six to eight sessions, with one or two 

sessions per week. Each participant’s language abilities were tested comprehensively, and 

each participant’s treatment items were selected. Baseline performance for the selected 

items was also assessed with a Naming during Scene Description task.

The treatment timeline is presented in Table 3. During the first month of treatment, there 

were two sessions per week, and each session included both types of treatment. During 

the subsequent five months, one treatment session occurred per month, and shorter practice 

sessions occurred two times per week. The purpose of the monthly treatment sessions was to 
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check in with the participant and caregiver and to verify that the treatment tasks were being 

practiced according to the protocol.

The post-treatment evaluation began one month after the end of the initial home practice 

period. Participants resumed practice and monthly treatment sessions after the post-

treatment evaluation, and they took a one-month break before each follow-up evaluation, 

which began at the end of months 14 and 21. Thus, each participant typically completed a 

total of 24 assessment sessions, 23 treatment sessions, and 120 practice sessions.

Each participant received both of the treatments described below, with different items in 

each treatment set. The order of the treatments was counterbalanced across sessions.

Lexical Treatment Condition (LTC).—Stimuli were presented in the following 

sequence, which is depicted in Figure 1: 1) Picture alone, 1.5 seconds. 2) The picture 

remained on the screen, and the participant was presented with the word’s orthographic 

and phonological features, and was then instructed to write the word. For example, for the 

item elephant, the following features/cues were presented: “This word starts with the letter 

‘e.’” This word has 3 syllables.” “Copy elephant.” Each cue was presented in written and 

auditory form. 3) The word (in written and auditory form) was presented with the picture, 

and the participant was asked to read/repeat the word. 4) To help ensure that participants 

attended to the picture stimuli, two recognition slides were presented in succession, with 

the words “Did you see this?,” the word, and the correct or incorrect picture exemplar. 

Instructions specified that the identical exemplar of the picture should be present for a “Yes” 

response.

Semantic Treatment Condition (STC).—Stimuli were presented in the following 

sequence, which is depicted in Figure 2: 1) Picture alone, 1.5 seconds. 2) The picture 

remained on the screen, and the participant was presented with the word’s semantic features, 

similar to the Error-Reduced procedure employed by Reilly (2016). The third cue always 

included the target word. For example, for the noun elephant, the following features/cues 

were presented: “This has a trunk.” “It is gray.” An elephant is large.” For the verb kicking, 

the following features/cues were presented: “People do this for sports.” They do this with 

their leg.” “He is kicking the girl with his foot.” For both nouns and verbs, each feature 

was presented in written and auditory form. 3–4) Steps 3–4 were identical to those described 

above for LTC.

Practice Sessions.—The practice sessions were identical to the treatment sessions, 

except that the recognition test (step 4) was omitted. For each participant, a caregiver was 

provided with instructions for each type of treatment, and the experimenter explained the 

instructions to the caregiver. Participants performed the practice sessions with the caregiver 

two times per week, and the caregiver ensured that the participant practiced each set 

appropriately.

Four participants who did not have a caregiver available (LV1, LV6, NFV5, UPPA7) 

performed the home practice with one of the experimenters two times per week, using 
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videoconferencing. Three additional participants (AD1, NFV7, and SV1) had a caregiver 

available, but declined to complete the home practice with the caregiver or the experimenter.

Post-Treatment and Follow-Up Testing.—Naming accuracy for Exemplar 2 was 

measured at 3, 7, 11, 14, 18, and 21 months. The tests for months 3, 11, and 18 were 

administered at the beginning of the monthly treatment sessions.

Participants also completed a Naming during Scene Description task at 7, 14, and 21 

Months. In this task, a series of visual scenes was presented, and each scene contained 

one of the participant’s trained or untrained noun items. Participants were asked to briefly 

describe each scene. This test was used to assess task generalization.

Telerehabilitation.—All but three of the 37 participants participated remotely, either 

because they were unable to travel to the laboratory for the required number of sessions, 

or because of in-person restrictions that began during the COVID-19 pandemic. These 

participants were provided with a laptop, an echo-cancellation microphone, and a signature 

pad. For these participants, treatment sessions and the majority of the evaluation sessions 

were conducted via videoconferencing.

Data Analysis.—For each participant, naming accuracy was calculated as a proportion, 

separately for each type of item (prophylaxis or remediation) and each trained or untrained 

condition, and the proportions were arcsin transformed to control for possible violations 

of the normality assumption. For remediation items, we used the paired-samples t-test to 

examine the change in naming accuracy from baseline. Trained and untrained items were 

analyzed separately, in order to examine item generalization within the untrained condition.

For prophylaxis items, the accuracy data were analyzed in two different ways. In the first 

set of analyses, the paired-samples t-test was used to determine if accuracy for trained items 

was greater than accuracy for untrained items within each treatment condition.

