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ABSTRACT

People with acquired brain injury (ABI) experience difficulties returning to everyday life post
hospital discharge, despite specialised inpatient rehabilitation. This study sought to describe the
co-design process of a project that aimed to explore how technology could be used to better
prepare people with ABI for the transition home, as well as present participant feedback on
experiences of participating in the process. A series of workshops were conducted with people
with ABI (n = 4), health professionals (n = 3) and technology designers (n = 2). Participants identified
that a smart device application (app) was the preferred medium for the technology solution and that
it should house: goal setting, support team information, planning, educational resources and
information about life before the ABI. Two prototypes were developed, providing participants an
opportunity to further specify their app preferences, including the need for customisability and
intuitive design. Participants felt that the time and length of workshops was ‘just right’, that their
contributions were valued and were appreciative of the opportunity to connect with others. The
need for flexibility in the co-design process was emphasised, which is something that should be
considered by ethics committees. Overall, all participants indicated that they enjoyed the co-design
process and that such approaches should be considered when developing smart device apps.
Following the co-design process, the smart device app has entered a second stage of development.

Keywords: brain injuries, continuity of patient care, co-design, digital technology, home

environment, rehabilitation, technology, traumatic brain injury.

Introduction

Specialist rehabilitation with person-centred goal setting is considered essential for
individuals recovering from acquired brain injury (ABI; Doig et al. 2024). During the
inpatient phase of recovery, this includes coordinated services from an interprofessional
team who have a dual focus of promoting recovery and well-being while facilitating an
efficient discharge from hospital to community living. Despite intensive, evidence-based
inpatient rehabilitation and care, people with ABI report difficulties returning to every-
day life post hospital discharge (Eliassen et al. 2023). Specialist pathways and rehabili-
tation are inconsistently available following discharge, with varying levels of supports
and services (Laurie et al. 2022). Recent studies have indicated unmet needs in the 3-6-
month period following discharge (Laurie et al. 2022), with reduced access to required
information and continuity of care (Alhasani et al. 2023).

The inpatient rehabilitation environment is often a risk-averse environment that
places limited demands on individuals beyond their standard rehabilitation program,
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therefore differing from the realities of life after discharge.
Although the inpatient environment prepares people with
ABI for safe discharge and provides opportunities for
intense, repetitive practice, there is limited ability to under-
take everyday occupations and develop personalised rou-
tines in preparation for the transition to home (Gustafsson
and Bootle 2013). This level of care is also expensive, with
community options unable to provide equal levels of care
(Jamieson et al. 2020). Preparing people for the transition
home requires a nuanced understanding of the individual,
their roles and environments, and incorporating these into
the rehabilitation goals and programming (Gustafsson et al.
2014). Such preparation is vital to ensure people with ABI
are well-prepared for their return home and to avoid the
potential of readmission (Jamieson et al. 2020).

With an increasing focus on the economic sustainability
of healthcare and support services, there is a need to explore
innovative, less resource intensive, high-impact solutions.
The use of technology has been increasingly explored and
adopted within ABI rehabilitation, with examples including
smartphones and tablets to support cognitive functioning (e.g.
Beaulieu-Bonneau et al. 2024) or the everyday challenges
experienced, such as during meal preparation (Zarshenas
et al. 2021). Recent systematic reviews have identified some
evidence for technology to facilitate the retrieval and execu-
tion phases of memory following traumatic brain injury, but
further robust evidence is required (Kettlewell et al. 2019;
Ownsworth et al. 2023). An exploration of mixed reality
systems (the mixing of the physical and digital worlds
[Craig 2013]) for ABI rehabilitation found 26 articles that
focused on rehabilitation for upper extremity (n = 16), gait
(n = 7), cognition (n = 4) and lower extremity (n = 2; Figeys
et al. 2023). This emerging area has low levels of evidence for
effectiveness (Figeys et al. 2023), but is considered a burgeon-
ing field in which the possibilities are yet to be realised
(Gorman et al. 2022). To date, studies that have explored
the perceived acceptability of technology in ABI rehabilitation
have reported positive results (Vaezipour et al. 2019).

Further studies that involve people with ABI in the design
and evaluation of technology are required to understand
design characteristics and features essential for successful
uptake and impact, with the use of co-design strongly recom-
mended (Avramovic et al. 2023). To date, most technologies
have been designed and evaluated without consideration of
how acceptable and usable the technology is for the end user
(Vaezipour et al. 2019). Co-design can help to uncover the
personal and environmental factors that may influence suc-
cessful implementation and uptake of technology (Jamieson
et al. 2020), including end-user acceptance (Vaezipour et al.
2019). There are numerous ways in which researchers
approach co-design, and it is important to understand how
and when to effectively use co-design appropriately with
people with ABI (D’Cruz et al. 2022). For instance, Babbage
et al. (2022) used co-design to develop a tablet app aimed at
facilitating communication of inpatient rehabilitation goals,

and although people with ABI were involved, this appeared to
be in the end phases of app development, limiting their input
of technology-related needs from the start. Consequently, it is
important for researchers to continue to discuss approaches
to co-design of technology with people with ABI, their sup-
port people and health professionals, and report their learn-
ings, comparing when and how co-designers are involved.

Therefore, the aim of this study was to describe the
process of co-designing a technological solution for use
during the transition from hospital to home for people
with ABL In addition, feedback provided by participants of
their experience of participating in the co-design process is
presented.

Methods

This study used a co-design approach, guided by design
thinking to create a technological solution. Design thinking
is an approach to creative problem-solving that is well-suited
for a range of complex problems, and its empathetic core
makes it well suited to healthcare settings (Plattner n.d.).
With increasing success of design thinking for problem solv-
ing in healthcare settings, uptake is increasing (Altman et al.
2018; Oliveira et al. 2021). It can be broken down into a
series of phases: empathise with users, define the problem
and ideate, prototype, and test solutions (Plattner n.d.). It is
a non-linear process, where iteration between phases occurs
as the problem is better defined and the solution matures.
Co-design facilitates stakeholders to work collaboratively
and creatively together to design solutions (How et al
2017). This participatory approach is particularly effective
for conceptualising ideas into early front-end designs (How
et al. 2017). This is because participatory methods result in
solutions that capture the perspectives of all stakeholders,
which expose the affordances and limits of technologies from
multiple perspectives (Asaro 2000; Konings et al. 2014). This
study had local ethics approval (HREC/2022/QMS/88592
and GU Ref No: 2022/795), and all participants provided
informed consent prior to participation.

