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Is word learning enough? Improved verb phrase production following cueing of verbs 
and nouns in Primary Progressive Aphasia.  
 

Abstract 

There is little evidence that, for people with aphasia, successful outcomes following 

lexical retrieval treatment generalise beyond single word retrieval to sentence 

production or daily communication. This study aimed to develop greater understanding 

of the mechanisms of generalisation. We employed a cueing task to simulate the effects 

of lexical retrieval treatment.  A single noun or verb was provided and the effect on 

production of a corresponding verb phrase examined. Sixteen individuals with primary 

progressive aphasia (PPA) were asked to produce verb phrases to describe action 

pictures accompanied by i) a verb cue where a spoken and written verb was also 

presented with the picture; ii) a noun cue where a spoken and written noun was 

presented with the picture; iii) a no cue condition where only the picture was presented. 

Across the case series, both verb and noun cueing improved verb phrase production 

relative to no cue, with verb cueing being most effective. At the level of the single case, 

thirteen individuals showed significantly increased production of verb phrases with verb 

cueing, and seven individuals with noun cueing. In addition, seven individuals showed 

significantly greater benefit from verb cueing compared to noun cueing, and none 

showed the reverse. This suggests that improvements in verb phrase production may 

also be achievable following treatment-induced improvements in lexical retrieval. 

Greater benefit from verb cues than noun cues raises important theoretical issues 

regarding sentence construction and clinical issues around the most effective treatment 

techniques for people with aphasia. 
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The ability to communicate is integral to self, relationships, vocational and 

social settings. Therefore, the loss of communicative ability due to aphasia is 

devastating and socially isolating for those affected and their close others. 

Unsurprisingly, difficulty in conversing, the most frequent communicative activity in 

everyday life, is the primary complaint of people with aphasia (Davidson et al., 2003). It 

is also not unexpected that when articulating their goals, people with aphasia following 

stroke and people with Primary Progressive Aphasia (PPA), and their caregivers, focus 

on improvements to functional communication that will enable greater activity and 

participation (Knibb et al., 2009; Worrall et al., 2011). Clinicians providing therapeutic 

behavioural interventions for people with progressive or non-progressive (stroke) 

aphasia also identify improvements in functional communication as an essential aphasia 

treatment outcome (Kindell et al., 2015; Wallace et al., 2017).  

There has been a strong focus in aphasia research on lexical retrieval 

intervention, underpinned by the assumption that improving word retrieval in therapy 

should lead to improved word retrieval in connected speech in functional settings (e.g., 

Nickels, 2002). A strong evidence base demonstrating the efficacy of lexical retrieval 

treatments exists, with gains in treated items in both non-progressive and progressive 

aphasia. However, gains tend to be limited to trained items with little demonstrated 

improvement in daily communicative ability (Carragher et al., 2013; Carthery-Goulart 

et al., 2013; Kiran & Thompson, 2003; McNeil et al., 1995; Nickels, 2002). In order to 

develop greater understanding of the mechanisms of generalisation to connected speech 

following lexical retrieval treatment, this study examines the effect of verb and noun 

cues on verb phrase production in primary progressive aphasia. We aimed to determine 
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whether individuals with progressive aphasia can integrate words, verbs and nouns, into 

a verb phrase, when those words are provided in a cue.   

Across-level generalisation.  

Although generalisation of treatment gains to conversation and everyday 

communication is the ultimate goal of lexical retrieval treatment (Boo & Rose, 2011; 

Carragher et al., 2012; Nickels, 2002; Thompson 1989), few studies have clearly 

demonstrated that a specific word, whose retrieval is improved following treatment, can 

subsequently be used in sentence production, connected speech, conversation and/or 

everyday communication (e.g., Croot et al., 2015; Herbert et al., 2008). Webster et al. 

(2015) described the use of treated words at sentence level or within connected speech 

as one instance of across-level generalisation.  

Carragher et al. (2012) reviewed the impact of impairment-focused therapies on 

conversations of people with stroke aphasia across five key studies of noun retrieval 

intervention (del Toro et al., 2008; Greenwood et al., 2010; Hickin, et al., 2007; Rose, et 

al., 2002) and verb retrieval intervention (Boo & Rose, 2011; del Toro et al., 2008). 

They concluded that there was emerging evidence of a positive effect of impairment-

focused therapy on the conversations of people with aphasia but suggested more 

evidence was required to conclude that gains in impairment-focused treatment 

generalise to functional communication.  

Focusing on verb deficits, Hickin et al. (2020) systematically examined the 

evidence for the effectiveness of verb-in-isolation treatment on sentence production, 

functional communication and discourse in stroke aphasia (see Webster & Whitworth, 

2012 for a similar earlier review). The studies reviewed used a variety of approaches 

including semantic, phonological, orthographic and video cues, in single case, case 

series and groups. Only 13% of studies reviewed assessed effectiveness of verb 
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treatment on sentence production and this was cited as a major barrier to interpretation.  

Of the five studies reporting assessment of sentence production, four reported results for 

individual participants. Two individuals demonstrated significant improvement on 

measures of sentence production (Marshall et al., 1998; Raymer & Ellsworth, 2002) and 

one study reported significant group results (Schneider & Thompson, 2003). Hickin and 

colleagues noted that the small numbers prevented confident conclusions (Hickin et al., 

2020).  

Overall, the literature from stroke aphasia, regarding evidence of generalisation 

of treated nouns and verbs to connected speech, remains unclear. It does suggest, 

however, that verb retrieval treatment results in improved sentence production when the 

individual with aphasia’s verb deficit is at the level of lexical access (e.g. Marshall et 

al., 1998), but that when multiple levels of impairment are evident, making the verb 

available through cueing or lexical retrieval treatment may not be enough to enable 

production of syntactically and semantically accurate sentences (Faroqi-Shah & 

Thompson, 2003; Mitchum & Berndt, 1994). 

If we examine the research literature in progressive aphasia, we find relatively 

few studies have examined across-level generalisation from lexical retrieval treatment. 

Beales et al. (2018) reviewed 27 studies in PPA, identifying just 11 that examined 

generalisation1. Four of these studies demonstrated generalisation of noun treatment 

gains to sentence level (Jokel et al., 2009; Robinson et al., 2009; Savage et al., 2014; 

Suárez-González et al., 2015). A further three studies demonstrated across-level 

 
1 Webster et al. (2015) also cited Croot and colleagues (2015) as demonstrating generalisation at the level of 
discourse. However, rather than improvement in use of treated items, this study found more general 
improvements in discourse such as increased words, content words and closed class words post treatment.   
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generalisation at the level of discourse (Beales et al., 2016; Beeson, et al. 2011; Heredia 

et al., 2009).  

There are multiple possible reasons for the paucity of evidence for across-level 

generalisation following lexical retrieval treatment, apart from the relative lack of 

studies. The failure to demonstrate generalisation could be because methodologies used 

were inadequate for detecting use of treated items in conversation and everyday 

communication (see Croot et al., 2015; Hickin, et al., 2020; Webster et al., 2015). In 

order to observe use of treated items in connected discourse, the words selected for 

treatment need to be personally relevant and have high communicative value for the 

individual (Mason et al., 2011).  As conversation can be difficult to control and 

therefore reliably evaluate, many studies have used semi-structured interviews and 

picture description as the source of data for connected speech analysis. Whilst the 

constraint of the task allows greater test-retest reliability, participating in repeated 

interviews may lead to summarising and reduced content on repeated samples (Mason, 

et al., 2020) thus compounding the difficulties in establishing a stable baseline (Mason 

et al., 2011). However, even when Mason et al. (2020) adopted a comprehensive 

approach to analysing across-level generalisation with four different measures to 

analyse change in connected speech in a series of three individuals with non-progressive 

aphasia, minimal evidence of across-level generalisation was found (Mason et al., 

2020).  

Additional confounding factors are that connected speech in conversation 

requires a speed of processing that is in excess of the demands of picture naming or 

description, and that emotional and social constraints are introduced by the role of the 

interlocutor. Therefore, different responses can result with differing contexts and 

interlocutors (Carragher et al., 2012). Across-level generalisation may also be restricted 
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by factors other than linguistic processing demands, such as deficits at the non-linguistic 

stage, whereby thoughts are mapped onto language (Hameister & Nickels, 2018).  

 Despite attempts to overcome the barriers to measuring word retrieval outcomes 

in connected speech, findings remain inconsistent (e.g., van Hees et al., 2013). As it is 

well recognised that performance is less variable in constrained tasks, such as sentence 

production (Glosser et al., 1988), in this study we focus on the constrained task of verb 

phrase production. As necessary background, we now briefly review theories of 

sentence processing.   

Sentence processing. 

Theories of sentence production agree on several major components of connected 

speech processing, although they differ in whether these levels operate serially, in 

parallel or interactively (Bock & Levelt, 1994; Dell, 1986; Garrett, 1988; Levelt, 1999; 

Martin et al., 1994). At a pre-verbal, message level, the concepts required to express a 

speaker’s intention, are accessed and a non-linguistic message is generated (Garrett, 

1982). Garrett’s (1988) original model of sentence processing, developed from speech 

errors in neurotypical speakers, then proposes a functional level, a positional level and a 

sound level and this broad outline is generally agreed upon across models of sentence 

processing (Bock & Levelt, 1994). Problems at any one or more levels of sentence 

processing can result in a failure in sentence production (e.g., Byng et al., 1994) and 

impact on the extent to which a word form that is accessible following treatment can be 

successfully integrated into sentence production (Mitchum & Berndt, 1994). 

In addition, over the last two decades, alternative models of aphasia and 

treatment approaches have emerged that propose that impaired language behaviours are 

the result of impaired cognitive processes (e.g. attention, short term memory) that 

support production of language (e.g. Code, 2018; Hula & McNeill, 2008; Peach et al., 
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1994), and consequently, some treatment approaches have focused on these cognitive 

processes (e.g. Peach et al., 2019). It seems possible, therefore that the relative 

preservation or impairment of cognitive processes could also influence the likelihood of 

successful verb phrase production.  

Verbs in sentences. 

The verb is considered core to sentence production and is integral to syntactic planning 

as it holds information that is essential for constructing the sentence structural frame 

(Loverso et al., 1979, 1988). In order to construct a grammatically well-formed 

sentence, different syntactic frames are required dependant on the verb selected 

(Ferreira, 2010; Thompson & Kielar, 2014; Thompson, et al., 2015). Impaired verb 

retrieval is therefore associated with impaired sentence production (Berndt, et al., 

1997a.; Berndt, et al, 1997b.) and the relationship between access to verbs and sentence 

formulation is crucial (Bock, 1987; Loverso, et al., 1988).  This strong relationship 

between verb retrieval and sentence construction suggests that if a lexical retrieval 

deficit for verbs is evident, then a phrase/sentence deficit will also be evident as the 

same verb retrieval mechanism underlies both deficits (Bates, et al. 1988). Therefore, it 

has been contended that improved sentence formulation will follow improved verb 

retrieval (e.g. Marshall et al.1998).  

This was demonstrated in Marshall and colleagues’ (1998) single case study of 

sentence production in Broca’s aphasia. This study examined the effect of cueing of 

(frequency matched) nouns versus uninflected verbs on sentence production. 

Significantly more successful sentences were cued by verbs than nouns. In the 

subsequent verb therapy, with the same participant, Marshall et al. predicted that 

sentence production would improve with improved availability of verbs following 

treatment. As predicted, they observed significant improvement in verb naming and 
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corresponding improvement in sentence production following verb treatment (sentences 

were judged correct when syntactically well formed with correct word order and 

morphology and if they conveyed true or meaningful information). The authors 

concluded that both the semantics and phonology of verbs were required for sentence 

construction.  

Other studies have also demonstrated that improved sentence formulation will 

not necessarily follow improved verb retrieval (Faroqi-Shah & Thompson, 2003; 

Mitchum & Berndt, 1994):  availability of the verb, following successful lexical 

retrieval treatment, may not be enough for all individuals with impaired sentence 

production to successfully produce sentences. 

The current study. 

Webster and Whitworth (2012, p. 635) called for a “systematic evaluation of the impact 

of single-word and sentence-level verb therapies on single-word, sentence production 

and connected speech”. The current study investigates production of a relatively simple 

syntactic structure, a verb phrase comprising a verb and an object noun by people with 

primary progressive aphasia as they describe action pictures.  Although we do not 

provide single word therapy in this study, we simulate the increased availability of 

treated words following successful word retrieval treatment by providing a single word 

cue (a verb or a noun).  This cueing task has been employed in the past in one single-

case study with stroke aphasia (Marshall et al., 1998) but, to our knowledge, no 

previous study has examined cueing effects on verb phrase production in PPA. Our aim 

was to examine whether a noun or verb provided as a cue can be integrated into a verb 

phrase. Based on previous studies from stroke aphasia we expected that verb cues 

would enhance production of verb phrases for those with primarily a verb lexical 

retrieval deficit (e.g. Marshall et al., 1998) but that verb cueing may remain insufficient 
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for successful construction of verb phrases for those with impairment at multiple levels 

of language processing (e.g. Mitchum & Berndt, 1994). The effect of a noun cue is 

more difficult to predict because of the scant evidence of treatment gains for nouns 

specifically generalising to sentences. We do not make predictions of effect of verb or 

noun cues based on PPA variant because of the heterogeneity within variants, 

particularly the non-fluent variant.  

