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ARTICLE
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ABSTRACT
Power assisted exercise equipment designed to assist
multi-directional movements represent an exercise solution
for people with stroke. Users identified digitization of the
equipment through a new Graphical User Interface (GUI) to
display feedback on exercise performance as a develop-
ment priority. The Medical Device Technology (MDT) frame-
work was adopted to structure the four-stage digitization
programme and ensure meaningful user involvement. This
paper reports on stage two of the digitization programme,
the aim of which was to create a prototype GUI.
Storyboarding followed by participatory data analysis was
selected as a co-design method to engage professional
(n¼ 6) and expert (n¼ 8) end users to create artefacts and
express preferences relevant to the design of the GUI. Four
overarching themes emerged from thematic analysis of the
data; (a) aesthetic format, (b) functional features, (c) exer-
cise programme, (d) motivation and reward. The data was
crystallized with external sources to generate a design cri-
terion matrix which directed the first iteration of the proto-
type GUI. Storyboarding with participatory analysis was an
effective method for engaging participants in the design of
the GUI and associated user experience. This paper repre-
sents a novel application of storyboarding to the MDT
framework in user centred digital design.
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Introduction

Supporting engagement with exercise for People with Stroke (PwS) has been
identified as a priority to optimize physical recovery, reduce risk of recurrent
cardiovascular events and enhance psychosocial wellbeing (Young, Broom,
Sage, et al. 2021; Saunders et al. 2020; Valkenborghs et al. 2018; D’Isabella
et al. 2017). However, complex motor impairment and reduced cardiovascu-
lar capacity, which are frequently reported consequences of stroke, can limit
attainment of the sustained physical effort required to achieve the recom-
mended duration and intensity of exercise for PwS (Reynolds et al. 2021).

Power assisted pedalling enables PwS to achieve a specified duration and
intensity of physical activity, as the assistive mechanism enables the user to
sustain effort despite any impaired neural innervation (Kerr et al. 2019;
Linder et al. 2019). However, power assisted pedalling devices are limited in
terms of variety and functionality of the movement performed. Power
assisted exercise machines manufactured by ShapemasterVR Global Ltd enable
multi-directional movements of the trunk and limbs. The machines are
accessible and acceptable for PwS (Young et al. 2018), and PwS have associ-
ated use of the equipment with improvements in their mobility, social
engagement and ability to self-manage their condition (Young, Broom,
O’Brien, et al. 2021). Despite the clear physical, psychological and social ben-
efits, regular users of the equipment have identified that the existing
Graphical User Interface (GUI) does not quantify or feedback the physical
effort generated during the assisted exercise (Young, Broom, O’Brien, et al.
2021). Strong, rewarding stimuli to reinforce motor skill achievement has
been identified as a priority in stroke recovery (Widmer, Lutz, and Luft 2019).
Digitization of the power assisted exercise equipment through development
of effort detection software and advancement of the GUI was therefore
required to align the training stimulus with published guidelines and gener-
ate biofeedback on user effort. This article reports on stage two of a digitiza-
tion programme for power assisted exercise machines aimed at PwS. A
participant centred technique known as storyboarding was employed to
facilitate user involvement in the co-design of the GUI.

The need for guidelines to underpin GUI design was emphasized by Blair-
Early and Zender (2008) who differentiated between interface parameters
and interface principles. Interface design principles included consistent logic,
feedback and landmarks; interface parameters were defined as content type,
content delivery, user intention and interface type. Feedback and consistency
are also emphasized by global leads in software products, alongside aes-
thetic integrity, deference and clarity (Developer.Apple.co). Gestalt theory has
been applied to the principles of interface design with an emphasis upon
visual balance and general organization of graphical elements (Reynoso and
Romo 2020). Gender, age and motivation can influence engagement with
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health technologies and it is important that these are factored through a
user centred approach which seeks to understand the users’ values, attitudes
and technical experiences (Vaziri et al. 2016). Older adults have identified a
clear and consistent menu structure with readable font size as essential com-
ponents of GUI usability (Boll and Brune 2015).

Various methodological approaches have been applied to facilitate user
involvement and integrate co-design techniques in the development of
health technologies; key stages typically involve scoping, identification of
user requirements, prototype development and testing (British Design
Council 2022; Bevan-Jones et al. 2020; Petersen and Hempler 2017). The
Medical Device Technology (MDT) framework proposed by Shah, Robinson,
and Al-Shawi (2009) stipulated four stages of technology development: (1)
idea generation; (2) device design and prototype development; (3) prototype
testing; (4) device deployment. The four-stage framework promotes an itera-
tive, cyclic approach to product development and integrates continuous
involvement of professional and expert end users, including informal carers
and service providers. It promotes an understanding of the influence of end
users’ preferences and habits in the context of a new technology (Thilo et al.
2017) and is aligned with global principles of empowerment and advocacy
(Desmond et al. 2018).

