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Assessing the use of co-design to produce bespoke assistive technology

solutions within a current healthcare service: a service evaluation

Abstract

Introduction: Co-design involves engaging with the end-user in the design process and may help
reduce the barriers to assistive technology use. Previous research has used co-design in the provision
of assistive technology, but no research has looked at applying it within a healthcare setting. This
service evaluation examines the use of co-design in providing customised assistive devices within a

current UK healthcare based Rehabilitation Engineering department.

Methods: This evaluation reports on three case-studies. Individuals identified a range of challenges in
daily living. The participants worked with the clinician in trialling prototypes and providing feedback
to develop custom devices. A mixed-method approach of questionnaires and semi-structured
interviews were used to evaluate the devices provided and the co-design approach. The resources

required to provide the device were also calculated.

Results: Five different devices were developed which were able to overcome the challenges
identified. Results indicated participants were satisfied with both the devices and service provided.
Participants expressed other benefits including increased independence, increased positive emotions,
and reduced mental load. Participants indicated they liked being involved in the design process and

their feedback helped ensure the devices were customised to their needs.

Conclusions: The use of co-design was able to produce customised assistive device that met the
needs of the individuals within a current healthcare service. Further work is required to assess the
feasibility of utilising a co-design approach for the provision of other custom assistive technology in

the future and explore if this can overcome the barriers to assistive technology use.

Key words: Assistive technology, custom assistive devices, Co-design, participatory design,
user involvement
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Introduction

Assistive technology refers to “any product either specially designed and produced or
generally available, whose primary purpose is to maintain or improve an individual’s
functioning and independence and thereby promote their wellbeing " [1]. The benefits of using
assistive technology for the user include enhancing function and independence, improved
safety, promoting social inclusion and increasing participation in education, employment and
society [2,3]. Providing the right assistive technology has the potential to reduce the burden of
chronic conditions on the individuals, caregivers, healthcare services and wider society [4-8].
However, despite the potential benefits of using assistive technology, to date its potential has
not been fully realised.

A previous meta-synthesis identified 50 descriptive themes, grouped into 6 analytical
themes, that were barriers to the provision and use of assistive technology for individuals with
chronic conditions [9]. These themes, found to be common across different chronic health
conditions and interlinked with each other, included: a lack of customisation in the design of
assistive devices, a lack of end-user involvement in the design of assistive devices, a lack of
patient involvement in decisions about their care and a lack of individualised care. One
potential solution to overcoming the identified barriers [10-13] is to increase the involvement
of the end-user in the design and provision process.

Co-design, or participatory design, is a design methodology which aims to include the
end user in the design process through collaboration with the designer [14,15]. A co-design
approach can help empower the end-user by: encouraging them to input their knowledge and
lived experiences into the design process; involving them in key decision making processes;
and enabling them to provide feedback during the design process [16,17].

Various previous studies have presented different co-design methodologies for the

provision of assistive technology however, the methodologies share many similarities:
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involvement of the end user throughout the design process; an iterative design approach with
user feedback influencing the next design iteration; the use of physical prototypes to
communicate ideas between the end-user and design team; and the bringing together of
multiple personnel with unique expertise and experience into the process [18-20]. Other studies
have looked to utilise user feedback for the provision of bespoke hand orthotics and
personalised pill boxes, tailored to an individual’s needs [21-23] . Whilst Thorsen et al. (2019)
further work built on the co-design concept by looking to train the end user in computer aided
design software to enable them to be a maker of their own assistive technology [24].

From the current literature, we have identified several common shortcomings to

evaluating the long-term use and feasibility of co-designing assistive technology:

(1) The majority of studies report a lack of long-term follow up with the end-users to
assess the satisfaction and compliance with the devices provided using a co-design
methodology.

(2) Studies do not report information about the resources involved in producing the
devices, including costs, equipment and personnel.

(3) The majority of current studies only report case-studies involving between 1-3
participants. From these small sample sizes, it is difficult to assess if the findings
are generalisable to a larger population.

(4) No current work has reported qualitative data to assess the impact the devices have
had on the user’s day-to-day lives or the user’s opinion on the co-design approach.

(5) The reported studies do not specify timescales over which the devices were
provided, so it is not clear if the design process took weeks, months or years. This
has potential implications for end-user compliance with the process and with the

solutions provided.
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(6) The majority of studies do not mention the development of documentation to adhere

to the relevant medical device regulations.

