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A feasibility study of a novel computer-based treatment for 
sentence production deficits in aphasia, delivered by 
a combination of clinician-led and self-managed treatment 
sessions
Julie Hickin , Madeline Cruice and Lucy Dipper

Division of Language and Communication Science, City, University of London, UK

ABSTRACT
Background: There is increasing evidence that face-to-face treat
ments for verb and sentence production deficits in aphasia can be 
effective. However, very few studies have investigated supplement
ing such treatments with self-managed computer-based home 
practice. Given the increasing importance of computer-based apha
sia treatment, it is imperative that the feasibility of this mode of 
delivering verb and sentence treatments is explored.
Aims: This study explored the feasibility and preliminary effective
ness of a novel computer-based treatment for sentence production 
deficits in aphasia, delivered by a combination of face-to-face and 
self-managed treatment sessions. The effect of treatment on verb 
and sentence production, discourse and functional communication 
was assessed.
Methods & Procedures: The study used a pre-post design with six 
single cases: three males and three females aged 49 – 81 years. The 
Sentence Production Treatment (SPT) was developed based on the 
evidence from systematic reviews of verb-in-isolation and sentence 
treatments respectively. The SPT was low dose (8 hours) and clin
ician delivered, supplemented by a minimum set level (16 hours) of 
self-managed computer-based treatment. The feasibility of the SPT 
was investigated by: monitoring recruitment and retention of par
ticipants; logging any technical issues; assessing the fidelity of face- 
to-face treatment delivery using checklists; and monitoring compli
ance with self-delivered treatment.
Outcomes & Results: The SPT was found to be feasible and accep
table to the six participants. Treatment effects were noted on 
trained verb production and sentence production for five partici
pants each. Generalisation to untrained verb and sentence targets 
and discourse was more limited, however four participants per
ceived functional communication improvements.
Conclusions: The study represents the first preliminary evidence 
that a computer-based sentence level treatment for sentence pro
duction deficits in aphasia, which included a self-managed compo
nent, is feasible and can be effective. Given these overall positive 
findings of feasibility and benefit, further feasibility testing is war
ranted, exploring intervention refinement and candidacy.
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Introduction

Computer-based treatments and home-practice have become an increasingly important 
resource for people with aphasia (PwA) (e.g., Floel, 2019; Kurland et al., 2018; Palmer et al., 
2019). This has been driven by several forces. These include the need to supplement the 
limited face-to-face treatment available to PwA. For example, Palmer et al. (2018) found 
that the median amount of treatment received by PwA in the UK, in the first 3 months 
post-stroke, was just 6.3 hours (2014 - 2016). This is in the context of growing evidence 
that a larger dose of aphasia treatment is required for it to be effective: a Cochrane review 
of 57 randomised controlled trials (RCTs) of aphasia treatment found that functional 
communication improved significantly for PwA who received treatment at high intensity, 
high dose, or over a long period of time, compared with those who received lower 
intensity or dose (Brady et al., 2016). NICE guidelines also state that rehabilitation treat
ments, including those for communication difficulty, should be administered for at least 
45 mins per day for at least 5 days per week (https://www.nice.org.uk/guidance/qs2/ 
chapter/Quality-statement-2-Intensity-of-stroke-rehabilitation). The requirement for lar
ger/more intense doses of aphasia treatment likely has a neurophysiological basis. That is, 
the neuroplastic changes which underlie (re)learning following brain damage are likely to 
require intense (massed) practice (e.g., Dignam et al., 2016; Kleim & Jones, 2008; Raymer 
et al., 2008) and computer-based, self-managed aphasia treatment has been demon
strated to increase the dose of treatment received (e.g., Des Roches et al., 2015; 
Godlove et al., 2019). Greater use of computer-based treatments has also been driven 
by an awareness of the potential for technology to enhance the treatment of aphasia. 
Examples include the use of virtual realities to improve the functionality of treatment by 
simulating real-life communication (e.g., the virtual world of Eva Park investigated by 
Carragher et al., 2021 and Marshall et al., 2016). Finally, the COVID pandemic has been 
influential because it has enforced the remote delivery of non-urgent treatments such as 
aphasia therapy. This has led to an increased need for patients to self-manage their 
treatment, and Braley et al. (2021) recently demonstrated that it is feasible to deliver self- 
managed, computer-based aphasia treatment (Constant Therapy) entirely remotely1 

Several studies have also demonstrated that PwA find computer-based treatments an 
acceptable alternative to face-to-face treatment (e.g., Kearns et al., 2019; Palmer et al., 
2013) but that supervision by a speech and language therapist (SLT) is important 
(although, as noted by Braley et al. (ibid) this support can be remote). Indeed, Harrison 
et al. (2020) found that support from an SLT increased compliance with self-delivered 
treatment.

Although the use of self-managed, computer-based aphasia treatments has 
proliferated in recent decades (e.g., the Constant Therapy website reports that 
150 million exercises have been completed, with 400,000 downloads and 37,000 
clinician users (https://constanttherapyhealth.com/constant-therapy/), the evidence 
base for their effectiveness is limited. For instance, there are currently only two full- 
scale RCTs of such treatments (Braley et al., 2021; Palmer et al., 2019), though both 
found treatment to be effective in improving trained items. Four systematic reviews 
of computer-based aphasia treatment have been conducted2 (Allen et al., 2012; 
Lavoie et al., 2017; Repetto et al., 2021; Zheng et al., 2016). These reviews included 
a total of 37 studies published between 1987 and 2019, with 197 participants. All 
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four reviews concluded that computer-based aphasia treatments were effective in 
improving trained items, but limitations were noted in terms of: the low level of 
evidence; limited generalisation of treatment to untrained items and to functional 
communication; and the concentration on treating single words (usually nouns). 
This led to a number of recommendations including: that personally relevant (PR) 
items be treated; that attention be paid to the assessment and treatment of 
functional communication; and that computer-based treatments should also target 
verbs.

Regarding verb and sentence treatments, Hickin et al. (2020, 2022) carried out 
two systematic reviews of such treatments (of 37 and 33 studies respectively). 
They found both types of treatment were highly effective in improving trained 
items (for 80-83% of participants), and, whilst generalization of verb treatments to 
untrained verbs was minimal (15% participants), it was better for sentence treat
ments (untrained sentences improved for 59% participants). Additionally, sentence 
treatments yielded gains in discourse (70% participants), and whilst functional 
communication was only assessed in some studies (in 24%: Hickin et al., 2022), it 
improved for 89% of participants. Disappointingly, only 5/37 studies of verb 
treatments and 1/33 sentence treatment studies were computer-based. Given the 
effectiveness of verb and sentence treatments, their delivery by computer warrants 
more attention.