Participants

All participants were aged =18 years. Participants with ABI
(n = 4) experienced their ABI or were discharged from
hospital within the previous 5 years, were able to participate
in workshop conversations and were not experiencing post-
traumatic amnesia or delirium. Three of the participants
with ABI had experienced a traumatic brain injury, whereas
one had experienced a stroke. No parameters were placed
around the severity of the ABIL; however, most participants’
ABIs were of a moderate to severe nature. Health profes-
sionals (n = 3) had at least 12 months of experience working
in ABI rehabilitation and were from occupational therapy
(n = 2) or physiotherapy (n = 1) disciplines. Technology
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designers (n = 2) had experience in relevant technologies
(such as augmented or virtual reality, software development
etc.) and were employees at the same university as members
of the research team. Technology designers were chosen
based on three characteristics: (1) industry experience to
ensure a practical and realistic approach to the design pro-
cess; (2) exposure to emerging technologies, such as aug-
mented reality, to ensure solutions had the opportunity to
introduce innovative and novel technologies; and (3) aca-
demic experience to ensure they were familiar and comfort-
able with the constraints and expectations of a research
project. Technology designers had a mix of industry and
academic experience. One of the technology designers had
worked as a UX/UI designer in private industry and for the
university. The other was a PhD student who had been
exploring design techniques for augmented reality solutions,
and had worked as a UX designer for 6 years with experience
in multiple fields including government, higher education,
primary industries and e-commerce, and across multiple
platforms (websites, intranets, mobile applications, business
software solutions, and augmented and virtual reality).
Technology designers used human-centred design, design
thinking and participatory design approaches in their work.

Participants with ABI were recruited via the specialist
ABI rehabilitation outpatient, transitional or outreach ser-
vices of a local hospital and health service by their treating
health professionals, as well as through advertisements dis-
tributed via professional networks and the research centre’s
social media accounts. Health professionals provided the
lead researcher with the contact details of interested poten-
tial participants with ABI who were deemed suitable to
participate in the workshop by the health professional.
Following this, the lead researcher contacted participants,
providing them with further information, the participant
information and consent form (PICF), and the opportunity
to ask questions before they provided informed consent.
Prior to the start of workshops, a research assistant (RB),
who was an experienced occupational therapist, provided
another overview of the PICF and obtained written consent
from each participant, answering any questions that they
had. Although attempts were made to recruit support peo-
ple, no support people were able to be recruited prior to the
workshops. Two of the participants with ABI chose to have
their paid support workers present during the co-design
workshops. These support workers provided written
informed consent prior to the start of workshops. Health
professionals within the same health service were informed
about the research via emails, in-services, professional net-
works and the research centre’s social media accounts.
Interested health professionals contacted the research team
via email, following this they were provided a PICF and an
opportunity to ask further questions, prior to providing
informed consent. Technology designers were recruited
through professional networks, with the lead researcher
who did not have a prior working relationship with them

providing them with a PICF and an opportunity to ask
further questions, prior to providing informed consent.

Procedure

Following the design thinking process, this study was struc-
tured as a series of three cycles to empathise and define,
ideate, and prototype. The final stage of the design thinking
process (test) will be the focus of future work. The same
participants with ABI, as well as their support people, health
professionals with experience in ABI, technology designers
and researchers (from occupational therapy, information
and communication technology and engineering), were
involved throughout the process, with the only exceptions
being one person with ABI not being able to attend the first
workshop, and a change to one of the health professional
participants during the final workshop due to availability.

The co-design workshops included a combination of large
group and small group activities to explore the topics individu-
ally and as a group, while applying principles to facilitate
power-sharing of experiences by all attendees. Small groups
(or teams) were formed with at least one person from each
stakeholder group. Powerpoint slides were used to facilitate
discussions, and data were collected using audio recording
devices. Participants were also encouraged to share or capture
their thoughts using pens, permanent markers, post-it notes and
construction paper on each table. Members of the research
team sat within group discussions, with the aim to facilitate
inclusion of thoughts and perspectives from all participants.

The focus of Cycle 1 was to identify and define the needs
experienced by people with ABI upon their return home
after inpatient rehabilitation. Cycle 2 involved two teams,
containing at least one person per stakeholder group, to
ideate potential solutions. Then, over the next 6 weeks,
the technology designer from each team created the proto-
type of a solution for their team. Finally, participants recon-
vened for Cycle 3, and the technology designers presented
their solutions to the entire group to gather feedback.
Workshops were co-facilitated by members of the research
team. Workshops were limited to 2 h in duration, to mini-
mise effects of fatigue in participants with ABI. Workshops
were audio recorded, transcribed verbatim and field notes
were taken by the research team.

At the end of the last workshop, participants were asked
to complete feedback forms about their experience partici-
pating in the co-design process. The open-ended questions
included whether participants felt they had time to present
their thoughts (where they also indicated whether there was
too much, just right or too little time), felt like they were
valued and heard (where they were asked to indicate
whether they strongly agreed, agreed, disagreed or strongly
disagreed with the statement), what they liked best and
least, any suggestions, and other comments.

Participant needs were accommodated throughout the
research project. Two participants experienced expressive
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aphasia and were assisted by a member of the research team
with an occupational therapy background to ensure their opin-
ions were shared. Additionally, to ensure participants were able
to receive information in a format that was best for them and to
enhance the ability to keep track of discussions, summaries
were presented to participants in the form of letters between
workshops and slides during workshops. Designated scribes
also wrote key discussion points on construction paper to
refer back to during the workshops. These strategies appeared
to be beneficial to the participants in the current research
project. By having participants reflect on their experience
directly after the final workshop, they were able to describe
their co-design experiences without reported difficulty.