Method 

This study received ethical approval from the Human Research Ethics Committee of 

South Eastern Sydney Local Health District (HREC reference number: 16/057). All 16 

participants gave written informed consent. The conditions of our ethics approval do not 

permit public archiving of any data associated with this study. Readers seeking access 

to the data should contact the first author. Access to de-identified data will be granted to 

named individuals in accordance with ethical procedures governing the reuse of 

sensitive data and will require approval by the relevant ethical committee. No part of the 

study procedures or analysis plans was pre-registered in an institutional registry prior to 

the research being conducted. Legal copyright restrictions prevent public archiving of 

the various neuropsychological and language assessments used in this study, which can 

be obtained from the copyright holders in the cited references. No coding was used in 

this study. Legal copyright restrictions prevent public archiving of the specific stimuli 

used in the study, but that they can be obtained from the individual copyright holders 

(requests for the identity of the various copyright holders, e.g. Getty Images, 

Shutterstock, should be directed to the first author). Whilst the images are not publicly 

available, the full list of the stimulus items are available as an appendix. We now report 
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how we determined our sample size, all inclusion/exclusion criteria which were 

established prior to data analysis, all manipulations and all measures in the study. 

 

 

PARTICIPANTS 

The sample size of 16 participants was determined by the number of eligible 

participants who presented at a specialist PPA clinic during the study period from 

January 2017 to the end of December 2019. All individuals with PPA had been referred 

to the clinic by individual neurologists, geriatricians and local medical officers, or by 

the Frontotemporal Dementia Research Group (FRONTIER) in Sydney. Inclusion 

criteria were a diagnosis of PPA, established by the referring individuals and the PPA 

clinic in accordance with the current consensus diagnostic criteria (Gorno-Tempini et 

al., 2011). Individuals with any of the three consensus PPA variants, who also presented 

with lexical retrieval impairment, were eligible. Additional inclusion criteria were 

adequate single word reading and repetition on screening in order to be able to 

participate in the task, ability to give informed consent, and long-term use of English as 

their primary language.  Exclusion criteria were age <40 or >85 years, inability to give 

informed consent and contraindicated medical or psychiatric history. All individuals 

who agreed to participate were included in the study with just one individual 

withdrawing during the assessment phase, due to changes in family living arrangements.  

Four participants met the criteria for semantic variant PPA (svPPA), five for 

non-fluent variant PPA (nfvPPA), and seven for logopenic variant PPA (lvPPA). The 

mean age of participants was 71.6 years, (range: 61 to 83 years), with five males and 

eleven females, and all were proficient English speakers (three individuals were multi-

lingual, with English their primary language). Estimated duration of disease ranged 
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from 17 to 108 months (mean= 40.44, SD=21.79). All remained independent in 

activities of daily living at the time of the study, were living at home, were able to 

consent to participation and had preserved insight. See Table 1 for demographic 

characteristics and imaging results of each participant, coded with an initial and the 

PPA variant indicated by Sv, Lv, Nfv.
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Table 1: Demographic details and imaging results for each participant. 

Participant Gender 
Age 

(years) 
Years of 
Education 

Current/ 
Previous 

Occupation 

Approx. 
months post 

onset Brain Imaging (from radiology report) 
JSv F 65 18 Teacher 48 MRI (one year prior to study)- gross cerebellar atrophy. Significant left anterior 

temporal lobe involvement. 
NSv F 77 15 Law clerk 60 CT (one year prior)- left hippocampal and left temporal lobe insult. 
MSv F 71 13 Real Estate 

Agent 
36 MRI (2 years prior)-severe left anterior temporal volume loss, involving most of the 

left temporal lobe with frontal lobe atrophy, (left greater than right).  
KSv M 75 13 Entrepreneur 30 MRI (two years prior)- hippocampal volumes significantly reduced with hippocampal 

fissures more dilated in the left frontotemporal region.  
SLv F 64 15 Manager  48 MRI (at time of study enrolment)- substantial atrophy involving occipital and parietal 

regions, extending anteriorly. 
MLv M 67 12 Army officer 44 MRI (9 months prior)- temporo-parietal lobe atrophy, worse posteriorly, moderate 

progression over previous year. 
ULv F 62 20 Veterinarian 45 MRI (2 years prior)- global atrophy more marked in the posterior temporo-parietal 

areas. 
RLv M 77 n/a Entrepreneur 33 MRI (one year prior)- moderate thinning of the hippocampi on both sides with 

enlargement of hippocampal gyri. White matter showed some ischaemic changes only.  
YLv F 77 16 Home maker 48 MRI (three months prior)- mild generalised atrophy with disproportionate atrophy of 

the left temporoparietal regions. White matter changes consistent with moderate small 
vessel disease. No evidence of previous large vessel infarction. 

CLv F 69 11 Personal 
care 

attendant 

17 MRI (14 months prior)- significant periventricular leukoaraiosis, normal hippocampal 
volumes, reduced blood flow in the precuneus, cuneus and posterior cingulum, subtle 
evidence of left temporal volume loss. 

LLv M 63 11 Entrepreneur 20 MRI (4 months prior)- atrophy particularly left temporal and parietal region with some 
atrophy on the right-hand side. PET- decreased activity involving the left lateral 
parietal and left anterior lateral temporal cortex.   

JNfv F 61 13 Laboratory 
technician 

30 SPECT (5 months prior)- asymmetric left hemispheric perfusion with particular 
involvement of the lateral temporoparietal cortex.  

SNfv M 80 15 Entrepreneur 108 MRI (9 months prior)- severe global atrophy and small vessel ischaemic change. A 
predominance of atrophy affecting the frontal lobes and bilateral perisylvian fissures, 
worse on the left-hand side. 

TNfv F 79 10 Home maker 24 MRI (16 months prior) – generalised atrophy (mainly frontal, temporal, and parietal 
regions) not significantly different to controls. More significant atrophy peri insular 
region and midbrain. 
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LNfv F 77 11 Home maker 20 MRI (6 months prior)- some subtle left-sided changes with atrophy of the insular and 
inferior frontal regions. 

ENFv F 83 17 Primary 
school 

principal  

36 MRI (18 months prior)-Mild atrophy of the temporal lobes with no focal lesions or 
signs of stroke or focal seizures 
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A battery of standardised neuropsychological and language assessments was 

administered prior to participants commencing the study to characterise aphasia type 

and severity. These included selected subtests of the Comprehensive Aphasia Test 

(Swinburn et al., 2004), the Sydney Language Battery (Savage et al., 2013), the 

sentence repetition subtest of the Multilingual Aphasia Examination (Benton et al., 

1994), a selection of 36 items from the Object and Action Naming Battery (Druks & 

Masterton, 2000), The Addenbrooke’s Cognitive Examination-III (Hseih et al., 2013) 

and a non-standardised digit span test. The 18 object and 18 action items selected for 

our short version of the Object and Action Naming Test were approximately matched 

for frequency, familiarity and imageability (see Appendix A). A diverse range of 

impairment type and severity was evident from the results of the assessments, for 

example, naming accuracy on the Sydney Language Battery (Savage et al., 2013) 

ranged between 2/30 and 27/30, and total composite score on the ACE-III (Hseih, et al., 

2013) ranged from 23-86/100. See Table 2 for language and cognitive testing results for 

each participant.
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 Table 2: Language and cognitive test results.     
    

Sv-PPA Lv-PPA NFv-PPA 

Test Max 
Raw 
Score 

Normal 
Cut-Off 

< 
JSv1 NSv MSv KSv4 SLv MLv ULv RLv YLv CLv LLv JNfv2 SNfv3 TNfv LNfv ENfv 

Naming                   
Single Word Noun Naming (SydBat) 30 22.4 10 3 15 8 19 18 12 7 11 10 27 2 22 23 26 24 
Single Word Action Naming (CAT)  10 8 6 0 3 6  10 7 1 2 10 4 7 - 6 8 10 10 

Object Naming  18 n/a 6 3 9 6  10  - 6  - 13 14 ^ 14 5 8  13 16 18 
Action Naming  18  n/a 15Ø 16 Ø 15 Ø 11  13  - 12 Ø - 16  7 17 6 14 Ø  17 17 16 

Reading & Repetition 
                  

Single Word Reading (CAT) 70 45 66 64 61 52 61 62 63 56 66 56 66 - 58 69 63 56 

Noun Repetition (SydBat) 30 29.3 30 30 30 28 28 26 30 25 30 26 30 - 22 29 30 22 
Non-Word Repetition (CAT)  10 5 10 8 10 6 8 9 10 8 10 8 8 - 4 10 10 6 
Sentence Repetition (MAE) 14 n/a 9 14 9 9 8 3 4 5 4 4 8 1 4 6 13 8 

Picture Description (CAT) 
                  

Spoken Total score 65+ 33 34 43 40 37 47.5 30 27 25 28 22 49.5 8 20 20 38 33 
    Appropriate ICWs n/a n/a 29 35 37 27 38 23 22 25 20 20 40 8 18 15 30 27 

     Inappropriate ICWs n/a n/a 6 4 6 1 2 3 2 7 3 6 2 2 2 2 1 3 
     Syntactic variety n/a n/a 4 4 5 4 4 3 2 2 4 2 4 1 2 2 4 4 

     Grammatical well-formedness n/a n/a 5 5 5 5 5 5 3 3 5 5 5 1 2 4 4 4 
     Speed n/a n/a 2 3 3 2 2.5 2 2 2 2 1 2.5 0 0 1 1 1 

Written Total score 35+ 19 - - 19 - 33 14 - 0 23 0 27 - - 24 26 13 
Comprehension                   
Noun Comprehension (SydBat) 30 < 26.9 28 26 29 22 28 30 21 21 27 25 29 - 26 26 29 29 
Semantic Association (SydBat) 30 < 24.9 19 21 24 25 29 28 20 10 23 24 29 14 23 21 28 25 
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Sentence Comprehension (CAT) 
                  

Spoken  32 27 32 26 32 28 25 25 12 20 28 20 32 13 25 23 30 27 
Written  32 23 30 30 28 26 27 16 - 17 28 23 32 - 27 20 25 26 

Digit Span 
                  

Forward*  n/a  8 8 7 5  5 3 4 4 3 4 5 - 5  4 9 4  
Backward* n/a  4 5 5 3 5 3 3 2 3  2 5 - 3  2 8 3 
ACE(III)                   

Total Composite 100 < 88 66 59 60 47 81 69 48 35 65 31 74 23 50 61 86 86 
Memory 26  17 11 12 8 18 16 6 4 13 5 5 6 1 12 25 26 

Attention  18  17 18 14 10 17 13 10 7 11 4 16 3 14 12 16 15 
Fluency  14  6 3 5 4 9 7 6 2 10 3 11 1 4 1 6 11 

Language  26  14 13 14 13 23 18 18 13 20 13 23 9 17 16 25 21 
Visuospatial  16  12 14 15 12 14 15 8 9 11 6 19 4 14 12 14 13 

1JSv unable to perform written picture description task due to impaired right-hand function. 
2JNfv unable to complete written tasks due to impaired right-hand function. Unable to tolerate full testing regime. 
3 SNfv unable to complete some written tasks due to impaired right-hand function. 
4 KSv unable to complete some written tasks due to fractures affecting right-hand function. 
Key: Sv-PPA= semantic variant PPA, Lv-PPA= logopenic variant PPA, NFv-PPA= non-fluent variant PPA, 
 Ø = action naming score significantly greater than object naming score, p>.05, ^= object naming score significantly greater than action naming score, p>.05, 
SydBat= Sydney Language Battery (Savage, Hseih, Leslie, Foxe, Piguet & Hodges, 2013). CAT= Comprehensive Aphasia Test (Swinburn, Porter & Howard & 2004). 
ICWs= information carrying words. MAE= Multilingual Aphasia Examination, sentence repetition subtest (Benton & Hamsher, 1978). ACE-III=Addenbrooke’s 
Cognitive Examination (Hseih, Schubert, Hoon, Mioshi & Hodges, 2013). Object Naming and Action Naming (18 object items and 18 action items, matched for 
length, frequency and imageability, taken from the Object and Action Naming Battery). 
*Non standardised administration of the Forward Digit Span and Backward Digit Span (WAIS -IV).
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MATERIALS 

A set of 120 action pictures, sourced from the internet (photos of people performing 

real-life activities) that could be described in one simple Subject - Verb - Object (SVO) 

sentence, were trialled with 20 neurotypical speakers (mean age =62 years; range 56-82 

years; 10 female). They were asked “tell me what is happening in the picture.” One 

practice item was provided where a written SVO sentence was displayed with the verb 

and the object noun in bold font and the verbal instruction, “it is the verb and the object 

that I am most interested in”. The verb phrase with the most frequently produced 

combination of verb and object-noun (object noun henceforth labelled as “noun”) was 

determined for each picture. Those pictures that did not elicit a response that 50% or 

more of neurotypical speakers produced were discarded. The remaining set of 60 action 

pictures had verb phrase agreement ranging, across the 20 participants, from 50-100%; 

33 of which (55%) had agreement of 80% or above (see Appendix B). 

Frequency and syllable and phoneme length of the 60 verbs and 60 nouns in the 

high-agreement pictures were obtained from the CELEX database (Baayen et al., 1993). 

The verb phrases were then divided into three groups matched for verb and noun log 

frequency, number of phonemes and syllables, number of phrasal verbs (e.g. blowing 

out), number of verbs with non-obligatory objects (e.g. ironing) and imageability. The 

characteristics of items in each of the three orders of presentation are provided in Table 

3. One-way analyses of variance (ANOVA) showed no significant difference between 

the three sets in these characteristics. 
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Table 3: Verb and noun characteristics by set. 
 