In the second set of analyses, mixed-design ANCOVA was used to examine the interaction 

between Conceptual-Semantic Impairment and the size of the treatment effect (trained 
minus untrained) for each Treatment Condition (Lexical vs. Semantic). Diagnostic Subtype, 

Symptom Duration, and BDAE Severity Rating were entered as covariates.

The variable of Conceptual-Semantic Impairment included four possible categories: 

modality-general conceptual-semantic impairment, visual-conceptual impairment, lexical-

semantic impairment, and no impairment. Based on norming of the picture and word 

versions of the PPT and KD that was conducted with unimpaired older adults, participants 

were classified as being impaired (scores greater than 2 standard deviations below 

the mean) on both the picture and word versions (i.e., modality-general conceptual-

semantic impairment), the picture version (Objects or Actions) only (i.e., visual-conceptual 

impairment), the word version (Nouns or Verbs) only (i.e., lexical-semantic impairment), 

or neither the picture nor the word version (i.e., no impairment; see Table 2 and Figure 

3). Diagnostic Subtype included five categories: lvPPA, svPPA, nfvPPA, unclassifiable PPA, 

and AD.
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One participant (NFV1) was excluded from the ANCOVA analyses for verbs because she 

was the only participant who was impaired on wKD, but not pKD.

Results

Prophylaxis Items, Exemplar 2 (Stimulus Generalization).—Accuracy for the 

untrained exemplar was measured at 3, 7, 11, 14, 18, and 21 Months. At 3 Months, accuracy 

for trained items was significantly greater than accuracy for matched untrained items in 

LTC for nouns, t(32) = 3.44, p = .002, and in both LTC and STC for verbs [LTC: t(27) = 

2.68, p = .012; STC: t(27) = 2.51, p = .018; see Figure 4]. The same pattern of results was 

observed at 7 Months [LTC for Nouns: t(30) = 3.42, p = .002; LTC for Verbs: t(25) = 4.07, 

p < .001; STC for Verbs: t(25) = 4.82, p < .001; see Figure 4]. At 11 Months, accuracy 

for trained items was significantly greater than untrained items in LTC for both nouns and 

verbs [LTC for Nouns: t(27) = 3.24, p = .003; LTC for Verbs: t(22) = 3.12, p = .005; see 

Figure 4]. In STC, the treatment effect was significant for nouns, t(27) = 2.40, p = .024, and 

nonsignificant for verbs, t(22) = 0.93, p = .364. At 14 Months, accuracy for trained items 

was significantly greater than untrained items for nouns and verbs in both LTC and STC 

[LTC, Nouns: t(24) = 4.41, p < .001; STC, Nouns: t(24) = 2.61, p = .015; LTC, Verbs: t(22) 

= 3.06, p = .006; STC, Verbs: t(22) = 2.96, p = .007; see Figure 4]. The same pattern of 

results was observed at 18 Months [LTC, Nouns: t(20) = 3.04, p = .006; STC, Nouns: t(20) 

= 2.85, p = .010; LTC, Verbs: t(18) = 2.64, p = .017; STC, Verbs: t(18) = 4.07, p < .001; see 

Figure 5]. At 21 Months, the treatment effect in LTC was significant for nouns, t(16) = 2.27, 

p = .038, and nonsignificant for verbs, t(14) = 1.96, p = .070. In STC, the treatment effect 

was significant for both nouns and verbs, STC for Nouns: t(16) = 3.65, p = .002; STC for 

Verbs: t(14) = 2.69, p = .018.

Prophylaxis Items, Naming during Scene Description (Task Generalization).—
We assessed naming of the noun items during a scene description task at 7, 14, and 21 

Months. In LTC, the decline in naming accuracy was not significantly different between the 

trained and matched untrained items at any time point [LTC, 7 Months: t(26) = 2.04, p = 

.052; LTC, 14 Months: t(22) = 1.93, p = .067; LTC, 21 Months: t(14) = 0.92, p = .374; 

see Figure 6]. In STC, the change in naming accuracy for trained and matched untrained 

items was not significantly different at 7 Months, t(26) = 1.51, p = .142, but at 14 and 

21 Months, the decline in accuracy for STC was significantly smaller than the decline for 

matched untrained items, STC, 14 Months: t(22) = 3.28, p = .003; STC, 21 Months: t(14) = 

2.55, p = .023

Prophylaxis Items, ANCOVA.—At 3 Months, there was a significant interaction between 

the Treatment Condition (lexical vs. semantic) and Conceptual-Semantic Impairment 

for Exemplar 2 Verbs, F(2, 21) = 5.17, p = .015. As can be seen in Figure 7, the 

Lexical treatment effect was significantly larger for participants with modality-general 

conceptual-semantic impairment, compared to participants with unimpaired conceptual-

semantic processing (p = .007) and participants with visual-conceptual impairment (p = 