The lack of computer-based verb and sentence treatments likely stems from the 
perception that verbs are harder to treat than nouns because, for example, they are 
more abstract than nouns, and because verb and sentence treatments are complex 
(Hickin et al., ibid). This may have fostered the belief that verb and sentence treatments 
would not lend themselves to delivery by computer, that PwA would find it hard to self- 
deliver such treatments using a computer, and/or they would find such treatments 
unacceptable. Exploration of whether this is indeed the case is imperative, particularly 
given the context of increasing reliance of PwA on computer-based aphasia treatments, 
that this mode of treatment has the capacity to increase dosage, and that the pandemic 
has increased the need for self-managed treatment. This paper reports on the feasibility 
and preliminary effectiveness of a novel3 sentence production treatment (SPT) which was 
computer-based and delivered using a combination of clinician-led and self-managed 
sessions, charting its impact on verb and sentence production, and on discourse and 
functional communication.

Method

Ethics

Ethical approval for this study was granted by the Ethics Committee of the School of 
Health Sciences, City, University of London (14/12/2017).

Recruitment

A recruitment call was put out via community groups, professional networks and The City 
Aphasia Research Register held by the Division of Language and Communication Science 
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(LCS). The register contains details of PwA who have completed previous research 
projects within LCS and given their consent to be contacted about future research. PwA 
who expressed interest in the study were initially screened against eligibility criteria over 
the phone/by email (e.g., whether they had access to a device to host the SPT) and were 
subsequently screened face-to-face. They were provided with information about the 
study via an aphasia-friendly PowerPoint presentation using guidelines from the 
National Institute for Health Research Clinical Research Network: Stroke (2014). Before 
the study commenced, written informed consent was obtained for all participants.

Participants

Five of the six participants in the study were recruited via the City Aphasia Lab Research 
Register, with the remaining participant referred by her sister. The details of the type and 
severity of participants’ aphasia are given in Table 1 (pseudonyms have been used). Table 1 
demonstrates that three participants had moderate nonfluent aphasia (Ian, Jennie and 
Wendy), one severe nonfluent aphasia (Dave), one severe fluent aphasia (Andy) and one 
mild anomia (Peggy). Eligibility criteria included: over 18 years of age; aphasia following 
a single CVA; chronic post-stroke aphasia (i.e., at least 6 months post-onset); sufficient 
comprehension to access the SPT (i.e., a score of >25/30 on the Spoken Word Picture 
Matching subtest of the Comprehensive Aphasia Test (CAT: Swinburn et al., 2004) and >27/ 
30 on the CAT Written Word Picture Matching subtest); a score of >75% on the CAT Word 
Repetition subtest; score of 20% - 80% on a subset of matched verbs and nouns (n = 43) from 
the OANB (Druks & Masterson, 2000). Previous experience using technology was not an 
exclusion criterion, but participants needed to own their own device to host the SPT. The 
presence of a motor speech disorder was also not an exclusion criteria (with the proviso that 
participants needed to score at least 75% on word repetition as noted above). Data collection 
ran from January 2018 to October 2019. Assessment data were collected face-to-face in the 
participants’ homes or at the university clinic. During the study, all participants continued to 
attend community stroke groups but were not engaged in clinician-directed intervention. 
Four significant others (SOs) initially consented to participate in the study (Jennie’s sister, 

Table 1. Participants’ demographic information.
Ian Jennie Wendy Dave Andy Peggy

Gender M F F M M F
Age 53 49 54 59 57 81
Aetiology CVA 

(embolic)
CVA 

(haemorrhagic)
CVA 

(embolic)
CVA 

(embolic)
CVA 

(embolic)
CVA 

(embolic)
Years Post-onset 10 3 3 2 7 4
Aphasia Type Non-fluent + 

mild 
dysarthria

Non-fluent + mild 
apraxia

Non-fluent Non-fluent Fluent Fluent/ 
anomic

CAT Object Naming Scorea 

(n=48)
35 (73%) 42 (87.5%) 43 (89.5%) 18 (37.5%) 16 (33%) 48 (100%)

OANB Verb Naming a 

(n=43)
26 (60%) 28 (75%) 29 (68%) 9 (21%) 11 (26%) 31 (72%)

CAT Spoken Sentence 
Comprehension Score a 

(n=32)

25 (78%) 24 (75%) 28 (87.5%) 28 (87.5%) 21 (65.5%) 23 (72%)

CAT Word Repetitionb 

(n=32)
30 (94%) 24 (75%) 32 (100%) 32 (100%) 24 (75%) 28 (88%)

(aPalmer et al. (2019) in an RCT of self-delivered anomia treatment found that <18 on CAT Object Naming & <10% on 
OANB Verb Naming resulted in poorer response to treatment; >26/32 on comprehension = better response to 
treatment. bConroy et al, (2009a, b & c). regard >75% on repetition = better response to anomia treatment)
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Wendy’s partner, Andy’s wife and Peggy’s husband). However, only two were able to honour 
this commitment (Jennie’s sister and Wendy’s partner)4 They completed a CETI (Lomas et al., 
1989) at four time points during the study and participated in an exit interview about their 
views of the SPT (its acceptability and perceived impact). SOs were not required to assist with 
the delivery of the SPT, although Andy’s wife assisted with the downloading of exercises and 
occasionally helped Andy with SPT exercises at his request. 

Feasibility and Study Design

The research reported in this paper is a feasibility study of the SPT which was computer- 
based and delivered using a combination of clinician-led and self-managed exercises. 
A feasibility study was used because this is recommended for complex intervention 
interventions such as the SPT (e.g., by the MRC: https://webarchive.nationalarchives.gov. 
uk/ukgwa/20220207162925/http://mrc.ukri.org/documents/pdf/complex-interventions- 
guidance/). Complex interventions have - amongst other complexities - multiple interact
ing components, and feasibility studies are recommended to explore, for example, the 
practicality of delivering the complex treatment, its acceptability and for preliminary 
efficacy testing. A pre-post design (SCRIBE guidelines: Tate et al., 2016) was used to 
explore feasibility and preliminary effectiveness of the SPT with six participants. Single 
case designs are recommended to explore feasibility of complex interventions such as the 
SPT before investing in larger scale designs (e.g., Bowen et al., 2009). The outcome 
measures used to assess feasibility in this study are reported in Table 2 rows 1 – 4, and 
those used for preliminary effectiveness testing are reported in Table 2 - rows 5a – 5e. 
Measures were administered at baseline during two pre-treatment assessment sessions 
eight weeks apart (T1 and T2). This was followed by an intervention phase also of eight 
weeks during which no further testing was administered. Outcome measures were 
repeated immediately post-treatment (T3) and eight weeks later (T4) - see Figure 1.