Assistive technologies enable users to engage in meaningful activities and
have a primary purpose of maintaining or improving function (Desmond
et al. 2018). User engagement in the development of assistive technologies
has become widely endorsed and considered imperative to the successful
implementation of new products (Matthew-Maich et al. 2016). Involvement
of service users, informal carers and healthcare professionals is needed to
ensure the development of relevant, user-friendly technologies (Wentink
et al. 2019). Co-design is an approach which facilitates user engagement and
emphasizes the importance of sustained collaboration with all potential users
in the development of a product (Bevan-Jones et al. 2020). Co-design techni-
ques go beyond consultation with end users and aim to create an ethos of
partnership and mutual exchange with participants who are experts in their
own needs and experiences that occurs throughout a project life cycle
(Desmond et al. 2018).

Nominal group technique was applied during stage one of the digitization
programme to stimulate idea generation and select three preferred power
assisted exercise machines; priorities identified by the participants included
a user-friendly visual platform, accurate measurement of performance and
a tailored exercise programme (Young, Sage, Broom, et al. 2021).
Storyboarding was selected to generate design artefacts during stage two; it
is a method which challenges participants to work together and think cre-
atively about the design of a GUI (Lupton and Leahy 2019). Storyboarding

DESIGN FOR HEALTH 3



has previously enabled co-design teams to depict the user journey through
a proposed technology (Jamin et al. 2018). Although, to the author’s know-
ledge, storyboarding has not been previously reported as a method used
within the MDT framework, it was identified as an appropriate method for
stage two as it facilitates the transition from idea generation towards design
and prototype development (Lupton and Leahy 2019). Participatory analysis,
whereby primary data is explored and interpreted by research participants,
enables meaningful sustained involvement of end users (Yap et al. 2020). We
aimed to sustain iterative user engagement during phase two through par-
ticipatory analysis of the storyboard data.

The purpose of this paper is to report on the application of storyboarding
with subsequent participatory analysis as a co-design method to develop a
new GUI to advance power assisted exercise equipment for PwS.

Methods

Ethical considerations

This project was granted approval by the research ethics committee at the
host university, code number ER20492475.

Methodological approach

Stage two of the co-design programme comprised: (1) storyboarding; (2) par-
ticipatory analysis of storyboard data; (3) creation of a design criterion
matrix; (4) development of a high-fidelity prototype. Co-design participants
were allocated into Professional User (PU) and Expert User (EU) streams as
defined by Shah, Robinson, and Al-Shawi (2009). The PU group included
exercise and rehabilitation professionals; the EU group comprised PwS and
their carers. The application of the MDT framework to the power assisted
exercise digitized programme is summarized in Figure 1.

Participants

Convenience sampling through local clinical and academic networks was
employed to recruit participants. EU participants were identified through the
service user group assigned to the Allied Health Professions department at
the host university; additionally, clients with a local independent neurological
rehabilitation service were invited to consider participation. To be eligible for
participation as an EU, the person would have a diagnosis of stroke or be a
primary carer for a person with stroke, ability to provide informed consent
and an ability to understand English at a level which would enable
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comprehension of the context and activity. Prior experience of power
assisted exercise equipment was not required.

To be eligible for participation as a PU, the person would have a
Bachelors or higher degree in a subject relevant to rehabilitation or exercise
science plus knowledge of long-term conditions or age-related changes. PU
participants were identified through a local independent neurological
rehabilitation service and from the academic staff employed within the host
university. Direct experience of working with PwS was not stipulated to facili-
tate translation of knowledge from the broader exercise science community.

Potential participants were approached through an invitation email which
included a participant information sheet. Respondents were given the oppor-
tunity to speak with the lead author (RY) regarding the project. Signed con-
sent was obtained from all participants and a minimum data set which
included age, diagnosis (EU), experience of power assisted exercise equip-
ment and professional qualifications (PU) was recorded.

The target recruitment was eight participants from each user stream to
enable formation of four mixed groups of comparable size to previous story-
boarding workshops (Lupton and Leahy 2019). Prior research on co-design
team formation has indicated that moderate rather than high diversity within
co-design teams was associated with development of more feasible design
concepts (Trischler, Kristensson, and Scott 2018) and co-design participants
have reported feeling daunted by working with people from different profes-
sional backgrounds (Pallesen et al. 2020). An atmosphere of participant led
errorless creation was fostered in which all ideas were given space to
be explored.

A total of eight PwS, one informal carer, five exercise scientists and three
rehabilitation therapists were recruited. Due to illness, one EU participant

Figure 1. Medical Device Technology Framework (adapted from Shah et al. 2009).
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was unable to attend and two exercise scientists from the PU group were
unable to attend due to unforeseen work commitments. Details of the
attending participants are summarized in Tables 1 and 2.

Phase one: storyboarding event

The storyboard event was hosted in a large room at a research centre within the
host institution. A detailed schedule was developed to guide the three-hour
event (Supplementary material, Appendix 1.0). There was a brief introduction to
the three priority power assisted exercise machines nominated for advancement
during stage one of the digitization programme (Young, Sage, Broom, et al.
2021). The three selected machines were aligned with specific types of exercise
programme; aerobic, strength and stretch (Figure 2). In addition, the event
aimed to develop a generic user assessment programme available on all
machines and designed to generate a tailored exercise prescription with an
effort target specific to individual abilities and goals (Young, Sage, Broom,
et al. 2021).