.005). In addition, within-subjects analysis showed that participants with modality-general 

conceptual-semantic impairment had a larger Lexical treatment effect, compared to their 

Semantic treatment effect [(p = .007); see Figure 8].
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There were no significant interaction effects at 7 or 11 Months. However, at 14 Months, 

there was a significant Treatment Condition x Conceptual-Semantic Impairment interaction 

for Exemplar 2 Nouns, F(2, 19) = 6.32, p = .008. Participants with unimpaired conceptual-

semantic processing at baseline had a larger Semantic treatment effect than participants with 

modality-general conceptual-semantic impairment [(p = .007); see Figure 9]. Furthermore, 

within-subjects analysis showed that participants with unimpaired conceptual-semantic 

processing at baseline had a larger Semantic treatment effect, compared to their Lexical 

treatment effect [(p = .021); see Figure 10]. In contrast, participants with modality-

general conceptual-semantic impairment at baseline showed a larger Lexical treatment 

effect, compared to the Semantic treatment effect (p = .019). For participants with visual-

conceptual impairment at baseline, the two treatment effects were not significantly different.

At 18 Months, there were four significant interaction effects. For Exemplar 2 Nouns, the 

Treatment Condition x Conceptual-Semantic Impairment interaction was significant, F(2, 

15) = 4.01, p = .040. However, none of the follow-up comparisons were significant. The 

Treatment Condition x BDAE Severity Rating interaction was also significant for Exemplar 

2 Nouns, F(1, 15) = 20.66, p < .001. To explore this interaction, we examined the correlation 

between BDAE Severity and the treatment effect for each condition. Neither correlation was 

significant, Lexical: N = 21, τb = −.349, p = .057; Semantic: N = 21, τb = .289, p = .112.

For Exemplar 2 Verbs, the Treatment Condition x Conceptual-Semantic Impairment 

interaction was significant, F(2, 12) = 5.52, p = .020. Within-subjects analysis showed that 

participants with unimpaired conceptual-semantic processing at baseline and participants 

with visual-conceptual impairment at baseline had a larger Semantic treatment effect, 

compared to their Lexical treatment effect [Unimpaired: p = .038; Visual-Conceptual 

Impairment: p = .023; see Figure 11]. In contrast, participants with modality-general 

conceptual-semantic impairment had a larger Lexical treatment effect, compared to their 

Semantic treatment effect (p = .022).

Also at 18 Months, the Treatment Condition x Diagnostic Subtype interaction was 

significant for Exemplar 2 Verbs, F(1, 12) = 14.24, p = .003. For lvPPA and nfvPPA, there 

were 7 and 6 participants per Subtype, respectively, and follow-up comparisons were not 

significant (all p’s > .05). For svPPA, uPPA, and AD, there were three or fewer participants 

for each Diagnostic Subtype, and we used nonparametric analysis to explore the significant 

interaction. Fisher’s exact test was used to compare the Lexical and Semantic conditions for 

each participant. None of these comparisons were significant (all p’s > .05).

At 21 Months, the Treatment Condition x Symptom Duration interaction was significant 

for Exemplar 2 Nouns, F(1, 11) = 5.26, p = .043. In the Lexical condition, the correlation 

between the treatment effect and Symptom Duration was not significant, r(15) = .152, p = 

.559. In contrast, the correlation was significant in the Semantic condition, r(15) = −.492, p 
= .045, and the treatment effect decreased as symptom duration increased.

For the Naming during Scene Description task, there were no significant interaction effects 

at any time point.
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Remediation Items, Exemplar 2 (Stimulus Generalization).—Accuracy for the 

untrained exemplar was measured at 3, 7, 11, 14, 18 and 21 Months. Compared to the 

baseline naming accuracy of 0% for these items, the increase in naming accuracy was 

significant in LTC and STC for both nouns and verbs at 3 Months [LTC, Nouns: t(16) = 

7.07, p < .001; STC, Nouns: t(16) = 7.69, p < .001; LTC, Verbs: t(14) = 6.94, p < .001; 

STC, Verbs: t(14) = 4.72, p < .001; see Figure 12], 7 Months [LTC, Nouns: t(14) = 6.66, p 
< .001; STC, Nouns: t(14) = 3.56, p = .003; LTC, Verbs: t(11) = 4.23, p = .001; STC, Verbs: 

t(11) = 4.44, p < .001; see Figure 12], 11 Months [LTC, Nouns: t(12) = 8.51, p < .001; STC, 

Nouns: t(12) = 4.43, p < .001; LTC, Verbs: t(9) = 5.35, p < .001; STC, Verbs: t(9) = 4.51, p 
= .001; see Figure 12], 14 Months [LTC, Nouns: t(10) = 5.79, p < .001; STC, Nouns: t(10) 

= 2.96, p = .014; LTC, Verbs: t(8) = 4.36, p = .002; STC, Verbs: t(8) = 2.83, p = .022; see 

Figure 12], 18 Months [LTC, Nouns: t(8) = 5.12, p < .001; STC, Nouns: t(8) = 2.60, p = 

.031; LTC, Verbs: t(7) = 4.13, p = .004; STC, Verbs: t(7) = 2.62, p = .034; see Figure 13], 

and 21 Months [LTC, Nouns: t(6) = 2.86, p = .029; STC, Nouns: t(6) = 2.73, p = .034; LTC, 

Verbs: t(5) = 2.58, p = .049; STC, Verbs: t(5) = 2.68, p = .044; see Figure 13].