  

 Verbs Nouns 

  Mean no.  
syllables (SD) 

Mean no. 
phonemes 

(SD) 

Mean 
frequency 

(Log 10) (SD) 

Mean 
imageability 

(SD) 

Mean no. 
syllables (SD) 

Mean no. 
phonemes 

(SD) 

Mean 
frequency 

(Log 10) (SD) 

Mean 
imageability 

(SD) 
Set 1 (n=20) 2.32 (.57) 5.95 (1.17) .85 (.65) 4.76 (.20) 1.77 (.69) 4.55 (1.95) 1.13 (.79) 4.89 (.08) 

         
Set 2 (n=20) 2.27 (.55) 5.64 (1.33) 1.05 (.60) 4.77 (.27) 1.55 (.80) 4.27 (2.07) 1.37 (.65) 4.89 (.10) 

         
Set 3 (n=20) 2.23 (.53) 5.68 (1.04) .81 (.78) 4.65 (.26) 1.45 (.60) 4.09 (.97) 1.34 (.55)  4.91 (.10) 

         
ANOVA         

F (2,63) .15 .46 .81 1.53 1.21 .38 .89  .71 
p .86 .63 .45 .22 .31 .68 .42 .40 

Key:  SD=standard deviation, log 10= logarithm base 10 of the raw frequency per million plus one. 
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The 60 verbs in the high-agreement pictures were significantly longer (phoneme length 

and syllable length, p<.001) and had lower log 10 frequency than nouns (p<.001). 

Twenty-seven neurotypical controls with a mean age of 65.8 years (range: 58-74 years), 

16 females and 11 males, rated the imageability of the 60 nouns and 60 verbs. The mean 

imageability rating for the nouns was greater than that of the verbs and a one tailed, 

paired t-test showed this to be significant at p<.001 (Appendix C).  

PROCEDURE  

A series of single case experiments, eliciting verb-object noun verb phrases in three 

conditions: No Cue, Verb Cue and Noun Cue, were conducted. The participants with 

PPA were asked to describe the action pictures, using the same prompts given to the 

neurotypical controls, “Tell me what is happening in each picture”, in the three 

conditions; 

1. No Cue: picture only. 

2. Verb Cue: written and spoken verb provided simultaneously with the picture. 

3. Noun Cue: written and spoken object noun provided simultaneously with the 

picture. 

(see Figure 1) 

 
Figure 1: Examples of stimuli for each experimental condition. 
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The stimuli were presented on a computer screen using MS Powerpoint, for ten seconds 

followed by a blank screen. The experiment was conducted over three sessions, on three 

different days, with intervals between sessions as evenly spaced as possible given 

personal factors affecting participant availability. The intervals were a minimum of 2 

days and a maximum of 1 month, with most participants having a 1-week interval 

between each session (see Appendix D). Sessions were conducted at the clinic or the 

participant’s home, according to the participant’s preference. In each session, all 60 

items were presented, with one of the three matched sets presented in each of the three 

conditions (blocked by condition). The order of cue condition was rotated over the three 

sets over the three days but sets and items within sets were presented in the same order 

(see Table 4). All responses were video recorded for later transcription.  

 

Table 4: Schedule of presentation of stimuli. 
 
 Session 1 Session 2 Session 3 
Set 1 (Items 1-20) No Cue 

(picture only) 
Verb Cue 

(picture + verb) 
 

Noun Cue 
(picture + noun) 

Set 2 (Items 21-40) Verb Cue 
(picture + verb) 

Noun Cue 
(picture + noun) 

 

No Cue 
(picture only) 

Set 3 (Items 41-60) Noun Cue 
(picture + noun) 

No Cue 
(picture only) 

Verb Cue 
(picture + verb) 

 

Included in instructions was the request, “Try to use a full sentence with a verb and an 

object”. A set of three practice items were used prior to each condition in each session 

to familiarise the participants with the equipment and procedures and ensure 

participants understood the task instructions. The verb phrase response was modelled 

for participants following presentation of the first practice item if they appeared to have 

difficulty understanding the task. Feedback was also provided following presentation of 
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the second practice item if the participant continued to have difficulty following the 

instruction or if their response was verbose. Positive feedback was provided after 

practice items resulted in a verb phrase response. Participants were given specific 

instructions, according to the condition. For example, prior to the Verb Cue condition in 

Session 1 the instruction was given; “This section is slightly different. A verb is 

suggested for your sentence….as a written word below the picture and as a spoken 

word. Wait to hear the word, don’t say the word, just listen. Then make your sentence, 

telling what is happening in the picture.” No further feedback was given after the 

practice items were completed. It was clear that all participants had a good 

understanding of what was required in the task, following the completion of practice 

items. 

DATA ANALYSIS 

i. Response coding and scoring. 

Participant responses were transcribed and coded by the first author. Only a response 

completed in the first ten seconds after the appearance of the picture, was scored. 

Neurotypical adults overwhelmingly responded to action pictures with a verb phrase 

rather than a full SVO sentence; 95% (1145/1220) responses were verb phrases. The 

production of the verb phrase was therefore selected as our primary variable of interest 

and responses were scored correct if both the required lexical items, the target verb and 

target object noun, were present, regardless of inflection of the verb or presence of the 

noun determiner. Three scores were generated for each response. 

1. Verb production: A point for each verb that matched the verb provided by the 

majority of neurotypical participants.  
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2. Noun production: A point for each noun that matched the noun provided by the 

majority of neurotypical participants.  

3. Verb phrase production. A point for each verb phrase that matched the verb 

phrase provided by the majority of neurotypical participants. Credit was given 

only if the response contained both the accurate verb and the accurate object 

noun. 

 
Criteria were established to ensure consistent scoring. For example, more specific 

alternatives to the target noun or verb were scored correct e.g. “handsewing” for 

“sewing” or “girl” for “child” (where the pictured child appeared to be female), but 

more general, superordinate, terms were not accepted e.g. “cutting” for “carving” or 

“nails” for “toenails”.  

ii. Reliability. 

An independent blind assessor, trained in the scoring criteria, coded seven randomly 

selected data sets, each containing 60 verb phrase responses (15% of all data). The verb, 

noun and verb phrase of each response was coded according to criteria described above. 

Kappa statistics were calculated for interrater reliability on coding of response accuracy 

for verbs (kappa = 0.95), nouns (kappa = 0.87) and verb phrases (kappa = 0.91). A 

Kappa result of 0.81 and above can be considered almost perfect agreement (McHugh, 

2012). Thus, the accuracy of the coding of responses in our study can be considered 

highly reliable. 

iii.  Analysis. 

JAMOVI Statistics, version 0.9.5.16 was used to conduct the analyses. We carried out 

analysis at both the single participant level and combined across the case series. For 

each analysis, we determined i) whether cueing improved performance by comparing 
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accuracy of the No Cue condition with that of each of the Verb Cue and Noun Cue 

conditions, and ii) whether there was difference in the benefit from the Verb Cue versus 

Noun Cue conditions. Both analyses used binomial tests at the level of the single 

participant and Stouffer’s method to examine the effects across the case series (Stouffer 

et al., 1949). We examined whether the effects varied across participants using a 

Homogeneity test (Leach, 1979).  

Our analysis first examined whether provision of the verb or noun facilitated 

production of that verb or noun in the verb phrase, by scoring accuracy (out of 60) of 

verb and noun production in the verb phrase. Second, we examined whether provision 

of the Verb or Noun cue improved production of a verb phrase containing both the verb 

and the noun, by scoring accuracy of production of the whole verb phrase production in 

each of the three experimental conditions (No Cue, Verb Cue and Noun Cue).  

Finally, we examined factors that may have influenced verb phrase accuracy, 

predicting that both sentence processing ability and lexical retrieval would have an 

impact. First, in order to understand if these language abilities were associated with verb 

phrase production ability (without cueing), we computed a series of Pearson’s product-

moment correlations between accuracy of verb phrase production in the no cue 

condition and object naming accuracy, action naming accuracy, and spoken sentence 

comprehension task. Second, in order to understand if these language abilities were 

associated with gain in verb phrase accuracy, we computed a further series of Pearson’s 

product-moment correlations between gain in accuracy of verb phrase production in 

both the Noun Cue condition and Verb Cue condition (compared to the No Cue 

condition) and accuracy on the same three tests (object naming, action naming test, and 

the spoken sentence comprehension task). We used the following definition of strength 

of the association between variables; r of 0 and 0.19 = very weak, r between 0.2 and 
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0.39 = weak, r between 0.4 and 0.59 = moderate, r between 0.6 and 0.79 = strong and r 

between 0.8 and 1 = very strong (Swinscow, 1997). 

 

 

RESULTS 

Verb Cue condition. 

For all 16 participants, when provided with the verb, there was a significant 

improvement in the number of verb productions in their verb phrase response to action 

pictures, relative to the No Cue condition (see Table 5).  

In addition, 13 of the 16 participants (p< .05) showed a significant increase in 

complete verb phrase production (i.e. with both the target verb and the target object 

noun produced) relative to the No Cue condition and a further two participants 

demonstrated an increase trending to significant (p< .1) (see Table 6 and Figure 2). 

Combined across participants complete verb phrase production was significantly greater 

in the Verb Cue condition compared to No Cue (Stouffer’s test: p<.001). There was no 

evidence for significant variability across participants in the degree of benefit for verb 

phrase production (Homogeneity test: H(15) =19.89, p =.18). 
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Table 5: Accuracy of verb and noun production for each participant by Cue condition.  
 

 

 
Verb Accuracy 

 
Binomial Test  Noun Accuracy  Binomial Test  

PPA 
Variant Participants No Cue Verb Cue No Cue vs Verb Cue No Cue Noun Cue No Cue vs Noun Cue  

 JSv 0.47 1.0 <.001* 0.68 0.92 .002* 
 NSv 0.45 0.97 <.001* 0.55 0.95 <.001* 

Semantic MSv 0.47 0.97 <.001* 0.63 0.85 .012* 
 KSv 0.43 0.85 <.001* 0.55 0.80 .095† 
        
 SLv 0.65 1.0 <.001* 0.73 0.88 .032* 
 MLv 0.52 0.83 <.001* 0.65 0.92 <.001* 
 ULv 0.37 0.92 <.001* 0.33 0.65 .001* 

Logopenic RLv 0.33 0.65 .001* 0.25 0.48 .026* 
 YLv 0.83 0.97 .019* 0.73 0.78 .345 
 CLv 0.40 0.80 <.001* 0.42 0.67 .004* 
 LLv 0.72 0.92 .006* 0.80 0.90 .105 

Non-
fluent 

       
JNfv 0.07 0.83 <.001* 0.13 0.77 <.001* 
SNfv 0.35 0.95 <.001* 0.68 0.92 .001* 
TNfv 0.73 0.95 <.001* 0.73 0.93 .004* 
LNfv 0.90 1.0 .016* 0.88 1.00 .008* 
ENfv 0.70 0.87 .026* 0.62 0.65 .423 

Key: * indicates p<.05, † p<.1      
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Figure 2: Proportion gain in production of accurate verb phrases for Noun Cue condition and Verb Cue condition relative to the No Cue 
condition.  
Note: Gain= Gain in proportion verb phrases correct with noun or verb cue from No Cue condition to Verb Cue condition and from No Cue condition to 
Noun Cue condition for each participant. * indicates p<.05, Binomial test compared to No Cue condition, † indicates p<.1, Binomial test compared to 
No Cue condition. 

-0.1

-0.05

0

0.05

0.1

0.15

0.2

0.25

0.3

0.35

0.4

JSv NSv MSv KSv SLv MLv ULv RLv YLv CLv LLv JNfv SNfv TNfv LNfv ENfv

Pr
op

or
tio

n 
ga

in
  (

no
un

/v
er

b 
co

nd
iti

on
 m

in
us

 b
as

el
in

e)
 

Participants
svPPA  lvPPA nfvPPA

 Noun Cue  Verb Cue *Binomial test p<.05

*

**
**

*

*
**

* *

*

***
*

*

*
*

*

†
†

†† †
†



 
 

 28 

 
 

 

Key: * indicates p<.05, † p<.1, 1-tailed for No Cue vs Verb Cue and No Cue vs Noun Cue, and 2-tailed for Verb Cue vs Noun Cue 

Table 6: Comparison of accuracy of Verb Phrase by condition for each participant. 
 
 

 

PPA 
variant Participant 

Verb Phrase accuracy  
(proportion correct, n=60) 

Binomial tests comparing conditions (p=) 

No Cue Verb Cue Noun Cue No Cue vs  
Verb Cue  

No Cue vs  
Noun Cue  

Verb Cue vs  
Noun Cue  

Semantic 

JSv .42 .82 .65 <.001*   .014*   .008* 
NSv .35 .73 .52 <.001*   .044*   .011* 
MSv .40 .68 .57   .001*   .038*  .108 
KSv .35 .62 .35 <.001* .500 <.001* 

        

Logopenic 

SLv .55 .85 .68   .001*   .084†   .008* 
MLv .42 .67 .60   .010*   .026* .307 
ULv .17 .38 .22   .004* .332   .036* 
RLv .10 .30 .22   .002*   .084†  .210 
YLv .67 .85 .63   .013*  .708   .003* 
CLv .18 .35 .40   .038*   .010*  .663 
LLv .63 .80 .77   .032*   .058† .523 

       

Non-fluent 

JNfv .02 .27 .05 <.001*  .313  <.001* 
SNfv .48 .72 .67   .005*   .017* .383 
TNfv .60 .72 .80   .084†   .018* .504 
LNfv .83 .93 .93   .090†   .073† .688 
ENfv .60 .58 .50 .661 .908  .230 
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Noun Cue condition. 

