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Abstract

Background: Aphasia, an acquired language disorder impacting the ability to understand and produce language, greatly impacts
effective communication. Large language models (LLMs) like GPT-5 offer potential to support communication by generating
human-like sentences and coherent speech and subsequently enhance functional communication for individuals with aphasia.

Objective: Co-produce a system using LLMs to support communication and explore potential utility and acceptability in people
with mild-to-moderate aphasia.

Methods: : Using the Double Diamond approach: Phase 1: Discover and define; Stroke survivor PPI group (n=5) and research
team used MoSCoW prioritisation to develop and prioritise ideas and co-design a software solution (R-SPEAK) to augment
verbal communication. Phase 2: Develop and demonstrate; eight LLM’s were evaluated for interpretation using existing datasets
from AphasiaBank, ratified by team members. The best-performing model was used for prototype development.  Prototype
testing was undertaken with 4 people with aphasia (PwA) and 1 carer using semi-structured interviews. A healthcare professional
(HCP) focus group (n=6) evaluated the concept and prototype. The topic guide was informed by, and themes from thematic
analysis were mapped onto the Technology Acceptance Model (TAM). Participants rated usability with the System Usability
Scale (SUS).  
Phase 3: Refine and resign. To increase the processing speed, we systematically evaluated 12 lightweight open-weight LLMs
(0.5B–3.8B) on interpreting real aphasic speech, using clinician-curated dialogues and an LLM-as-a-judge framework assessing
relevance, faithfulness, and completeness.

Results: Initially Mixtral (8x7b), was the best-performing LLM for aphasic utterances, and was utilised for the prototype. PwA
rated R-SPEAK as good using the SUS (mean 75). Themes extracted from qualitative data mapped across all three TAM
constructs. Attitude towards using; PwA had high hopes whilst clinicians demonstrated more caution about its benefits.
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Perceived ease of use; participants found it easy to use but it may be more challenging for those with other post stroke
impairments or more severe aphasia and training might be needed. Perceived usefulness: R-SPEAK could be useful in many
scenarios and has potential to improve independence for PwA. Recommendations for development included improved accuracy,
speed and modifications to the interface according to the individual’s needs. Further refinement demonstrated that Qwen
(2.5:3b) achieved the strongest overall performance with high faithfulness and sub-second latency, while models under 1.5b
parameters showed pronounced hallucination issues, indicating a lower bound on model capacity for reliable clinical speech
interpretation.

Conclusions: Our co-designed R-SPEAK prototype was considered acceptable to patients. Next steps involve ongoing
refinement, development of a phone-based app for feasibility testing in a larger and broader cohort of people with mild-to-
moderate aphasia.
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Abstract

Background: Aphasia, an acquired language disorder impacting the ability to understand and 
produce language, greatly impacts effective communication. Large language models (LLMs) like 
GPT-5 offer potential to support communication by generating human-like sentences and coherent 
speech and subsequently enhance functional communication for individuals with aphasia.  
Objective: Co-produce a system using LLMs to support communication and explore potential utility
and acceptability in people with mild-to-moderate aphasia.
Methods: Using the Double Diamond approach: Phase 1: Discover and define; Stroke survivor PPI 
group (n=5) and research team used MoSCoW prioritisation to develop and prioritise ideas and co-
design a software solution (R-SPEAK) to augment verbal communication. Phase 2: Develop and 
demonstrate; eight LLM’s were evaluated for interpretation using existing datasets from 
AphasiaBank, ratified by team members. The best-performing model was used for prototype 
development.  Prototype testing was undertaken with 4 people with aphasia (PwA) and 1 carer using 
semi-structured interviews. A healthcare professional (HCP) focus group (n=6) evaluated the concept
and prototype. The topic guide was informed by, and themes from thematic analysis were mapped 
onto the Technology Acceptance Model (TAM). Participants rated usability with the System 
Usability Scale (SUS).  
Phase 3: Refine and resign. To increase the processing speed, we systematically evaluated 12 
lightweight open-weight LLMs (0.5B–3.8B) on interpreting real aphasic speech, using clinician-
curated dialogues and an LLM-as-a-judge framework assessing relevance, faithfulness, and 
completeness. 
Results: Initially Mixtral (8x7b), was the best-performing LLM for aphasic utterances, and was 
utilised for the prototype. PwA rated R-SPEAK as good using the SUS (mean 75). Themes extracted 
from qualitative data mapped across all three TAM constructs. Attitude towards using; PwA had high
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hopes whilst clinicians demonstrated more caution about its benefits. Perceived ease of use; 
participants found it easy to use but it may be more challenging for those with other post stroke 
impairments or more severe aphasia and training might be needed. Perceived usefulness: R-SPEAK 
could be useful in many scenarios and has potential to improve independence for PwA. 
Recommendations for development included improved accuracy, speed and modifications to the 
interface according to the individual’s needs. Further refinement demonstrated that Qwen (2.5:3b) 
achieved the strongest overall performance with high faithfulness and sub-second latency, while 
models under 1.5b parameters showed pronounced hallucination issues, indicating a lower bound on 
model capacity for reliable clinical speech interpretation.
Conclusions: Our co-designed R-SPEAK prototype was considered acceptable to patients. Next 
steps involve ongoing refinement, development of a phone-based app for feasibility testing in a 
larger and broader cohort of people with mild-to-moderate aphasia.

Keywords:  Aphasia;  AAC;  digital  health;  communication;  health  technology;  GenAI;  LLM;
Human-AI Interaction; Affective computing. 

Introduction

Aphasia is an acquired communication disorder and affects around 41% of UK stroke survivors 
(Mitchell et al., 2021) [1]. It can also occur in other acquired neurological conditions such as brain 
tumours and fronto-temporal dementias, particularly Primary Progressive Aphasia. There is a broad 
phenotype for aphasia, where some individuals are unable to say single words or understand 
language at all, others have more mild difficulties such as reduced sentence complexity or word-
finding errors which may be sound-based (phonological) or meaning-based (semantic) [2, 3]. Speech
production may be more effortful, with a reduction in speech rate, or with changes in intonation and 
prosody, leading to an overall reduction in verbal fluency and efficiency. Aphasia can affect both 
spoken and written language with wide-ranging, life-changing consequences [4]. All severities of 
aphasia can profoundly affect a person’s life, including their ability to access rehabilitation, engage 
in daily activities, maintain relationships, and participate in society, including returning to work and 
leisure [5]. This can often lead to social isolation, low mood, and reduced quality of life [6, 7] . 
Whilst rehabilitation is important to help people living with aphasia (PwA) regain as much language 
as possible, individuals often continue to experience aphasia and its impact over the longer term and 
are faced with the challenge of learning to live with aphasia using their preserved language.