Remediation, Item Generalization.—For nouns, there was an increase in naming 

accuracy for matched untrained items in both conditions (ULC and USC), and the increase 

in accuracy was significant at 3, 7, 11, and 14 Months [ULC, 3 Months: t(16) = 5.32, p < 

.001; USC, 3 Months: t(16) = 4.76, p < .001; ULC, 7 Months: t(14) = 3.69, p = .002; USC, 

7 Months: t(14) = 4.30, p < .001; ULC, 11 Months: t(12) = 3.10, p = .009; USC, 11 Months: 

t(12) = 3.39, p = .005; ULC, 14 Months: t(10) = 3.33, p = .008; USC, 14 Months: t(10) = 

3.70, p = .004; see Figure 12]. At 18 Months, the increase was significant in USC, but not 

ULC [ULC: t(8) = 1.50, p = .171; USC: t(8) = 2.94, p = .019; see Figure 13]. At 21 Months, 

the increase was not significant in either condition [ULC: t(6) = 1.54, p = .174; USC: t(6) = 

1.48, p = .189; see Figure 13].

For verbs, there was a significant increase in accuracy for items in the untrained condition 

(UC) at 3 Months [t(14) = 4.55, p < .001; see Figure 12], 14 Months [t(8) = 3.21, p = .012; 

see Figure 12], and 18 Months [t(7) = 3.20, p = .015; see Figure 13], but the increase was 

not significant at 7 Months [t(11) = 1.81, p = .098; see Figure 12], 11 Months [t(9) = 1.85, p 
= .098; see Figure 12], or 21 Months [t(5) = 1.58, p = .175; see Figure 13].

Discussion

Compared to baseline naming performance, Lexical and Semantic treatments both improved 

naming accuracy for treated Remediation nouns and verbs, including stimulus generalization 

at every time point. Naming accuracy also improved for semantically-matched untrained 

Remediation nouns in both treatment conditions, providing evidence for item generalization 

within semantic categories. However, item generalization was less reliable over time for 

verbs (see Figures 12 and 13), possibly because the verb categories (e.g., Object Actions; 

Body Actions) were less specific than the noun categories (e.g., Animals; Appliances).

For Prophylaxis items, Lexical Treatment was effective for both nouns and verbs, including 

stimulus generalization at every time point, except for verbs at 21 Months. Semantic 

Treatment was effective at every time point for verbs, with one exception (11 Months). The 
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pattern of results was different for nouns -- the effect of Semantic Treatment was initially 

nonsignificant (at 3 and 7 Months), but it was significant at 11, 14, 18, and 21 Months, 

suggesting that the effects of prophylactic Semantic Treatment may become more apparent 

as the disorder progresses over time, possibly because conceptual-semantic deficits begin to 

develop in additional participants.

Similarly, for nouns in the Semantic Treatment condition, there was evidence of 

generalization to a Naming during Scene Description task when it was administered at 

later time points (14 and 21 Months), with significantly less decline in naming accuracy for 

trained items, compared to matched untrained items. In contrast, for this task, the effect of 

Lexical Treatment was marginally significant at 7 and 14 Months and nonsignificant at 21 

Months.

For nouns, Diagnostic Subtype did not interact with Treatment Condition (Lexical vs. 

Semantic) at any time point. The lack of an interaction between Diagnostic Subtype and the 

Treatment Effect is consistent with findings of similar treatment outcomes in participants 

with lvPPA and svPPA (Henry et al., 2019; Meyer, Tippett, & Friedman, 2018), and the 

current study extends this finding to include nfvPPA, unclassifiable PPA, and AD. On the 

other hand, in the current study there was a significant interaction between Diagnostic 

Subtype and Treatment Condition for Exemplar 2 Verbs at 18 Months. However, follow-

up comparisons did not reveal any significant differences between Lexical and Semantic 

treatment for any Diagnostic Subtype.

In contrast to Diagnostic Subtype, there were multiple significant interactions that involved 

the variable of Conceptual-Semantic Impairment. The first significant interaction occurred 

at 3 Months. At this time point, participants with baseline modality-general conceptual-

semantic impairment for actions/verbs showed a significantly greater treatment effect for 

Exemplar 2 Prophylaxis Verbs in the Lexical condition, compared to their treatment effect in 

the Semantic condition, and also compared to the Lexical treatment effect for the other two 

subgroups (unimpaired conceptual-semantic processing and visual-conceptual impairment).