The co-design of assistive technology also needs to be considered within the context of
where devices are currently provided; this is predominantly within healthcare settings.
Schwartz et al. (2019) concluded the complexity of the devices they were able to provide was
limited by the skillset of the student therapists [23]. This raises a potential issue with traditional
healthcare therapists not having the current expertise to produce customised devices using
computational design and additive manufacturing, common tools used in the other studies. This
may explain why none of the previous studies report been undertaken within a healthcare
setting.

The current work aims to explore the use of co-design to provide customised assistive devices
within a current healthcare service through an initial evaluation of three case studies. This
evaluation took place in Swansea Rehabilitation Engineering Unit, a current UK National
Healthcare Service, based in Morriston Hospital and part of Swansea Bay University Health
Board. For this initial service evaluation, our main questions are threefold:

1) Is it possible to co-design assistive technology with people with chronic conditions

within a health care setting?

2) What are participants experiences of the co-design process and what is the impact of the

using the devices produced?

3) What are the cost involved in utilising a co-design approach?
Through this evaluation we intend to help inform future service delivery and refine our
methodology for future research studies around the use of co-design in the provision of
customised assistive devices. We believe that the findings of this service evaluation add value
to the existing literature by addressing some of the shortcomings previously identified. The

methods used and findings are reported based on the SQUIRE 2.0 guidelines [25].
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Methodology

Service context:

This work took place in Swansea Rehabilitation Engineering Unit, part of Swansea Bay
University Health Board. The department is certified to manufacture devices within the
framework of 1SO:13485, a quality management system for the provision of medical devices.
All appointments and design work were conducted by JH, the first author of this paper, a
Clinical Scientist working within the Rehabilitation Engineering Unit and PhD research
student. The devices were developed between October 2020 to February 2021. As a result of
the global COVID-19 pandemic all appointments and interactions with participants were

conducted virtually using Attend Anywhere, a web-browser based video consultation software.

Participants:

Participants were referred to the department by occupational therapists and physiotherapists
working within Swansea Bay University Health Board. Participants had to be 18 years +, living
with a long-term chronic health condition and residing in the community of South West Wales.
Participants presented with a range of different medical conditions and challenges of daily

living that they wanted to overcome, Table 1.
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Table 1: Summary information of participants involved in the study

Participant | Age Gender | Medical ICD Code Challenges of daily | ICF

# diagnosis living identified code

001 30 F Congenital LD26.0&XK9J | Be able to tie up her D5205
birth defects own hair
affecting To be able to apply
hands and eye-liner herself D5200
feet

002 57 F Amputation NC59.20 Use and write with a D345
of middle pen in her right hand
three fingers again
of their right Use a knife again at the | D550
hand table to cut up food

003 62 F Multiple 8A40.2 Independently D5702
Sclerosis administer Sativex, an

oral medication spray

Ethical Considerations

Service evaluations to gather the experiences of service users associated with the delivery of

standard levels of care are characterised by minimal risk and are excluded from ethical review

by research ethics committees in the United Kingdom (GAfREC 2.3.12). The participants who

were invited to participate in the evaluation provided both written and verbal consent for their

information to be shared as case-studies and included in this evaluation with any personal

identifiable information anonymised.

Materials

Equipment: This section provides an overview of the equipment used to produce the devices.

Page | 7




Computational models of the designs were created using a parametric computer aided
design (CAD) software, Solidworks Premium 2016 x64 edition (Waltham, USA). The use of
parametric design software enabled the size of the device to be easily edited and reconfigured
based on a few key dimensions to create versions of different sizes. When manufactured, this
enabled the user to test different sizes of a device, ensuring they could choose the best fit for
them.

The devices were manufactured using a mixture of additive manufacturing and simple
hand-held tools. Prior to manufacturing, parts produced by additive manufacturing were
exported as a Stereolithography file from Solidworks and imported into a slicer software,
PrusaSlicer V2.2.0 +win64 (Prague, Czech Republic). System pre-sets for shell thickness, layer
height, infill percentage, infill pattern and print speeds were utilised to reduce the number of
variables to be set during manufacturing. An Original Prusa i3 MK3S 3D printer, a fused
deposition modelling (FDM) type machine, was used to manufacture the parts. The material
selected for a device varied based on the part being produced, its intended function and the
stage of the design process. For example, initially parts were produced from PLA due to its low
cost and ease of printing to enable the user to feedback on the shape of the device. However,
for final manufacture a tougher material, PETG, was used to improve mechanical strength and
reduce risk of failure of the device. Additional parts and accessories, for example foam liners,

straps and fabric components were added using a range of simple hand-held tools.