Augmentative and alternative communication (AAC) options, such as digital or paper-based word, 
picture or letter grids for people with aphasia, aim to improve communication of basic needs [8]. 
These systems often have a limited vocabulary and require pre-programming by a clinician or carer. 
Furthermore, the purpose of communication is much more than expressing basic needs and people 
with communication difficulties are more dependent on co-constructed interactions with a 
communication partner [9].  

Artificial Intelligence (AI) may offer a solution and has been used to augment non-impaired speech 
in several ways, including predictive texting [10] , and speech-to-text technologies [11] , language 
translation and interpretation [12], speech synthesis [13] and voice cloning [14]. 

Text-to-speech (TTS) technologies draw on recent advances in natural language processing (NLP) 
techniques, and the introduction of large language models (LLMs) like Google Gemini, Open AI’s 
GPT-3/4, and Meta’s Llama.  LLMs operate on user-provided prompts and can generate coherent 
paragraphs of text [15]and predict and generate human-like sentences by learning from vast textual 
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datasets. While LLMs differ in efficiency and accuracy, prompt engineering (the art of crafting 
effective prompts) can yield varying results [16].

Aphasia often includes agraphia (written language impairment) and cannot utilise text to speech 
technologies to augment their communication [17]. By incorporating automatic speech recognition 
(ASR) technology into these systems, this approach enables the removal of barriers to accessing 
technology for those with communication difficulties and in the development of personalised AAC 
devices to support communication. However, ASR have been trained on a largely non-impaired 
speech dataset, and accuracy in interpreting impaired speech is much lower [18]. Much work is being
done to improve ASR for dysarthric speech (motor speech disorder) by training LLMs with 
disordered speech [19], but this has not been explored for people with linguistic impairments such as 
aphasia.  

Moreover, AI's ability to learn from the daily activities and contextual data of the individual with 
aphasia means it can offer bespoke solutions tailored to the individual’s needs. By learning the user’s
behaviour, mistakes and preferences, these tools can adapt to offer more accurate or efficient 
communication support over time. 
Leveraging LLMs in this way offers the potential to reconstruct aphasic speech and translate it into 
spoken language, improving comprehensibility and communication. As demonstrated in (Figure 1), 
our proposed Revolutionising Speech Enhancement in Aphasia Using Knowledgeable-AI or (R-
SPEAK) technology has the potential to support clearer communication, helping the person with 
aphasia regain control over their personal communication interactions, increasing autonomy, 
reducing social isolation and improving their quality of life. It has the potential to revolutionise the 
lives of people living with aphasia, caregivers, and healthcare professionals involved in their 
rehabilitation.

Figure  1. Example  of  how  R-SPEAK  converts  real-world  aphasic  speech  into  comprehensible
speech.

Aim

Working with people with aphasia and stroke clinicians, we aimed to co-design and test a prototype 
for a portable device (e.g. mobile device) to enhance the clarity and fluency of verbal expression of 
people living with mild-to-moderate expressive aphasia (PwA). 
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Study Objectives

● To co-design and develop a prototype portable device with people with aphasia and stroke 
clinicians that incorporates large language models to enhance the clarity and fluency of verbal
expression in mild-to-moderate expressive aphasia.

● To evaluate the technical effectiveness and usability of the prototype device through testing 
with people with aphasia in real-world communication scenarios, assessing its impact on 
communication clarity and fluency.

● To assess the acceptability, perceived utility, and implementation feasibility of the device 
among people with aphasia and healthcare workers, including identification of barriers and 
facilitators for adoption.

Methods

This study employed a mixed-methods participatory design approach using the Double Diamond 
methodology to co-design and evaluate a prototype of a communication support device for people 
with mild-to-moderate expressive aphasia [20]. Phase 1 (Discover and Define) involved a stroke 
survivor Patient and Public Involvement (PPI) group (n=5) working collaboratively with the research
team to identify communication needs and co-design requirements. Using MoSCow prioritisation 
methodology [21], the group developed and prioritised the key features to inform the design of R-
SPEAK, a software solution designed to augment verbal expression in people with aphasia. This 
phase utilised user-centred design principles to define the core functionalities and user interface 
requirements for the prototype device.
Phase 2 (Develop and Demonstrate) comprised technical development and evaluation components. 
Eight large language models were systematically evaluated for their ability to interpret aphasic 
utterances using existing transcripts from AphasiaBank [22], with performance ratified by team 
members to select the optimal model for prototype integration. The resulting R-SPEAK prototype 
underwent usability testing with four PPI group members through semi-structured interviews, 
followed by concept and prototype evaluation via a healthcare professional focus group (n=6). All 
qualitative data were analysed using inductive thematic analysis within the Technology Acceptance 
Model (TAM) framework [23] to assess perceived utility, ease of use, and acceptance of the system. 

Concept

Our methodology capitalises on the recent advancements in natural language processing (NLP), 
particularly the emergence of Large Language Models (LLMs), to enhance the speech 
comprehension of individuals living with aphasia (PwA). Our concept is for a system that utilises 
LLMs’ language-understanding (LU) capabilities to build upon the utterances of people with mild-
moderate aphasia to produce coherent speech. The process begins by recording the speech of PwA 
and converting it into text using speech-to-text or automatic speech recognition (ASR) technology, as
shown in (Figure 2). We utilise this textual data and the speech of the conversation 
partner/interlocutor to craft precise prompts for LLMs.

Figure 2. Overview of the R-SPEAK system workflow for enhancing communication in people with
aphasia (PwA).
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The LLM analyses the prompt-provided data, endeavouring to generate coherent interpretations of 
the speech by completing missing words, inferring unclear terms, and eliminating unnecessary filler 
words. The generated text is presented to the user, who selects the most suitable transformation that 
effectively conveys their intended meaning, with the option to edit and manually adjust the text as 
needed. Subsequently, the chosen text is transformed into spoken words using text-to-speech (TTS) 
technology, with the option to use a synthesised voice personalised to the patient's audio profile. The 
resulting clear, coherent sentences can be easily understood by the person's conversation partner. The
modular design of our system provides several key advantages: it allows for personalisation to 
individual user needs, can continuously improve as language models advance, integrates well with 
existing assistive technologies, and focuses on locally deployable LLMs with the option to access 
cloud-based LLMs through internet connectivity when needed.