Furthermore, the interaction between Conceptual-Semantic Impairment and the Treatment 

Effect (lexical vs. semantic) was significant for Exemplar 2 Prophylaxis Nouns at 14 

Months, and for Exemplar 2 Prophylaxis Verbs at 18 Months. For both of these interactions, 

the pattern of results suggested that individuals who have modality-general conceptual-

semantic impairment at baseline are more likely to benefit from lexical treatment over 

time, while individuals who have unimpaired conceptual-semantic processing at baseline are 

more likely to benefit from semantic treatment as the disorder progresses. These findings 

are consistent with the argument that treatment is more likely to be beneficial when it 

is designed to capitalize on spared language abilities (Henry et al., 2019). Participants 

who have modality-general conceptual-semantic impairment at baseline may have difficulty 

comprehending some of the semantic cues used during treatment, while spared phonological 

and orthographic abilities could allow them to benefit from the cues used during lexical 

treatment, which may strengthen lexical-semantic connections through repeated activation 

(Meyer et al., 2019). Participants who have unimpaired conceptual-semantic processing at 
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baseline may be more likely to comprehend the semantic cues, which could strengthen intact 

semantic representations before they begin to decline.

For Exemplar 2 Prophylaxis Verbs at 18 Months, participants with visual-conceptual 

impairment at baseline had a significantly larger treatment effect in the Semantic condition, 

compared to their treatment effect in the Lexical condition. This finding suggests that 

individuals who have visual-conceptual impairment (without lexical-semantic impairment) 

are able to comprehend the semantic cues, which may strengthen visual-conceptual 

connections or strengthen intact semantic representations before they begin to decline.

In contrast to the findings of the current study, Suárez-González et al. (2018) found that 

a participant with svPPA, who was impaired on both versions of the PPT, showed greater 

benefit from conceptual-semantic treatment, compared to orthographic treatment. Although 

both types of treatment improved naming for noun items, the conceptual-semantic treatment 

also resulted in task generalization and longer maintenance of the treatment effect. In Jokel 

et al. (2016), two of the participants with svPPA were impaired on both versions of PPT. 

One of these participants had similar treatment effects in the semantic and phonological 

conditions, while the other participant showed a significantly greater benefit from semantic 

treatment. In the current study, a few participants who were impaired on both versions of 

PPT or KD had a numerically larger treatment effect in the semantic treatment condition 

on at least one task at 14 Months. However, this pattern was the exception rather than 

the rule, and it remains unclear why some participants exhibit this pattern. One possible 

explanation involves the potential roles of taxonomic and thematic processing impairments 

on the conceptual-semantic treatment response. Taxonomic features are organized around 

hierarchical, categorical relations; they are space- and time-independent (e.g., a dog is an 

animal, and it has fur). In contrast, thematic features are related to experience, events, 

and scenarios; the relationship is spatial, temporal, or functional (e.g., dogs can be found 

at the park, and they catch frisbees). Treatments that utilize semantic feature analysis 

typically include features that are taxonomically and thematically related to target words, 

without distinguishing between the two. We posit that measures of taxonomic and thematic 

proficiency at baseline will predict which of these two feature types will yield better 

treatment outcomes in PPA and AD. This hypothesis will be tested in future work.

Unexpectedly, in the current study no participants were impaired on wPPT without also 

being impaired on pPPT, and only one participant was impaired on wKD without also 

being impaired on pKD. One explanation for these findings is that impairment on wPPT or 

wKD is actually indicative of a broader, modality-general conceptual-semantic impairment, 

such that impairment on the word version of one of these tasks will typically coincide 

with impairment on the corresponding picture version. Another possible explanation for 

these findings is that participants verbally recode the picture stimuli on the pPPT and pKD, 

which could be beneficial if words provide a direct route to the activation of conceptual 

representations (Lupyan & Thompson-Schill, 2012). Participants with a lexical-semantic 

deficit, as indicated by impaired performance on wPPT or wKD, may have difficulty 

verbally recoding the picture stimuli, which could lead to impaired performance on pPPT or 

pKD.

Meyer et al. Page 15

Aphasiology. Author manuscript; available in PMC 2025 January 01.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



All participants with svPPA had modality-general conceptual-semantic impairment for 

objects/nouns, and 4 out of 5 with svPPA had conceptual-semantic impairment for actions/

verbs. In previous studies that have utilized these tasks, greater variability in performance 

across the four tasks has been found in svPPA (Jokel et al., 2016) and semantic dementia 

(Bak & Hodges, 2003). Jokel et al. found that 2 out of 4 participants with svPPA were 

only impaired on a subset of the 4 tasks, while Bak and Hodges found that 6 out of 

14 participants with semantic dementia were only impaired on a subset of the 4 tasks. 