The four programmes underpinned the focus of each storyboard group;
(A) generic user assessment, (B) aerobic, (C) strength, (D) stretch (Table 3).
The groups were arranged to ensure a combination of PU and EU in each.
Three templates (Supplementary material, Appendices 2.1, 2.2 and 2.3) which
depicted the key steps and programmes options to be made available on
the GUI were developed by the lead author (RY) through triangulation of
published exercise guidelines with data captured during stage one (Young,
Sage, Broom, et al. 2021; MacKay-Lyons et al. 2020).

Conduct

Within the EU group, two participants had expressive aphasia and one partici-
pant reported visual changes associated with stroke impairment (Table 1). The
PU group was diverse in terms of longevity of experience and specialist skills
(Table 2). The experienced neurological therapists (PU1, PU3) were grouped
with those participants who had complex communication or visual impairments
as it was anticipated that they would be able to facilitate their engagement. It
was of paramount importance that all participants had an equal opportunity to
express their ideas. The event schedule (Supplementary material, Appendix 1.0)
was designed to ensure enough time for all participants to contribute to each
task, intersected with breaks to prevent onset of fatigue. An ethos of equality
and collaborative contribution was emphasized during the event introduction
and sustained throughout the co-design activities by highly skilled group facili-
tators (KS, CS) who circulated between groups so that each group was sup-
ported approximately 50% of the time. They encouraged quieter participants to
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Table 2. Professional user participants.

Attendee number Profession

Longevity of
experience
(years)

Gender
identity Specialist interest

Highest
qualification

PU1 Physiotherapist 19 Female Neurological
rehabilitation
and technology

MSc

PU2 Physiotherapist 2 Female PAE and exercise
prescription

MSc

PU3 Physiotherapist 29 Female Neurological
rehabilitation

MSc

PU4 Exercise scientist 18 Male Physical activity for
special populations

PhD

PU5 Exercise scientist 10 Male Clinical exercise
physiology

MSc

PU6 Exercise scientist 11 Female Exercise referral
programmes

MSc

Figure 2. Machine images.
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express their ideas and ensured the scribing was shared amongst group mem-
bers. All suggestions were openly explored without judgement or correction.

Task one

All four groups were issued with copies of template 1 (Supplementary
material, Appendix 2.1) and provided with multiple colour pens. The purpose
of task one was to design the opening pages of the GUI which comprised
login and programme selection. Participants were encouraged to reflect on
their experiences of using digital technologies with interfaces to develop fea-
tures which would enable ease of navigation and motivation for users of the
GUI. Design features which would optimize user engagement were priori-
tized (Thilo et al. 2017) and reflected through three guiding questions:

� What would motivate you?
� What would put you off?
� How can exercise be fun?

Participants were encouraged to include written text and illustrations on
the storyboards with attention to preferred colours, wording and imagery.

Task two

Group A was issued with copies of template 2 (Supplementary material,
Appendix 2.2) which depicted the key stages of the user assessment. Groups
B, C and D were issued with copies of template 3 (Supplementary material,
Appendix 2.3) which outlined options required within the specific exercise
programmes. Participants were encouraged to reflect upon their experiences
of using exercise equipment and digital interfaces to generate user-friendly
and motivating ideas to populate the new GUI. As with task one, written
text, icons and illustrations were encouraged to create artefacts which would
guide the design of the GUI.

Task three

A representative from each group was nominated to display their final tem-
plates and deliver a five-minute audio-visual recorded presentation to
explain the content and ethos of the storyboard.

Storyboard data

The storyboard templates populated during the event were converted into
electronic Jpeg images. The audio-visual presentations were transcribed
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verbatim by the lead author. Two members of the research team (RY, CS)
were familiarized with the content of the storyboard templates and tran-
scripts in preparation for the participatory analysis sessions. In-depth analysis
of the data was not conducted at this stage to avoid introduction of confirm-
ation bias during the subsequent participatory analysis sessions.

Phase two: participatory analysis

The purpose of the follow up participatory analysis focus groups was to
ensure an iterative, user-centred approach to interpretation of the data
alongside generation of new ideas. Due to restrictions imposed by the
COVID-19 pandemic which occurred shortly after the storyboarding event
the analysis sessions were operated through remote media using secure
Zoom software. Participants EU1 and EU2 were unable to use Zoom soft-
ware. The lead author (RY) attempted to enable their access, but due to the
challenges associated with remote connectivity this was not successful and
these two participants did not take part in the participatory analysis. Three
groups which comprised the remaining participants from the EU and PU
groups were formed in new combinations to facilitate the intertwining of
ideas and perspectives (Table 4). Two separate, sequential sessions were
scheduled for each group to enable exploration of the entire data set.

The format of the participatory analysis included re-familiarisation with
the storyboards and narration of the presentation transcripts. Examples of
participatory analysis in co-design methods are limited; in contrast to the
process reported by Yap et al. (2020), it was not our intention to ask the par-
ticipants to elucidate emergent themes from the data. Instead, we aimed to
encourage the participants to share their interpretation of the ideas pre-
sented within the storyboards and explore the topics and questions raised.
Each storyboard template was considered in turn and the discussion was
structured through reference to the topic guide (Table 5). The Zoom sessions
were chaired by the lead author (RY), recorded and saved as MP4 files. The
audio content was transcribed by RY.