Design

Our research methodology employed the Double Diamond design approach, a systematic framework 
that structures the design process into four stages across two phases, as shown in (Figure 3) [20]. 
Phase 1 encompassed the Discover and Define stages, systematically exploring communication 
challenges faced by people with aphasia and identifying specific user needs through patient and 
public involvement (PPI). This involved divergent exploration of the problem space followed by 
convergent synthesis to define clear design requirements.
Phase 2 comprised the Develop and Demonstrate stages, focusing on iterative development of the R-
SPEAK technological solution and subsequent validation through user testing. Throughout both 
phases, participatory co-design principles ensured meaningful involvement of people with aphasia 
and stroke clinicians through workshops, interviews, and focus groups conducted across multiple 
iterative stages. This collaborative approach ensured the technological solution remained grounded in
real-world user needs and clinical practice requirements. All qualitative findings are reported in 
accordance with the Consolidated Criteria for Reporting Qualitative Research (COREQ) [24] 
checklist to ensure methodological transparency and rigour. 

Figure 3. Double Diamond approach to prototype development.
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Phase 1: Discover and define

As part of the Discover and Define phase of the Double Diamond design process, Patient and Public 
Involvement (PPI) was integral to identifying communication challenges and clarifying user needs. 
Patient and Public Involvement (PPI) 
We convened a PPI group consisting of people with experience of living with aphasia and their 
carers. We recruited individuals with aphasia through established networks, including members of 
the research team's existing contacts and participants from stroke survivor groups such as the 
Nottingham Stroke Partnership Group and Speakeasy (Stockport), following an initial presentation 
and invitation to participate.
We involved the PPI group in several ways: 1) to inform system development, 2) to support 
recruiting for interviews to evaluate the system for usability, accessibility, acceptability and 
usefulness, and 3) to review participant-facing materials to ensure accessibility for people with 
aphasia before use. 
We held two online PPI group meetings; one with people with aphasia and their carers, and another 
with the research team who were also healthcare professionals with experience of working with PwA
(KR, JA, CW, CG, JB). During the meetings, we presented the concept both verbally and with simple
graphics. We used yes/no, closed and open questions to facilitate discussion and gather feedback on 
the proposed system.
Co-ideation; we used MoSCow prioritisation (Must Have, Should Have, Could have, Will not Have)
[21] to systematically evaluate ideas and prioritise the features most critical to people with aphasia 
(PwA). This approach guided our understanding of which elements were essential for ensuring 
usability, accessibility, acceptability, and practical utility in real-world contexts. Through this 
structured process, we also identified the types of contextual data required to enhance the accuracy 
and relevance of the app’s outputs.
To facilitate effective communication and engagement with participants, we used visual aids such as 
images, keywords, and simplified informatics to help convey complex ideas. Group sessions were 
led by facilitators experienced in working with individuals with aphasia, who ensured sessions were 
inclusive by allowing extended response times and using yes/no or closed-ended questions to 
accommodate expressive language difficulties.  

Phase 2: Design and Demo

App design (System frontend) 
We concentrated our efforts on designing an intuitive user interface and refining the underlying 
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prompt engineering approach. Our computer scientist (AA) developed a low-fidelity prototype of the
application's frontend using Proto.io, a flexible prototyping platform well-suited for rapid iteration. 
This prototype was informed by insights gathered through engagement with Public and Patient 
Involvement (PPI) groups and close collaboration with clinical team members. Their feedback 
played a critical role in shaping both the visual layout and functional requirements of the interface, 
ensuring that it is user-friendly, accessible, and aligned with real-world needs in clinical settings. 
Technical development (System Background)
To develop a functional prototype capable of reconstructing intelligible speech, one team member 
(MD) extracted 30 question-and-answer pairs from AphasiaBank [22], a repository of transcribed 
conversations with individuals living with aphasia. This dataset includes contributions from 
individuals with mild to moderate aphasia and is widely used in aphasiology research. The selected 
dialogue pairs were converted from the Codes for the Human Analysis of Transcripts (CHAT) format
[22] into plain text using a bespoke conversion tool developed by (AA).
These transcribed question–response pairs were then processed using six open-source, locally 
deployable large language models (LLMs): Mixtral, Gemma, Qwen, Llama 3, Phi-3, and WizardLM.
These models were chosen based on their advanced reasoning capabilities and demonstrated 
adherence to user instructions. Several zero-shot prompting strategies were tested, in which the 
prompts included contextual information about aphasia and the characteristic differences between 
aphasic and typical speech patterns.
The outputs generated by the LLMs were independently evaluated by five members of the research 
team (CG, JA, JB, RL, and AA), all with clinical and/or technical expertise in LLMs. Evaluators 
assessed each LLM's ability to interpret and reconstruct the intended meaning behind the original 
aphasic responses. For each question–answer pair, the team selected the most accurate LLM-
generated response. Based on this expert consensus, the highest-performing LLM, in this case 
Mixtral, was identified and subsequently integrated into the development of the R-SPEAK prototype.

Interviews and focus groups

Development of the topic guide 
The aim of the qualitative interviews and focus group was to understand HCPs and People with 
aphasia’s views and perception of the R-SPEAK prototype, to gather insights on its functionality, and
understand potential benefits and challenges. Two topic guides informed by the TAM [23] were 
developed to address the different perspectives of HCPs and people with aphasia.  Developed by 
Davis [23], the TAM is used to shed light on the processes involved in the acceptance of technology. 
TAM suggests that attitudes towards using innovative technology are based on perceptions of both 
usefulness and ease of use [25]. 
The topic guides were developed by RL, a female rehabilitation psychology researcher with 
extensive qualitative research experience with people with stroke and HCPs. The guides were 
reviewed and edited based on feedback from the wider research team with SLT expertise (JB), 
extensive qualitative research experience (KR, JA), as well as expertise related to AI (AA). 