Furthermore, the pattern of broad conceptual-semantic impairment for both objects/nouns 

and actions/verbs was not unique to svPPA in the current study – this pattern also occurred 

in three participants with lvPPA, three participants with unclassifiable PPA, and two 

participants with AD.

In contrast to the other four diagnostic subtypes that were included in this study, no 

participant with nfvPPA exhibited a pattern of broad conceptual-semantic impairment 

for both objects/nouns and actions/verbs. Instead, the greatest conceptual impairment in 

nfvPPA occurred in two participants with a visual-conceptual deficit for objects and a 

modality-general conceptual-semantic impairment for actions/verbs, while the other five 

participants with nfvPPA either showed no evidence of lexical-semantic or visual-conceptual 

impairment, or they had isolated impairment for verbs or actions. Additionally, unlike the 

other four diagnostic subtypes, no participant with nfvPPA had remediation items for nouns 

or verbs. At baseline, participants with nfvPPA typically had either consistently high naming 

accuracy or naming performance that was variable across the three naming tests, resulting in 

a dearth of candidates for remediation. Therefore, a focus on prophylactic treatment appears 

to be particularly important in nfvPPA.

At 21 Months, there was a significant interaction between Treatment Condition and 

Symptom Duration for Exemplar 2 Nouns. For the Lexical treatment, the correlation 

between the treatment effect and Symptom Duration was not significant. In contrast, for 

the Semantic treatment there was a significant relationship between the treatment effect and 

Symptom Duration, with a smaller effect as Symptom Duration increased. Notably, this 

interaction was only significant at the final time point of the study. This finding underscores 

the importance of beginning semantic treatment during the earlier stages of the disorder.

One limitation of this study is the relatively small number of participants for some 

Diagnostic Subtypes (e.g., svPPA and typical AD). Replication with a larger number of 

participants may be necessary for these subtypes. Another potential limitation is that the 

alternating treatment design that was utilized in this study poses some risk of each treatment 

facilitating accuracy for items in the other trained and untrained conditions (e.g., the 

Semantic treatment could generalize to items in LTC or ULC). In order to facilitate the 

measurement of item generalization, the trained Lexical and Semantic noun items were 

selected from different semantic categories, and the trained noun items were matched 

with untrained items on semantic category and length. There was a small but significant 

improvement for untrained noun Remediation items in both treatment conditions (Lexical 

and Semantic), and the size of the improvement was similar in the two conditions. These 

findings suggest that item generalization occurred in both treatment conditions, but the 

generalization effect was not large in either condition.
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In conclusion, the findings of this study indicate that lexical and semantic treatments 

are both effective in the prophylaxis and remediation of anomia for nouns and verbs 

in PPA and AD. However, the effects of semantic treatment take longer to emerge for 

Prophylaxis nouns, and differences between impairment subgroups become more apparent 

over time, highlighting the importance of measuring treatment effects over an extended 

period of time. Participants who have modality-general conceptual-semantic impairment 

at baseline eventually show greater benefit from lexical treatment, while individuals who 

have unimpaired conceptual-semantic processing at baseline eventually show greater benefit 

from semantic treatment. In contrast to conceptual-semantic impairment, diagnostic subtype 

does not typically predict treatment effects. From a clinical perspective, the findings of this 

study suggest that conceptual-semantic impairment should be measured in both the visual 

and lexical modalities prior to the initiation of anomia treatment for patients with PPA or 

typical AD. In order to facilitate the maintenance of each patient’s functional vocabulary, 

patients with modality-general conceptual-semantic impairment should be enrolled in lexical 

treatment, while patients who have unimpaired conceptual-semantic processing should be 

enrolled in semantic treatment.

General aphasia batteries can identify impairments in auditory and reading comprehension, 

repetition, and oral and written verbal expression, and can establish overall severity of 

language impairment, but are not sufficient to uncover the specific patterns of deficits in 

phonology, syntax or semantics that are required to guide treatment. Supplementary tests are 

required to assess these domains (Europa et al., 2020; Henry et al., 2018). The Pyramids 

and Palm Trees and Kissing and Dancing tests can be used to measure conceptual-semantic 

impairment for Objects/Nouns and Actions/Verbs, respectively. Administration of these 

tasks is straightforward, and a short version of the PPT (Breining et al., 2015) is available 

and well-suited to the time constraints of clinical practice.
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Figure 1. 
Example item from the Lexical Treatment Condition.
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Figure 2. 
Example item from the Semantic Treatment Condition.
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Figure 3. 
Conceptual-Semantic Impairment, by Diagnostic Subtype. lvPPA: logopenic variant primary 

progressive aphasia (N = 11); svPPA: semantic variant primary progressive aphasia (N 