Questionnaire measures: The two questionnaires used to explore participant’s experiences of
the device they co-designed and its impact were the Quebec User Evaluation of Satisfaction
with Technical Aids (QUEST 2.0) and the Psychosocial Impact of Assistive Devices Scale
(P1ADS) [26,27] . QUEST 2.0 is a 12-item outcome measure that assesses the user satisfaction

with the assistive device and the service supplying the device [26]. For each item, the
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questionnaire uses a 5-point scale, 1 being not satisfied at all and 5 being very satisfied.
Research has established the instrument has good internal consistency, moderate to substantial
test-retest reliability and good construct validity [26,28,29]. The items comprising the
questionnaire are considered very important and relevant and the questionnaire has been shown
to be a reliable and valid outcome measure of user satisfaction of assistive technology.

PIADS is a 26-item self-reported questionnaire to evaluate the effects of an assistive
device on three sub-scales: competence, adaptability and self-esteem [27]. The individual is
asked to read a list of phrases that describe how using the assistive device may have affected
them. For each phrase, the individual rates the items using a 7 point scale, ranging from -3
(maximum negative impact) to 3 (maximum positive impact). Research has established that
the instrument has good internal consistency, test-retest reliability, and construct validity [30].
It is a responsive measure and sensitive to important variables such as the user's clinical
condition, device stigma, and functional features of the device, and thus can accurately reflect
the self-described experiences of people who use assistive devices.

Both questionnaires were chosen as they are validated for use on different assistive
devices and have been used in other previous studies evaluating co-designed assistive devices

[19,20,22,23].

Semi-structured interviews: Participants were invited by email prior to take part in the
interviews. Before the interview commenced, participants consented to take part in the
interviews and for them to be audio-recorded. Interviews were conducted by the clinician
involved in providing the devices, first author JH. This was chosen as the insight the clinician
had on both the individual and devices was important for gathering the feedback. The
interviews were conducted using the video consultation software Attend Anywhere, with the

participant at home and the interviewer in a private clinic room. No other individuals were
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present during the interviews and no repeat interviews were conducted. All interviews were
audio-recorded and additionally the interviewer made notes to aid with transcription and
understanding after the interview. Interviews were conducted with all three participants and
lasted between 30-40 minutes each. Initial interview questions asked were based around two
main topics, with additional follow-up questions asked to gather further understanding based
on the responses provided. The initial questions were agreed by all authors prior to conducting
the interview and were as follows: ‘What impact (if any) would they say the device has had on
your day-to-day life?’; ‘How have you found the service and being involved in the process of
developing the devices? This includes your experience of virtual appointments and any

suggestions for future improvements to the service .

Procedure

The process undertaken by each participant in this study is summarised in Figure 1.

Finalise device
documentation

Iterative design loop

Generate
prototypes

3 month evaluation:
QUEST 2.0 and PIADS
questionnaires; Semi-structured
interview

design Device Initial evaluation:
= QUEST 2.0 and PIADS
LD questionnaires

Identify patient Generate initial
requirements ideas

Send out
devices for

Feedback from user

Figure 1: Overview of the process for participants involved within the study.

(1) ldentifying patient requirements. The clinician gathered relevant background information
and participants were asked to identify specific challenges of daily living they faced and
wished to overcome.

(2) Generating initial ideas. Design requirements were defined or the device(s) and design

ideas generated through sketches and low-fidelity prototypes.

Page | 10



(3) Generating prototypes. Functional prototypes were created using a mixture of Computer
Aided Design (CAD), additive manufacturing and handheld manufacturing tools.
Prototypes were posted out for the participant to trial.

(4) Feedback from user. Participants were encouraged to provide feedback about the design(s)
including what they liked, disliked and suggestions for improvements.

(5) Device development - iterative design loop. Feedback was used to implement design
changes and produce further prototypes (step 3). Steps 3 & 4 formed an iterative loop of
refining the design until a final design was reached. This took between 4 to 5 appointments
and varied for each participant.

(6) Device issue. The finished device was sent out to the participant, further training was
provided on the use of the device and instructions for use issued. Technical files and risk
management documentation for the device were completed.

(7) Initial Evaluation. The QUEST 2.0 and PIADS questionnaires were sent out to the
participants for each device provided. Participants completed the questionnaires at home.

(8) 3 month evaluation. Participants completed the QUEST 2.0 and PIADS questionnaires
again for each device provided. Additionally, the participants were invited to take part in

individual semi-structure interviews.