Recruitment

Recruitment took place between July to August 2024, with interviews and the focus group conducted
in September 2024.

Interviews

People with aphasia (all severities) were recruited via known contacts of the research team and 
aphasia support groups (Speakeasy), using convenience and snowball sampling [26]. Known 
contacts were approached by email or phone and an aphasia friendly recruitment poster was shared 
to potential participants in aphasia support groups, inviting them (or their carers) to contact the 
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research team if interested. Those expressing interest in the interviews were sent an information sheet
and consent form by post or email, depending on preference and asked to complete and return the 
consent form (using a Microsoft form if online, or using a (provided) stamped addressed envelope if 
via post) within 2 weeks of receiving the information sheet.  Participants were offered an opportunity
to meet, either in person or online, with a member of the research team, to have the information sheet
and consent form read aloud with aphasia friendly pictorial participant information to assist 
understanding, and completion of the consent form where informed consent was demonstrated.  

Healthcare Professionals Focus Group
Stroke clinicians were recruited through the research networks of the members of the research team. 
Participant information sheets were sent to those interested and informed consent was collected using
an online consent form. 

Materials
To give participants an understanding of the tool an aphasia friendly power point presentation was 
prepared for the interviews/focus group.  
For the interviews with PwA, the web-based R-SPEAK prototype allowed it to be shared on the 
participants screen during the interviews. The use case for exploration was booking a holiday (i.e. we
aimed to test if the system could be helpful in this use case). It consisted of eight pre-programmed 
questions that had been co-designed by the research team and PPI group members and included 
questions such as “Where would you like to go on holiday”. When the participant was ready they 
could use their mouse to click to start recording whilst they answered and clicked again to stop. The 
prototype then produced an output, displayed on the screen to the interviewer and interviewee. 
The SUS was used for objectively measuring perceptions of usability [27]. It consists of 10 
statements such as “I think I would like to use this system frequently” and five response options from
strongly disagree to strongly agree. Scores over 70 demonstrate system acceptability. A slide deck 
was prepared in advance with one question per slide for sharing with the interview participants. 

Procedure 
Semi-structured interviews and the focus group were conducted by SLT and post-doctoral fellow 
(JB) and the research fellow (RL) via MS Teams or Zoom. In the case of the interviews, participants 
were offered in-person interviews in their own homes if preferred. Potential participants were 
advised a carer or an SLT could attend to support their communication.

At the beginning of both the interviews and focus group the participants were introduced to the 
interviewers and shown the introduction presentation with a demonstration of R-SPEAK. 
Participants were asked a series of semi-structured questions on usability, accessibility, acceptability, 
and usefulness of the system in line with the TAM [23].

In addition, during the interviews the participants tested the prototype by answering the prepared 
questions and receiving the LLM generated output for the eight questions. To better understand the 
prototype in relation to the target population participants were asked about their communication 
difficulties and experience of using technology and communication apps. Participants’ aphasia 
severity was rated by an SLT (JB) by listening to the interview recording and applying the Aphasia 
Severity Rating scale (Figure 4) [28] which enables a score of 0, 1, 2, 3 or 4 to be assigned, where 0 
= No functional communication  and 4=very mild impairment that may be undetectable to the 
listener. At the end of the interview participants were asked to rate prototype usability using the SUS.
Interviews lasted under one hour and the focus group 1.5 hours.
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Figure 4. Aphasia Severity Rating (ASR) Scale. This scale provides a structured index of aphasia
severity, ranging from complete language impairment (0) to minimal or undetectable difficulties (4),
based on speech, writing, and comprehension abilities. Adapted from [28].

Ethics and Payment 

The study was approved by the Research Ethics Committee at Sheffield Hallam University (approval
number  ER64821246).  All  participants  provided  written  informed  consent  before  taking  part.
Interview participants were paid £50.00 for taking part.

Data Analysis

The SUS raw scores were summed and converted into scores out of 100 as described by  Brooke 
1986 [27]. Individual and mean scores across the group are presented visually.    Interviews and 
focus groups were recorded in either (.mp3, .wav, or .mp4) format using encrypted computers owned
by the University of Nottingham. They were then transcribed and analysed independently by two 
researchers (JB, DT) using NVIVO and an inductive approach of data familiarisation and 
development of themes [29, 30]. To enhance reliability, themes from both groups were discussed and
aligned into one combined construct before being mapped onto the TAM constructs (i.e. attitude 
towards using technology, perceived ease of use, and perceived usefulness) [23]. Recordings and 
anonymised transcripts were stored on a secure University of Nottingham password protected server.

Results

Phase 1 Discover and define

Patient and Public Involvement (PPI) 

Three stroke survivors and one carer were co-opted to the R-SPEAK PPI group and were involved in
the two co-ideation groups during app development.
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Phase 2 Develop and Demo

App design and technical development 

The LLMs were rated by five mixed experts. Mistral and Llama 2 were excluded from consideration 
early due to their poor performance on basic language testing. Mixtral outperformed all other LLMs, 
followed by Gemma and then the lightweight Qwen (Figure 5).  This consensus highlights Mixtral as
the most effective model in interpreting responses from individuals living with aphasia among tested 
models.

Figure 5. Expert evaluation of LLM performance through consensus and aggregate voting. (a) 
Consensus votes represent cases where all five experts unanimously selected the same model as 
superior. (b) Percentage of all votes shows the distribution across all individual expert votes. 

Interviews and focus groups

Four stroke survivors with aphasia were involved in prototype testing and interviews. Three were 
assessed as having moderate aphasia with one having milder impairment on the Aphasia Severity 
Rating scale. Characteristics of participants can be found in (Table 1). 

All had some previous experience with technology, including computers and smartphones which 
they used for emails and online meetings but none of the group used AAC apps or had previous 
experience with AI. 

Five SLTs and one physiotherapist (PT) were recruited for the focus group. All members had 
experience of working with people who had aphasia and across different clinical settings. (Table 2) 
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details their experience.

Table 1. Characteristics of participants

Self-reported
difficulties  with
communication

Ability  to  use
technology

Experience  with
AAC
communication
apps

Aphasia
Severity
Rating  (by
SLT)

P1 Word  finding
difficulties and reading
and writing difficulties
with longer text

Smart  phone  and
computer  for  short
emails,  texts  &
video calls

None 3 - mild

P2 Able  to  communicate
but talking is difficult,
especially  numbers.
Reading is okay 

Computer  and
smartphone

Used  apps  for
speech  therapy
exercises. 