Data analysis

An inductive approach to data analysis was adopted to capture the breadth,
richness and context of data collected through storyboarding and

Table 4. Participatory analysis groups.
Group Participants

1 EU3, EU5, PU2, PU5
2 EU4, EU8, PU1, PU4
3 EU7, EU6, PU6, PU3
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participatory analysis. The approach to thematic analysis described by Braun
and Clarke (2013) was applied as the flexibility inherent within this method
facilitated assimilation of the diverse data generated from the storyboarded
artefacts and participatory analysis (Clarke and Braun 2017). The storyboard
workshops generated the storyboarded artefacts and accompanying presen-
tations. In contrast, the participatory analysis sessions captured the responses
to the content of the storyboards and generated group discussion on prefer-
ences pertaining to the design and functionality of the GUI. Three members
of the research team (RY, DB, KS) initially familiarized with and individually
coded the content of the storyboard templates and transcripts from the par-
ticipatory analysis sessions. The team (RY, CS, DB, KS) collectively reviewed
the codes identified through individual analyses to generate categories. Two
members of the team (RY, CS) reviewed the coded data and aligned it with
the categories. The categories were continually reviewed in the context of
the data until overarching themes were defined and agreed by all members
of the research team. Disagreements arising during interpretation of the data
were resolved internally through verbal discussion. The participants were not
involved in the final interpretation of the data.

Phase three: design criterion matrix

The purpose of the design criterion matrix was to crystallize the co-design
data with external sources to create a comprehensive design brief for the
design engineer (AH). Crystallization in qualitative research encourages
researchers to gather multiple types of data to open up a more complex and
in-depth understanding of the topic (Tracy 2010). It was not the intention of
the research team to dilute or overwrite the content of the co-designed
data, rather to augment and enrich it. The research team had prior know-
ledge of the research evidence and guidelines which underpin exercise pre-
scription for PwS and an awareness of the principles of accessible design
features which guide the development of digital products. However, integra-
tion of the storyboard data with relevant external sources followed the

Table 5. Participatory analysis topic guide.
Activity

Introduction and outline of event
Remit of the event, i.e. to make sense of the data and understand the participant’s impressions of it.
Display storyboards one page at a time and narrate the respective section of transcript.
Participants to note the points which were emphasized and identify any comments which did not make

sense to them.
Topic Guide per page:
� What are the most striking features on this page?
� Are there any ideas or images that you don’t feel comfortable with?
� Which of these ideas or images could work well?
� Which of these ideas or images could be confusing or problematic?
Summary of the event and future plans

12 R. YOUNG ET AL.



co-design activities to minimize confirmation bias in the interpretation of the
user generated data.

A matrix was created which comprised the overarching themes repre-
sented as rows. Findings from the storyboard data, relevant research evi-
dence, published guidelines and market comparison were summarized in the
columns. The search strategy and approach to source identification is sum-
marized in Table 6. The selection of sources and data was factored by their
context, relevance and currency.

The findings relevant to the overarching themes captured from the search
were collated with the storyboard data to generate a design matrix of cate-
gorized design criteria to optimize the usability of the co-designed GUI.
Recommendations or ideas which were recurrent in the storyboard/participa-
tory analysis data, or detected in two or more different sources were
included in the matrix.

Phase four: prototype development

The design engineer (AH) familiarized with the manufacturer’s branding, design
matrix and raw data generated from the storyboards. In discussion with the
lead author (RY), a high-fidelity prototype (v1) of the interface was designed
using adobe software. V1 comprised a 7-page ‘quick start’ exercise programme
and was purposed to the Cross-Cycle machine. However, the data from all
storyboard groups guided the design and content of the GUI. The content and

Table 6. Search strategy.
Domain Sources Search terms Criteria

Research evidence CINAHL
MEDLINE

Exercise, stroke, aerobic,
strength, flexibility,
duration, intensity,
digital design,
accessible design

Published since 2015.
Exercise trials to have
been conducted on
PwS. Digital design
research to have
included PwS.

Published guidelines American Heart
Association

American College of
Sport Medicine
(ACSM)

National Institute for
Clinical Excellence
(NICE)WP3

Stroke Association

Exercise, stroke,
guidelines,
recommendations,
policy, digital design,
accessible,
aphasia friendly

Guidelines or
recommendations
published by a
recognized authority
on exercise
prescription for PwS
OR inclusive digital
design digital.

Market comparison Local knowledge of:
Leisure services
Clinical services

Google

Inclusive exercise
equipment

Accessible exercise
equipment

Digitized exercise
equipment

Rehabilitation
technologies

Assistive technologies

Currently available for
market purchase.
Designed to improve
physical ability or
performance. Target
market/end user
includes PwS.
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functionality of the prototype GUI was checked against the design criterion
matrix to determine which design descriptors had been attained.

Results

Four overarching themes emerged from the integrated thematic analysis of
the populated storyboards, group presentations and transcripts of the partici-
patory analysis sessions. The themes were; (a) aesthetic format, (b) functional
features, (c) programme options, (d) engagement and feedback.

(a) Aesthetic format

This theme comprised content which informed the visual appearance and
layout of the interface including colour schemes, use of icons and imagery.
The storyboards created by the groups A and B which included a greater
proportion of exercise scientists contained more text-based suggestions in
contrast to groups C and D who included more imagery.

Different perspectives regarding colour schemes were initially expressed
by the storyboard groups ranging from bright colours to paler, calm-
ing shades.