Data Analysis
Questionnaire analysis

Average scores for satisfaction with each device and the service provided were
calculated for each device from the QUEST 2.0 questionnaire. The device score was an average
of eight items: dimensions, weight, durability, comfort, adjustment, safety, simplicity of use,

effectiveness; whilst the service score was an average of four items: service deliverable, repairs
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and servicing, professional services and follow-up services. For the device and service scores,
the difference between the scores at initial follow-up and at 3-month follow up were calculated.

For each device the mean score for the competence, adaptability and self-esteem were
calculated from the PIADS questionnaire response. The competence score was an average of
12 items: competence, adequacy, efficiency, productivity, usefulness, expertise, capability,
performance, skilfulness, independence, quality of life, confusion (reverse). The adaptability
score is an average of 6 items: willingness to take chances, ability to participant, eagerness to
try new things, ability to adapt to ADL, ability to take advantage of opportunities, wellbeing.
The self-esteem score is an average of 8 items: self-esteem, security, sense of power, embarrass
(reverse), happiness, sense of control frustration (reverse), self-confidence. For each sub-scale
the difference between the scores at initial follow-up and 3-month follow up were calculated.
Due to small sample size no further statistical analysis was performed on the questionnaire

data.

Qualitative analysis

Following the interviews, the audio files were transcribed by the interviewer for
analysis. The semi-structured interviews transcripts were analysed through reflexive thematic
analysis to identify commonalities in the responses given amongst the three case studies. The
process followed the six-step procedure to good Thematic Analysis described by Braun and
Clarke (2006) [31]. Initially the author JH familiarised themselves with the transcript
interviews (step 1). Quotes from the raw data were assigned initial codes inductively that
closely related to the material and context (step 2). Codes were then grouped into potential
themes (step 3), before being reviewed and refined such that quotes in each code were relevant
and related to the theme assigned (step 4). No software was used in organising the codes. The

themes were then reviewed by the other authors and each theme given a name (step 5). Finally,
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appropriate quotes that reflected each theme were selected (step 6). Frequencies for if a theme
was identified in each participants transcript were calculated. The data was initially analysed
by one coder only as multiple coders does not improve the accuracy of the coding process [31].
A review of the themes by the other authors, step 5, allowed for broader clinical and research
experience to be incorporated into the thematic analysis. The thematic analysis of the data
presented is a representation of the researchers understanding of the data based on their past
clinical and research experience, and there involvement with the participants in designing the
devices [32]. The qualitative data from the semi-structured interviews is reported following the

Consolidated Criteria for Reporting Qualitative Studies (COREQ): 32-item checklist [33].

Cost analysis

For each participant the resources (time, money, material cost) required to produce the final
device were calculated. The time required for each visit and any subsequent changes to design
were recorded and rounded to the nearest 5 minutes. The cost of the clinician’s time was
calculated by multiplying the time spent by the cost per hour of the clinician, £28.95/hr. This
was based on the top increment of a band 7 clinician based on the NHS pay scale as calculated

at time of case study (September 2020).
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Results

Our main service evaluation questions were threefold: 1) whether it was possible to co-
design assistive technology with people with chronic conditions within a health care setting; 2)
what are participants experiences of this process and using the devices produced and 3) what

are the cost implications. Accordingly, the results section is structured around these questions.

1. Devices Produced: A total of 5 different devices were co-designed and provided to the three
participants, see Figure 2 A-E. For participant 1: A grip holder to accommodate different
household objects (A), including an eye-liner pencil, and a pull tight hair tie (B). For participant
2, a holder that straps onto the hand with attachment for different size knifes (C) and a finger
attachment for supporting a pen between the little finger and thumb (D). For participant 3, a
holder for the Sativex spray with a pull trigger mechanism (E). Each device was designed such
that its dimensions could be easily changed and re-configured for a different user in the future

if required.
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Figure 2: Devices produced for participants during the study.

A) Grip holder to hold various household objects being used by the participant.
B) Pull hair tie; as the individual pulls the left hair tie, the right hair tie tightens.
C) Knife holder device, strapped to participants hand.

D) Pen Holder; positioned on the little finger with support from the thumb.

E) Sativex spray holder with Sativex bottle in place.

Of the five devices issued, four of the devices were still being used daily at the 3 months after
being issued the device. The one device no longer being used regularly was the pen holder for
participant 2 who had regained sufficient function in her right hand she was able to use a pen

again without the device.
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2. Evaluation of devices and approach: A mixed-methods approach was chosen to evaluate

the satisfaction with the devices produced and the process of providing the devices.