Data analysis

Summaries of the discussions, ideas and priorities were
presented by the research team at the end of each workshop
as a form of member checking. These were then mapped
against the transcripts of recordings by the lead researcher
using directed content analysis (Hsieh and Shannon 2005)
to confirm findings and ensure that no major discussions,
ideas or priorities were missing. This involved the lead
researcher reading the transcripts line by line and coding
them according to the main findings discussed at the end of
the relevant workshop. The previous and any emergent
findings were discussed and incorporated into the summa-
ries that were shared with the participants via a letter prior
to the following workshop. At the start of the following
workshop, participants were provided with the opportunity
to discuss any deviations from the summaries provided.

Results

Workshop 1

The aim of the first workshop was to identify the issues
people with ABI and their support network experience during
the transition home from inpatient rehabilitation. After initial
introductions, the following question was posed to partici-
pants, ‘what things could you do easily in hospital that were
difficult when you returned home?’. Participants discussed
this within two small groups, before reporting back to the
larger group. The question of ‘what things in hospital do you
feel helped you most prepare for home?’ was then posed,
which was again discussed in smaller groups before a larger
group discussion. Following this, participants were asked to
identify which challenges they believed should be prioritised.
By the end of the workshop, the following needs were articu-
lated: (1) transparency in communication, (2) setting expec-
tations - things are harder and take longer, (3) education for
family and friends, and (4) replicating home scenarios. The
participants then voted on these priorities. This resulted in
transparency in communication receiving one vote; setting
expectations receiving no votes; education for family and

friends receiving three votes, and replicating home scenarios
receiving one vote. Please see Fig. 1 for examples of how
brainstorming and voting were completed.

The research team reflected immediately after the work-
shop, identifying that the participants with ABI appeared
fatigued at the end of the workshop, and may have been
simply identifying and prioritising the issue most recently
discussed prior to voting; that is, ‘Education for family and
friends’. Findings from the directed content analysis follow-
ing the workshop supported this observation, identifying a
range of needs that had not been captured or considered in the
prioritisation activity. Refer to Table 1 to see the results of
analysis, representing both the needs included in the final
activity and those discussed earlier in the workshop. The
four main findings were: (1) difficulties experienced on return
to home, (2) hospital experiences that are helpful, but do not
fully prepare for the transition home, (3) communication, and
(4) goal setting. The summary was sent to participants, with
an indication that an additional workshop would be added to
enable participants to clarify and reflect on discussions, and
determine priorities when not impacted by fatigue.

Workshop 2

Workshop 2 involved facilitated discussion of the needs and
priorities identified in Workshop 1. At the start of the work-
shop, findings from the directed content analysis (Table 1)
were presented to participants, and time allowed for clarifica-
tion and to consider priorities. In addition, participants were
asked to consider the following during the prioritisation of
needs activity at the end of the workshop: the prioritised need
must be amendable to a technological solution; and the tech-
nological solution is to be introduced to address the need in
the inpatient rehabilitation setting and support preparation
for return to home. At the end of Workshop 2, the following
priorities were identified: (1) the technology should enable
the treating team to understand what the reality of home is for
the person with ABI, (2) the technology should help family
members understand what the person with ABI’s new reality
is, (3) the technology should help people with ABI to compare
their understanding of how their recovery is going with the
reality of what the return home will be like, and (4) the
technology should be an ‘all in one’ solution that addresses
the individual’s goals, is personalised to the individual and
helps to create a shared understanding of reality. When con-
ducting the directed content analysis, it was noted that priori-
ties 1-3 were sub-themes of an overarching need for the
technological solution to provide ‘a shared understanding’.
Therefore, findings are presented in Table 2 as two main
themes, with the priorities retained as subthemes.

Workshop 3

During Workshop 3, the focus switched to the technology
solution, and what this could ‘look’ like and what it could
contain. The participants were presented with the identified

4



www.publish.csiro.au/ib

Brain Impairment 26 (2025) 1B25006

Workshop 1
v TRANSPARENCY (N CommuNiCs
SETTING EXPECTATIONS - THINGS A
+ TAKE |
Epucation For FAmiy & Fy
RepLicating Hove Scenarios ,
Workshop 2
SociaL
Workshop 3
Note-taking
Fig. 1. Workshops.

priorities from the previous workshop and provided with the
following ‘blue sky’ prompt: if anything were possible, what
would be the ideal solution(s). Recognising that the findings
of Workshop 2 and the blue sky thinking of possibilities
were conducive to multiple functionality requirements, par-
ticipants were then asked: how could we do this right now?;
what features are most important?; what can be left for
now?; and what trade-offs can be made?

Participants were split into two groups during this work-
shop, with a technology designer allocated to each group.
Participants then worked together to identify the priorities
for the technology solution and the type of technology that
could be used. Both groups identified that the technology
should take the form of a smart device application (app) that
would be ‘owned’ by the individual with ABI, they would
start to use it during their inpatient stay, and that it should
explore the possibility of supporting communication and
information sharing with the healthcare team. The identi-
fied priorities for the app were quite similar between the
groups. The first group identified that the prioritised

features that could create a shared understanding and be
an all-in-one solution were: (1) goal setting, (2) information
about the support team, (3) planning, and (4) educational
resources. The second group identified that the prioritised
features were: (1) information about the support team, (2)
educational resources, and (3) the ability to share informa-
tion about life before the ABI. Please see Table 3 for how
these priorities were supported by participants.

Workshop 4

The final workshop started with a reminder about the poten-
tial solutions discussed in the previous workshop, followed
by the technology designers presenting the wireframes of
their apps to participants (see Figs 2-4). By presenting the
wireframes of the two potential technology solutions to the
entire group, participants were able to provide general feed-
back in terms of their preferred layout, components
and interface, which have been summarised in Table 4. The
following questions were presented to guide feedback: what
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Table 1. Workshop 1 findings.