‘We felt the machine should be almost like a nice pale blue background, quite
attractive to touch.’ [Group C, Figure 3] In contrast to; ‘Bright welcoming colours, like
orange, yellow and green.’ [Group A, Figure 3].

As the dialogue developed during the participatory analysis sessions it
was acknowledged that users do habituate to colour schemes if the overall
design is intuitive.

‘You stop noticing colours if the design is user friendly.’ [EU7]

One participant (EU5) had vocational experience of digital design and rec-
ommended reference to the World Wide Web Consortium (W3C) for guid-
ance on font selection and colour combinations to ensure accessibility for

Figure 3. Aesthetic format (left to right: Group A; Group C).
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people with reading difficulties such as dyslexia. He emphasized the need for
a non-intrusive background with dark font to ensure ease of reading text.
The importance of branding evolved during the participatory analysis ses-
sions with recognition that the interface should be consistent with the col-
our schemes promoted by the manufacturer.

Traffic light colours were suggested to provide an indication of effort
or difficulty associated with the exercise (Figure 4 Group B; Group D). This
generated in-depth discussion during the participatory analysis sessions
with divided opinion regarding the interpretation of traffic light colour
schemes. Some participants thought that red colouration may indicate a
warning, whilst others felt that green, amber or red could be feedback
regarding about intensity of detected effort, with red indicating a positive,
hard effort.

Review of the storyboards during the participatory analysis sessions
acknowledged that some of the co-designed pages were too busy. All of the
groups emphasized the importance of clear, minimalised text. The visual and
perceptual changes which can occur following stroke were explored; taking
account of these needed to be central to the development of the GUI.

Figure 4. Aesthetic format (left to right: [top]Group B; Group D; [bottom]Group D; Group D).
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‘There needs to be consistency between the pages, like a menu bar ideally across the
bottom, not on the left side because many people with stroke have affected vision on
their left.’ [PU3].

Centralized orientation of icons and features on the screen was visualized
on Group C’s storyboard and the importance of this point for the stroke
population was further explored and recognized during the participatory
analysis sessions.

Images illustrated on the storyboard templates included emojis, pictures
of the exercise machines, weight training equipment, cycling, trophies and
stick men. The aerobic, strength and stretch groups all indicated a type of
feedback bar or dial.

‘We have drawn a dial on page 6 as an example of visual, of how far you’ve gone
and whether you’ve gone a bit further than the machine.’ [Group D].

The concept of feedback beyond its visualization is explored in the
engagement and feedback category.

(b) Functional features

The functionality of the interface is presented as a theme in terms of fea-
tures to enable efficient and independent user navigation through the GUI.
The ideas generated included user authentication systems, quick navigation
and assistance alert.

All groups suggested that familiar, universal icons, for example, ‘audio’,
‘home’ and ‘play’ should be used.

Groups A, B and C suggested a fob based or biometric identification sys-
tem to enable users to log in to the interface without the need for typing a
username or password. This assumed the development of an ‘intelligent’ sys-
tem with integrated data analytics including individualized exercise history,
exercise prescription, medical history and links to a designated healthcare
professional (Figure 5).

‘We thought a wrist band would be a good idea, you can just sort of beep on and it
knows it’s you… .linked in with that we could have things like medication, health
problems, contraindications, that’s done prior so we’ve got that whole database of
information within that wristband.’ [Group A].

This concept was endorsed during the participatory analysis sessions by
EU and PU representatives with the view that an intelligent system would
reduce the onus on service users and operators to recall information and
input exercise preferences at the start of each session.

Groups A, B and C suggested a ‘quick start’ or accelerated navigation
option for users or operators who did not want to commit time to a more
specialist or individualized exercise programme.

16 R. YOUNG ET AL.



‘Our group felt quite strongly that you should be able to press ‘quick start’ to move
past some of the choice selection pages.’ Group C.

The importance of accelerated navigation to the workout page was fur-
ther explored during the participatory analysis sessions with specific consid-
eration of different levels of functionality determined by the service setting
and end user (PU or EU). For example, a rehabilitation setting may have the
capacity to support a broader range of programme choices than a leis-
ure centre.

An optional video demonstration of the machine was suggested as an
option by groups B, C and D and all groups emphasized the importance of a
‘call assistance’ icon on each page. Groups B and C also suggested that there
should be a ‘back’ option on all pages to enable users to deselect options or
start again if they so wished.

(c) Programme options

In this context, the programme referred to the type, duration and intensity
of exercise displayed by the interface. Each group was tasked with a focus
on a specific programme or type of exercise and this generated in-depth
consideration of the terminology used in rehabilitation and exercise prescrip-
tion. Group D commented that the term ‘assessment’ may be intimidating
for some users and suggested that ‘check-up’ was the selected terminology
to guide a user towards a measurement of their exercise performance
(Figure 6).

‘Stamina’ was identified as a preferable alternative to ‘aerobic’ by Group B;

‘When we looked at the type of session we talked about aerobic, cardiovascular,
cardio and it was decided by our table that stamina might be a word that would
appeal more to everybody and was a bit more inclusive and not create any barriers.’
[Group B].