When provided with the object noun, for 12 of the 16 participants there was a 

significant improvement in the number of target object noun productions in their verb 

phrase response to action pictures, relative to the No Cue condition and one participant 

(KSv) showed a trend to significance.  

Of the 12 who showed improved noun production, seven showed a significant 

increase in complete verb phrase production (i.e. with both the target verb and the target 

object noun produced) in the Noun Cue condition relative to the No Cue condition and 

trended to significant for four others (p< .1). Combined across participants there was a 

significantly greater accuracy for the Noun Cue condition compared to No Cue on 

complete verb phrase production (Stouffer’s test: p<.001). There was no evidence for 

significant variability across participants (Homogeneity test: H(15) =15.65, p =.41). 

Comparing effects of Verb cue and Noun cue conditions. 

Seven participants showed significantly greater improvement in verb phrase production 

following Verb Cue condition than the Noun Cue condition. No participant showed 

significantly greater improvement in verb phrase production following the Noun Cue 

condition than the Verb Cue condition.  

Across all participants combined there was significantly greater benefit for Verb 

Cue than Noun Cue on accurate verb phrase production (Stouffer’s test: p< .001). There 

was also no evidence for significant variability across participants (Homogeneity test: 

H(15) = 22.12, p = .105).  

Only one participant, ENfv, demonstrated no significant benefit to verb phrase 

production from either Verb or Noun Cue conditions. One participant, LNfv, only 

showed a trend in both conditions, but she was performing close to ceiling. A third 

participant, TNfv showed significant improvement with Noun Cue and a trend only 
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with Verb Cue.  All 13 other participants either showed significant improvement in verb 

phrase production from the Verb Cue condition or with both Verb and Noun Cue 

conditions.  

Factors that influence verb phrase production.  

In these analyses we explored factors influencing verb phrase production. First, we 

examined the relationship between ability to produce verb phrases and verb and noun 

retrieval on baseline testing in the No Cue condition. Scatterplots in Figure 3 show the 

relationship between object naming and action naming accuracy and verb phrase 

production accuracy in the No Cue condition, for all participants as a group and by PPA 

variant.  

For the group as a whole, there was a strong and significant positive correlation 

between object naming and verb phrase production (r=.652, p=.012, n=14). There was 

also a strong positive correlation between action naming and verb phrase production 

(r=.784, p<.001, n=14). Individuals with better object naming demonstrated better verb 

phrase production. When we examined these relationships by variant, albeit tentatively 

given the small number of participants, there was a very strong positive and significant 

correlation between action naming scores and verb phrase production in the non-fluent 

variant group (r=.913, p=.030, n=5), although, this primarily reflects the influence of 

one participant with lower scores than the others with nfvPPA on both tasks.
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NO CUE CONDITION 
 

Object Naming Action Naming 

  

  

  

  
 
Figure 3: Relationship between scores on object and action naming and verb phrase 
production in the No Cue condition. 
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Key: VP-verb phrase, svPPA-semantic variant PPA, nfvPPA- nonfluent variant PPA, lvPPA- logopenic 
variant PPA, R= correlation co-efficient. 
Note: VP accuracy= proportion correct (out of 60), Action naming score= accuracy (out of 18), Object 
naming score= accuracy (out of 18). 
 

We also sought to understand the relationship between ability to produce verb 

phrases and sentence processing impairment as demonstrated on a receptive sentence 

processing task. Scatterplots in Figure 4 show the relationship between scores on 

spoken sentence comprehension and accuracy of verb phrase production in the No Cue 

condition, for all participants as a group and by PPA variant. For the group as a whole, 

there was a strong, significant positive relationship between the two tasks (r=.664, 

p=.005, n=16). The same pattern also held for each variant group.
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NO CUE CONDITION 

 
Spoken Sentence Comprehension 

 

  
 

 

 
 
 

 

 
Figure 4: Relationship between scores on spoken sentence comprehension and verb 
phrase production in the No Cue condition. 
Key: VP-verb phrase, svPPA-semantic variant PPA, nfvPPA- nonfluent variant PPA, lvPPA- logopenic 
variant PPA, R= correlation co-efficient. 
Note: VP accuracy= proportion correct (out of 60), Spoken sentence comprehension= accuracy (out of 
40). 
 
 
Exploring factors that predict gain from cues. 

We then explored the relationships between gain in accuracy of verb phrase production 

in the Verb and Noun Cue conditions and the same three tasks (object and action 

naming and spoken sentence comprehension). In the Verb Cue condition (Figure 5), for 

the group as a whole there was a very strong negative correlation between object 
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naming scores and gain in verb phrase production (r=-.856, p<.001, n=14): those 

individuals with poorer object naming showed larger gains.  When we examined these 

relationships by variant, the patterns were similar and reached significance for the non-

fluent variant group (r=-.095, p=.012, n=5). In contrast, there was no significant 

relationship between action naming and improvement in verb phrase production in the 

Verb Cue condition (relative to the No Cue condition) for the group as a whole, with 

considerable variability across variants. (All PPA, r= -.177, p=.544, svPPA, r=.667, 

p=.333; lvPPA, r=.01, p=.985; nfvPPA, r=-.668, p=.218. See Appendix E)
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VERB CUE CONDITION  
Object Naming 

 
  

  

   
  

Figure 5: Relationship between scores on object naming and gain in verb phrase production 
accuracy with Verb Cue. 
Key: VP-verb phrase, svPPA-semantic variant PPA, nfvPPA- nonfluent variant PPA, lvPPA- logopenic variant 
PPA, R= correlation co-efficient. 
Note: VP accuracy= proportion correct (out of 60), Object naming score= accuracy (out of 18). 
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verb phrase production in the Noun Cue condition (relative to the No Cue condition), either 

for all participants as a group (r=-.226, p=.438) or by PPA variant (svPPA, r=6.23456E-16, 

p=.500; lvPPA, r=.310, p=.612; r=-.359, p=.552). Similarly, there was no strong nor 

significant relationships between action naming and gain in verb phrase production in the 

Noun Cue condition (relative to the No Cue condition), either for all participants as a group 
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(r=.041, p=.890) or by PPA variant (svPPA, r=.906, p=.094; lvPPA, r=-.060, p=.287; 

nfvPPA, r=.120, p=.747) (See Appendix F).    

There was also no clear relationship between scores on spoken sentence 

comprehension and gain in verb phrase production in the Verb Cue condition, for all 

participants as a group (r=.079, p=.770) or within variants (svPPA, r= -.058, p=.942; lvPPA, 

r=-.054, p=.908; nfvPPA, r=-.629, p=.255). There was no clear relationship between scores 

on spoken sentence comprehension and gain in verb phrase production in the Noun Cue 

condition, for all participants (r=.139, p=.609) or within variants (svPPA, r=.454, p=.546; 

lvPPA, r=-.001, p=.998; nfvPPA, r=.040, p=.949). (See Appendix G). 

 

 

 

 

 

DISCUSSION 

This research sought to understand whether, when single nouns or verbs are available to 

people with PPA, these words can subsequently be integrated into a syntactic structure 

required for everyday communication. This issue has important implications regarding the 

utility of lexical retrieval treatment and can inform possible barriers to across-level 

generalisation. We constrained our investigation to examining the effects of providing a 

single verb or noun, as a spoken and written cue, on production of verb phrases in response to 

action pictures. The effects of cueing on verb phrase production for each participant are 

summarised in Table 7. 
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Table 7: Summary of patterns of  improvement of VP production. 

Equal gain from Verb 
and Noun Cue  

Verb Cue gain 
significantly greater 
than Noun Cue gain  

Verb Cue gain only Neither 
Verb Cue nor Noun 

Cue gain 
MSv  JSv KSv ENfv† 
MLv NSv ULv  

RLvx  
CLv  

SLvx  
 

YLv 
JNfv  

 

LLv x  
SNfv 

TNfv* 

   

   LNfv**    
    

NOTE: x =marginally significant in Noun Cue condition * = marginally significant in Verb 
Cue condition; ** marginally significant in both Verb and Noun Cue conditions due to 
ceiling effects; † = marginally significant decrease in accuracy of VP production with Noun 
Cue. 
bold italic: Verb Cue significantly better than Noun Cue. 
 

 

Effect of verb cueing on production of verb-noun verb phrases. 

When provided with a verb, every participant was able to produce that verb significantly 

more often when attempting to describe an associated action picture than when no verb was 

provided, thereby simulating improved lexical retrieval following treatment. Moreover, 

provision of verbs significantly (or marginally significantly) improved verb phrase 

production for 15 of our 16 participants with PPA.  

The positive effect of verb cues for all but one of the participants in this study is 

consistent with the positive benefit of verb cues on sentence production previously 

demonstrated by Marshall et al. (1998) in a single individual with post-stroke agrammatic 

aphasia. They predicted that sentence production will improve when verbs are available (e.g. 

Marshall et al., 1998) in individuals for whom lexical retrieval is the source of poor sentence 

production, but only if sentence processing is unimpaired. As we discuss below, our data is 
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less clear with regard to Marshall et al.’s claim, given the lack of a significant correlation 

between gain in verb phrase production and sentence processing ability. 

Effect of noun cueing on production of verb-object verb phrases. 

When provided with a noun cue, 12 of our 16 participants were able to produce that noun 

significantly more often in the Noun Cue than in the No Cue condition and one participant 

(KSv) showed a marginally significant benefit. This success, however, did not translate to 

successful integration of the noun into a verb phrase for all of the 13 (12 participants with 

significantly improved noun production and one with marginally significant improvement in 

noun production): provision of the noun was associated with (significantly or marginally 

significantly) improved verb phrase production for 11 participants, all of whom also 

benefited from provision of the verb2.  Just as demonstrated by provision of the verb with 

verb cueing, for these eleven individuals, it is clear that impaired lexical retrieval of the noun 

is an impediment to verb phrase production; the noun cues therefore resulted in improved 

verb phrase production. 

Predictors of response to cues. 

Our participants were a heterogeneous group with varying language profiles and impairment 

severities. Comparing the response to cues and the pattern of impairments reflected by the 

results of background testing, no feature or cluster of features emerged as characteristic of 

those who benefitted from cueing. However, given the view that both intact lexical retrieval 

and syntactic processing are requisite skills for sentence production (e.g., Byng et al., 1994; 

Faroqi-Shah & Thompson, 2003; Marshall et al., 1998; Mitchum & Berndt 1994), we 

examined the relationship between the ability to produce accurate verb phrases and these 

 
2 Ten of these participants were those who showed significant improvement in noun production, one further 
participant, LLv, showed marginally significant improvement in verb phrase production, despite not showing 
(even marginally) significant gains in noun production. However, he was close to ceiling in noun production 
reducing the opportunity to reach significance. 
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abilities. As predicted from theories of sentence production without cueing, participants with 

better preserved action and object naming generally (i.e., better lexical retrieval) had greater 

success producing verb phrases, as did those who demonstrated better receptive sentence 

processing on a sentence comprehension task (i.e., better syntactic processing). This 

relationship was true for all three PPA variants. We then examined whether better preserved 

access to lexical items and better-preserved syntactic processing ability predicted gain in 

accuracy of verb phrase production, when verb and noun cues were provided.  

i. Syntactic processing predictors 
 

As, without cues, participants showed a positive relationship between accurate verb phrase 

production and syntactic processing ability, we had predicted improved accuracy of verb 

phrase production with both verb and noun cues for participants with better preserved 

syntactic processing. This was not the case - there was no significant correlation. Whilst 15 

participants showed gain in verb phrase production with verb cues and 11 with noun cues, 

these individuals showed a considerable range and variation in spoken sentence 

comprehension. We also observed a large variability in grammatical well formedness and 

syntactic variety on spoken picture description tasks across participants. For example, 

reflecting the lack of correlation, five participants, with poor performance on spoken sentence 

comprehension, showed improved verb phrase production with verb cues (ULv, JNfv) or 

both verb and noun cues (both significant: CLv; significant verb cues, marginally significant 

noun cues: RLv; significant noun cues, marginally significant verb cues: TNfv). Conversely 

for ENfv who demonstrated no gain in accuracy of verb phrase production with either verb or 

noun cues, both spoken sentence comprehension and spoken picture description score did not 

fall below normal cut-offs. We return to this point below, but clearly this suggests there is no 

simple relationship between response to cueing and syntactic processing. 

ii. Lexical retrieval predictors  



 
 

 40 

To examine the relationship between lexical retrieval ability and effect of cueing, we 

examined the relationship between action and object naming accuracy in background testing 

and gain in verb phrase production with cueing.  

Given that the verb was provided in verb cueing, and the noun in noun cueing, there 

was no clear prediction of a relationship between action naming and gain in verb phrase 

accuracy with verb cues, nor object naming accuracy and gain in verb phrase accuracy with 

noun cues. Indeed, we found only weak or very weak correlations in both cases.     