Difficulties experienced on return to home

Hospital experiences that are helpful, but don’t fully prepare for the
transition home

* Loss of structure in daily life.

e Issues with memory, fatigue, reading, driving,
budgeting, grocery shopping, cleaning, meal
preparation & motivation.

e Issues become a reality only after
returning home.

&

P1: ...Um, | suppose because when you're in hospital everything’s regimented
so much. You know, you're told, well dinner is a certain time...It's regimented
certain times. Okay. You've got a board, it says this is what time your OT,
this is what time your physio, this is what time speech pathology, and when
you get home that doesn’t happen obviously...for me personally and
understanding that I'll live by myself...I had no one to push me to do things.
And so |, | tend to get into a bit of a rut once that’s the situation.... | still have
mates. But | must admit, once you have a brain injury, your expansion of
friends used to be maybe that big. It does change significantly.

P4: One of the main things | found was meals, because all the meals were
already prepared obviously in hospital. But having to shop for everything
and then cook it. And because before my injury, | was pretty confident in
the kitchen and | — | think | expected that all to come back. | didn’t realise
that | needed so much help with all that sort of stuff.

o ‘Real-life’ scenarios are difficult to predict.

 ‘Free-time’ and activities that replicate home
life are helpful in preparing for
transition home.

o A ‘plateau’ in progress is experienced in
hospital.

o

P3: | think when | went to the — away for the weekend, | feel it was just to
catch up with people. If I'd done it the other way around, | feel it would be
good to test yourself to see if you go out there then can — can — can you do
it? You know what | mean? Like, do you need some help? Do you need

nobody? You know, so when you go back to the hospital, then you can try
doing again. So professional people can see rather than, um, I'm going to try,
yeah, I'm fine, this is going to be easy. You know? When actually you're not.
You know what | mean? Just tell you like you're doing good or you're halfway
there or whatever. | don't think we've done that. | think it was just a catch up.

P4: ..the free time was important for me when | could do things like my own
washing. So having that sort of at home stuff in the hospital or in the
rehab unit...

Communication

Goal setting

« Communication barriers between health
professionals.

* Need for transparent communication.

« Desire for family & friends to understand the
realities of living with ABI.

¥in

P3: ..when you go home from the hospital — from the brain injury, you go back
to your family, you go back to your friends..sometimes they don't understand
what has actually happened to you, and your personality, who you are might
change...

HP2: Um, the environment in the ward sometimes has its challenges with all
the therapy services being very separate. Um, so physio has a separate gym
from OT, which is outside of speech. So we don't have that informal
interaction or perhaps group work, which we could work towards...

P4: ..But if | could see the overall process, like you go to [inpatient
rehabilitation] and this might happen and that might happen. And then
[transitional rehabilitation], [community brain injury service] and [disability
funding service], what's all the differences between all those things or where
the funding's coming from. And it was really confusing. | think once it got to
the [disability funding service], nobody knew what to do.

« Personalisation of rehabilitation: need to be
able to ‘see’ your goal.

@

HP2: Yeah. | think that whole goal setting process would help the team to
get a better understanding of where you want to be and who you were
before and where you would like to aim to. So — and that comes from
knowing you and your family and what they said about how things were
before the situations at home. Your interests.

P4: | think they quite a bit have tried to get me to do quite a bit of
scheduling in my therapy. And | — | know | struggled with it. To do it in real
life, is a much different thing 'cause | thought I'm never going to organise all
these sort of things, because there seem to be really difficult scenarios and
I thought, well, I'm never going to have to do that. All | have to do is make a
bit of dinner. You know? My kids are older, you know, | don't have to worry
about all this stuff that's in this scenario.

works?; what doesn’t work?; what is missing or could be
better?; what is unclear? Overall, participants wanted the
app to be customisable, intuitive, and enable them to access
information, goals, plans and progress.

Feedback of the co-design process

Following the final co-design workshop, participants were
asked to provide written feedback about their experience in
the workshops through an anonymous form. Open responses
to feedback questions are provided in Table 5. When asked
about the amount of time provided to present their thoughts,

all eight participants identified that the amount of time
provided was ‘just right’. Participants were asked to rate
whether they felt that their contributions were valued and
heard on a 4-point scale from ‘strongly agree’ to ‘strongly
disagree’. Three participants answered ‘strongly agree’ and
the other five answered ‘agree’. When asked about what they
liked the most about the workshop, participants appeared to
value the opportunity to connect with others who had
experienced a brain injury and health professionals working
in the field. They also reflected on the welcoming nature of
the workshops and payment for participation. When asked
what they liked the least about the workshops, participants
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Table 2. Workshop 2 findings.

A shared understanding

An all-in-one solution

Technology needs to enable the treating team to
understand what the reality of home is for the person ¢
with ABI.

Technology needs to help family members understand
what the person with ABI's new reality is.

Technology needs to help people with ABI to compare
their understanding of their recovery with the reality of
returning home.

(1)

HPT: ...one of the difficulties we have is having a new inpatient coming into the
inpatient rehab unit is all those questions, and asking all that information
about to try and find out what is their reality, what was their life like prior to
the brain injury? What is that family support network? What does the house
look like? What demands are going to be placed on them when they go back
home? So to maybe have some sort of representation or snapshots and
pictures. And this is me, this is who | am, who | want to be, what | would like
to get back to... I think it would be nice to take, or to give the family and that
patient some, more informal questions to seek that information about who
they were as a person, who they want to be leaving hospital, and their goals
that are important to them, and that way we can all focus and target the
therapies to meet more personalised needs and care.

P1: ..Having or not having my friends and family, you know, not understanding...
the difficulties and | think it's yeah a lot due to them not having the education
and stuff like | personally like read a lot like, you know, I've had that the book
from [brain injury organisation] and | read that all before | left and that made |
feel like that made it more frustrating for me because it’s like it’s like all my
issues are like written down in here like you could read them, but like that's
what most people want to do, sort of thing like..Not trying to say that they're
bad people, just that like..That’s a lot of reading.