Figure 5. Functional features (left to right: Group A; Group C).
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Group C explored alternative wording for ‘strength’ including ‘power’ or
‘strengthening’ as illustrated in Figure 6. Terminology associated with
strength training was further explored in the participatory analysis sessions
with one EU participant commenting;

‘One rep max… is that a sport science thing? How does that work for stroke patients who
can’t get their limbs to move?’ [EU1]

Group D also identified the dissonance which can exist between scientific
terminology and meaningful language for service users.

‘We talked quite a lot about different words so we called it spinal stretch, but as a
physio I’d call it rotation, but it didn’t mean anything our end user, so we were trying
to think about all those different words.’ [Group D].

The option of adjusting the target intensity of the exercise programme
was recommended by Groups A, B and D. Group A identified the fluctuating
nature of fatigue and stated that the user should be able to override the
default setting. Group B specifically addressed intensity and suggested a
numerical choice range and also introduced the concept of limb isolation for
a more targeted exercise intervention.

Figure 6. Programme options (left to right: [top] Group D; Group B; [bottom] Group C;
Group B).
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‘We’ve got different options for type when it comes to stamina, so 2, 4, 6, 8, 10
potentially… .we’ve also got options to turn the arms off so you’re just using the legs,
or turn the legs off and just use your arms.’ [Group B].

Group A recommended that user performance targets displayed during
the exercise programme should include heart rate, range of motion and sym-
metry. This would require development of advanced hardware and sensors
on the power assisted exercise equipment.

(d) Engagement and feedback

Engagement and feedback was the most diverse of the emergent themes in
terms of range of topics covered. The research team sought to capture the
features suggested during the co-design activities which would empower
and motivate users to engage with the system and feel positive about their
exercise experience. This category included welcome messages, feedback on
exercise performance and gamification.

Strategies to engage users at the start of their session included an inter-
active feature to enable users to input how they were feeling on a given day.
It was identified that therapy or supervised exercise sessions would usually
encourage clients to report on their subjective status. Group A suggested;

‘We had a wellness score, so you could ask, ‘how are you feeling today?’ You could
even score it from one to ten.’ [Group A]

The concept of feedback both during and at the end of exercise gener-
ated mixed perspectives. The ideas generated on the storyboards included
progress bars, feedback dials and images of specific activities such as cycling
up a hill (Group C, Figure 7). Some participants felt that feedback during
exercise should be optional as it may be distracting for some users.

‘One of our group felt that all of this should be optional, they like the equipment as it
is and think these upgrades may be distracting.’ [Group B].

A visual feature to indicate upcoming targets was recommended to help
users to pace their effort. The concept of celebration of performance was
exemplified with ideas such as congratulatory pop ups, images of trophies
and audio of crowds cheering; although it was acknowledged that some
individuals may find such features patronizing or juvenile.

During the participatory analysis, one participant from the EU group stated;

‘Feedback can be simplified to three things; target achieved, level and comparison
with previous performance.’ [EU5]

The potential for an intelligent user identification system was discussed in
the context of feedback and reward. The option of being able to view and
reflect upon exercise sessions through a mobile app was explored during
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the participatory analysis sessions, with potential for exercise, rehabilitation
or medical team members having access to the data to monitor progress.

Design criterion matrix

Sources accessed included randomized controlled trials, published guidelines
and websites for comparable, commercialized products. The matrix is summar-
ized in Table 7. Descriptive recommendations were recorded by RY from the
collated data and features or concepts which recurred at least twice were
included in the design matrix. A total of 26 criterion were identified; five spe-
cific to aesthetic format, nine specific to functional features, seven specific to
exercise programme options and five specific to user engagement and reward.

Prototype

The v1 prototype (Figure 8) created by the design engineer (AH) comprised
7 pages which included user login, navigation to a ‘quick start’ exercise

Figure 7. Engagement and feedback (left to right: [top] Group C; Group C; [bottom]
Group D).
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programme, the option to select duration of workout, real-time visual feed-
back on effort detected and a summary of distance travelled and watts
achieved at the end of the exercise session. The menu bar included a ‘help’
icon which activated an ‘assistance called’ page.

V1 was scored on two separate occasions by the lead author (RY) to ascer-
tain the extent to which the criterion had been attained. Fifteen out of 26
design criteria were directly achieved on v1, with two further criteria within
the ‘programme options’ theme identified as being feasible within the first
iteration of the extended ‘my programme’ area (Table 8). It was agreed
within the research team that the usability of v1 would be tested to identify
initial usability problems prior to development of the extended ‘my pro-
gramme’ area. Criteria which were not attained on v1 were those features
which required a user identification system, virtual reality technology, an
audio system or detection of limb specific effort. These features would
require new hardware embedded within the PAE equipment, for example,
biometric sensors and additional invertors which were beyond the scope of
this project.

Discussion

The application of storyboarding as a co-design method facilitated user
engagement in the development of a GUI for power assisted exercise equip-
ment. Power assisted equipment is an exercise solution for PwS; representa-
tion of the stroke population in the design process was considered
imperative to create a user-friendly and engaging GUI. Storyboarding is a co-
design method well suited to the creation of design artefacts and participa-
tory analysis. In our example, it informed the design and format of the GUI

Figure 8. v1 prototype GUI.
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and shaped the envisaged user experience. The involvement of users in the
design and development of new healthcare technology has been associated
with enhanced product quality and accelerated commercial success (Thilo
et al. 2019; Dabbs et al. 2009). However, some manufacturers’ do not share
this perspective, seeing user involvement as time consuming and an unwise
expenditure of resource (Money et al. 2011). Examples of failed commercial-
ization of co-designed assistive technologies do exist, outcomes of user-
involvement are contingent on multiple factors, including the representative-
ness of the sample and stage of design (Fischer, Peine, and €Ostlund 2020).