Questionnaire scores: A summary of the results from the QUEST questionnaire are shown in
table 3. The average device satisfaction for all devices was 4.8 initially and 5 at 3-months

follow-up. The average satisfaction with the service was 5 initially and at 3-months follow up.

Table 3: Summary results from the QUEST questionnaire for all three participants initially
after being provided the results and 3-months post device issue. Participant 3 did not complete

the QUEST questionnaire at 3 months follow-up.

After issuing device (Score) (0-5) | 3-month follow-up (Score) (0-5)
Participant Device Assistive Service Assistive Service
Device satisfaction Device satisfaction
satisfaction satisfaction
Grip 5 5 5 5
001 holder
Hair tie 5 5 5 5
Knife 5 5 5 5
holder
002
Pen 5 5 5 5
Holder
Sativex 3.9 5 - -
003
Spray

A summary of the results from the PIADS questionnaire are shown in table 4. Across all
devices, the average score was +2 for competence, +1.7 for adaptability and +2.2 for self-
esteem initially. At 3 months follow-up the average for all three sub-scores increased to +3 for

competence, +3 for adaptability and +2.8 for self-esteem.
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Table 4: Summary of results from PIADS questionnaire for all three participants initially after

being provided the results and 3-months post device issue. Participant 3 did not complete the

PIADS questionnaire at 3 months follow-up.

After issuing device (Score) (-3 to 3) 3-month follow-up (Score) (-3 to 3)
Participant | Device Competence | Adaptability | Self- Competence | Adaptability | Self-
esteem esteem
Grip holder +19 +1.7 +19 | +3.0 +3.0 +2.6
oL Hair tie +1.1 +1.2 +24 | +2.8 +3.0 +2.6
Knife holder | +2.3 +1.8 +23 | +3.0 +3.0 +3.0
00z Pen Holder +2.4 +2.0 +23 | +3.0 +3.0 +3.0
003 Sativex Spray | +2.3 +1.7 +19 |- - -
Mean All Devices 2 1.68 2.16 2.95 3 2.8
Standard All Devices 0.54 0.29 0.24 0.1 0 0.23
Deviation

Qualitative feedback: In total 11 themes were identified from thematic analysis of the semi-

structured interviews; 5 themes related to the impact of the device and 6 themes related to being

involved in the co-design process, figure 3. The themes, including quotations from the semi-

structured interviews and frequency scores (n), are described below.

Additional health
benefits
(n=3)

Regained function
(n=2)

Increased
independence
(n=3)

S

Increased coping and
positive emotions
(n=3)

mpact of using

devices
provided

Reduced mental load

(n=3)

devices

Involvement in
care decisions
(n=1)

Co-designing

Working closely
with the clinician
(n=3)

Feedback on
service
provided

for others
(n=2)

Providing benefit

professionals
(n=1)

Input from other healthcare

Virtual appointments and
the home environment
(n=2)

Convenience of virtual
appointments
(n=3)
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Figure 3: A summary of themes identified from the participant’s semi-structured interviews

with the frequency (n) calculated.

Themes One-Five: Impact of using the device provided

Regained function (n=2): Participants found benefits of using the device not only in regaining

function for the activities they had originally identified, but in some instances being able to use

the devices for other activities as well.

P1: “And then I use them [the grip holder] like on my knifes, my forks all of that type of stuff.

Umm all my make-up, my make-up brushes, like my eye-pencil all of that type of stuff as well.”

P2: “and I decided that that was going to be the garden knife now and now I put my thing on
[knife holder] and I go outside and I split plants with it and cut string and | open boxes with it and all
sorts of stuff, so it’s not just, it’s not just me sitting here at the table and eating a meal, its going out

and doing stuff in the garden which I thought I would never ever be able to do again.”

Additional health benefits (n=3): Participants gained other benefits from using the devices

including reduced pain and improvements in mental health and in the case of participant 2 a
rehabilitative benefit where she regained the function to use a pen again without the need for

the pen-holder device .

P2: “because honestly I swear, I am absolutely positive that if it wasn’t for that [pen holder],

I still would not be able to write with my right hand.”

Increased independence (n=3): All three participants had a feeling of increased independence

in doing tasks and therefore made them feel less reliant and less of a burden on other
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members of the household. For example participant 1 described how she was able to do more

with her kids now, whereas previously she would have had to rely on her partner.