= 5); nfvPPA: nonfluent/agrammatic variant primary progressive aphasia (N = 7); uPPA: 

unclassifiable primary progressive aphasia (N = 10); AD: Alzheimer’s disease (N = 4).
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Figure 4. 
Proportion of items named correctly for Prophylaxis items, Exemplar 2, at 3, 7, 11, 

and 14 Months. ULC: Untrained Lexical Condition; LTC: Lexical Treatment Condition; 

USC: Untrained Semantic Condition; STC: Semantic Treatment Condition; UC: Untrained 

Condition; Effect: trained minus untrained.
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Figure 5. 
Proportion of items named correctly for Prophylaxis items, Exemplar 2, at 18 and 21 

Months. ULC: Untrained Lexical Condition; LTC: Lexical Treatment Condition; USC: 

Untrained Semantic Condition; STC: Semantic Treatment Condition; UC: Untrained 

Condition; Effect: trained minus untrained.
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Figure 6. 
Decline in the proportion of items named correctly for Prophylaxis items, Naming during 

Scene Description task. ULC: Untrained Lexical Condition; LTC: Lexical Treatment 

Condition; USC: Untrained Semantic Condition; STC: Semantic Treatment Condition.
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Figure 7. 
Between-subjects comparisons of the treatment effects for Exemplar 2, Prophylaxis Verbs at 

3 Months. LTC: Lexical Treatment Condition; STC: Semantic Treatment Condition.
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Figure 8. 
Within-subjects comparisons of the treatment effects for Exemplar 2, Prophylaxis Verbs at 3 

Months. LTC: Lexical Treatment Condition; STC: Semantic Treatment Condition.
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Figure 9. 
Between-subjects comparisons of the treatment effects for Exemplar 2, Prophylaxis Nouns 

at 14 Months. LTC: Lexical Treatment Condition; STC: Semantic Treatment Condition.
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Figure 10. 
Within-subjects comparisons of the treatment effects for Exemplar 2, Prophylaxis Nouns at 

14 Months. LTC: Lexical Treatment Condition; STC: Semantic Treatment Condition.
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Figure 11. 
Within-subjects comparisons of the treatment effects for Exemplar 2, Prophylaxis Verbs at 

18 Months. LTC: Lexical Treatment Condition; STC: Semantic Treatment Condition.

Meyer et al. Page 34

Aphasiology. Author manuscript; available in PMC 2025 January 01.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



Figure 12. 
Proportion of items named correctly for Remediation items, Exemplar 2, at 3, 7, 11, 

and 14 Months. ULC: Untrained Lexical Condition; LTC: Lexical Treatment Condition; 

USC: Untrained Semantic Condition; STC: Semantic Treatment Condition; UC: Untrained 

Condition.
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Figure 13. 
Proportion of items named correctly for Remediation items, Exemplar 2, at 18 and 21 

Months. ULC: Untrained Lexical Condition; LTC: Lexical Treatment Condition; USC: 

Untrained Semantic Condition; STC: Semantic Treatment Condition; UC: Untrained 

Condition.
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Table 1

Demographic Information and Treatment Items

Participant Age Education Sex Symptom Duration
Time Post-
Diagnosis

Noun 
Proph

Noun 
Remed

Verb 
Proph

Verb 
Remed

LV1 75 20 M 62 months 12 months X X

LV2 74 12 F 29 months 5 months X X X

LV3 70 18 F 74 months 3 months X X

LV4 57 13 F 68 months 4 months X X X X

LV5 67 18 F 40 months 3 months X X

LV6 70 12 F 43 months 2 months X X

LV7 73 16 M 13 months 1 month X X X

LV8 76 18 F 76 months 4 months X X

LV9 75 18 F 45 months 4 months X X

LV10 75 16 M 33 months 5 months X X X X

LV11 77 17 F 48 months 30 months X X X

SV1 76 16 F 20 months 8 months X X X X

SV2 67 18 F 112 months 2 months X X X X

SV3 55 16 F 19 months 1 month X X X X

SV4 69 20 F 23 months 5 months X X X

SV5 70 16 F 40 months 4 months X X X

NFV1 79 18 F 57 months 9 months X X

NFV2 76 16 F 28 months 4 months X X

NFV3 68 18 F 38 months 23 months X X

NFV4 74 12 M 34 months 4 months X X

NFV5 63 20 F 100 months 13 months X

NFV6 66 16 F 43 months 6 months X X

NFV7 67 20 M 16 months 3 months X X

UPPA1 78 16 M 74 months 2 months X X X X

UPPA2 71 18 M 99 months 40 months X X

UPPA3 55 16 F 92 months 2 months X X X

UPPA4 62 15 F 41 months 5 months X X X

UPPA5 74 20 F 16 months 4 months X X X

UPPA6 76 16 F 29 months 5 months X X X

UPPA7 80 16 F 35 months 11 months X X

UPPA8 72 19 M 35 months 5 months X X

UPPA9 62 16 F 50 months 40 months X X

UPPA10 75 18 M 50 months 2 months X X

AD1 86 16 M 52 months 2 months X X

AD2 62 16 M 86 months 8 months X X

AD3 58 18 M 96 months 91 months X X

AD4 82 14 F 26 months 2 months X X

Note. LV: logopenic variant; SV: semantic variant; NFV: nonfluent/agrammatic variant; UPPA: unclassifiable primary progressive aphasia; AD: 
Alzheimer’s disease; Proph: Prophylaxis items; Remed: Remediation items.
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Table 2