The MRC recommends that new complex interventions are developed using the best 
available evidence (ibid). Therefore, to inform the development of the SPT, two systematic 
reviews were carried out. The first review related to verb in isolation treatments (Hickin 
et al., 2020), and the second to sentence level treatments (Hickin et al., 2022). Elements of 
treatments with the best evidence were incorporated into the SPT- see further discussion 
below. A third narrative review - of the evidence relating to the self-delivery of computer- 
based aphasia treatment - was carried out to inform how the largely face-to-face treat
ments evaluated in the systematic reviews should be adapted for the component of 
treatment which was self-delivered via computer (Hickin et al., in preparation).

Post-treatment (at T4), the acceptability of the SPT to participants was investigated 
using a questionnaire based on that used by Palmer et al. (2013) – see Appendix 1. 
Brief post-treatment interviews based on the topic guide used by Palmer et al. (ibid) 
were also carried out with participants and the two participating SOs. Participants with 
aphasia were asked three open-ended questions: Have there been any benefits of 
computer treatment? Are there any disadvantages of computer treatment? What 
would influence your decision to do computer treatment? The interviews with SOs 
were guided using the following topics: Prior expectations of computer therapy; Ease/ 
acceptability of using a computer; Benefits of computer therapy for the participant; 
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Disadvantages of computer therapy for the participant; Limitations of computer ther
apy; Perceived change in talking; Changes in daily activity; Benefits of computer 
therapy for SO.

Table 2. Outcome measures.

Research Question Outcome Measure
Administration 

of OM

(1) Is it feasible to self-deliver SPT by 
computer?

ease of participant recruitment 
participant attrition 
log of technical difficulties 
self-reported compliance with treatment

Throughout study

(2) Is the SPT acceptable to the participants 
with aphasia and their SOs.

Questionnaire and semi-structured interview 
with participants and their SOs (Palmer 
et al., 2013)

After treatment 
completed for each 

participant and their 
SO

(3) What factors influence compliance with 
self-delivered computer treatment?

Logging of potential influential factors on 
compliance: 
age 
severity of aphasia 
whether a participant was already 
a frequent computer user 
need for help to resolve technical issues 
with the SPT 
access to someone who could help with 
technical issues

After treatment 
completed for each 

participant

(4) Were treatment procedures carried out 
during the SPT administered with 
acceptable fidelity?

self-rating by clinician of face-to-face 
treatment sessions using fidelity checklist 
of presence/absence of expected 
behaviours

During and after 
treatment phase

(5) Is the SPT efficacious i.e., does it result in 
statistically significant improvement in the 
production of: 

5a i) trained and untrained verbs

picture naming score (using single word) for 
trained and untrained verbs 
verb subtest of the Object Action Naming 
Battery (OANB: Druks & Masterson, 2000)

T1, 2, 3 and 4

5b ii) untrained nouns noun subtest of the OANB T1, 2, 3 and 4
5c iii) sentence production using 
trained and untrained verbs

Picture naming score (using a sentence) of 
trained and untrained verbs 
Sentence Construction Test of the Verb 
And Sentence Test (VAST: Bastiaanse 
et al., 2002)

T1, 2, 3 and 4

5d iv) verb and sentence production in 
discourse

Comprehensive Aphasia Test (CAT) Picture 
Description Score (Swinburn et al., 2004) 
Predicate Argument Structure (PAS) 
analysis of CAT Picture Description 
(Webster et al, 2007) 
PAS analysis (ibid) of The 
Autobiographical Memory Interview (AMI: 
Kopelman et al,1989).

T1, 2, 3 and 4

5e v) functional communication as 
perceived by i) the participants with 
aphasia themselves and ii) their SOs?

Participant Communicative Index (CETI) 
score (Lomas et al., 1989) 
SO CETI score

T1, 2, 3 and 4

T1 Pre-Tx Phase T2 Tx Phase T3 Maintenance Phase T4

 8 weeks  8 weeks  8 weeks

Figure 1. Study Design (Tx = treatment).
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Intervention overview

Prior to the start of intervention (during pre-treatment baseline assessment), participants’ 
ability to use the SPT was screened and extra training (approximately 30 minutes) was given 
to those needing this (Ian and Peggy). Additionally, goals for treatment were set using a Goal 
Action Planning procedure (GAP e.g., Scobbie et al., 2011; 2013). These goals were used to 
help identify a set of personally relevant (PR) verbs for treatment (n=40) for each participant. 
People, Situations and Topics prompt cards from the Conversation Analysis Profile for People 
with Aphasia (Whitworth et al., 1997) were also used to assist the selection of PR verb, as were 
the results of the CETI and general conversation during the completion of background 
assessments at baseline. Picture prompts were not used with the aim of encouraging 
participants to select more abstract/less concrete words for treatment (Renvall et al., 2013a 
& b). Table 3 gives the topics to which the PR verbs chosen by participants belonged. The final 
selection of PR verbs was determined by a process of discussion between the clinician (JH) and 
each participant. However, Wendy’s PR verbs were selected entirely independently by Wendy 
and her SO. PR verbs were divided into control and treatment sets (n=20) matched for 
baseline performance (using McNemar’s Test5) and psycholinguistic variables6

Planned intervention comprised eight face-to-face sessions of approximately one hour 
delivered weekly by the first author (JH who is an experienced SLT), supplemented by 
a recommendation of at least two hours a week of self-delivered treatment (total planned 
treatment = 24 hours). Face-to-face sessions took place in participants’ homes or 
a university clinic and were used to: upload, introduce and practise the SPT exercises 
which were presented in PowerPoint slides; review progress; provide encouragement; 
discuss any difficulties experienced with exercises. Any potential barriers to self-delivering 
the SPT were also discussed using a GAP procedure, and solutions identified.