The sample recruited to participate comprised a heterogeneous group
of EU and PU. Within the EU group there was a range of participants
with different types of motor, visual and communication impairment and
varied experience of using power assisted exercise equipment, plus one
informal carer. The PU group included rehabilitation and exercise profes-
sionals with varied levels of experience. Challenges associated with the
balance of input from the PU and EU participants emerged as the PU par-
ticipants tended to adopt the lead in each group. Akin to the co-design
experiences reported by Kirk et al. (2021), the research team were
required to implement skills in communication, facilitation and negotiation
to ensure an equal voice across the participant streams. Historically, manu-
facturers have indicated a preference towards the opinions of senior pro-
fessional staff (Money et al. 2011). The importance of multiple end user
involvement in the co-design of stroke technologies has previously been
reported due to service providers, informal carers and PwS requiring dif-
fering experiences or support from the same resource (Wentink et al.
2019). The degree of user involvement has been classified into three
categories; consultation (minimal involvement), collaboration and user con-
trolled (maximum involvement) (INVOLVE 2012). The definition adopted for
the purposes of our study was collaborative as an ongoing partnership
was developed with participants, with shared influence over the end prod-
uct (Fischer, Peine, and €Ostlund 2020; INVOLVE 2012).

Table 8. Attainment of design criterion.
Aesthetic format Functional features Programme options Engagement and reward

Feature Attainment Feature Attainment Feature Attainment Feature Attainment

AF1 Yes F1 No P1 MP� F1 No
AF2 Yes F2 Yes P2 Yes E2 No
AF3 Yes F3 Yes P3 MP� E3 Yes
AF4 Yes F4 No P4 No E4 Yes
AF5 Yes F5 Yes P5 No E5 Yes

F6 Yes P6 No
F7 Yes P7 No
F8 Yes
F9 No

�’My Programme’ pathway.
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Storyboarding enabled the participants to visualize the user pathway in
the context of the GUI and facilitated creation of artefacts and text. This pro-
ject facilitated development of the user experience and design of the GUI,
although the key features and stages were predetermined within the pre-
prepared storyboard templates (Supplementary material, Appendices).
Groups A and B, which included a greater proportion of exercise scientists,
presented detailed text to guide the exercise prescription. Groups C and D
comprised experienced rehabilitation therapists alongside people with apha-
sia, and their storyboards contained more coloured imagery with less text
content. The content of the storyboards created by Groups C and D was cen-
tralized which is a widely advocated format for PwS who may have visual
field or language impairment (Stroke Association 2012). The integration of
exercise science and rehabilitation expertise generated rich data which was
ultimately organized into the final four themes; aesthetic format, functional
features, exercise programme and user engagement/reward. Comparable co-
design studies have developed similar themes which reflect the visual, pre-
scriptive, motivational and individualized features requisite in digital exercise
technologies (Robinson et al. 2021; Novak and Loy 2018).

The development of the design criterion matrix ensured integration of the
user perspective with published sources and comparable commercialized
products. Comparison between the evidence-based matrix and ensuing
prototype indicated the extent to which the co-design methods shaped and
influenced the evolving technology. Twenty-six features were specified on
the design matrix and fifteen of these were attained on the v1 high-fidelity
prototype. Key design features specified on the design matrix including use
of imagery, dark font on a pale background, centralized content, programme
options and consistent menu bar were achieved. The integration of branding
influenced the final colour scheme. Previous co-design projects have devel-
oped matrices to categorize user requirements alongside published sources
prior to the development of prototyped technologies (Rothgangel et al.
2017). Similar co-design projects with PwS have acknowledged a gradual tai-
loring of content with the final product residing somewhere between
all contributors (Kulnik et al. 2019). Ultimately, the research team exercised
control over definition of the emergent themes and development of the
prototype GUI which affirms the perspective that truly equalizing power in
co-design is difficult to achieve (Farr 2018).

The concept of an intelligent user identification system with a connected
digital application was recurrent in the data; the supporting technology for an
intelligent, data analytics system has not yet been developed, however it has
been identified as a future priority. Gamification was also a recurrent concept
aligned with the ‘engagement and reward’ theme. Virtual reality and gamifica-
tion have been widely adopted in stroke rehabilitation technologies and are
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associated with improved motor function and engagement (Mubin et al. 2019;
O’Brien, Roberts, and Monaghan 2019). Immersion in gamified technology may
erode the peer support associated with engagement in power assisted exercise
(Young, Brrom, O’Brien, et al. 2021), although creation of avatars can promote
peer engagement within the virtual environment (Novak and Loy 2018).