P4: ..I found that my expectation of myself was a lot higher than what was
the reality when | got home, | thought | could manage all my finances and
stuff. | was really upset when people were trying to get in, you know, going
into my accounts and trying to manage my, yeah and everything. You know,
why are they doing this? This is my personal stuff. Without realising | actually
needed the help.

* Inclusion of individual’s goals. |
* Personalised. {1 (,..
« Creation of a shared reality. Fl

P1: ..You know, have, like a little page, that is, you know about your your

goals that could be updated if needed. And then also able to actually check
them off. And having this in hospital...you're taught how to do this in the
hospital will benefit in the sense that it will highlight problems and then you
are educated.

P3: Especially with family thing, you know, | mean, they need to understand
what the goal is, what the plan is. You know, | mean, so. Yeah, that’s that’s
the biggest thing.

P4: Like, feel like the rehab journey itself would lend itself to some kind of
flow to show what is, what are the important parts of the journey? What
you'll be going through, who your contacts might be before you go? Because
| didn’t know anything about. | didn't realise that the support coordinator
was such an invaluable person that there’s someone who you rely on quite a
bit drew a line...

HP3: But sounds like something that you hold as opposed to like your
medical record that the hospital has.

discussed pragmatical aspects that will be important consid-
erations for future research. For instance, the timing of the
workshops, location of the workshops and lack of catering
provided were aspects highlighted. Similarly, when asked
about what could be changed or improved for further work-
shops, pragmatical recommendations were provided, such as
‘stretches in breaks’ and ‘longer session.” Finally, when asked
for any further reflections, participants indicated that they had
appreciated the opportunity to participate in the workshops.

Discussion

The study aimed to describe the co-design process of develop-
ing a technological solution to enhance the transition from
hospital to home for people with ABI, inclusive of participants’
perceptions of participating in this process. The process of
developing a technological solution with people with ABI,
their support people, health professionals and technology

designers was outlined. By doing this, it is hoped that knowl-
edge around possibilities for how to approach co-design in
ABI research, as well as what can be achieved, is expanded.
Participants in the current project indicated that the infor-
mation they required access to changed throughout the recov-
ery continuum, and their ability to engage with resources was
dependent on how relevant it was to their current situation.
This is not a new finding in terms of information provision
after an ABI (Rodgers et al. 2001); however, participants
indicated that an app could be useful for accessing such
information. They also felt that an app needed to be customi-
sable, should help them track the progress they had made
towards goals following their ABI and should be introduced
during their hospital admission, so that it can be integrated
into their life before they return home. These identified needs
and priorities align with the Osborne et al. (2021) study that
used focus groups to identify the features and content desired
in an mHealth app for individuals with ABI to assist with
community-based participation. In Osbourne et al. (2021), the
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Table 3. Workshop 3 findings.

Prototype 1 foci

Prototype 2 foci

* Goal setting

¢ Understanding the support team
e Planning

¢ Education resources

(o]

Pl: ..a Portal they can use to learn about brain injuries...

HP2: | think certainly could be used really nicely with the goal setting tool, so
that you identify the issues or problems with those sorts of questions and

matching. Or mismatching opinions from the different family members and
the patient. And then coming up with some goal to work towards support

discharge home... And then perhaps to achieve that goal might be recorded
by a photo or a video of your progress. These logical tracking of how you're
going with the week and then the patient and family can go after ‘you were
doing this 3 weeks ago and now you're doing this’... Sometimes it’s hard for
people to recognise change and improvement or family that aren’t in therapy
sessions to see anything evolve.

HP2: We haven't really mentioned around the use of some sort of planning or
calendar to device or aid... a calendar that’s accessible and easy to set up and
use, and in control by the patient and the support people, and the therapists
can guide that planning and process in hospital to then use the same aid into
the community.

HP2: | think from a rehab staff point of view our biggest challenge is
understanding who you are and what your situation was prior to the injury
and where you're hoping to get back way to, so a comprehensive
understanding in one place of who you are, where you live, who you
associate with, who your family is, your support network, where you go to
and from, what your work was like. So that background of who you were
before really helps us to then go ‘these should be your goals’ and developing
those conversations.

TD2: [summarising team’s discussion]..most likely on the phone or tablet
where the patient can kind of answer questions and like gradually build up
their profile... But the team can also answer some of those things, and they
can kind of compare and work out where the goals lie and or maybe where
there might need to be some work. A lot about being able to share photos
and videos, or the living situation, but also progress towards goals and being
able to save that in a safe place where it can be accessible by the whole team
and not get lost if your phone gets lost kind of thing. Yeah, just being able to
understand the community and the local area and that personalisation factor
for the person so that everyone on the team is on the same page... then we
started talking about some more accessibility factors like being able to fully
customise how you can, the font size, the colours, that kind of thing, so that
yeah, everyone can access this properly.

» Understanding the support team s
» Education resources ()
« Sharing information about life before ABI -)

P2: As much relevant information about myself that was pretty ambiguous
when | was in hospital. Specific information.

P2: ..Definitely there was false hope, there was, for me anyway. Certainly was
for me...I think the patient should be given more factual information regarding
the rehabilitation outcomes. | certainly think that’s the case.

HP1: So | think as well as when you get this information about what | think it's
and what life was like before. Then it's working to build and and providing
information about what that might look like or when you go home.

HPT: Yeah, | guess the thing that they could be providing is the support
contacts, and that would include those resources and hopefully if the clinician
has a good picture of the person they would work out which is an
appropriate resource to provide. So not everybody, | wouldn't provide a
[Brain Injury Organisation] book to everybody. Yeah, because it’s not
appropriate for a lot of people. They can't actually read the information. They
get very overwhelmed. | might actually take specific pages out of that. Or
other resources that are just relevant to that person. So | might give them
links to, here’s the section on communication change. Here’s the section on....