The content of the individual SPT exercises was based on systematic reviews of verb 
treatment studies (Hickin et al., 2020) and sentence treatment studies (Hickin et al., 2022) 
respectively. These reviews were carried out specifically to ensure that the SPT was 
evidence-based as recommended by the MRC for a complex treatment (see earlier 
discussion). Thus, for example, the SPT comprised three phases -1. Verb Treatment, 2. 

Table 3. The topics to which the PR verbs chosen by participants 
belonged (based on the classification system used in Palmer et al., 
2017).

Verb Topic Number of verbs chosen (n=120)

Entertainment/Hobbies 24 (20%)
Food & Drink 24 (20%)
Nature & Gardening 15 (12.5%)
Feelings & Senses 14 (11.7%)
Communication Mediums & Modes 12 (10%)
Work 9 (7.5%)
Health 7 (5.8%)
Travel 6 (5%)
Shopping 5 (4.2%)
House 2 (1.7%)
Money 2 (1.7%)
Housework 1 (0.8%)
Personal Care 1 (0.8%)
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Sentence Treatment and 3. Generalisation. This was because, the systematic reviews 
demonstrated that sentence treatments often included elements of verb treatments, 
particularly in the early stages of treatment (e.g. semantic and written cue provision in 
Step 1 of Verb Network Strengthening treatment (VNeST) - see Edmonds, 2014; Edmonds 
et al. 2015), with some studies pointing to the need for verb exercises to raise metalin
guistic awareness of verbs prior to sentence treatment (e.g., Carragher et al., 2015). Thus, 
Phase 1 of the SPT comprised verb exercises and Phase 2 sentence exercises. Phase 3 
(generalisation) was included as the systematic reviews also indicated that specific 
exercises were needed to facilitate generalisation of improved skills to real life commu
nication (e.g. Byng et al., 1994; Newton et al., 2017). A detailed analysis of verb and 
sentence treatment content carried out during the systematic reviews informed the 
individual exercises in each treatment phase. (This analysis is reported for verb tratments 
in Table 1, in Hickin et al. (2020) and for sentence treatments in Table 2, in Hickin et al. 
(2022)). Treatments with the best evidence (reported in Table 2 in both Hickin et al., 2020 
and 2022) were incorporated into the SPT. Thus, for example, semantic feature analysis 
was included in verb treatment exercises based on the evidence from a series of studies 
by Wambaugh and colleagues (e.g., Wambaugh & Ferguson, 2007; Wambaugh et al., 
2014); whilst VNeST was included in sentence exercises based on the work of Edmonds 
and colleagues (e.g., Edmonds, 2014; Edmonds et al., 2015).

Photographs of PR verbs were used as stimuli in all three phases of treatment. Where 
possible, these photographs were personal to participants with the aim of increasing the 
salience of stimuli (e.g., Raymer et al., 2008). Alternatively, Google Images were used. In 
addition to photographs, phase 3 used picture sequences, video retell and script training 
to facilitate generalisation to narrative production (e.g., Carragher et al., 2014; Cherney 
et al., 2015). Cueing hierarchies mirrored those reported in the systematic reviews, and 
included progressive sound and written cues in verb exercises, (e.g., Conroy et al., 2009a, 
b & c) and a sentence hierarchy in declarative sentence exercises (SV -> SVO -> SVOP, e.g., 
Bazzini et al., 2011). Colour coding and wh- questions were also used in sentence exercises 
to increase understanding of the thematic roles played by arguments in sentences (e.g. 
Byng, et al., 1994). Imperatives, yes/no and Wh- questions were also targeted in the SPT 
(e.g., Helm-Estabrooks, 1986). Cues and cueing hierarchies were demonstrated by the 
clinician in face-to-face sessions, with the clinician also ensuring that each participant was 
able to use cues independently, with extra demonstrations if required. Instructions and 
feedback given by the clinician in face-to-face sessions was also informed by the systema
tic reviews (e.g., explaining the nature of participants’ errors – VNeST: Edmonds, 2014)7 

Verbs produced in isolation were marked correct if they were produced within 5 seconds. 
Sentence structure produced within 10 seconds was scored. A detailed treatment manual 
(for face-to-face sessions) is available on request from the first author, whilst the evidence 
base for the SPT is summarised in Supplementary Table A and the SPT is reported 
according to the Template for Intervention Description and Replication (TIDieR) 
Checklist (Hoffman et al., 2014) in Appendix 2.

Missing Data

The following assessment data were not recorded because of equipment failure: the SCT 
for Ian at T2; the SCT and sentence production using PR verbs at T3 for Wendy. Data on the 
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AMI at T3 for Ian could not be collected due to his hospitalisation; and the SCT for Dave at 
T3 due to participant fatigue. The AMI was not administered to Dave because he found it 
distressing due to the severity of his expressive impairment. In terms of the assessment 
data from SOs, Wendy’s partner completed all CETIs; Jennie’s sister forgot to complete the 
CETI at T2 but completed all others.

Results

The results for the feasibility of the SPT will be reported first followed by preliminary 
effectiveness testing.

Feasibility

Regarding the feasibility of recruiting suitable participants for the SPT, 12 PwA were 
screened, eight were suitable and six of these consented to participate. The reasons 
participants did not participate in the study are given in Table 4 below.

In terms of participant retention, all participants were retained for the duration of the 
study. However it should be noted that, to retain participants, the clinician (JH) was very 
flexible in accommodating participants’ needs (e.g., visiting them at home when travel to 
the clinic was difficult) and this will be addressed further in the Discussion. In terms of the 
technical feasibility of the SPT, it was used successfully on a variety of devices (see Table 5 
- column 1), and, with the exception of Peggy, participants were able to use the SPT 
independently (see further discussion below).

In terms of the fidelity of the SPT, the intended duration of treatment was eight weeks. 
In actuality, the SPT was delivered over 8 – 17 weeks (see Table 5, column 6). This was 
mostly due to participants’ personal circumstances (e.g., health issues for Jennie, Andy, Ian 
and Peggy, and a holiday for Wendy), whilst travel issues for the clinician extended Dave’s 
treatment. Regarding the number of face-to-face sessions delivered, the intention was 
eight sessions, and these were delivered to 5/6 participants (Andy received only 6 sessions 
because he went to stay with his terminally ill mother – see Table 5, column 5). The fidelity 
of the SPT delivered face-to-face was assessed using treatment fidelity checklists devel
oped from a SPT manual written prior to the start of treatment. Checklists were completed 
by the clinician (JH) after each session, noting presence /absence of expected behaviours, 
and 25% of sessions were cross-checked by listening to the audiotape of the session with 
100% agreement. The fidelity of treatment delivery ranged from 92% - 100% with an 
average fidelity of 98%.