In contrast, it was predicted that individuals with better object naming should show 

positive correlations with gain in verb phrase production following verb cueing, as they 

should be able to capitalise better on provision of the verb cue (on the assumption that the 

noun should be relatively available to complete the verb phrase). Similarly, those with better 

action naming should show positive correlation with verb phrase gain following noun cueing, 

given that the verb should be relatively available. Neither prediction was found to hold true. 

 First, there was no relationship between action naming (without cues) and gain in 

accuracy of verb phrase production with noun cueing. This implies that for some individuals 

with PPA, even when given the noun, it is not only the availability of the verb that influences 

whether or not they can successfully produce the verb phrase. In other words, another factor 

is likely to also influence verb phrase production including, most likely, syntactic processing 

ability.  

In verb cueing, while those individuals with good noun retrieval might be expected to 

have the object nouns available to integrate with the verb into a verb phrase, we did not find 

this predicted positive relationship but instead found the reverse - a strong negative 

correlation. Those individuals with poorer object naming showed larger gains in verb phrase 

production, suggesting that those individuals with impaired noun retrieval were able to 

benefit to a greater extent from verb cueing than those with milder noun naming impairments. 
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This held true across all three PPA variants but we are cautious in making conclusions based 

on the small number of participants with each variant.  Indeed, of the 15 participants who 

showed improved verb phrase production, 6 also had improved use of the noun in their verb 

phrase response, when provided with a verb cue (significant for three participants (p<.05), 

marginally significant for three others (p<.1); Appendix H).  

We propose that provision of the verb improved access to the noun for these 

individuals. Verbs in this study were specific (e.g. delivering, parking, pruning) and carried 

rich semantic information as did the picture stimuli used to elicit verb phrase responses, thus 

maximising coactivation of semantic representations of the object noun (Coelho et al., 2000). 

In their lexical retrieval treatment study (COEN), Suárez-González and colleagues (2018) 

employed a conceptual enrichment strategy, “boosting the semantic network of an item 

enough to make it functional again” (Suárez-González, et al., 2018, p. 1096).  In the present 

study, the provision of the verb, through cueing, may have similarly activated links to the 

semantic network for nouns. A facilitatory effect of number of semantic features on lexical 

retrieval has also been demonstrated in picture naming in stroke aphasia (Lampe et al., 2020, 

under review) and in neurotypical speakers (Lampe et al., 2020, under review; Rabovsky et 

al., 2016) with words with more semantic features being retrieved faster and more accurately. 

In the verb cue condition, it may be that conceptually rich verbs with semantic links to agents 

and specific patients, activated more semantic features and facilitated access to the noun in a 

verb phrase and thereby accurate verb phrase production.  

Comparing the effects of noun and verb cueing 

As noted above, benefits of both noun and verb cueing were predicted neither by syntactic 

processing ability, nor by the extent of the lexical retrieval impairment for the cued word. 

However, noun and verb cues differed in that verb cues showed a negative correlation 

between object naming and verb phrase production. We have suggested that this may reflect 
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that verb cues facilitate access to the noun through the semantic/thematic network, an effect 

which is more evident for individuals with more impaired object naming. Noun cues seemed 

not to have the same effect on verb retrieval. This could be one reason that, although noun 

cues did result in improved verb phrase production for some individuals, not only did fewer 

individuals show benefit, but also, seven individuals showed significantly greater 

improvement as a result of verb cueing than noun cueing. In the Verb Cue condition, the 

more difficult (on average) constituent was provided by the cue, while in the Noun Cue 

condition, the less difficult constituent was provided. Therefore, based on the average 

difficulty of the un-cued lexical items that have to be retrieved by the participant, one might 

predict that the Noun Cue condition would be more difficult than the Verb Cue condition. 

That the Verb Cue condition produced greater improvement in verb phrase production 

than the Noun Cue conditions is consistent with Marshall and colleagues’ (1998) finding that 

verb cues were “significantly more successful at stimulating correct sentences than nouns” 

(Marshall et al., 1998, pg. 173). Similarly, and consistent with limited evidence for 

generalisation of noun retrieval treatment to sentence production (del Toro et al., 2008; 

Greenwood, et al., 2010; Hickin et al.,2007; Rose et al., 2002; for review see Carragher et al., 

2012), for three individuals, noun cues led to significant (ULv, JNfv), or marginally 

significant (KSv) improvement in noun production, but this did not convert to a proportionate 

improvement in verb phrase production.  When we reviewed the responses of these 

participants, many of their incorrect responses did not contain a verb. For example, KSv’s 

response to the picture of the child carrying a suitcase, was “with a suitcase”, for ULv, the 

picture of people playing cards elicited “that’s a game, cards and things” and JNfv, rhetorical 

statements, “I don’t like cards”. 

For three further individuals, SLv, RLv and LNfv, noun cueing resulted in only a 

marginally significant improvement in verb phrase production, even though they showed 
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significantly improved use of the noun. Again, for these participants, we observed some 

responses containing no verb, but more often, responses with an incorrect verb, usually a less 

specific verb. For example, use of “cutting” for the targets “peeling”, “mowing”, “chopping” 

and “pruning”.  These two broad categories of error responses appear to indicate that despite 

improved access to the noun, verb phrase production continued to be impaired due to either 

impaired lexical retrieval of the verb, and/or impaired construction of the syntactic frame, 

action plus object, required to construct the target verb phrase.  

In contrast, in verb cueing, we have suggested that the provision of the verb may have 

also resulted in facilitation of noun retrieval. In addition, it is also possible that the provision 

of the verb enabled construction of the syntactic frame. For instance, this has been 

demonstrated by treatment studies that have targeted the relationship between verbs and 

nouns, and in particular, those that explicitly train arguments (Edmonds et al., 2009; Fink et 

al., 1992; Wambaugh & Ferguson, 2007; Webster et al., 2005; see review Webster & 

Whitworth, 2012). 

It is clear that even in this simple cueing task, we have revealed potentially complex 

interactions between lexical retrieval and syntactic processes in verb phrase construction. 

Garrett (1988) described language processing as highly interactive and that attempting to 

separate phrasal construction from lexical retrieval is problematic. Neither lexical retrieval 

ability nor syntactic abilities alone predict success, but rather both are required, and, 

moreover, verb cues, in particular, may facilitate both syntactic processes and lexical retrieval 

of object nouns. This complex interplay is, most likely, the underlying cause of the observed 

but unpredicted (lack of) correlations with gain, and the difficulty in predicting patterns of 

gain at the individual level. 

When cueing provided no benefit to verb phrase production. 
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Finally, we discuss ENfv, the one participant who failed to demonstrate improved verb 

phrase production with either verb or noun cues. Reviewing ENfv’s language profile from 

baseline assessments raises questions as to why verb phrase production was not improved 

when cueing was provided. ENfv had relatively well preserved naming of both verbs and 

nouns. Sentence comprehension was also relatively well preserved and she scored at ceiling 

on the memory subscale of the ACE-III (Hsieh, et al., 2013). However, forward and 

backward digit span were depressed, possibly indicating impaired attention and/or working 

memory in addition to her non-fluent spoken output. Although her score on spoken picture 

description was at normal cut-off, a slow rate of speech and reduced intelligibiltiy due to 

apraxia of speech was evident. Perhaps, despite a pattern of relatively well preserved 

language abilties, her motor speech impairment combined with specific impairments in 

cognitive abiltities such as working memory and attention, may have impeded her ability to 

benefit from lexical cues. 

It is further possible that ENfv’s cognitive resources were disproportionately allocated 

to motor speech production, as explained by a limited capacity account.  If available 

resources (e.g. working memory) are allocated to conduct one task (in this case, motor speech 

production), there will subsequently be negative consequences on a concurrent task (in this 

case, verb phrase production) (e.g. Hula & McNeill, 2008).  It may be that ENfv had 

insufficient resources to hold the verb or noun cue, and/or to construct the syntactic frame 

and integrate these items into that frame, given the need to allocate additional resources to 

speech motor control. Further evidence that this may have been the case comes from the fact 

that she showed marginally significantly poorer verb phrase production in the Noun Cue 

compared to No Cue condition (p=.098, one-tailed), which was not apparent in the Verb Cue 

condition. Relative to spontaneous production (without a cue), the Noun Cue condition 

requires additional resources to hold the noun cue in memory, diverting resources away from 
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construction of the thematic structure, retrieval of the verb and insertion of the verb into the 

syntactic frame. In contrast, a verb cue can be integrated into the verb phrase earlier with less 

of a demand on cognitive resources. 

ENfv’s performance, therefore, provides evidence for a third factor influencing the 

ability to use nou or verb cues in sentence production – the availability of cognitive resources 

given the broader context of an individual’s speech and language profile.  

Clinical implications 

Our finding that verb and noun cues improve verb phrase production has potential to inform 

clinical practice. For people experiencing lexical retrieval difficulties in everyday 

interactions, provision of noun or verb cues might help with verb phrase production. For 

example, perhaps personally relevant action pictures, accompanied by written verbs could be 

incorporated into AAC communication boards or communication books. Electronic versions 

of AAC could be enhanced to include rich video clips with key verbs and nouns featuring 

relevant images of people, places, personal objects, in dynamic forms. There may also be 

potential benefit from communication partners providing spoken verbs as well as nouns when 

the person with PPA is struggling with word-finding. It may be that provision of verb and 

noun cues in these contexts could have a positive impact on verb phrase production, sentence 

production and potentially, conversation. Further examination of these and other applications 

of our findings is needed to confirm their effectiveness. 

Concluding remarks. 

For most participants in this study, despite diverse language and cognitive impairments, 

access to lexical items (verbs or nouns) improved verb phrase production. Significantly 

improved verb phrase production indicated that these individuals had adequate syntactic 

processing and broader cognitive resources to integrate available lexical items into syntactic 

structures to accurately formulate verb phrases. For the majority of our participants, provision 
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of the verb or of the noun resulted in greater success producing verb phrases. However, 

having the verb available was often more beneficial than having the noun.  

For the single participant who did not have a positive response to verb or noun cues, 

we suggest that the reduction in non-language cognitive resources in the context of motor 

speech impairments contributed to failure to benefit from verb and noun cues. 

Comprehensive assessment of language and cognition in future research may provide 

answers to the questions raised by our findings; questions regarding the interaction between 

lexical retrieval and syntactic processing in sentence production, the contribution of non-

language cognitive abilities and the optimal treatment options to enable generalisation of 

gains from noun- and verb-in-isolation treatments to sentence production.  

This is the first study to examine the effect of verb and noun cueing on verb phrase 

production in a heterogenous case series of individuals with PPA. The response to both verb 

and noun cueing provides insight regarding the potential for increased lexical availability to 

improve sentence production and thereby informs treatment options. Treatment studies in 

both stroke aphasia and progressive aphasia have largely focused on therapy for object nouns 

(e.g. Croot et al., 2015, 2019; Henry et al, 2013, 2019; Nickels & Best, 1996a., 1996b.; 

Savage et al., 2013, 2014; Suárez-González, et al., 2015). Despite a body of evidence 

demonstrating the efficacy of lexical retrieval treatment, evidence of use of trained items in 

everday communication is sparse and so we return to our original question, “Is word learning 

enough?”.  As our participants with PPA showed particular benefit in producing verb phrases 

when provided with a verb cue, we suggest that offering verb lexical retrieval treatment as 

well as noun lexical retrieval treatment in aphasia may enhance across-level generalisation of 

lexical retrieval treatment gains to sentences and lead to improved functional communication 

for some individuals. 

 



 
 

 47 

 

  

Acknowledgements  

This work was supported by the Australian Government Research Training Scheme (MQRES 

2014197 to CTR). We would like to thank Leanne Ruggero for assisting with assessments 

and Aimee Downing for her generous work as a blind rater of responses. We would also like 

to thank the volunteers who provided data for verb phrase responses and imageability of 

objects and actions. Most particularly, we would like to thank the individuals with PPA who 

gave their time and effort participating in the study and their families and close others who 

supported them throughout. 

Disclosure Statement  

No potential conflict of interest was reported by the authors.  

 

CRediT Statement 

Taylor-Rubin: Conceptualization, Methodology, Software, Formal analysis, Investigation, 

Resources, Data Curation, Writing - Original Draft, Writing - Review & Editing, 

Visualization, Supervision, Project administration.       

Croot: Conceptualization, Methodology, Formal analysis, Writing - Review & Editing, 

Supervision.   

Nickels: Conceptualization, Methodology, Software, Formal analysis, Resources, Writing - 

Review & Editing, Supervision.  



 
 

 48 

 

References 

 

Bates, E.A., Friederici, A.D., Wulfeck, B.B. & Juarez, L.A. (1988). On the preservation of 

word order in aphasia: cross-linguistic evidence. Brain and Language, 33, 323-364. 

doi:10.1016/0093-934X(88)90072-7 

Baayen, R., Piepenbrock, R., & Van Rijn, H. (1993). The CELEX lexical database [CD-

Rom].  (Linguistic Data Consortium). Philadelphia: University of Pennsylvania. 

Beales, A., Cartwright, J., Whitworth, A & Panegyres, P. K. (2016). Exploring generalisation 

processes following lexical retrieval intervention in primary progressive aphasia. 

International Journal of Speech-Language Pathology, 18(3), 299-314. 

doi:10.3109/17549507.2016.1151936  

Beales, A., Whitworth, A. & Cartwright, J. (2018). A review of lexical retrieval treatment in 

primary progressive aphasia and Alzheimer’s disease: mechanisms of change, 

generalisation, and cognition. Aphasiology, 32(11), 1360-1387. 

doi:10.1080/02687038.2018.1491192 

Beeson, P.M., King, R.M., Bonakdarpour, B., Henry, M.L., Cho, H. & Rapcsak, S.Z. 