P1: “... I didn’t have to go like ‘why don’t you go ask [my partner], you know go and ask my
partner, umm instead of me because I was like, because I was like ‘yeah I can do that’ and it was just
like immediately ... I don’t have to think about waiting until [partner] has got 5 minutes to do it

because | can do it. And it is just little things like that, it is nice.”

Increased coping and positive emotions (n=3). The theme of increased coping and positive

emotions includes the participants feelings of a sense of achievement, a sense of restoring loss

function, improved confidence and more a sense of control over their own decisions.

P3: “it makes me feel... well more confident in general I suppose. Your confidence, your self-

9

esteem, all these things make you feel just ‘yes I can do it’.

P1: “but when it is something that has kind of been taken from you by pain and by degeneration
it is, it’s really difficult. So, getting that back, either by using a tool, it just, it just does give you that
sense of like you haven’t lost it anymore you know. You know longer have that sense of loss which really

does make a difference.”

Reduced mental load (n=3): The final theme relating to the use of the devices, was aspects

related to reduced mental load that all three participants described. This included the reduced
mental burden and anxiety of having to think about tasks. Participant 1 described a reduced
mental burden and taking the pressure off doing tasks, for example participant 1 provided an

example of going to pay a cheque in at the bank:

Page | 19



P1: “...one of the things I always dread is like you know when you have to go to the bank and
sign something, or you have to go down and sign something? Because people will just pass you a pen
and you’re just like ‘right here we go’ and you've got to hope its big enough that you can balance it
and I don’t have to think about it, it’s like a worry that I no longer have because I can just like chuck it

in my thing [grip holder] and done, I don’t have to worry about it.”

Feedback on the service provided

Involvement in care decisions (n=1): This theme describes the importance that participants felt
in being involved in decisions related to their care. Participant 1 described how she felt this
was important as previously when she was younger, she felt excluded from conversations

between parents, teachers and healthcare professionals about what was best for her:

P1: “and I was never included in those meetings and | was always used to think like ‘why am
1 not being included, this is about me, this is literally about what’s best for me and I’'m not even
included in these conversation’ and it was something I really had to fight for growing up was to be
included in a conversation about my own disability and about what'’s best for me and what would be
most helpful for me... Just having that open dialogue and being able to have that conversation I wish

that more situations were like that, it is so important.”

Working closely with the clinician (n=3): Participants felt that close working was important

in ensuring that the final device was suitable for their needs, as well as feeling valued by the

time invested in creating a solution.

P1: “Working one-on-one and being able to have this conversation is so, so important

because how else are you going to be able to? You could come up with 50 different designs for
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different things and none of them would be suitable because you re just doing what you [the designer]

think they need rather than having the conversation about what they [the end-user/ think they need.”

P2: “And for somebody to actually take the, take the time and make the effort to try and
understand and to try and help is absolutely beyond umm, value. It really is umm, and it has gone an

awful long way to umm, to making me feel human again. ”

Providing benefit for others (n=2): By being involved in the process of designing assistive

devices, both participants 2 and 3 felt a sense of happiness knowing that the devices may be

able to benefit other individuals as well:

P3: “Absolutely I did yeah. I would feel if I can do anything to enrich other people’s lives

then yes I would love to be involved in it.”

Input from other healthcare professionals (n=1): Participant 1 felt there was a benefit of having

input from other healthcare professionals and the insight they could help bring into the process:

P1: “So | think having the collaboration between other departments and working with people
who see people day in day out is also something that I think should definitely be maintained going

forwards.”

Convenience of virtual appointments (n=3): All participants liked the use of virtual

appointments during the process, as it reduced the need to travel to appointments and enabled

the appointments to be at a time more convenient for them.
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P2: “I'm quite happy to do it virtually because for me, for me personally, I prefer this
because it is an hour between me and Morriston [hospital where clinics would be based]. An hour in

the car and you know we can get the same umm outcome without all that fuel being used.”

Virtual appointments and the home environment (n=2): Another aspect of the virtual

appointments that the participants liked was being able to use and trial the equipment in their
home environment as it gave them more time to trial the device and determine what worked

for them compared to a clinical setting.

P1: “Initially when I was picked it up, | was like ‘that’s great, that’s fab’ and | think if we
had left the hospital I think we would have left it like that. It wasn’t until I got home and I was using it
day in day out that I was like, actually I really need something to stick this too, something that’s

grippy on here to make that difference that so | can use it long term rather than short term and I don’t

’

think I would have necessarily figured that out in a 5 minute meeting in an office so you know.’