The fidelity of the self-managed component of the SPT was monitored by participants 
completing a diary. Diary sheets were provided to participants at the end of each face-to- 
face session and participants recorded a) the exercises completed, b) the length of time 
spent on each exercise, and c) how often each exercise was completed. The amount of 
practice completed by each participant is reported in Table 5, columns 7, 8 and 9. There 
was a large range in the amount and intensity with which the SPT was self-delivered 
(column 7 and 9 respectively). The average amount of treatment delivered per week 
(column 8) varied from nearly 5 hours 23 minutes (Wendy) to 24 minutes (Peggy). The 
total amount of treatment delivered (column 7) also varied widely, with Wendy, Steve and 
Andy far exceeding the requested amount of 16 hours. Jennie met the requested amount, 
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although it should be noted that she did not complete her aphasia diary on two occasions 
but reported she had practised. Therefore, the reported amount of treatment is a likely 
underestimate. Ian and Peggy did not self-deliver the requested amount of treatment. The 
likely underlying reasons for this are reported in Table 5, columns 2, 3 and 4. Thus, Peggy 
was the only participant who was not a frequent computer-user at the start of treatment 
(column 2) although Peggy rated herself as very experienced at using a computer because 
she had previously used computers frequently at work, i.e., until her retirement 20 years 
earlier. Despite receiving training during baseline sessions, Peggy was unable to consis
tently use the SPT slides independently and needed help to self-manage her exercises 
(column 3) but did not have access to a carer who could help (column 4). This was the 
same for Ian who also did not self-manage the requested amount of treatment. Peggy and 
Ian contrast with Andy who needed some help with the SPT exercises but had a carer who 
could assist (his wife) and as a result was able to self-deliver (more than) the requested 
amount of treatment. Finally, it should be noted that Wendy, Steve and Peggy continued 
to practise the SPT between T3 and T4 (Wendy for an unspecified amount of time, Peggy 
for an additional eight hours and Steve for 12 hours) and therefore this does not 
constitute a maintenance phase for them. This is considered in the reporting and discus
sion of preliminary effectiveness testing below.

Regarding the acceptability of the SPT, participants’ responses to the questionnaire 
administered post treatment are reported in Figure 2. All participants rated themselves as 
very experienced at using a computer (question 1). Wendy, Jennie and Dave found doing 
the therapy on the computer very easy (question 2) and needed no help (question 3); 
whereas Ian, Andy and Peggy found it less easy and needed a little or some help. All 
participants perceived change in their communication as a result of treatment (ques
tion 4), with four perceiving a lot of change (Wendy, Jennie, Dave, Peggy) and two some 
change (Ian, Andy), and all had used their words in daily communication either every day 
(Ian, Jennie, Andy, Peggy) or most days (Wendy, Dave) (question 5). Finally, three partici
pants indicated that they would definitely use the SPT again (question 6), whilst three 
rated this as very likely (Ian, Jennie, Peggy).

Participants’ responses in the semi-structured interviews (which were kept brief to 
comply with the ethical approval for the study) indicated perceived improvements in 
confidence for three participants (Ian, Jennie and Dave). Jennie and Wendy also reported 
improvements in talking which were confirmed by their SOs (Jennie’s sister and Wendy’s 
partner) (question 1). Very few disadvantages were mentioned (Q2) by participants: 
technical issues were cited by Ian and Peggy, and Andy would have liked treatment to 

Table 4. Reasons screened participants did not participate in the research project.
Gender Reason for non-participation Recruited via:

F Repetition <75% on CAT Repetition of Words City Aphasia Lab Research 
Register

M Verb naming <15% on OANB screening Referred by wife
F Verb naming >80% on OANB screening City Aphasia Lab Research 

Register
F Suitable but decided not to participate as secured a volunteer post with aim of 

resuming employment
Aphasia self-help group

M Suitable but unable to participate due to a 4 month sailing holiday Aphasia self-help group
F Verb naming >80% on OANB screening City Aphasia Lab Research 

Register

10 J. HICKIN ET AL.
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be even more intensive. Jennie and Wendy felt there were no disadvantages to computer- 
based treatment, and Dave was very eager to express his opinion that face-to-face visits 
were not necessarily needed to supplement computer delivered treatment. Ian and Andy 
commented that the impact of self-managed treatment on their confidence and sense of 
self-efficacy would influence their decision to do computer treatment (Q3). Dave indi
cated that improving his talking would be the main influence on his decision and that he 
did not see computer-based treatment as second best. Wendy responded that she would 
have liked some more difficult SPT exercises. Jennie indicated that time was an issue (i.e., 
having the time to practise) and that lack of face-to-face treatment meant that computer- 
based treatment was the only option for her (and by implication for many PwA). Peggy 
commented that she felt her age was an issue: she said she was “a bit old” to do 
computer-based treatment.

In terms of SOs’ views of the SPT, neither Jennie’s sister nor Wendy’s partner made any 
comments in relation to perceived disadvantages of the computer-based treatment. 
Indeed, Jennie’s sister commented on the realities of the availability of SLT services: she 
said if Jennie hadn’t done the computer-based treatment she wouldn’t get (and hadn’t 
got) any treatment in her area. Both SOs were positive about the impact of the SPT on 
talking and daily activity: for example, Wendy’s husband said that she had started to use 

Figure 2. Participants’ responses to rating scale questions on the acceptability of the SPT.
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words which were “unusual for her” and had started going to the gym, whilst Jennie’s 
sister commented on her being more fluent and talking in more structured sentences. She 
also felt that Jennie’s confidence had increased, specifically, that Jennie had started to 
answer the phone, and that she had rung her sister rather than texting as previously.