(2011). Positive effects of language treatment for the logopenic variant of primary 

progressive aphasia. Journal of Molecular Neuroscience, 45(3), 724-736. 

doi:10.1007/s12031-011-9579-2 

Benton, A.L. & Hamsher, K.S. (1978). Multilingual Aphasia Examination Manual. Iowa 

City, University of Iowa. 

Berndt, R., Haendiges, A. &Wozniak, M. (1997a.). Verb retrieval and sentence processing: 

Dissociation of an established symptom pattern. Cortex, 33, 99-114. 

doi:10.1006/brln.1997.1727 



 
 

 49 

 

Berndt, R., Mitchum C., Haendiges, A. & Sandson, J. (1997b.). Verb retrieval in aphasia. 1. 

Charcterizing single word impairments. Brain and Language, 56(1), 68-106. 

doi:10.1006/brln.1997.1727 

Bock, K. (1987). An effect of accessibility of word forms on sentence structures. Journal of 

Memory and Language, 26(2), 119-137. doi:10.1016/0749-596X(87)90120-3. 

Bock, K., & Levelt, W. (1994). Language production: Grammatical encoding. In M.A. 

Gernsbacher (Ed.), Handbook of psycholinguistics. (pp. 945-984), San Diego, CA: 

Academic Press. 

Boo, M. & Rose, M.L. (2011). The efficacy of repetition, semantic and gesture treatments for 

verb retrieval and use in Broca’s aphasia. Aphasiology, 25(2), 154-175. 

doi:10.1080/02687031003743789 

Byng, S., Nickels, L. & Black, B. (1994). Replicating therpay for mapping deficits in 

agrammatism: remapping the deficit? Aphasiology, 8(4), 315-341. 

doi:10.1080/02687039408248663 

Carragher, M., Conroy, P., Sage, K. & Wilkinson, R. (2012). Can impairment-focused 

therapy change the everyday conversations of people with aphasia? A review of the 

literature and future directions. Aphasiology, 26(7), 895-916. 

doi:10.1080/02687038.2012.676164 

Carragher, M., Sage, K & Conroy, P. (2013). The effects of verb retrieval therapy for people 

with non-fluent aphasia: Evidence from assessment tasks and conversation. 

Neuropsychological Rehabilitation, 23(6), 846-887. 

doi:10.1080/09602011.2013.832335 

Carthery-Goulart, M. T., Costa da Silveira, A., Machado, T. H., Mansur, L. L., Mattos 

Pimente Parente, M. A., Hosogi Senaha, M. L., Dozzi Brucki, S. M., & Nitrini, R. 



 
 

 50 

(2013). Nonpharmacological interventions for cognitive impairments following 

primary progressive aphasia. Dementia e Neuropsychologia, 7(1), 122-131. 

doi:10.1590/51980-57642013DN70100018  

Code, C. (2018). Aphasia is not a disorder of language: discuss. Aphasiology, 32(Sup 1), 52– 

53. doi:10.1080/02687038.2018.1486390 

Coelho, C.A.,  McHugh, R.E.  & Boyle, M. (2000). Semantic feature analysis as a treatment 

for aphasic dysnomia: A replication. Aphasiology, 14(2), 133–142. doi:10.1080/ 

026870300401513  

Croot, K., Taylor, C., Abel, S., Jones, K., Krein, L., Hameister, I., Ruggero, L. & Nickels, L. 

(2015). Measuring gains in connected speech following treatment for word retrieval: 

A study with two participants with primary progressive aphasia. Aphasiology, 29(11), 

1265-1288. doi:10.1080/02687038.2014.975181 

Croot, K., Raiser, T., Taylor-Rubin, C, Ruggero, L., Ackl, N., Wlasich, E., Danek, A., 

Scharfenberg, A., Foxe, D., Hodges, J.R., Piguet, O, Kochan, N & Nickels, L. (2019). 

Lexical retrieval treatment in primary progressive aphasia: an investigation of 

treatment duration in a heterogeneous case series. Cortex, 115, 133-158. 

doi:10.1016/j.cortex.2019.01.009 

Davidson, B., Worrall, L. & Hickson, L. (2003). Identifying the communicative activities of 

older people with aphasia: Evidence from naturalistic observation. Aphasiology, 

17(3), 243-264. doi:10.1080/729255457 

Del Toro, C. M., Altmann, L. J. P., Raymer, A. M., Leon, S., Blonder, L. X., & Gonzalez 

Rothi, L. J. (2008). Changes in aphasic discourse after contrasting treatments for 

anomia. Aphasiology, 22(7-8), 881–892. doi:10.1080/02687030701844204 

Dell, G. (1986). A spreading activation theory of retrieval in sentence production. 

Psychological Review, 93(3), 283–321. doi:10.1037/0033-295X.93.3.283  



 
 

 51 

Druks, J. & Masterton, J., (2000). An Object and Action Naming Battery. Hove: Psychology 

Press. 

Edmonds, L.A., Nadeau, S.E. & Kiran, S. (2009).  Effect of Verb Network Strengthening 

Treatment VNeST on lexical retrieval of content words in sentences in persons with 

aphasia.  Aphasiology, 23(3), 402-424. doi:10.1080/02687030802291339 

Faroqi-Shah, Y., & Thompson, C.K. (2003). Effect of lexical cues on the production of active 

and passive sentences in Broca’s and Wernicke’s aphasia. Brain and Language, 85(3), 

409-426. doi:10.1016/s0093-934x(02)00586-2   

Ferreira, V.S. (2010). Language production. Wiley Interdisciplinary Reviews: Cognitive 

Science, 1(6), 834–844. doi:10.1002/wcs.70 

Fink, R.B., Martin, N., Schwarz, M., Saffran, E. & Myers, J.L. (1992). Facilitation of verb 

retrieval skills in aphasia: A comparison of two approaches. Clinical Aphasiology. 21, 

263-275. 

Garrett, M.F. (1988). Processes in language production. In N. Frederick (Ed.), Linguistics: 

The Cambridge survey, Vol. 3. (pp. 69-114), Cambridge: Cambridge University Press. 

Glosser, G., Wiener, M.  & Kaplan, E. (1988). Variations in aphasic language behaviors. 

Journal of Speech and Hearing Disorders, 53(2), 115-124. doi:10.1044/jshd.5302.115 

Gorno-Tempini, M. L., Hillis, A. E., Weintraub, S., Kertesz, A., Mendez, M., Cappa, S. F., 

Ogar, J. M., Rohrer, J. D., Black, S., Boeve, B. F., Manes, F., Dronkers, N. F., 

Vandenberghe, R., Rascovsky, K., Patterson, K., Miller, B. L., Knopman, D. S., 

Hodges, J. R., Mesulam, M. M., & Grossman, M. (2011). Classification of primary 

progressive aphasia and its variants. Neurology, 76(11), 1006-1014. 

doi:10.1212/WNL.0b6013e31821103e6  

Greenwood, A., Grassly, J., Hickin, J. & Best, W. (2010). Phonological and orthographic 

cueing therapy: A case of generalised improvement. Aphasiology, 24(9), 991-1016. 



 
 

 52 

doi:10.1080/02687030903168220 

Hameister, I. & Nickels, L. (2018). The cat in the tree- using picture descriptions to inform 

our understanding of conceptualisation in aphasia. Language, Cognition and Neuroscience, 

33(10), 1296-1314. doi:10.1080/23273798.2018.1497801 

Henry, M. L., Rising, K., DeMarco, A. T., Miller, B. L., Gorno- Tempini, M. L., & Beeson, 

P. M. (2013). Examining the value of lexical retrieval treatment in primary 

progressive aphasia: Two positive cases. Brain and Language, 127(2), 145–156. 

doi.10.1016/j.bandl.2013.05.018  

Henry, M.L., Hubbard, H.I, Grasso, S.M., Dial, H.R., Beeson, P.M., Miller, B. & Gorno-

Tempini, M.L. (2019). Treatment for word retrieval in semantic and logopoenic 

variants of Primary Progressive Aphasia: Immediate and long-term outcomes. 

Journal of Speech Language and Hearing Research, 62(8), 2723-2749. 1-27. 

doi:10.1044/2018_JSLHR-L-18-0144 

Herbert, R., Hickin, J., Howard, D., Osborne, F., & Best, W. (2008). Do picture‐naming tests 

provide a valid assessment of lexical retrieval in conversation in aphasia? 

Aphasiology, 22(2), 184–203. doi:10.1080/02687030701262613 

Heredia, C. G., Sage, K., Ralph, M. A. L., & Berthier, M. (2009). Relearning and retention 

of verbal labels in a case of semantic dementia. Aphasiology, 23(2), 192-209. 

doi:10.1080/02687030801942999 

Hickin, J., Cruice, M. & Dipper, L. (2020). A systematically conducted scoping review of 

the evidence and fidelity of treatments for verb deficits in aphasia: Verbs-in-isolation 

treatments. American Journal of Speech-Language Pathology, 29(15), 530-559. 

doi:10.1044/2019_AJSLP-CAC48-18-0234 

Hickin, J., Herbert, R., Best, W., Howard, D. & Osborne, F. (2007). Lexical and functionally 

based treatment: Effects on word retrieval and conversation. In S. Byng, J.M. Duchan, 

https://doi.org/10.1080/02687030801942999


 
 

 53 

C. Pound, (Eds.), The aphasia therapy file (vol 2). (pp. 69-83), Hove, UK: Psychology 

Press.  

Hsieh, S., Schubert, S., Hoon, C., Mioshi, E. & Hodges, J. R. (2013). Validation of the 

Addenbrooke’s cognitive examination III in frontotemporal dementia and 

Alzheimer’s disease. Dementia & Geriatric Cognitive Disorders, 36(3-4), 242–250. 

doi:10.1159/000351671 

Hula, W.D. & McNeil, M.R. (2008). Models of attention and dual-task performance as 

explanatory constructs in aphasia. Seminars in Speech and Language. 29(3), 169-187. 

doi:10.1055/s-0028-1082882 

Jokel, R., Cupit, J., Rochon, E., & Leonard, C. (2009). Relearning lost vocabulary in 

nonfluent progressive aphasia with MossTalk Words. Aphasiology, 23(2), 175-191. 

doi:10.1080/02687030801943005 

Kindell, J., Sage, K., & Cruice, M. (2015). Supporting communication in semantic dementia: 

Clinical consensus from expert practitioners. Quality in Ageing and Older Adults, 

16(3), 153–164. doi:10.1108/QAOA-08-2014-0016 

Kiran, S. & Thompson, C. K. (2003). The role of semantic complexity in treatment of naming 

deficits: Training semantic categories in fluent aphasia by controlling exemplar 

typicality. Journal of Speech, Language and Hearing Research, 46(4), 773–787. 

doi:10.1044/1092-4388(2003/061) 

Knibb, J. A., Woollams, A. M., Hodges, J. R., & Patterson, K. (2009). Making sense of 

progressive non-fluent aphasia: an analysis of conversational speech. Brain, 132(10), 

2734-2746. doi:10.1093/brain/awp207  

Lampe, L., Hameau, S., & Nickels, L. (2020, under review). Semantic variables both help 

and hinder word production: Behavioural evidence from picture naming.  Journal of 

Experimental Psychology: Learning, Memory and Cognition. 



 
 

 54 

Lampe, L., Hameau, S., Fieder, N., & Nickels, L. (2020, under review). Effects of semantic 

variables on word production in aphasia. Cortex. 

Leach, C. (1979). Introduction to statistics: A non-parametric approach for the social 

sciences. Chichester, UK: John Wiley. 

Levelt, W. (1999). Producing spoken language: A blueprint of the speaker. In C.M. Brown & 

P. Hagoort (Eds.), The neurocognition of language. (pp.83-122), New York: Oxford 

University Press. 

Loverso, F.L., Selinger, M. & Prescott, T. E. (1979). Application of verbing strategies to 

aphasia treatment. In R.H Brookshire (Ed.) Clinical Aphasiology: Proceedings of the 

conference, 1979, 229-238. Minneapolis, MN: BRK Publishers. Retrieved from The 

Aphasiology Archive http://aphasiology.pitt.edu/id/eprint/395. August 3, 2020. 

Loverso, F.L., Prescott, T.E. & Selinger, M. (1988). Cueing verbs: A treatment strategy for 

aphasic adults. Journal of Rehabilitation Research and Development. 25(2), 47-60.   

Marshall, J., Pring, T. & Chiat, S. (1998). Verb retrieval and sentence production in aphasia. 