2  -
moderate

P3 Difficulties  getting
words out and reading
more  than  single
sentences

Computer, ipad and
smartphone  and
uses  for  online
meetings,  accounts,
emails

None 2  -
moderate

P4 & C1 Reduced  fluency,
difficulty  getting  out
words  and  reading,
often  missing  key
words

Has  a  smartphone
and  laptop.  Needs
support with emails,
getting  onto  video
calls

None 2-
moderate

Table 2. Characteristics of HCP participants a

Participant Details

SLT 1 Works  in  neuro  rehabilitation  centre  with acquired  brain  injury
patients

SLT 2 Advanced clinical  practitioner.  Stroke  specific.  Lots  of  patients
with aphasia every day.

SLT 3 Works in  a  community neuro  rehabilitation team with  acquired
brain injury and stroke patients.

SLT 4 Works in stroke rehabilitation. Regularly sees people with aphasia,
dysarthria and apraxia of speech.

SLT 5 Works in stroke rehabilitation wards. Worked with a lot of people
who have aphasia.
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PT 1 Works  with  SLT5  on  acute  and  chronic  stroke  and  outpatient
wards.

a Abbreviations: SLT = Speech and Language Therapist; PT = Physiotherapist

Analysis of the interviews revealed similarities and differences in perceptions of R-SPEAK from the 
perspectives of people with aphasia (and carers) and HCPs. Themes are presented under the 
constructs of the TAM framework [23] themes are summarised in (Table 3). 

Attitudes towards using

High hopes vs Scepticism or somewhere in between.

Overall attitudes varied between the PwA and HCPs. PwA and carers had high hopes that this was a 
life-changing technology, but clinicians were more sceptical about it being groundbreaking as shown 
in (Textbox 1). 

Textbox 1. Attitude towards using: Mixed reactions: excitement tempered by realistic concerns
“I think it's marvellous really. Yeah, really good.” (P2)
“I'm really excited about this, aren't you?” (C1)
“Don’t  want  to  give  people false hope,  thinking that  this  is  going to  solve  everything,  because
actually conversation has so many more layers to it than just the language. So I’m a bit worried
about people thinking that it's going to solve things” (SLT3).

There was cautious optimism by both groups, HCPs suggested that it could be good to have another 
tool in the tool box and may be less stigmatised than other AAC aids in use but both groups want to 
see R-SPEAK develop and be used in action to make their minds up about it, as shown in (Textbox 
2).  

Textbox 2. Attitude towards using: Cautious openness as potential tool, not cure
“I don't think I I've got enough knowledge from it to say whether it would be really good or yeah,
because I think it needs to some any because that's a prototype and it only one scenario and it wasn't
very long.” (P1)
People might be more willing to use it than things that look potentially stigmatised, like some of the
older AACs (SLT4)
“It’s sort of keeping a bit open to trying it, but not presenting it as an answer to aphasia. So we
might see it as one more tool that would work with some people” (SLT4). 

False assumptions about AI.

HCPs expressed concern about using AI in healthcare apps but specifically about security of PwA’s 
personal information. Some PwA might not be able to make informed choices about using the 
technology if it is based on reading data sharing agreement text, as shown in (Textbox 3). 

Textbox 3. Attitude towards using: AI controversy as potential engagement barrier
“AI in general has got a bit of controversy as well. So I also wonder if that might be a barrier to
some people engaging” (SLT1).

However, as shown in (Textbox 4), the PwA we interviewed were not concerned at all. 

Textbox 4. Attitude towards using: Acceptable with personal control and opt-out option
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“In terms of sort of using the AI of in this sort of yeah, I think it would be OK. But but sort of having
an app on your phone that you can control that I think it's OK. Yeah, yeah, yeah, I can turn it off
anyway.” (P1)

Costs could be prohibitive

HCPs voiced concerns about costs to PwA given their experience of other apps and software options.
However, as shown in (Textbox 5), this was not raised as a concern by PwA who we interviewed. 

Textbox 5. Attitude towards using: Pricing model concerns and inequality implications
“Do you pay a tenner and you have it forever? Or are you having to pay like £15 a month forever?
[…] obviously the more it's charging, the more inequality we get with it” (SLT4).

Perceived Ease of Use 

Dependent on type and severity of aphasia.

Both PwA and HCPs acknowledged that there may be people who would find R-SPEAK more 
difficult to use or who would not be able to use it all due to their aphasia. They gave specific 
examples, as shown in (Textbox 6), like people who were unable to read or read quickly enough, 
people with auditory comprehension difficulties, those with jargon aphasia where words may be 
unrelated to the target, and those with no, or very little, expressive language or with apraxia of 
speech.

Textbox 6. Perceived ease of use: Reading requirements and speech complexity limit accessibility
“You have to read. You have to read the text and say that's the place. And then, yes, some people
can't read.” (P3)   
“A lot of our patients that have jargon speech, some of it's just non words. I don't think that would be
helpful for the AI if what they're saying isn't even real words […] but even with real words a lot of
it's completely out of context, I think it'd be difficult for the AI to learn from that. So I think those
patients should find that hard to use” (SLT5).  

Other neurological impairments may pose challenges.

Both groups, as shown in (Textbox 7), reported that other stroke symptoms such as unilateral motor 
weakness, visual impairment or cognitive difficulties affecting memory, self-monitoring or, initiation
might make using R-SPEAK difficult or impossible. 

Textbox 7. Perceived ease of use: Physical and cognitive demands pose usability challenges
“Yeah, some people, it's disabilities, so they can't use their left arm or their right arm, and so they
have to tap it.” (P3)
You need to be able to self-monitor the output and say whether it's right or wrong and how much
output there is. Can you cognitively cope with that burden? (SLT2).

Using technology is easier for some people.