Preliminary Effectiveness Testing

The results of the preliminary effectiveness testing of the SPT are now reported, for the 
production of: i) trained and untrained verbs, ii) untrained nouns, iii) sentence production 
using trained and untrained verbs, iv) verb and sentence production in discourse and v) in 
functional communication as perceived by a) the participants with aphasia themselves 
and b) their SOs. Table 6 summarises the impact of treatment at each of these levels of 
communication. A within-subject statistical analysis was carried out using a one-tailed 
McNemar’s Test for lexical retrieval of nouns and verbs, Chi Square for PAS in sentences 
and Friedman’s Test for CAT picture description and the CETI (significance level p. <0.05 in 
all cases). It should be noted that Wendy, Dave and Peggy continued to carry out SPT 
exercises between T3 and T4 so this is not a maintenance phase for them. This is taken 
into account in the ensuing discussion.

In summary, five of the six participants showed significant improvement in retrieval of 
verbs post-treatment, with a nonsignificant trend of improvement for the sixth participant 
(Dave). Improved verb retrieval was restricted to treated verbs for three participants: Ian 
and Wendy showed significant improvement in the production of untreated verbs (see 
Supplementary Table B) and for Wendy this appears to have been as a result of extra 
treatment she self-delivered between T3 and T4 . Five participants also showed significant 
improvements in lexical retrieval in sentences: Ian, Jennie, Wendy, Dave and Peggy. For 
Wendy and Peggy this again appears to have resulted from extra self-delivered treatment 
between T3 and T4. All five participants showed improved production of agents, three 
showed improved production of verbs, and two of objects (see Supplementary Table C). 
Predicate argument structure also improved for four participants. Jennie and Andy 
showed significant improvement in production of verbs with one argument, whilst for 
Ian and Wendy production of verbs with two arguments improved significantly, and again 
for Wendy this appears to have resulted from extra self-delivered treatment. Dave had 
been unable to produce a verb with an argument at all before treatment but showed 
a nonsignificant improvement in the production of verbs with one argument (agent) after 
treatment, with production of objects also emerging.The effect of the SPT on discourse 
was more limited, with three participants showing improvements (Jennie, Wendy and 
Andy). Four participants reported improvements in functional communication (Jennie, 
Wendy, Dave and Peggy), and these were corroborated by two SOs.

Discussion

The feasibility of the SPT will be discussed first, followed by the results of preliminary 
effectiveness testing.

In terms of the feasibility of recruiting suitable participants to the SPT, 12 participants 
were screened and of these, eight participants (66%) were suitable for the SPT, with six 
(75%) consenting to participate in the study and all these participants were successfully 
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retained for the duration of the study. Bearing in mind the small number of participants, 
this suggests that it is feasible to recruit and retain participants to the SPT and that 
a future, larger scale study is achievable. Recruiting SOs to participate in a future study 
appears less feasible however, as only two of the four SOs who consented to participate 
did so successfully. In terms of retention, all six participants were retained for the duration 
of the study indicating that the self-delivery of the SPT was not too onerous for them. 
However, the researcher also implemented strategies to improve participant retention, 
namely visiting participants in their homes when they were unable to attend the clinic, 
accommodating their schedules in arranging treatment sessions (e.g., to allow Andy to 
visit his terminally ill mother) and keeping in regular communication with them. These 
strategies were amongst those found to be effective in improving retention by Spell et al. 
(2020) in a treatment study involving 150 participants for a total of 42 weeks, and it is 
intended that similar strategies are implemented in any future study.

Regarding the technical feasibility of the SPT, the SPT worked on a variety of devices - 
namely tablets, laptops, desktops and a smart phone - and on Windows based and Apple 
devices. The capacity for computer-based aphasia treatment packages to work on multi
ple platforms is a high priority for SLTs as this is likely to maximise the amount of 
treatment self-delivered since PwA can practice on any device available to them (Swales 
et al., 2016). Another factor that could affect the technical feasibility of self-managed 
computer-based aphasia treatment was the ability of participants to use the SPT inde
pendently: five of the six participants (83%) achieved independent use of the SPT. This is 
similar to the percentage reported in other studies of self-delivered, computer-based 
treatments (e.g., Kurland et al. 2018; De Cock et al., 2021). The level of independent use 
likely reflects the aphasia-friendly design of the human-computer-interface (HCI) of the 
SPT which was informed by the small but developing field of research into aphasia- 
friendly HCIs (e.g., Brandenburg et al., 2013).

In terms of the acceptability of the computer based SPT, the six participants and the 
two SOs who completed exit interviews were very positive, with very few disadvantages 
identified. This is in line with the findings of Kearns et al. (2019) who reviewed 27 studies 
that included self-report of the acceptability of computer-based aphasia treatment. The 
acceptability of the SPT likely reflects the following four key features of the SPT. First, its 
aphasia-friendly design which meant it was largely very accessible and hence presumably 
acceptable. Second, the targeting of PR verbs in the program which aimed to increase the 
saliency of the stimuli perhaps helped participants to stay interested and motivated. This 
would be in line with the findings of the Big CACTUS study where both participants with 
aphasia and SLTs implementing the treatment regarded personalisation of treatment as 
important to motivation (Harrison et al., 2021, Burke et al., 2021 respectively). Third, the 
SPT was related to participants’ goals: Kearns et al. (2019) found this to be very important 
to the acceptability of computer-based treatment. Finally, the SPT included weekly 
contact with the clinician. Harrison et al. (2021) found both participants with aphasia 
and carers regarded support from an SLT/SLTA as an important factor in making self- 
managed computer-based treatment acceptable. Finally, the acceptability of the SPT is 
indicated by its continued use during the maintenance phase by three participants. 
Although this continued practice weakened the strength of the preliminary effectiveness 
findings, it was a deliberate decision to leave the SPT with participants to see if there was 
any continued use - in other words to determine the demand for the treatment which is 
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an aim of feasibility studies (Bowen et al., 2009). The decision was informative in this 
regard. It also indicated that these participants perceived the SPT to be beneficial and 
demonstrated that Peggy - who was unable to self-manage the SPT independently during 
the treatment phase - was able to learn how to do this given extra time.