TDI: [summarising team’s discussion] Yeah. OK. So the main thing we've been
talking about at the moment is. | think there’s kind of two core things. It’s
obviously that discharge process and making sure that we have access to
information that is both relevant to you and accurate and not just optimistic,
but also making sure that you can revisit it as much as you need to rather than
it being a one off pop up and then you never hear about again. And the other
thing is kind of trying to build that context with the entire team while we're in
hospital still to ensure that when we're kind of keeping track of our journey,
hearing about our milestones, getting told that we're doing a very good job.
That we understand how that sits in the context of our actual life at the end
of the day...

Interface

Interface

» Customisability

Pl: ...it does need a lot of customization ability in terms of you know like you
know even font size, colours. Those two things in particular. Even just things
like do more circle boxes as opposed to pointy as it can put you off ...

» Customisability

P2: ..Most people have mobile phones. | think the most basic form of
technology should be in the format of the messages sent to every patient
who is released from hospital after their brain injury. Going a little bit
further to that, every patient when they released you get a discharge
summary, OK, which is in format written format. So | think it's also
applicable with every patient should receive a text message when they’re
released from hospital sign as a discharge summary.

(Continued on next page)
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Table 3. (Continued)

Interface

Interface

HP2: | think certainly some of the educational websites like the [National
Foundation] have heaps of different formats for providing education, and
different formats for reading difficulties and decreasing font size and
simplifying information. So instead of reinventing the wheel, you can have links
to key places of information instead of creating everything from scratch.

HP2: ...there might need to be a little bit of limitation around perhaps an
external medical person can see and access or support worker can access or
more what's relevant to them and their role so that they don't get to see
everything you've declared...So it's about privacy.

P1: That's a good point, no password please.

HP2: We also have to think about some of our patients, our visual problems
or speech and language problems, so that they might not be able to read
from a screen or a phone?...

HPT: You need options to have it in whatever form that people, yeah. So
some people prefer to read, but a lot of people, especially with brain injury,
actually can’t read, so they need a visual.

Support

P1: ...that’s why this needs to be in the hospital like they have to be taught
about this in the hospital because that’s when, like you got it. Regardless of
if you have a history of being good with tech before your brain injury, you
know..like I'm still pretty good. But it’s still like hard to get my head around
this. And so having that, | guess intensive sort of training to be able to
effectively use the app is really important and then you know easiest way to
do that is, while you're in hospital with the professionals and stuff. And then
if there are particular things that you are struggling with using that app and
those issues can be addressed at the time, so yes.

HP2: | think it definitely has to be a supervised, slowly introduced thing...It's
got to be something that’s introduced by the team within their area, slowly,
not overwhelmingly. Maybe there’s something very simple to start with and
it opens up..So it’s not all these boxes day one, it’s a gradual gathering your
information that’s not overwhelming or consuming that there’s multiple
sources of that information to go in there. So that it’s not down to the
patient, it's a team approach to it.
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Hi
Please enter your name

My name is

Brianna (Q Brian

Hi Paul, thanks for
setting me up. Are you
up for a chat right now?

Only a quick one

Sure thing. How was @
your day today?

How would you
like to hear from

me?
Listening @) Reading

How would you
prefer to answer?

Short (Q Chat
START

Fig. 3.

Pretty tough. | did all
my exercises today and
Rachel said | was doing
well. | don't see how
squeezing a ball is
going to help me get
back to work.

Prototype 2 — person with ABI view.

@ Back to Patients

Needs Attention

= My Questions

Sort by

Most recent v

My Team

Sort by

Rachel Roy

Occupational

What happened to my leg? >

Therapist,

Who do | call if my vision is getting > PA Hospital

worse?

Dr Andrew
Abraham

Neurologist,
PA Hospital

Canl go back home once lleave the
hospital?

Dr Chris
Choi

GP, Annerley
Medical Centre

Summary

M
Usage

W

Favourited Answers

PETER P.
Peter asked for a follow up on:
R summary Who do | call if my vision is getting

~ worse?
{) Ask Peter

Send answer
2) Questions

/. Answers

Average daily usage

What kind of activities do you do
at work that you'd like to prepare
for?

I'm a sparky, so | need to be able to
balance on a ladder, look up at
things, and do small fiddly work.

Enter more details

03 Information

Who do you spend the most time
with on the weekend?

| usually go fishing with my mates.

Peter asked:

Can | go back home once | leave the
hospital?

Peter has asked this 4 times in the
last week. Consider following up
next time you see him.

Fig. 4. Prototype 2 — health professional view.
participants identified that they desired an all-in-one app with
customisable features, which would help them to communi-
cate with health providers, especially during the hospital to
community transition, track progress towards goals and pro-
vide trusted evidence-based educational materials. Notably,
the ability to customise the app was emphasised in both
studies, which is a limitation of apps currently on the market
(Kettlewell et al. 2018, 2019).

Interestingly, even though smart device use is a daily occur-
rence in today’s society, there has been limited research into the

use and development of smart device apps with people with ABI
(Brunner et al. 2017; Kettlewell et al. 2019; Avramovic et al.
2023). Furthermore, the use of evidence-based knowledge to
develop smart device health apps has historically been limited
(Free et al. 2013; Anthes 2016; Firth et al. 2016; Kwan et al.
2019; Osborne et al. 2021; Avramovic et al. 2023). Adding to
this, apps are not pre-screened for quality prior to their release
on Google Play and iTunes, and given the plethora of apps on
the market, regulatory agencies will be hard-pressed to
review claims made on them (Kwan et al. 2019). Apps
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Table 4. Workshop 4 findings.

Layout

» Customisability

P4...if it could be categorised by, you know, by the care team. So maybe like if | wanna know physio then, or the
physio of her and the OT that person. | look it up by service.

P1: ...I think having like both options available that would be good, changing the view.