3. Cost Analysis

The total cost of providing the devices for each participant ranged is summarised in table 5.
Costs ranged from £581.93 to £1168.41, with an average cost of £520.72 per device. Material
costs ranged from £12.88 to £61.07 and the average per device was £19.85. Material costs
included 3D printing filament, nuts and bolts, elastic and all other components used in the

development and design of the devices.

Table 5: Total resources used to provide the final devices for each participant. * For participants

1 and 2, the resources are for providing 2 different devices.
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Participant | Clinician Time | Cost of Material cost 3D printing Total cost
(hh:mm) time time (hh:mm)

001* 38:15 £1107.34 | £61.07 53:00 £1168.41

002* 28:35 £827.97 | £25.29 90:20 £853.26

003 18:55 £569.05 | £12.88 37:45 £581.93

Total 85:45 £2504.36 | £99.24 181:05 £2603.60

Average per | 28:35 £834.79 £33.08 60:22 £867.87

participant

Average per | 17:09 £500.87 £19.85 36:13 £520.72

devices

The cost of the materials for reproducing the finished devices provided to the participants is
summarised in table 6. The total cost, material cost plus the of the time spent by an individual

to manufacture the item, varied between £3.41 for the pen holder and £22.81 for the grip holder.

Table 6: Costs and manufacturing time required to produce each of the final devices.

Device Total Manufacturing time, | Manufacturing time, | Total
material cost | person (hh:mm) 3D printer (hh:mm) | Cost (£)

Hair tie £1.49 00:30 00:05 £11.19

(Participant 1)

Grip holder £3.41 01:00 04:00 £22.81

(Participant 1)

Pen holder £0.18 00:10 00:15 £3.41

(Participant 2)

Knife holder £2.38 00:30 04:00 £12.08

(Participant 2)

Sativex spray | £3.45 00:10 08:00 £6.68

holder

(Participant 3)

Page | 23



General Discussion

This evaluation explored the use of co-design to provide customised assistive devices within a
current healthcare service based in South West Wales, UK. In this work we have demonstrated
it is possible to co-design within the current structure and resources of a healthcare service.
The devices were developed with the individuals over a 5-month period and all the devices
complied with the relevant medical device regulations. Next, we shall discuss this work in the
context of the initial aims of the service evaluation and reflect upon how this relates to some

of the limitations in the literature previously identified.

Impact of using the device

The evaluation looked to explore the use of the devices by the user and any wider impact it had
on their daily lives. Feedback gathered from both the QUEST questionnaires, table 3, and the
semi-structured interviews indicated the participants were highly satisfied and felt great benefit
from using the devices. The themes of ‘additional health benefits’ and ‘increased
independence’, both indicate how the benefit from using the device went beyond simply using
for the task originally identified by the participants. For example, participant 3 described how
she was less reliant on her husband to administer the medication, whilst participant 1 described
being able to do more for her children, which benefits the participant, her children and her
partner. The themes of ‘increased coping and positive emotions’ and ‘reduced mental load’
link to the improvements for all three participants in the sub-scale measure of the PIADS
questionnaire: competences, adaptability, and self-esteem, table 4. The feelings of
achievement, confidence, reduced anxiety and safety were all described by participants; within
the field of positive psychology these all have indications for improvement in overall health
and wellbeing [34]. In future work it would be interesting to measure if a similar codesign

approach has an impact on other important domains of wellbeing, for example improved social
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connection, improved connection with nature and balanced mind and health body [34-36]. This
could further evaluate if there are any wider benefits to an individuals life from providing the
right assistive technology.

The use of a mixed-methods evaluation approach in this work has helped highlight the
wider impact the devices have had on the individual’s health and wellbeing, a factor not
captured in previous co-design studies. It is important that outcomes related to assistive
technology both in healthcare settings and research reflect the potential wider impact providing

the right device can have on health and wellbeing.