Regarding compliance with the SPT, four of the six participants (Jennie, Wendy, Dave 
and Andy) were compliant with the total amount of self-managed treatment requested 
(16 hours), and three participants delivered it to the requested intensity of at least two 
hours a week (Wendy, Dave and Andy), with Jennie also likely to have done so (she 
recorded an average of 1 hour 45 minutes treatment a week but reported that she had 
practised more than this). This yields a compliance rate of 66% for the SPT which is 
similar to that reported in Palmer et al. (2012) (66.7%) but lower than that in Kurland 
et al. (2018) (83%). There was also very wide variation in the amount and intensity of 
treatment self-managed (planned:16 hours over 8 weeks): from <7 hours over 17 weeks 
(Peggy), to >59 hours over 11 weeks (Wendy). Ian also self-delivered a small amount of 
treatment: 11 hours over 11 weeks. The factors which appeared to interact to reduce Ian 
and Peggy’s compliance were in line with those identified by Harrison et al. (2021). First, 
Ian and Peggy had more limited competence with technology than the other four 
participants, with Peggy in particular standing out as the only participant who was 
not a frequent user of technology when she started treatment. This meant that both Ian 
and Peggy were not immediately independent in self-managing treatment (though Ian 
rapidly became so), whilst Peggy only learnt to use the SPT independently after the end 
of the treatment phase (when she practised between T3 and T4). Also of likely sig
nificance is that whilst Ian, Andy and Peggy all needed help to use the SPT, only Andy 
had access to someone who could help (his wife). When Ian and Peggy ran into difficulty 
with the SPT there was no one to assist them to overcome this (although the clinician 
attempted to help via the phone). Finally, of likely relevance is the health of Ian and 
Peggy: both were hospitalised during the treatment phase (twice in the case of Peggy) 
and this also reduced their ability to comply with treatment. In summary, the failure of 
Ian and Peggy to comply with the amount of treatment requested reflected the inter
action of three factors namely - poorer competence with technology, lack of support to 
solve technical issues, and poor health.

In terms of the fidelity of the component of the SPT that was delivered face-to-face, this 
was assessed using checklists developed from a treatment manual written for the SPT. 
Face-to-face treatment was delivered to an average of 98% adherence to the treatment 
protocol (range 92-100%). This is similar to the levels of adherence to the VNeST treat
ment protocol reported by Edmonds and colleagues (e.g., Edmonds et al., 2014) who 
reported 98%-99% adherence. However, an important caveat is that fidelity was mon
itored by the clinician delivering treatment (JH) rather than an independent assessor – see 
Limitations below. The fidelity of the self-managed component of the SPT was assessed 
manually using an exercise diary, and only the time spent on exercises was recorded. In 
future studies it is intended that this will be monitored automatically by the platform used 
to deliver the SPT as recommended by Kurland et al. (2018) and similar to, for example, 
Constant Therapy. This will allow success levels, rate of progress and use of cues in the SPT 
to be monitored (see e.g., Des Roches et al., 2017).

Regarding preliminary effectiveness testing, the results must be interpreted in the 
context of the lack of blinding of the assessor (who was the clinician delivering the 
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treatment and assessments). Additionally, there was no inter-rater reliability for exploring 
broader fidelity aspects (i.e., with a blinded second rater) due to lack of funding to employ 
blind raters. Both of these factors undermine the validity of the effectiveness results (see 
further discussion in the Limitations section below). Bearing this important caveat in 
mind, the SPT resulted in significant improvement in personally relevant verb production 
for five of the six participants with the sixth participant (Dave) showing a non-significant 
trend of improvement. The effectiveness of the SPT in terms of verb production is similar 
to that found for face-to-face verb treatments (Hickin et al., 2020: 80%). Improvement in 
verb production was restricted to treated verbs for three participants, however Ian and 
Wendy also showed significant improvement in untreated verbs. This is worthy of further 
investigation since generalisation of self-delivered computer-based verb treatment has 
only been reported for one of the 27 participants included in previous reporting of such 
treatments (in Routhier et al., 2016). Sentence production using PR verbs also improved 
significantly for five of the six participants (83%), with Andy showing a non-significant 
trend of improvement. The improvement in sentence production reflected better lexical 
retrieval in sentences using both treated verbs (for Ian, Jennie, Wendy and Dave), and 
untreated verbs (Ian, Jennie, Dave and Peggy). Improvements in the production of 
sentence structure (PAS) were also found (for Ian, Jennie and Wendy), but these were 
largely restricted to treated verbs. This finding again suggests that verb and sentence 
treatments, despite their complexity, can be successfully delivered face-to-face using 
a computer and subsequently self-managed and that this field is worthy of more attention 
in the research literature (Hickin et al., 2020, 2022).

The impact of the SPT on discourse production was limited, with only one participant 
showing a statistically significant improvement (Jennie) and two showing a trend of 
improvement (Wendy and Andy). The reasons for the more limited impact of the SPT 
on discourse are unclear but may relate to the self-delivery of treatment via computer 
giving fewer opportunities to practise discourse. The Generalisation Phase of the SPT was 
specifically designed to address this potential weakness but on average participants spent 
least time in this phase of treatment. This will have diluted the dose of treatment given to 
discourse production and rendered it less effective. It might also indicate that participants 
found generalisation exercises harder to do independently which should be explored in 
future iterations of the SPT. The means used to gather a sample of discourse (the AMI) may 
also have been influential in that it likely produced a fatigue effect for five of the six 
participants. Thus, a future study of the SPT could use a different measure of discourse 
(e.g., The Scenario Test (van de Meulen et al., 2010)). In summary, it is not possible to reach 
any firm conclusions regarding the reasons for the more limited impact of the SPT on 
discourse and this would be a focus of future research.

Finally, the impact of the SPT on functional communication as assessed by the CETI was 
promising, with significant improvement perceived for four of the six participants. The 
perceived improvement in functional communication was backed up by improvements in 
language measures for all four participants (although for Peggy the perceived improve
ment likely reflected increased confidence when communicating, as improvements in her 
language per se were limited). The study thus provides preliminary evidence that sentence 
treatment delivered and self-managed by computer can have an impact on functional 
communication. This has only been formally investigated in one other study of self- 
delivered computer-based treatment. Palmer et al. (2019) found no impact of 
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StepByStep treatment on functional communication and highlight that developing self- 
delivered computer-treatments which have a functional impact should be an important 
priority of future research. The findings of this study represent a possible way forward 
here in that the personally relevant nature of the trained verbs may have been key to 
producing a functional impact. However, Palmer et al. also targeted personally relevant 
words which were in this case mostly nouns. It is therefore possible that the targeting of 
personally relevant verbs was key. Indeed, it has been proposed before that targeting 
verbs may induce greater improvement in real life communication because of their key 
role in sentence production (e.g., Conroy et al., 2006; Lavoie et al., 2017)). Finally, it must 
be noted again that three participants continued to use the SPT during the maintenance 
phase, and therefore no clear conclusions can be reached about the maintenance of 
treatment effects from the SPT.