P1: ...I feel like having the option again would be good because like sometimes I'll like, being there in my vision is
good, but if | know it's there and | just wanted to sort of check out the symptoms then if | pop to the page and it
just had the questions and | didn’t see the symptoms that | might forget what | was looking at or attempting to
do. It’s like walking through a door. You forget what you're doing.

HP3: Just if there if there’s different options for how that can look. So sometimes we'll have clients who actually
can’t cope with any like that, that would be too much and it is literally just maybe a visual schedule with very
limited information.

Components

Communication

Education resources

Information

Goals & planning

Ability to easily and quickly note
symptoms and questions
Calendar/daily schedule

HP2: ..But | could see it being used as a really nice tool..But it's beginning to introduce them to it and hand that
over to them as they become more able go to the board and put your own appointments in so.

HP2: | like the part on the how you've achieved your goals when you go into that section that you could put a
video or a photo into some show because it’s quite a few patients struggle to see how they’re going in their rehab
journey. So it’s nice to have a OK, let’s have a look back. Where were you two weeks ago? Look, you were just
standing and now you're walking like.

P3: Yeah, you don’t have to do it like every single day, but just on average, how they're going is up and down.
Yeah, whatever. Just to see how it goes and not just for yourself, just for the other people helping you. You.

P1: Help in like seeing the trend.

HP3: Yeah, | love it when people like as a therapist, when people come from BIRU with videos cause you're like,
no, you are making progress, Let’s go back, It's not my opinion.

Interface

« Options for interaction

e ApplelD or fingerprint access to reduce
need to remember login details

¢ Printing options

e Bot use concerns

P4: From the first screen, this is a complaint sorry, like when | was going home it was so challenging for me to try
and remember logins. Does it have to have a login and password?

P4: ..is there an option for printing? Like can the last person print their schedule?

CI: That | know that you're like, you know, as a support worker would be really nice if the client share their
schedule with us...

HP2: ...even if they're out of the amnesia phase and they’re beginning to have the day to day memories, having an
app ask them questions. | think the whole conspiracy thing might come into their mind around who’s this person
asking for information. There’s no face associated with it...

P3: ..So | feel when you start talking to people that aren’t real, not the whole time, but to start with, | think it's
hard for, take the conspiracy aside, not even that, just people that would like to have a face to face. And if their
family'ss not here, their family is overseas or they're in the other states and they need to talk to somebody, I just
don’t think that, talking to him, Brian [app] or the other person would be not the right thing for everyone, but
some people just. People will say, yeah, I'm fine. Everything’s all good...

HP2: Yeah, yeah, it it’s opening a little bit of a can of worms for some question types that we hear often anyway.
But having a a piece of equipment that you can just type it in and send. | would imagine there’s it’s so easy that
they would be flooding the staff.

P1: Because it could be like it might be the reason why you just keep asking the same question is because you
haven't actually been getting, given the the the answer to the question you actually want to ask, because you
don’t have, you're not don’t have the vocab, You don’t have the vocab, so you're not able to phrase the question
because of the aphasia and by you know, you're asking Brian [app] you know repeatedly and then if he goes, is
there a different way or a different aspect you're actually asking about to make that? So | think that that that's
the benefit of having the Al is that it does have that ability and it does. It's not going to be requiring a clinician to
do that to have that little dialogue, sort of. That's what, that’s how | see the benefits of it.

HP3: Not a lover of bots

P3: ... But for the bot to decide what you need to do, | think it's a bit too much.

Support

« Integration into therapy

HP3: | think that would probably be part of therapy like how do we make this work for you? Visual how much
words do we use?
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Table 5. Feedback of the co-design process.

Question Participant response

1. | felt the time | had to present my thoughts in
the workshops was (please circle): Too much;
Just Right; Too Little

Please explain:

Appropriate amount of time in smaller groups and whole group discussions. | felt able to offer my ideas and
perspectives when | wanted to.

Everyone was given plenty of time to think and respond.

| felt that my ideas were heard in the time given.

| had the time to speak and felt that conversations were moved along appropriately.

Everyone had a say, what was on their mind.

Possibly sessions could have been a little longer.

2. | felt like my contributions were valued and
heard (please circle): Strongly Agree; Agree;
Disagree; Strongly Disagree

Please explain: Everyone listened.

All contribution was written down.

Discussions reflected my contributions.

Any of my contributions were listened to and commented on.

3. What did you like best about the workshops? Same brain injury history.

| did some recruiting for this and it was wonderful that it was paid. So great for my clients.

Opportunity to work alongside people with lived experience of brain injury and fellow clinicians. Great to

hear others’ experiences.

The environment was very welcoming and relaxed which encouraged valuable discussion.

Hearing other ABI experiences.

The ability to learn the experience of health professionals.

Everything. | wouldn’t mind participating in future workshops.

That everybody’s input was valued.

4. What did you like least about the
workshops?

The time slot — especially appropriate for those with fatigue who generally concentrate better in the day.

Distance from home, prefer morning sessions.

| would love to part take in more of the workshops. Lack of lunch provided.

Nothing, oh more time.

5. Do you have any suggestions of what could Stretches in breaks.

be improved about the workshops? .

Longer session.
6. Do you have any other comments about
your experience of the workshops?

Hugely enjoyed being part of the process.

Thanks for opportunity to contribute.

| felt like the workshops provided an opportunity to contribute and give my unique perspective as a

previous patient.

currently available to people with ABI may therefore be
providing unsubstantiated information to the user (Osborne
et al. 2021). This often places additional work on clinicians
who are then required to investigate whether apps are sup-
ported by evidence prior to recommending them to people
with ABI (Avramovic et al. 2023). When developed appropri-
ately, smart device apps have the potential to assist in increas-
ing healthcare accessibility, promoting self-management and
increasing accessing to evidence-based education materials
(Free et al. 2013; Dubey et al. 2014; Wang et al. 2017;
Osborne et al. 2021), all of which were indicated as important
for participants in the current study.