Baseline Assessment Results

Participant
O/N 
CSI

A/V 
CSI

FBI/
66

MMSE/
30

BNT/
60

WPM/
48

BDAE 
AA/7

BDAE 
PL/7

BDAE 
GF/7

BDAE 
ES/10

BDAE 
SR/10

PR/
10

Reading 
Difference

LV1 Neither Actions 28.5 27 25 48 6 7 7 10 9 10 −2

LV2 Both Both 13 10 3 36 7 7 7 7 6 3 0

LV3 Objects Neither 7 22 43 48 6 7 7 6 8 6 −2

LV4 Both Both 9.5 20 24 48 7 7 7 4 1 3 −4

LV5 Neither Neither 5 28 31 48 7 7 7 10 9 8 −1

LV6 Neither Actions 3 24 29 48 7 7 7 10 8 8 −2

LV7 Both Actions 11 29 34 47 7 7 6 7 7 8 −1

LV8 Objects Actions 4 23 31 48 6 7 7 8 7 7 0

LV9 Objects Neither 7.5 20 43 47 7 7 7 6 8 7 −1

LV10 Both Both 7 18 23 47 7 6 7 9 9 6 −2

LV11 Neither Neither 5 22 30 47 7 7 7 8 9 6 −2

SV1 Both Both 15 20 23 39 7 7 7 4 10 10 −3

SV2 Both Both 0 23 6 46 7 7 7 10 9 8 −3

SV3 Both Both 27 6 29 45 7 6 7 8 6 6 −4

SV4 Both Both 21 13 18 46 7 7 6 4 7 9 −2

SV5 Both Actions 8 25 23 46 7 7 7 7 5 2 −2

NFV1 Neither Verbs 10 26 47 48 7 6 6 9 9 4 0

NFV2 Neither Neither 4 30 47 48 5 5 4 10 5 1 0

NFV3 Objects Both 16 27 44 48 4 6 6 9 7 5 −2

NFV4 Objects Both 15 18 32 47 6 6 5 8 6 NA 1

NFV5 Neither Neither 15 25 23 48 4 4 3 6 0 0 −3

NFV6 Neither Neither 3 26 42 48 6 7 6 8 7 4 0

NFV7 Neither Actions 15 26 57 48 5 7 6 9 10 9 −1

UPPA1 Both Actions 8 26 13 46 7 7 7 9 3 3 −4

UPPA2 Both Neither 12.5 25 8 45 7 7 7 10 3 4 −3

UPPA3 Both Actions 14 12 33 45 7 7 7 4 2 2 −2

UPPA4 Both Actions 44 18 18 44 7 6 6 4 5 4 −5

UPPA5 Both Both 33 8 9 17 7 6 6 2 1 NA −6

UPPA6 Objects Actions 11 14 37 46 7 7 6 6 6 9 0

UPPA7 Both Both NA 25 48 40 6 7 6 5 9 9 1

UPPA8 Objects Actions 19 21 56 48 6 7 6 10 7 10 0

UPPA9 Both Both 5 8 7 44 4 4 4 NA 0 0 −2

UPPA10 Neither Neither 31 27 52 48 7 7 7 10 10 NA 0

AD1 Both Actions 8 29 31 37 6 7 6 10 9 9 0

AD2 Neither Actions 26.5 25 57 48 7 7 7 10 10 10 0

AD3 Both Both 15 1 2 31 5 5 6 4 0 0 −4

AD4 Both Both 15 17 34 46 7 7 6 3 8 NA −1

Note. LV: logopenic variant; SV: semantic variant; NFV: nonfluent/agrammatic variant; UPPA: unclassifiable primary progressive aphasia; AD: 
Alzheimer’s disease; O/N CSI: object/noun conceptual-semantic impairment; A/V CSI: action/verb conceptual-semantic impairment; FBI: Frontal 
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Behavioral Inventory; MMSE: Mini-Mental State Examination; BNT: Boston Naming Test; WPM: Word-Picture Matching; BDAE: Boston 
Diagnostic Aphasia Examination; AA: Articulatory Agility; PL: Phrase Length; GF: Grammatical Form; ES: Embedded Sentences; SR: Sentence 
Repetition; PR: Pseudoword Repetition; Reading Difference: Low Frequency Irregular Words minus Low Frequency Regular Words (a more 
negative score indicates greater surface alexia); NA: not administered.
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