Brain and Language, 63(2), 159-183. doi:10.1006/brln.1998.1949  

Martin, N., Dell, G.S., Saffran, E.M., & Schwartz, M.F. (1994). Origins of paraphasia in deep 

dysphasia: Testing the consequences of a decay impairment to an interactive 

spreading activation model of lexical retrieval. Brain and Language, 47(4), 609–660. 

doi:10.1006/brln.1994.1061 

Mason, C., Nickels, L., McDonald, B., Moses, M., Makin, K. & Taylor, C. (2011). Treatment 

of word retrieval impairments in aphasia: Evaluation of a self-administered home 

programme using personally chosen words. Aphasiology, 25(2), 245-268. 

doi:10.1080/02687038.2010.489258 

http://aphasiology.pitt.edu/id/eprint/395


 
 

 55 

Mason, C., Nickels, L., & McDonald, B. (2020). An exploration of the impact of group 

treatment for aphasia on connected speech. Journal of the International 

Neuropsychological Society, 26(1), 7285. doi:10.1017/S1355617719001012 

McNeil, M.R., Small, S.L., Masterton, R.J. & Fossett, T.R.D. (1995). Behavioural and 

pharmacological treatment of lexical-semantic deficits in a single patient with primary 

progressive aphasia. American Journal of Speech Language Pathology, 4(4), 76-87. 

doi:10.1044/1058-0360.0404.76 

Mitchum, C.C.  & Berndt, R.S. (1994). Verb retrieval and sentence construction: Effects of 

targeted intervention. In: G.W. Humphreys & J.M. Riddoch (Eds.). Cognitive 

neuropsychology and cognitive rehabilitation. (pp.317-348), Hove, UK, Erlbaum.  

Nickels, L. & Best, W. (1996a.). Therapy for naming disorders (Part I): Principles, puzzles 

and progress. Aphasiology, 10(1), 21-47. doi:10.1080/02687039608248397 

Nickels, L. & Best, W. (1996b.). Therapy for naming disorders (Part II): Specifics, surprises 

and suggestions. Aphasiology, 10(2), 109-136. doi:10.1080/02687039608248401 

Nickels, L. (2002). Therapy for naming disorders: Revisiting, revising, and reviewing. 

Aphasiology, 16(10-11), 935–979. doi:10.1080/02687030244000563 

Peach, R.K., Beck, K. M., Gorman, M. & Fisher, C. (2019). Clinical outcomes following 

language-specific attention treatment versus direct attention training for aphasia: A 

comparative effectiveness study. Journal of Speech, Language, and Hearing 

Research, 62(8), 2785-2811. doi:10.1044/2019_JSHL-R-18-0504 

Peach, R.K., Rubin, S.S., & Newhoff, M. (1994). A topographic event-related potential 

analysis of the attention deficit for auditory processing in aphasia. Clinical 

Aphasiology, 22, 81-96.  

Rabovsky, M., Schad, D.J. & Abdel-Rahman, R. (2016). Language production is facilitated 

by semantic richness but inhibited by semantic density: Evidence from picture 



 
 

 56 

naming. Cognition, 146, 240-244. doi:10.1016/j.cognition.2015.09.016 

Raymer, A.M. & Ellsworth, T.A. (2002). Response to contrasting verb retrieval treatments: A 

case study. Aphasiology. 16(10-11), 1031-1045. doi:10.1080/026870401430000609  

Robinson, S., Druks, J., Hodges, J. & Garrard, P. (2009). The treatment of object naming, 

definition, and object use in semantic dementia: The effectiveness of errorless 

learning. Aphasiology, 23(6), 749-775. doi:10.1080/02687030802235195 

Rose, M., Douglas, J. & Matyas, T. (2002). The comparative effectiveness of gesture and 

visualisation processes on object naming in aphasia. Aphasiology, 16(10-11), 1001-

1030. doi:10.1080/02687030143000825  

Savage, S.A., Ballard, K.J., Piguet, O. & Hodges, J.R. (2013). Bringing words back to mind-

Improving word production in semantic dementia. Cortex, 49(7), 1823-1832. 

doi:10.1016/j.cortex.2012.09.014 

Savage, S. A., Piguet, O., & Hodges, J. R. (2014). Giving words new life: generalization of 

word retraining outcomes in semantic dementia. Journal of Alzheimer’s Disease, 

40(2), 309-317. doi:10.3233/JAD-131826 

Savage, S., Hsieh, S., Leslie, F., Foxe, D., Piguet, O. & Hodges, J. R. (2013). Distinguishing 

subtypes in primary progressive aphasia: application of the Sydney language battery, 

Dementia & Geriatric Cognitive Disorders, 35(3-4), 208–218. 

doi:10.1159/000346389  

Schneider, S. L. & Thompson, C. K. (2003). Verb production in agrammatic aphasia: the 

influence of semantic class and argument structure properties on generalisation. 

Aphasiology, 17(3), 213–241. doi:10.1080/729255456 

Stouffer, S.A., Suchman, E.A., DeVinney, L.C., Star, S.A., & Williams, R.M.J. (1949). 

Adjustment During Army Life. Princeton, NJ, Princeton University Press.  



 
 

 57 

Suárez-González, A., Savage, S.A., & Caine, D. (2018). Successful short-term re-learning 

and generalisation of concepts in semantic dementia. Neurocase, 28(7), 1095-1109, 

doi:10.1080/09602011.2016.1234399  

Swinburn, K., Porter, G., & Howard, D. (2004). Comprehensive Aphasia Test. Hove, U.K., 

Psychology Press. doi:10.1037/t13733-000 

Swinscow, T.D.V. (1997). Statistics at Square One (9th ed.). (pp. 75-84), London, BMJ 

Publishing Group. 

Thompson, C. (1989). Generalization research in aphasia. In T. Prescott (Ed.), Clinical 

Aphasiology (v18), (pp. 195-222), Boston, MA: College Hill Press. 

Thompson, C. & Kielar, A. (2014). Neural bases of sentence processing: Evidence from 

Neurolinguistic and Neuroimaging studies. In M Goldrick, V. Ferreira & M. Miozzo, 

(Eds.), The Oxford Handbook of Language Production, (pp. 47-86), New York, NY, 

Oxford University Press. 

Thompson, C.K., Faroqi-Shah, Y. & Lee, J. (2015). Sentence Processing: Models of Sentence 

Production. In A. Hillis, (Ed.), Handbook of Adult Language Disorders, (2nd ed.). (pp. 

328-354), London: Psychology Press.  

van Hees, S., Angwin, A., McMahon, K., & Copland, D. (2013). A comparison of semantic 

feature analysis and phonological components analysis for the treatment of naming 

impairments in aphasia. Neuropsychological Rehabilitation: An International 

Journal, 23(1), 102–132. doi:10.1080/09602011.2012.726201 

Wallace, S., Worrall, L., Rose, T. & Le Dorze, G. (2017). Which treatment outcomes are 

most important to aphasia clinicians and managers? An international e-Delphi 

consensus study. Aphasiology, 31(6), 643-673. doi:10.1080/02687038.2016.1186265  



 
 

 58 

Wambaugh, J. & Ferguson, M. (2007). Application of semantic feature analysis to retrieval 

of action names in aphasia. Journal of Rehabilitation Research and Development, 

44(3), 381. doi:10.1682/JRRD.2006.05.0038 

Webster, J., Morris, J. & Franklin, S. (2005). Effects of therapy targeted at verb retrieval and 

the realisation of the predicate argument structure. Aphasiology, 19(8), 748-764. 

doi:10.1080/02687030500166957 

Webster, J. & Gordon, B. (2009).  Contrasting therapy effects for verb and sentence 

processing difficulties: a discussion of what worked and why. Aphasiology, 23(10), 

1231–1251. doi:10.1080/02687030802246291  

Webster, J. & Whitworth, A. (2012). Treating verbs in aphasia: exploring the impact of 

therapy at the single word and sentence levels. International Journal of Language 

and Communication Disorders, 47(6), 619-636. doi:10.1111/j.1460-

6984.2012.00174.x 

Webster, Whitworth, A. & Morris (2015). Is it time to stop “fishing”? A review of 

generalisation following aphasia intervention. Aphasiology, 29(11), 1240-1264. 

doi:10.1080/02687038.2015.1027169 

Worrall, L., Sheratt, S., Rogers, P., Howe, T., Hersch, D., Ferguson, A. & Davidson, B.  

(2011). What people with aphasia want: Their goals according to the ICF. 

Aphasiology, 25(3), 309-322. doi:10.1080/02687038.2010.508530 

 

 

 

 

 

 



 
 

 59 

Appendices 
 
 



 
 

 60 

Appendix A: Action and Object Naming items and characteristics. 
 

Objects Frequency/
million 

Log10 
Frequency* 

Familiarity† Imageability Ø Visual 
Complexity

‡ 

Actions Frequency/ 
million 

Log10 
Frequency* 

Familiarity† Imageability Ø Visual 
Complexity‡ 

   

Waitress 3 0.48 3.00 5.44 5.03 Skating 3 0.48 2.10 4.61 3.50 

Hammock 5 0.70 1.98 5.11 3.20 Kicking 34 1.53 2.69 4.69 4.28 

Picture 227 2.36 5.03 4.83 5.15 Ironing 8 0.90 3.86 4.78 5.30 

Slide 17 1.23 2.70 4.78 2.88 Jumping 58 1.76 3.40 4.78 3.93 

Fruit 49 1.69 5.53 5.42 4.70 Flying 92 1.96 3.98 4.81 4.28 

Pocket 59 1.77 2.35 5.25 6.15 Dancing 59 1.77 4.36 4.86 4.70 

King 98 1.99 2.11 5.36 5.23 Fishing 30 1.48 2.05 4.89 5.60 

Picnic 18 1.26 2.84 5.36 6.15 Skiing 5 0.70 2.05 4.92 3.88 

Stool 8 0.90 4.73 4.75 2.78 Painting 95 1.98 3.52 4.92 3.83 

Knot 9 0.95 3.40 4.58 2.95 Bleeding 18 1.26 3.69 4.97 4.00 

Shower 15 1.18 6.05 5.42 3.20 Raining 14 1.15 5.48 5.03 2.60 

Sword 12 1.08 1.81 5.44 2.25 Drinking 93 1.97 6.48 5.08 4.00 

Ticket 30 1.48 5.49 5.47 3.18 Driving 203 2.31 5.64 5.14 4.88 

Chain 60 1.78 2.98 5.47 3.68 Swimming 55 1.74 4.21 5.17 4.33 

Brain 64 1.81 5.37 5.47 4.55 Smoking 26 1.41 4.71 5.31 4.38 

Saddle 26 1.41 2.28 5.14 3.63 Snowing 12 1.08 3.26 5.42 4.35 

Devil 32 1.51 1.83 5.42 4.58 Smiling 122 2.09 6.19 5.44 3.45 

Judge 81 1.91 2.09 4.25 4.60 Kissing 31 1.49 5.48 5.47 3.55 
             

Means 45.17 1.42 3.42 5.16 4.11 
 

53.22 1.50 4.06 5.02 4.16 



 
 

 61 

SD 51.808 0.48 1.46 0.36 1.14 
 

50.32 0.49 1.35 0.25 0.68 

Key: Frequency per million, familiarity, imageability and visual complexity data from Object and Action Naming Battery (Druks & Masterton, 2000). Log 10 == log of the 
raw frequency per million plus one 
* no significant difference between Log 10 frequency per million for Objects and Actions (p=.60) 
† no significant difference between Familiarity for Objects and Actions (p=.19) 
Ø no significant difference between Imageability for Objects and Actions (p=.18) 
‡ no significant difference between Visual complexity for Objects and Actions (p=.87) 
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Appendix B: Characteristics of Verb Phrases 
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SET 1              

Verb 
Phrase  

% control 
agreement  Verb 

# 
syllables 

# 
phonemes 

freq 
per 

million 
log 
10 

Mean 
imageability Noun 

# 
syllables 

# 
phonemes 

freq 
per 

million log 10 
Mean 

imageability 
reading 
book 85 reading 2 5 167 2.23 4.74 book 1 3 524 2.72 5.00 
peeling 
apple 100 peeling 2 5 0 0.00 4.67 apple 2 2 4 0.70 4.93 
sweeping 
floor 95 sweeping 2 6 5 0.78 4.95 floor 1 3 47 1.70 5.0 
blowing 
out 
candles 95 

blowing 
out 3 8 6 0.85 4.95 candles 2 7 1 0.30 5.0 

Parking 
car 80 parking 2 5 11 1.08 4.95 car 1 2 250 2.40 4.89 
Sawing 
wood 95 sawing 2 5 0 0.00 4.74 wood 1 3 33 1.53 4.78 
Feeding 
cat 90 feeding 2 5 0 0.00 4.81 cat 1 3 250 2.40 5.00 
smelling 
flower 95 smelling 2 6 1 0.30 4.78 flower 2 6 16 1.23 5.00 
rowing 
boat 80 rowing 2 5 0 0.00 4.89 boat 1 3 50 1.71 5 
kissing 
baby 70 kissing 2 5 4 0.70 4.96 baby 2 4 52 1.70 5.0 
changing 
tyre 75 changing 2 6 64 1.81 4.15 tyre 1 3 1 0.30 4.9 
shaking 
towel 70 shaking 2 5 6 0.85 4.67 towel 2 4 1 0.00 4.93 
buying 
shoes 50 buying 2 4 35 1.56 4.70 shoes 1 3 21 1.34 5.00 
Kicking 
ball 65 kicking 2 5 2 0.48 4.81 ball 1 3 37 1.58 4.93 
smoking 
cigarette 70 smoking 2 6 10 1.04 4.85 cigarette 3 7 19 1.30 4.93 
flying 
plane 60 flying 2 5 17 1.26 4.70 plane 1 4 32 1.52 4.93 
selling  
newspaper 60 selling 2 5 32 1.52 4.30 newspaper 3 8 43 1.60 5.0 
Pruning 
tree 55 pruning 2 6 1 0.30 5.00 tree 1 3 9 1.00 6.69 
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building 
sandcastle 50 building 2 6 30 1.49 4.85 sandcastle 3 9 0 0.00 4.85 
setting 
table 70 setting 2 5 20 1.32 3.63 table 2 5 64 1.81 4.89 