The PwA we interviewed found the tech quite easy themselves. Both groups, as shown in (Textbox 
8), thought that some people would be able to use R-SPEAK easily, perhaps those already using their
smartphones and messaging apps. However, both groups thought that it might be more challenging 
for some who were less tech savvy or not used to using smartphones.
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Textbox 8. Perceived ease of use: Prior tech familiarity determines ease of use
“So probably people who were using phones to some extent before acquiring aphasia” (SLT4)
“I think it's quite, quite easy to use and I think younger people will be even more easy to do use.”
(P1)     
“And I think although he would really benefit from something like this because his speech, he's
hesitant. (But) he's not confident with technology, neither would he have the right equipment.” (C1) 

Try before you buy

Given that some people may find R-SPEAK more difficult to use for a range of reasons and with 
potential cost implications, HCPs, as shown in (Textbox 9), voiced the need for a ‘try before you 
buy’ option. 

Textbox 9. Perceived ease of use: Need for free trial before purchase commitment
My first thought was cost […] of a lot of the people I'm seeing, the first thing they think is actually
they don't want to pay for something until they know it's worth it, and whether there's a free trial […]
how long would people get to try it out? Because it's quite rare that I come across people who are
happy to pay for something straight away without trying it (SLT3).

Some training needed.

Both groups, as shown in (Textbox 10), felt that PwA would need some initial training to use R-
SPEAK, it might be something that an SLT could do or perhaps a training video guide is built into 
the system. 

Textbox 10. Perceived ease of use: Support from family or therapists’ aids usage
“A family member or someone else could actually help somebody use the app potentially. It's the sort
of thing that somebody could help them with if needed” (SLT3).
“Speech therapist say […] outlines the system. Yeah. And then full system, I do it with a guide”.P4

Perceived Usefulness

Improved independence

Both PwA and HCPs, as shown in (Textbox 11), thought that R-SPEAK could help improve 
independence.

Textbox 11. Perceived Usefulness: Enables independence and reduces reliance on others
“Well, Melanie (wife) has got she has me and her on the phone. She [...] regulates”(P4). 
“He wants more freedom.  He doesn't want me having to sit here or go up to the reception desk or up
to the bar or order a meal, which he does do because you know, he wants to. But sometimes people
are getting confused, There's a bit of embarrassment and stress levels are going up and how, you
know, if you're out for a meal, you don't want to be. He wants to be able to do that himself. He's 62”
(C1)

“If  this  was  a  way  of  helping  [PwA] get  a  bit  more  independence  of  going  out  and trying  to
communicate with strangers. Maybe that's where it could come in handy” (SLT5)

Useful in many scenarios

Many ideas, as shown in (Textbox 12), were generated about possible scenarios where R-SPEAK 
could be used. These included: between patients and care teams on wards, in restaurants, at the 
doctor’s surgery, during family conversations with young children, during phone calls or online 
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meetings and perhaps to support with writing emails or messaging. HCPs also suggested that R-
SPEAK might be used therapeutically as a way to practice communicating.

Textbox 12. Perceived Usefulness: Useful when therapists unavailable and for home practice
“I know a lot of nursing staff sometimes struggle to understand what some with aphasia is saying,
and it's usually the weekend when the speech therapist isn't there to try and interpret what it is
they're trying to say. So it could be useful If it's helpful for them” (SLT5).

“I can imagine certain people sitting at home using it as a therapy tool, practising saying things,
getting the feedback and choosing it and repeating after it, which is also another really useful use for
it” (SLT3).

Table  3. Themes  from  interviews  and  focus  group  mapped  onto  TAM  constructs

TAM Construct Themes Subthemes

Attitude towards using

High  hopes  vs
Scepticism  or
somewhere  in
between

PwA  and  carers  had
high hopes
Clinicians  more
sceptical
Cautious optimism

False assumptions about using AI
Cost could be prohibitive

Perceived ease of use

Dependent on type and severity of aphasia
Other  neurological  impairments  may  pose
challenges
Tech easy for some
Try before you buy
Some training needed

Perceived usefulness

Improved independence
Could be useful in many scenarios
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System design features 

PwA and HCPs liked that it was designed for use on a mobile phone and they liked
the interface due to its simplicity, font size, use of colour, alignment and spacing of
features.

In terms of functionality, interviewees wanted to improve the accuracy and speed 
of the responses. Both groups made suggestions for improved functionality and 
suggested modifications including spoken responses for those that have difficulty 
reading, editable responses, option to re-record answers or give two options to 
choose from. Table 4 summarises the combined feedback on system design 
features. 

System Usability Scale 

Ratings on the system usability scale can be found in (Figure 6) and (Figure 7). 
Individual SUS scores ranged between 62.5 and 85 with a mean group score of 75 
which overall demonstrates acceptability. 

Table 4. Combined feedback and suggestions for improvements on the R-SPEAK’s design features

System  design
features

Positives Negatives Suggestions  for
modifications  or
improvements

Interface Clear
Simple
Size/type of font
Use of colour
Alignment  of
features
On a mobile phone

No  ability  to
modify

Include  modifiable  set  up
for:
Language/accents
Font size
Bolding key words in text
Colour of background/text
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Functionality Accuracy
sometimes good

Slow
Accuracy
sometimes poor
 

Improve accuracy of output
Improve speed
Include  ability  to  hear
response or read response
Editable responses
Re-record option
Recognise  intonation  of
speaker  e.g.  statement  vs
question.
Present  graphics  instead  of
text output
Learn from user to  improve
output
Use  information  from  the
internet to improve output
Available on all devices

Figure 6. System Usability Scale (SUS) - individual participant scores.

     
    

Figure 7. System Usability Scale (SUS) – group score.

Refine and redesign

To improve the speed of processing in converting input to output we conducted further tests with 
open-weight lightweight LLMs. We aimed to reduce response time whilst preserving response 
relevancy, faithfulness and completeness.

We evaluated 12 open-weight lightweight LLMs, ranging from 0.5b to 3.8b parameters, across 30 the
clinician–patient dialogue samples from individuals with post-stroke aphasia. Each model generated 
interpretations under 10 stochastic decoding iterations (temperature = 0.7), yielding 3,600 total 
responses. Performance was assessed along three clinically grounded dimensions: answer relevancy 
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(alignment with the original question), faithfulness (absence of hallucinations relative to the aphasic 
utterance), and completeness (coverage of key intent elements present in expert-curated reference 
interpretations). An external LLM-as-a-judge system (Qwen3:8b) scored each output on a [0,1] scale,
with a pass threshold of 0.5 per metric. Inference latency (in seconds) was recorded per generation to
capture practical deployability.