Use of Co-design

This evaluation sought to gain feedback on how the participants found the co-design
process, an area not previously explored in the literature. Feedback obtained from the
participants from both the semi-structured interviews and the QUEST questionnaires
highlighted satisfaction with the service provided, table 3. The theme of ‘working closely with
the clinician’ indicated how participants found the co-design process essential in being able to
develop a device specific to their individual needs, as well as making them feel valued and
listened to in their care. This was linked to the theme of ‘involvement in care decisions’, where
participant one liked this process as she felt involved in decisions, where previously she had
felt excluded from her own care. These themes reflect wider approaches, for example co-
production which identifies the individuals as the expert in their own health and user-driven
approaches which reinforces the role of the user as the primary knower of their own needs
[37,38]. Whilst it is not clear how much these results would be applicable to other situations,
it certainly indicates that individuals are happy with greater involvement in their care and liked
an individualised approach to their care, factors previously identified as barriers in the service

provision of assistive technology [9].
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Use of virtual appointments

This service evaluation was not intended as a robust evaluation of the use of virtual
appointments, however the sudden need to use virtual appointments due to the COVID-19
pandemic enabled us to gather feedback from participants which may help shape future service
provision and research methodologies. All three participants were positive about the use of
virtual appointments with the theme of ‘convenience of virtual appointments’, highlighted how
participants liked not having to travel to the appointments and savings in time and fuel. Another
benefit that participants liked was being able to trial the devices within their home environment,
as they felt it gave them more time to use the device compared to a traditional clinical setting.
These themes relate to previous barriers identified in the literature around the service provision
of assistive technology [9]. Virtual appointments could help reduce barriers around a lack of
availability of local services, with the reduced need to travel to appointments, and a lack of
opportunity to trial equipment effectively. Whilst the use of virtual appointments was out of
necessity initially, the results from this evaluation may indicate how future co-design processes

could benefit from utilizing virtual appointments.

Resources used

Whilst the average cost of the whole process was high, £520.72 per device, the costs of
manufacturing the devices again were relatively low ranging from £3.41 to £22.48, Table 6. If
the same devices could be reproduced for other individuals to overcome similar issues
identified, this would help make the initial costs associated with co-designing the device more
economical. Especially as the clinician’s time would likely be reduced, the highest cost in the

production process, Table 5. For example, could other individuals with multiple sclerosis who
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are currently prescribed Sativex also use the Sativex holder? The use of such devices in a larger
patient population will be the subject of future research.

In this work the main costs comprised the time taken to provide the device. For these
case-studies, the designs were designed from scratch with few similarities in the devices
produced. For a larger sample size, the time taken to produce a device may decrease due to
both greater experience in designing such devices, the potential to draw on previous design
experience and the use of parametric design features making devices easily customisable. From
the three case-studies in this evaluation it is not clear if this will be the case and therefore
further, larger trials are required to determine if the average time to produce a device changes.

The costs reported in this evaluation do not include the on-going departmental costs of
providing the devices, for example is any further follow-up required after the participants were
issued the device? What are the costs for repairing and replacement of devices and how regular
may this be required? And what are the costs associated with further changes to the devices?
A more longitudinal study is required to analyse the long-term costs of providing such devices.
These costs could be compared to any potential cost savings associated with reduction in the

user accessing other health and social care services.

Limitations

The conclusions are limited to the rehabilitation engineering service from which the data was
collected as the process was unique to this service. However, findings are interpreted in line
with other current research and theories and helps to identify avenues for further research and
service development. Within this service evaluation methodology, a potential limitation was
that the feedback was obtained from the same clinician who provided the device, this may have

inflated the positive feedback provided. In this instance, the insight the clinician had on both
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the individual and devices was important for gathering the feedback. Upon reviewing by the
authors it was felt the feedback gathered was open and honest from all participants.

Another limitation was in the small sample size presented in this work. This produced
limitations in the analyse of both the questionnaire data, with the sample size too small to
perform meaningful statistical analysis, and in the qualitative data where it was unclear if data
saturation was reached in identifying new relevant themes to the questions asked. This limits
the generalisability of the data produced from this work. However it was felt the sample size
was sufficient for demonstrating in principle the use of co-design in a healthcare setting with
outcomes that add value to the existing literature and help refine our methodology for future

larger research studies.

Conclusion

This service evaluation demonstrates that it is possible to co-design within the current
structure and resources of a healthcare service. This paper outlines how this was done and the
five customised assistive devices that were provided. The devices were able to functionally
help the individual overcome the challenge they identified, but also had further benefits for
their independence, improved positive emotions and reduced mental load. Feedback from all
three participants indicated they liked being involved in the co-design process and working
closely with the clinician in this way. The resources used in providing the devices were also
calculated. Whilst these initial findings show benefits for the individuals involved, further work
is required with larger sample sizes to assess the effectiveness and feasibility of utilising a co-
design approach for the provision of custom assistive technology in the future and exploring if

this can help overcome some of the barriers to assistive technology use.
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