In terms of candidacy for the SPT, all findings are tentative given the small number of 
participants (n = 6). There are, however, indications that the SPT is most suitable for 
participants with non-fluent aphasia, with relatively intact lexical retrieval and syntactic 
processing (Ian, Jennie and Wendy) – a finding in line with the research investigating 
VNeST (e.g., Edmonds et al., 2015). Dave, who was also non-fluent, had a more limited 
response to treatment and this likely reflected his more severe expressive impairment. It is 
possible he would have shown more improvement if given a larger amount of treatment. 
The two participants who responded least well to the SPT had fluent aphasia (Andy and 
Peggy) and fluent aphasia may therefore not represent good candidacy for the SPT. 
However, this requires further investigation as it is possible that floor effects were 
responsible for Andy’s limited response to the SPT (he was the most severely impaired 
of all the participants), whilst ceiling effects may have been present for Peggy who had 
the mildest impairment. Peggy also self-delivered the least amount of treatment over 
a prolonged period, reducing her dose. Finally, both Andy and Peggy did show some 
changes (e.g., Andy showed evidence of improved event processing in his attempts at 
sentence production post-treatment). Verb and sentence treatments have not been 
routinely trialled with people with fluent aphasia and this should be addressed (Hickin 
et al., 2020, 2022). Finally, it is of note that the impact of the SPT on verb and sentence 
production using personally irrelevant verbs was minimal. This indicates that personal 
relevance (i.e., salience) may make words more responsive to aphasia treatments (e.g. 
Raymer et al., 2008). However, much larger scale research is required to confirm this 
preliminary indicative finding. Finally, that three participants (Wendy, Peggy and Dave) 
continued to self-deliver the SPT between T3 and T4 undermined findings regarding the 
maintenance of treatment effects for the SPT. It did however indicate that these partici
pants found the SPT acceptable and perceived it to be beneficial.

Limitations

The study used a pre-post treatment design with only six participants and as such 
represents a low level of evidence (e.g., Tate et al., 2016). Future studies will consider 
stronger designs such as a withdrawal design or a case series. Future studies would also 
implement a true maintenance phase for all participants by withdrawing the SPT at the 
end of the treatment phase. This study lacked blind and inter-rater assessment of effec
tiveness and future studies will include funding for this. Data were missing at some time 
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points for 4/6 participants and steps will be taken to address this (e.g., by recording 
assessment data on two devices). The fidelity of the face-to-face component of the SPT 
was assessed by the clinician herself (JH) and in future studies this will be assessed by 
a researcher independent of the study. The fidelity of the self-delivered component of 
treatment was assessed manually by participants which made it subject to error, and in 
future studies this would be monitored automatically by the platform used to deliver 
treatment. The SPT was also not delivered to the intended amount or intensity for some 
participants. Future iterations of the SPT will consider remote delivery of the face-to-face 
component of treatment to minimise barriers to compliance such as travel difficulties 
(e.g., Braley et al., 2021), whilst automatic monitoring of compliance would facilitate early 
identification of poor compliance, allowing this to be addressed immediately hopefully 
improving control of the delivery of the treatment protocol.

Conclusion

The limited amount of face-to-face treatment available to PwA has led to a research- 
practice gap with doses of aphasia treatment given unlikely to be effective (Cavanaugh 
et al., 2021). Recent research also indicates that the amount of treatment received may be 
the most important predictor of response to treatment alongside the size and location of 
lesion (Hope et al., 2021). Finding ways to supplement aphasia treatment is therefore of 
paramount importance, with self-managed computer-based treatment a feasible means 
of doing this. However, computer-based treatments have limited evidence of functional 
impact. This may be due to the concentration on treating single words (nouns) which has 
overlooked the potential for verb and sentence treatments to generalise to real-life 
communication more readily. This feasibility study with preliminary effectiveness testing 
therefore investigated a novel computer-based treatment for sentence production defi
cits in aphasia, delivered by a combination of clinician-led and self-managed treatment 
sessions. The study found that the SPT was feasible and efficacious in improving trained 
verb and sentence production, with initial indications being that individuals with non
fluent aphasia benefitted most from treatment. The impact of treatment on untrained 
verb and sentence production and on discourse was more limited. However, four of the 
six participants perceived their functional communication to have improved, and the 
targeting of verbs which were personally relevant in treatment may have been important 
in producing functional impact, as well as contributing to compliance with and accept
ability of the self-managed computer-based treatment.

Notes

1. It should be noted that computer-based aphasia treatments can be either self-managed by 
PwA – usually with supervision from a speech and language therapist, or clinician delivered – 
i.e., the PwA only uses the computer-based exercises during face-to-face sessions. The 
treatment explored in this study, contains elements of both i.e. face-to-face sessions intro
duced computer-based exercises which were then self-delivered between face-to-face 
sessions.

2. Both self-managed and clinician delivered computer-based treatments were reviewed.
3. The treatment is novel in that it was developed from two systematic reviews of the literature 

relating to i) verb in isolation treatments (Hickin et al., 2020) and ii) sentence level treatments 
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(HIckin et al., 2022). Thus, the SPT combined elements of treatments identified to have the 
best evidence base (e.g., sound and letter cues in verb treatment exercises and elements of 
mapping treatments in sentence exercises) and this has not been done before. Treatments 
included in the SPT were also adapted for self-delivery via computer this time informed by 
a narrative review of the evidence relating to the self-delivery of computer-based aphasia 
treatment (Hickin, in preparation) and this is also novel for sentence level treatments – see 
also discussion below.

4. Ian and Dave lived alone and did not identify a SO to participate in the study. Peggy’s 
husband consented to participate but his initial completion of the CETI caused some friction 
between them and the clinician did not therefore ask him to complete any further assess
ments. Andy’s wife also consented to participate but she was unable to honour this commit
ment due to personal cicumstances.

5. There were no significant differences between treated and untreated sets for any participant.
6. Concreteness, familiarity, frequency, imageability, number of syllables using the MRC psy

cholinguistic database (https://websites.psychology.uwa.edu.au/school/MRCDatabase/uwa_ 
mrc.htm).

7. As the Powerpoint slides were a prototype they were not programmed to give feedback to 
participants during self-delivered exercises. It is intended that future versions of the SPT will 
have this capacity.
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