The participants from both user groups reported that they enjoyed being
part of the co-design team and appreciated the opportunity to shape and
influence the design of the new interface. All participants who contributed
to the co-design tasks will be invited to take part in the subsequent usability
testing during stage three of the project. Learning and sense of participation
have been identified as benefits associated with user involvement in technol-
ogy design (Fischer, Peine, and €Ostlund 2020). Empowerment connected
with engagement in participatory design has been reported by older adults
as it stimulated creativity and reinforced their problem-solving capability
(Veldmeijer et al. 2020).

Throughout the co-design project we ensured a structured and iterative
approach to user involvement in the development of the assistive technology.
This approach was in line with the second stage of the MDT Framework
(Shah, Robinson, and Al-Shawi 2009). The application of storyboarding as a
co-design technique enabled participants to influence the proposed technol-
ogy and represented a focal point for iterative discussion during the participa-
tory analysis sessions. Previous instances of MDT Framework application
include user involvement in the development of a wearable fall detection
device (Thilo et al. 2017). In this example, participants were invited to evaluate
mock up designs of the proposed technology which had been developed by
the research and engineering teams, attaining a consultative rather than col-
laborative level of user involvement. Our project went a step beyond this by
inviting participants to create and analyse key features of the GUI to promote
meaningful user involvement throughout the design process (Desmond et al.
2018). The development of a high-fidelity prototype at the end point of this
project stage represented movement from level two to level three on the
technology readiness level scale (Olechowski et al. 2020). The involvement of
end users in the usability testing of the GUI will ensure their sustained influ-
ence over the end product (Shah, Robinson, and Al-Shawhi 2009).

Reflection and practical application

Limitations associated with the co-design study reported in this article are
acknowledged by the research team. Our intention was to facilitate the
development of original ideas and perspectives from the users without pre-
liminary influence from external or pre-existing sources. The design engineer
did not attend the storyboarding session; guidance from a design expert
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would have accelerated the development of feasible concepts and improved
the efficiency and cost-effectiveness of the co-design process. The groupings
of participants at the storyboarding event did not always facilitate optimal
opportunities for interaction between the exercise and rehabilitation profes-
sionals. The storyboards created reflected their respective skills and know-
ledge, resulting in an imbalance of text and imagery across the groups. The
follow up participatory analysis did mitigate for this as the groups were reor-
ganized which generated in-depth discussion and cross fertilization of per-
spectives. However, two EU participants were unable to operate the remote
Zoom technology and could not sustain their involvement.

Participatory analysis was not sustained beyond initial interpretation of the
storyboards; however, the prototype GUI will be usability tested on a represen-
tative user group including some of the participants included in this study. The
four themes which emerged during data analysis may be more accurately
described as domains with an emphasis upon topic rather than meaning (Braun
and Clarke 2021). The themes did evolve from the data collected, however, it is
acknowledged that shared meaning within the themes was limited and the
aims of the co-design process were likely to have influenced the coding and
organization of the data. The commercial and academic sources identified to
crystallize the user generated data and create the design criterion matrix were
selected according to their relevance and context as determined by the
research team. It was not the intention of the team to conduct a systematic
review of external sources as this may have de-valued the co-design process.

Strengths associated with the co-design project reported in this article
include the integration of PU and EU streams and sustained adherence with
the MDT Framework developed by Shah, Robinson, and Al-Shawi (2009). The
participatory analysis sessions generated further in-depth discussion which
created a second data set. The combination of imagery, written text, video
and audio transcript data encapsulated the contribution of all participants.
Thematic analysis enabled the research team to weave and structure the
compound data set to create a design brief which reflected the divergent
and convergent data generated by the heterogenous group of participants.
The research team navigated the challenges created by the 2020 COVID-19
lockdown to effectively complete data collection and analysis using remote
media to enable ongoing user involvement.

Conclusion

This paper has reported on the second stage of a co-design project under-
pinned by the MDT framework (Shah, Robinson, and Al-Shawi 2009) to
develop a new GUI to aid the navigation through the setup of power
assisted exercise for PwS. PU and EU streams were combined throughout
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stage two to generate a synthesized spectrum of perspectives and priorities.
Storyboarding was successfully implemented as a co-design technique and
facilitated the generation of artefacts which provided a focal point for group
discussion. The populated storyboards represented a tangible data set which
aided an inclusive approach to participatory analysis. The participatory ana-
lysis created an opportunity for further exploration of user preferences and
represented a sequential data set which was synthesized with the prelimin-
ary data through thematic analysis. Triangulation with published and com-
mercial sources ensured a sense check of the user generated data.
Preferences regarding aesthetic, functional, prescriptive and interactive fea-
tures were distilled and translated onto the data matrix which enabled iden-
tification of twenty-six recommended features.

To our knowledge, this co-design project represents a novel approach to
stage two of the MDT framework. The implementation of storyboarding has
not been previously reported in this context and in our experience was an
effective technique to facilitate user involvement. The subsequent high-
fidelity prototype adopted 15 of the 26 recommended features.
Development of a digital user identification system and gamification have
been identified as priority areas for future developments to ensure attain-
ment of those features not embedded at this stage. The digitization of
power assisted exercise has the potential to enhance the stroke recovery
pathway and support PwS as they transition between sectors. The co-
designed GUI will optimize user independence on the equipment and facili-
tate long term engagement with power assisted exercise programmes. We
encourage other groups to use storyboarding during product development.
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