In the research that has been completed around app use
by people with ABI, it has been indicated that they find the

use of apps to assist with managing difficulties acceptable,
and apps can often be a preferred avenue of support due to
the reduced stigma associated with using them (Kettlewell
et al. 2018). Potential difficulties have also been identified,
and include issues with switching between screens, impact
on phone battery, compatibility with other systems, fear
around privacy and being monitored, and loss of data fol-
lowing phone updates or loss of the phone itself, some of
which were also reflected in the current study. It has been
highlighted that the app needs to be deemed relevant to the
person with ABI and their specific difficulties, otherwise the
risk of abandonment increases (Matthew-Maich et al. 2016;
Osborne et al. 2021). Exploration of the person’s attitudes
towards apps and their proficiency in using them needs to be
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explored by therapists prior to introducing them, along with
provision of necessary support to enhance success of uptake
(Ramirez-Hernandez et al. 2022).

The participants in the current study indicated that the
app should be introduced during inpatient rehabilitation,
further acknowledging that there is a need for solutions to
address issues during transition. This would assist in meet-
ing the recommendations outlined in the stroke clinical
guidelines, that state that stroke survivors and their families
should be provided with information at different stages of the
recovery process in communication formats that are relevant
to them (Crocker et al. 2021; Stroke Foundation 2025).
Additionally, the guidelines outline that active engagement
is necessary when providing information and there is poten-
tial for the app to achieve this (Crocker et al. 2021; Stroke
Foundation 2025). By introducing the app during inpatient
rehabilitation, it would also facilitate appropriate set-up and
individualisation of the app to the person’s needs (Kettlewell
et al. 2018); however, appropriate support would be needed
to ensure therapists are provided with adequate time and
resources, as well as technical support to be able to do this
(Brunner et al. 2017; Osborne et al. 2021). Therapists would
also need to be upskilled to determine when to introduce the
app to individual patients and the appropriateness of such an
application to the individual. Expenditure on such resources
and upskilling is deemed important to reduce barriers to use
of the technology and uptake (Brunner et al. 2017).

Insights from the current study align with a recent study
by Carminati et al. (2023) that described the co-design
process undertaken to develop a resource for people with
ABI around cyber safety. Participants in that study identified
that they felt valued and benefitted from taking part in the
focus groups, enjoying the opportunity to share experiences
with their peers and learn from others, aligning with feedback
provided by participants involved in the current project. Both
studies also indicated the need to be flexible in the approach
taken when conducting co-design research with people with
ABL This is not surprising given the varying ways in which
people can experience the effects of a brain injury, making it
difficult to anticipate the needs of all participants prior to the
initial workshop or interaction. In the current study, an addi-
tional workshop was added to accommodate for fatigue and
sustained concentration difficulties experienced by partici-
pants with ABIL. This workshop was added after observing
participants with ABI tiring at the end of the workshop,
acknowledging that this may have impacted how they voted
in relation to the needs that the technology solution should
address. Carminati et al. (2023) indicated they also needed to
be flexible to accommodate for the needs of their participants,
including use of teleconferencing or face-to-face participation,
giving the opportunity to participate in a one-to-one or group
format and extending the number of co-design sessions. The
authors therefore recommend that researchers remain flexible
in their approach to co-design research, adjusting to the
individual needs of their participants with ABL

The need to be flexible during co-design procedures has
implications on seeking ethical approval. Ethical committees
require researchers to establish their research procedures
before undertaking any form of research. This is to protect
participants and to ensure research is conducted in an ethical
manner (Mehta et al. 2023). It does, however, limit flexibility
and create extra hurdles for co-design projects that may need
to alter the format of the project to accommodate the needs of
the co-design team. Although including someone with lived
experience on the research team can assist in predicting some
of these difficulties, given the variety of ways people can
experience the consequences of an ABI, it is not always
achievable to anticipate all difficulties. It is therefore recom-
mended that ethical review panels consider developing
guidelines to assist researchers aiming to conduct co-design
projects that incorporate a level of flexibility.

Limitations and future directions

When engaging in the co-design of technological solutions, the
end product is often dependent on the skills and expertise of the
technology designers and developers involved. Consequently,
the choice of the technology platform and conventions may
have been inadvertently influenced by the technology design-
ers involved. Additionally, people with ABI, their support peo-
ple, and health professionals may also have been more familiar
with smart devices and apps than other forms of technology,
which may have influenced what they perceived could be
possible in a technology solution. Although some of the parti-
cipants in the current project experienced physical difficulties,
the impact of their ABI was most significantly experienced in
the form of cognitive and sensory difficulties. This conse-
quently had an impact on the type of content that was priori-
tised for the smart device applications, as well as preferences
for the presentation of content. Due to difficulties with recruit-
ing participants, equity and diversity targets were not included
in recruitment procedures. Consequently, people with differing
gender identities, races, income statuses and geographical loca-
tions than those that participated in the project may have
different preferences and needs in relation to technology.
Although this study was able to provide insight into the
co-design process of developing a prototype of a technology
solution for people with ABI, including what was desired in
such a solution, it was unable to demonstrate the efficacy of the
prototype developed. There is a lack of evidence supporting the
efficacy of such technologies with people with ABI, and this is
something that is needed in future studies (Kettlewell et al.
2019). Consequently, information provided during the co-
design process has been used to guide further development of
a smart device app, based on the preferred prototype that was
presented. Additionally, perceptions related to cost were not
explored in the current study, with previous studies indicating
that people with ABI would not be willing to pay for such an
app (Kettlewell et al. 2018). This has implications for further
development of the prototype and implementation into practice.
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Conclusion

This study demonstrated the need for flexibility when using
co-design approaches with people with ABL The current
study was able to incorporate such flexibility into the co-
design process to develop prototypes of a technological solution
to assist with the transition to home from inpatient rehabilita-
tion. The desire for a specifically designed smart device app for
people with ABI was identified, with requirements for this app
outlined. Future research is needed to further develop and test
the smart device app, along with the necessary support materi-
als needed for its successful implementation and uptake.
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