Overall Performance and Model Rankings

The Qwen2.5:3b model emerged as the top performer across all metrics, achieving an overall mean 
score of 0.814, as shown in (Table 5). It attained 0.794 in relevancy, 0.866 in faithfulness, and 0.781 
in completeness, with 100% pass rates across all samples and iterations. Hermes3:3b ranked second 
overall (0.796), excelling in answer relevancy (0.802, the highest among all models), though slightly 
trailing in faithfulness (0.826). Gemma3:4b placed third (0.792), demonstrating strong faithfulness 
(0.837) but showing higher variance (σ = 0.184), likely due to sensitivity to iterative stochasticity.

Table 5. Performance comparison of tiny and small LLMs across key metrics

Model
Answer
Relevancy Faithfulness Completeness

Mean
Score

Response
Time (s)

Qwen2.5:3b 0.794 0.866 0.781 0.814 0.600
Hermes3:3b 0.802 0.826 0.761 0.796 0.895
Gemma3:4b 0.787 0.837 0.753 0.792 0.738
Phi4-Mini:3.8b 0.779 0.796 0.741 0.772 0.815
Llama3.2:3b 0.777 0.777 0.743 0.766 0.704
Phi3:3.8b 0.776 0.761 0.735 0.757 0.800
Qwen2.5:1.5b 0.741 0.775 0.745 0.753 0.436
Gemma3:1b 0.679 0.806 0.753 0.746 0.451
Llama3.2:1b 0.670 0.772 0.707 0.716 0.487
SmolLM2:1.7b 0.700 0.759 0.678 0.712 0.425
DeepScaler:1.5b 0.607 0.712 0.668 0.662 5.162
Qwen2.5:0.5b 0.573 0.566 0.503 0.547 0.720

At the lower end, Qwen2.5:0.5b struggled across all dimensions (mean = 0.547), with particularly 
poor faithfulness (0.566) and completeness (0.503), suggesting that sub-1B architectures lack 
sufficient capacity to reliably disambiguate fragmented aphasic input. DeepScaler:1.5B, while 
moderate in quality (0.662), exhibited prohibitively high latency (mean = 5.16s), rendering it 
unsuitable for real-time assistive applications.

To contextualise the performance of lightweight models, we compared them against the top three 
performing larger LLMs (viz. mixtral:8x7b, gemma2:9b, and Qwen2:7b). While these models 
achieved marginally higher overall scores (0.838, 0.833, and 0.807, respectively), this quality 
improvement comes at a disproportionate computational cost that could be prohibitive for interactive
clinical deployment. Crucially, the performance gain over the best lightweight model (Qwen2.5:3b, 
0.814) is minimal (+0.024 for mixtral:8x7b), while inference latency increases dramatically from 
0.60 seconds to 2.42 seconds, representing a 4.0x slowdown that would disrupt the conversation 
flow.

This speed-performance profile is particularly significant for real-time clinical interactions. In 
therapeutic settings, response latency directly impacts conversational flow and patient engagement. 
Typical conversational gaps last only a few hundred milliseconds; silences of a second or more feel 
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long and disrupt the flow. Individuals with communication disorders experience these prolonged 
pauses more often, increasing the effort needed to plan, produce, and process speech [31]. The 
Qwen2.5:3b model achieves near-optimal quality (within 3% of larger models) while maintaining 
sub-second response times essential for interactive applications. Even the fastest lightweight 
contender, SmolLM2:1.7b (0.43s), offers clinically adequate performance (0.712 on average) at 5.6x 
the speed of the best larger model.

Discussion 

Principle Results

We co-designed a protype app using the Mixtral LLM to enhance the clarity and fluency of verbal 
expression of PwA. We tested the app with PwA and demonstrated it to HCPs. Both HCPs and PwA 
groups felt that R-SPEAK had the potential to be less stigmatised than other forms of AAC. As a 
mobile application, the software is more modern and can be integrated into the users existing devices
compared to older AAC devices, which may lead to it being more socially accepted. Additionally, 
HCPs considered certain use-cases in which R-SPEAK would be useful, such as improving patient-
doctor communication in clinical settings or even as a therapy tool. 

The concept of practicing real life communication as an intervention isn’t novel, speech therapy 
often involves role playing in different scenarios, and EVA Park [32] is an online virtual world that 
gives people with aphasia opportunity to practice communicating but both examples rely on 
therapists to facilitate. In another study PwA reported that the use of an app for communication 
practice would be highly beneficial for them [33]. R-SPEAK has the potential to be used in such a 
way.  Both clinicians and PwA agreed that the potential use-cases for R-SPEAK could improve 
patients’ independence, lessening the need for SLT or carer intervention. This would remove some of
the burden for the constant presence of carers and allow for PwA to gain more independence and 
confidence when it comes to communicating with others.

An average SUS score given by the PwA of 75 indicates a good level of usability which is superior 
to other AAC apps for PwA and the app’s interface was reported as easy to use. This implies R-
SPEAK is acceptable to PwA. However, both groups expressed concern at the long response time of 
the prototype app. In the refine and redesign phase we found that Qwen2.5-3B LLM achieved the 
strongest overall performance with high faithfulness and sub-second latency when compared to 11 
other models. 

There was a degree of disparity between the attitudes of PwA and HCPs; PwA were positive and 
expressed optimism about its potential to improve communication, whereas clinicians were more 
cautious about R-SPEAK’s capabilities to dramatically change the lives of PwA. HCPs doubted how 
well the tool would perform in actual conversation, where meaning can be highly contextual and 
implicative. Cost was also mentioned as a potential limitation to the software; charging PwA for a 
tool may deter use or even exacerbate the inequalities faced by PwA, particularly if they have 
idealistic expectations about R-SPEAK’s capabilities. A ‘try before you buy’ feature was suggested 
to address this issue, to ensure that users are fully aware of the software’s capabilities before 
committing to payment. 

Furthermore, concerns were expressed about the AI-powered nature of the app, which may deter 
potential users from engaging with the software, however, this sentiment was not shared by the PwA.
PwA having higher expectations about R-SPEAK’s capabilities highlights a disparity between those 
with a specific lived experience of aphasia and those with purely clinical exposure. This conveys a 
potential struggle to align the expectations of the two groups. This observation highlights the crucial 
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nature of co-design in the current study for developing and evaluating clinical tools such as R-
SPEAK. It is also essential to understand important aims and outcomes of R-SPEAK for both the 
patient and the clinician for robust and meaningful testing.