Mean 75.5  2.05 5.5 20.55 0.88 4.71  1.60 4.35 61.85 1.29 4.94 

SD 16.05  0.22 0.89 38.19 0.66 0.34  0.75 1.98 121.75 0.71 0.06 

SET 2              

Verb 
Phrase 

% control 
agreement Verb 

# 
syllables 

# 
phonemes 

freq 
per 

million 
log 
10 imageability Noun  

# 
syllables 

# 
phonemes 

freq 
per 

million log 10 imageability 
walking 
dog 90 walking 2 5 44 1.65 4.96 dog 1 3 39 1.60 5.00 
pouring 
coffee 100 pouring 2 5 11 1.08 4.81 coffee 2 4 84 1.93 4.89 

icing cake 75 icing 2 4 0 0.00 4.56 cake 1 3 5 0.78 5.00 
drying 
hair 95 drying 2 5 4 0.70 4.37 hair 1 2 54 1.74 4.93 
listening 
to radio 95 

listening 
to 4 7 86 1.94 4.59 radio 3 5 206 2.32 4.81 

Filling 
bottle 95 filling 2 5 9 1.00 4.52 bottle 2 5 10 1.04 4.96 
Throwing 
ball 70 throwing 2 6 12 1.11 4.93 ball 1 3 37 1.58 4.93 
Playing 
cards 95 playing 2 6 92 1.97 4.74 cards 1 4 16 1.23 4.74 
cleaning 
window 95 cleaning 2 6 19 1.30 4.81 windows 2 5 41 1.62 4.89 
wrapping 
present 85 wrapping 2 5 0 0.00 4.78 present 2 7 9 1.00 4.70 
Shaking 
hands 80 shaking 2 5 0 0.00 4.67 hands 1 5 74 1.88 4.96 
Posting 
letter 75 posting 2 6 1 0.30 5.00 letter 2 4 97 1.99 4.89 
ironing 
shirt 75 ironing 3 5 0 0.00 5.00 shirt 1 3 10 1.00 4.90 
trying on 
dress 80 trying on 3 8 354 2.55 4.63 dress 1 4 20 1.32 4.96 
delivering 
groceries 65 delivering 4 9 5 0.78 4.67 groceries 3 8 0 0.00 4.90 
Cutting 
apple 65 cutting 2 5 6 0.85 4.85 apple 2 4 4 0.70 4.93 
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Folding 
newspaper 55 folding 2 6 0 0.00 4.89 newspaper 3 8 43 1.64 4.74 
buttering 
toast 60 buttering 3 7 0 0.00 4.81 toast 1 4 2 0.48 4.89 
Sailing 
boat 55 sailing 2 5 3 0.60 5.00 boat 1 3 50 1.71 5.00 
Taking 
photos 80 taking 2 5 240 2.38 4.37 photos 2 5 2 0.30 5.00 

Mean 79.25  2.30 5.75 33.8 .91 4.75  1.65 4.45 51.35 1.29 4.90 

SD 14.35  0.66 1.21 80.12 .84 0.20  .75 1.64 66.48 0.62 0.09 

SET 3              

Verb 
Phrase 

% control 
agreement Verb 

# 
syllables 

# 
phonemes 

freq 
per 

million 
log 
10  imageability Noun 

# 
syllables 

# 
phonemes 

freq 
per 

million log 10 imageability 
Driving 
car 80 driving 2 6 30 1.49 5.00 car 1 2 250 2.40 4.89 
Mopping 
floor 90 mopping 2 5 1 0.30 5.00 floor 1 3 4 0.60 4.96 
climbing 
tree 75 climbing 2 6 5 0.78 4.89 tree 1 3 74 1.88 5.00 
Lighting 
candles 100 lighting 2 5 2 0.48 5.00 candles 2 4 1 0.00 4.96 
Picking 
flowers 100 picking 2 5 14 1.18 5.00 flowers 2 6 16 1.20 5.00 
Brushing 
hair 95 brushing 2 6 2 0.48 5.00 hair 1 2 54 1.73 4.93 
Cutting 
paper 95 cutting 2 5 12 1.11 5.00 paper 2 4 165 2.22 4.74 
Shaving 
legs 95 shaving 2 5 0 0.00 4.67 legs 1 4 19 1.28 4.96 
drinking 
water 85 drinking 2 7 2 0.48 4.96 water 2 4 17 1.26 4.96 
counting 
money 75 counting 2 6 5 0.78 4.67 money 2 4 565 2.75 4.81 
mowing 
lawn 90 mowing 2 5 0 0.00 4.70 lawn 1 3 1 0.00 4.85 
chopping 
wood 85 chopping 2 5 2 0.48 5.00 wood 1 3 33 1.50 4.80 
hanging 
out 
washing 65 

hanging 
out 3 7 19 1.30 4.41 washing 2 5 5 0.78 4.81 
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carrying 
suitcase 70 carrying 3 7 25 1.41 5.00 suitcase 2 6 9 1.00 4.93 
shuffling 
cards 80 shuffling 2 6 1 0.30 4.67 cards 1 4 1 0.30 4.74 
Looking 
at photos 60 

Looking 
at 3 7 0 0.00 5.00 photos 2 5 11 1.04 5.00 

riding 
bike 55 riding 2 5 9 1.00 4.93 bike 1 3 249 2.40 4.90 
hugging 
child 50 hugging 2 5 0 0.00 4.85 child 1 4 33 1.53 4.93 
serving 
meal 55 serving 2 5 8 0.95 4.44 meal 1 3 16 1.20 4.80 
Clapping 
hands 65 clapping 2 6 1 0.30 5.00 hands 1 5 2 0.30 4.96 

Mean 78.25  2.15 5.70 17.4 0.64 4.86  1.40 3.85 63.85 1.25 4.90 

SD 15.92  0.37 0.80 51.52 0.49 0.20  0.50 1.14 133.55 0.83 0.09 

              

              
 
Key: % control agreement data taken from unpublished responses of 20 Australian adults mean age 62.25 years.  Frequency data from CELEX database, (Max Planck 
Institute for Psycholinguistics, 2001), log 10= log of the raw frequency per million plus one, imageability data from unpublished results of a survey of 27 Australian adults 
mean age 65.8 years 
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Appendix C:  Imageability of noun and verb cues. 
NOUNS  Mean Imageability rating  VERBS Mean Imageability rating 

book  5.00  reading 4.74 
apple  4.93  peeling 4.67 
floor  4.96  sweeping 4.71 

candles  4.96  blowing out 4.69 
car  4.89  parking 4.67 

wood  4.78  sawing 4.74 
cat  5.00  feeding 5.00 

flowers  5.00  smelling 4.78 
boat  5.00  rowing 4.89 
baby  5.00  kissing 4.96 
tyre  4.93  changing 4.15 

towel  4.93  shaking 4.67 
shoes  5.00  buying 4.70 
ball  4.93  kicking 4.81 

cigarette  4.93  smoking 4.85 
plane  4.93  flying 4.70 

newspaper  4.97  selling 4.30 
sandcastle  4.85  building 4.85 

table  4.89  setting 3.63 
coffee  4.89  pouring 4.81 
dog  5.00  walking 4.96 
cake  5.00  icing 4.56 
hair  4.93  drying 4.37 

radio  4.81  listening to 4.59 
tree  4.44  pruning 5.00 

window  4.89  cleaning 4.81 
present  4.67  wrapping 4.78 

shirt  4.89  ironing 4.89 
dress  4.96  trying on 4.63 
hands  4.96  clapping 4.89 
letter  4.89  posting 5.00 

groceries  4.93  delivering 4.67 
paper  4.74  cutting 4.85 
toast  4.89  buttering 4.81 
water  4.85  drinking 4.96 

money  4.81  counting 4.67 
lawn  4.85  mowing 4.70 
tree  5.00  climbing 4.89 
legs  4.96  shaving 4.89 

washing  4.81  hanging out 4.41 
suitcase  4.93  carrying 5.00 
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child  4.93  hugging 4.85 
meal  4.81  serving 4.44 
bike  4.93  riding 4.93 

bottle  4.96  filling 4.52 
photo  5.00  taking 4.37 
ball  4.85  throwing 4.93 

cards  4.74  playing 4.74 
shirt  4.89  ironing 5.00 
boat  5.00  sailing 5.00 
floor  4.96  mopping 5.00 

candles  4.96  lighting 5.00 
flowers  5.00  picking 5.00 

hair  4.93  brushing 5.00 
photos  5.00  looking at  5.00 
cards  4.93  shuffling 4.67 
hands  4.67  clapping 5.00 
wood  4.78  chopping 5.00 
tyre  4.93  changing 4.83 

apple  4.93  cutting 5.00 
car  4.89  driving 5.00 

MEAN  4.90   4.78 
SD  0.10   0.25 

T (60) = 3.42 
P = 0.00017374 (one-tailed) 
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Appendix D: Time between conditions for each participant. 

Participant  Number of days between 
 Order 1 & 2 Order 2 & 3 

JSv 7 21 
NSv 7 7 
MSv 9 5 
KSv 7 6 
MLv 2 2 
ULv 7 19 
RLv 3 5 
Ylv 33 28 
CLv 8 7 
LLv 5 9 
JNFv 7 19 
SNFv 7 7 
TNfv 8 6 
LNfv 7 7 
ENfv 16 14 
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Appendix E: Relationship between scores on action naming and gain in verb phrase 
production accuracy with Verb Cue. 
 
 

 
Key: VP-verb phrase, svPPA-semantic variant PPA, nfvPPA- nonfluent variant PPA, lvPPA- logopenic variant 
PPA, R= correlation co-efficient. 
Note: VP accuracy= proportion correct (out of 60), Action naming score= accuracy (out of 18). 
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Appendix F: Relationship between scores on object and action naming and gain in verb 
phrase production accuracy with Noun Cue. 
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R=-0.226 p=.438

-0.15

-0.1

-0.05

0

0.05

0.1

0.15

0.2

0.25

0 5 10 15 20

V
P 

ac
cu

ra
cy

 g
ai

n 
w

ith
  N

ou
n 

C
ue

Object naming scores

All participants

R=0.041 p=.890

-0.2

-0.1

0

0.1

0.2

0.3

0.4

0.5

0 5 10 15 20

V
P 

ac
cu

ra
cy

 g
ai

n 
w

ith
 N

ou
n 

C
ue

Action naming scores

All participants

R= 6.23456E-16 p=.500

0

0.05

0.1

0.15

0.2

0.25

0 5 10 15 20

V
P 

ac
cu

ra
cy

 g
ai

n 
w

ith
 N

ou
n 

C
ue

Object naming scores 

svPPA

R=0.906 p=.094

0

0.1

0.2

0.3

0.4

0.5

0 5 10 15 20

V
P 

ac
cu

ra
cy

 g
ai

n 
w

ith
 N

ou
n 

C
ue

Action naming scores

svPPA

R= 0.310 p=.612

-0.1

-0.05

0

0.05

0.1

0.15

0.2

0.25

0 5 10 15 20

V
P 

ac
cu

ra
cy

 g
ai

n 
w

ith
 N

ou
n 

C
ue

Object naming scores

lvPPA

R=-0.060 p=.287

-0.1

-0.05

0

0.05

0.1

0.15

0.2

0.25

0 5 10 15 20

V
P 

ac
cu

ra
cy

ga
in

 w
ith

 N
ou

n 
C

ue

Action naming scores

lvPPA



 
 

 72 

  
Key: VP-verb phrase, svPPA-semantic variant PPA, nfvPPA- nonfluent variant PPA, lvPPA- logopenic variant 
PPA, R= correlation co-efficient. 
Note: VP accuracy= proportion correct (out of 60), Action naming score= accuracy (out of 18), Object naming 
score= accuracy (out of 18). 
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Appendix G: Relationship between scores on spoken sentence comprehension and gain in 
verb phrase production in Verb Cue and Noun Cue conditions. 

VERB CUE CONDITION NOUN CUE CONDITION 
Spoken Sentence Comprehension 

  

  

  

  
Key: VP= verb phrase, svPPA= semantic variant PPA, lvPPA= logopenic variant PPA, nfvPPA= non-fluent 
variant PPA, R= correlation coefficient. Note: VP accuracy= proportion correct (out of 60), Spoken sentence 
comprehension= accuracy (out of 40). 
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Appendix H: Accuracy of noun production for each participant by No Cue and Verb Cue 

Conditions. 

 Noun Accuracy Binomial Test 

PPA variant Participant No Cue Verb Cue 
No Cue vs Verb 

Cue 

Semantic 

JSv 0.68 0.82 0.076† 
NSv 0.55 0.73 0.022* 
MSv 0.63 0.68 0.356 
KSv 0.55 0.67 0.095† 

     

Logopenic 

SLv 0.73 0.83 0.132 
MLv 0.65 0.62 0.708 
Ulv 0.33 0.40 0.271 
RLv 0.25 0.38 0.067† 
Ylv 0.73 0.87 0.048* 
CLv 0.42 0.35 0.811 
LLv 0.80 0.80 0.593 

     

Non-fluent 

JNfv 0.13 0.33 0.008* 
SNfv 0.68 0.73 0.339 
TNfv 0.73 0.72 0.668 
LNfv 0.88 0.93 0.274 
ENfv 0.62 0.58 0.729 

Key: * indicates p<.05, † p<.1 
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