While the participants of the current study were able to use the software with ease, both groups had 
concerns about potential R-SPEAK users who were less technologically literate, had different types 
and severities of aphasia or other stroke related, speech, physical, cognitive or visual impairments. 
This might limit the usability of the software and prompt more sophisticated (and therefore costly) 
training or personalisation features.  Therefore, incorporating a wider group of people with aphasia in
further development and testing will be essential to ensure it is accessible to as many people as 
possible and so the target population could be refined. It was also suggested that HCP-provided 
training could be beneficial, although an in-app tutorial may be just as effective without the cost of 
having to formally train clinical staff.

Limitations

R-SPEAK was developed specifically for patients with mild-to-moderate expressive aphasia, 
reflected in the sample of five patients who were recruited for the co-design process. Given that the 
five patients were able to use the technology with ease, it might be that R-SPEAK could be adapted 
to suit patients with a wider range of needs, such as more severe cases of aphasia. However, four of 
the five patients had moderate aphasia and a decent level of technological literacy. This means that 
the positive attitudes and feedback given by the PwA may not be fully generalisable to those who 
have a milder or more severe diagnosis of aphasia, or to those who are less technologically literate. 
In addition, during the testing, PwA were supported to use a web-based version of the app which 
likely reduced the cognitive and linguistic demands on the participants and might mean feedback was
overly optimistic [33]. This was a proof-of-concept study; thus participant numbers were 
intentionally small, but this is a limited representation of the target population and further testing on 
a wider group is imperative.

Another limitation stems from the initial testing of the LLMs, which involved evaluating their 
interpretation of utterances collected from AphasiaBank. The ‘gold standard’ interpretations were 
decided upon by members of the team; however, it is difficult to confirm that these are in fact the 
true interpretations of the utterances, because they were collected from unknown speakers out of the 
context of conversation. Moreover, the LLM used in the development of R-SPEAK was still prone to
occasional underperformance, despite being rated the best LLM. Mixtral sometimes produced 
inaccurate interpretations of the patient’s utterance and overly wordy responses, which could lead to 
unproductive or confusing conversation turns. Further work in improving accuracy in outputs as 
misalignment between intended message and output reduces “trust” in AI.

Comparison to prior work

R-SPEAK is a leap away from existing AAC tools, which require pointing to pictures or writing key 
words to express basic needs. A US group [33] are co-developing AI tools to support PwA in real-
time communication and to prepare for future conversations. They used OpenAI’s DALL·E 3, 
ChatGPT 3.5 Turbo, and Whisper to build the tools. Whilst it is not a complete product, the systems 
they are developing might be useful to consider as features in R-SPEAK such as the double checking
of important words, using key words to generate sentences and use of a diary to capture meaningful 
experiences. They are targeting a greater range of types and severities of aphasia including those 
with comprehension difficulties and they have included a range of participants in their prototype 
development. Participants reported the tools reduced ambiguity and ability to recount personal 
experiences with less effort, but trust in the AI tools reduced due to technical limitations of AI.    
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Suggestions for future work

The next step with R-SPEAK, is to complete Phase 3 of the design process, the ‘Refine and 
Redesign’ phase, in which design improvements are made based on feedback. Future testing may 
involve a larger sample of patients with a broader range of aphasia, confidence in technology and 
other stroke related impairments. This will ensure that the technology is usable by the entire target 
population, but also to observe whether patients outside of the initial target population might also 
benefit from R-SPEAK. Additionally, future testing may want to examine the software’s performance
in real-world situations. This would involve testing the software in a specific context with an 
interlocutor, such as communicating patient needs in a hospital to a nurse.

Further work should also be done to improve the performance of the LLM technology for its 
application to R-SPEAK. Mixtral was found to underperform occasionally due to inaccuracy and its 
tendency to produce verbose outputs. Verbosity is a tendency of LLMs that have been trained on 
written text, since spoken language is nearly always more concise than written language. Future 
prototypes of R-SPEAK could leverage LLM technology by fine-tuning the model on speech data or 
using a model that has been pre-trained on speech. This would prime the technology to produce more
speech-like responses and therefore improve its performance.

The adaptable nature of LLM technology could be leveraged further to improve the user’s experience
with R-SPEAK by offering features to tailor the software to the individual. For instance, the LLM 
model could be fine-tuned on the individual patient’s communication preferences, which would 
allow the model to learn their linguistic behaviour and produce more accurate and personal 
responses. As mentioned by the PwA and HCPs in the focus groups, different patients may have 
specific difficulties; for example, they may struggle with reading comprehension or have motor 
problems. Implementing R-SPEAK as an experience tailored to the individual’s needs could both 
improve the general usability of the software and broaden R-SPEAK’s target population. For 
example, for those with motor impairments, a fully voice-controlled system might be more usable 
and therefore more beneficial. To develop and implement these features properly, further iterations of
co-design and testing would be crucial to ensure that the software remained helpful and usable.

Conclusions

Overall, the current study proposes R-SPEAK, a promising piece of software that has the potential to
be a more beneficial and less stigmatised alternative to classic AAC tools. Initial testing revealed 
clinicians’ cautious optimism towards R-SPEAK’s impact and its generalisability, but PwA were 
enthusiastic and had high hopes for improving their lives. Cost and usability were main concerns; 
however, opportunities for improvement such as model enhancements, personalisation features, and 
training materials pose opportunities to make R-SPEAK better-performing and more accessible to a 
wider range of patients.
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Example of how R-SPEAK converts real-world aphasic speech into comprehensible speech.
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Overview of the R-SPEAK system workflow for enhancing communication in people with aphasia (PwA).
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Double Diamond approach to prototype development.
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Aphasia Severity Rating (ASR) Scale. This scale provides a structured index of aphasia severity, ranging from complete
language impairment (0) to minimal or undetectable difficulties (4), based on speech, writing, and comprehension abilities.
Adapted from [28].
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Four stroke survivors with aphasia were involved in prototype testing and interviews. Three were assessed as having moderate
aphasia with one having milder impairment on the Aphasia Severity Rating scale. Characteristics of participants can be found
in (Table 1).
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System Usability Scale (SUS) - individual participant scores.
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System Usability Scale (SUS) – group score.
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