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Physical activity has positive health implications for individuals living with neurodegenerative
diseases. The success of physical activity programs, particularly in culturally and linguistically diverse populations, is typically dependent on their alignment with the culture, lifestyle
and environmental context of those involved. Aboriginal families living in remote communities in the Top End of Australia invited researchers to collaborate with them to co-design a
physical activity and lifestyle program to keep individuals with Machado-Joseph disease
(MJD) walking and moving around. The knowledge of Aboriginal families living with MJD,
combined with findings from worldwide MJD research, formed the foundation for the codesign. An experience-based co-design (EBCD) approach, drawing from Indigenous and
Participatory methodologies, was used. An expert panel of individuals with lived experience
of MJD participated in a series of co-design phases. Prearranged and spontaneous codesign meetings were led by local community researchers within each phase. Data was collected using a culturally responsive ethnographic approach and analysed thematically. Sixteen panel members worked to develop the ‘Staying Strong Toolbox’ to cater for individuals
with MJD who are ‘walking strong’; or ‘wobbly’; or ‘in a wheelchair’. Based on the ‘Staying
Strong Framework’, the Toolbox was developed as a spiral bound A3 book designed to
guide the user to select from a range of activities to keep them walking and moving around
and to identify those activities most important to them to work on. The ‘Staying Strong Toolbox’ is a community driven, evidence based resource for a physical activity and lifestyle
program for Aboriginal families with MJD. The Toolbox provides a guide for health professionals and support workers to deliver person-centred support to Aboriginal families with
MJD, and that can be modified for use by other families with MJD or people with other forms
of ataxia around the world.
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Co-design of a physical activity and lifestyle program for Aboriginal families with MJD in Australia

Introduction
The benefits of physical activity for individuals with neurodegenerative conditions are well
known [1–4]. Physical activity has been shown to enhance function and well-being and
appears to have neuroprotective effects for those with neurodegenerative diseases [1, 2, 5–8].
Yet, one size does not fit all, in terms of types of physical activities that are most effective, and
the appropriate dosage [9]. Individuals with neurodegenerative diseases live with a variety of
impairments, and experience considerable changes in function, often over a 20-year period
[10–13]. Tailored physical activity interventions that suit the lives of individuals, their environment, interests, responsibilities and available resources, seem to reap the most rewards for
mobility and adherence to physical activity [9, 14, 15]. Flexibility within these interventions to
change as their disease progresses is also important [15].
MJD is an autosomal dominant neurodegenerative disease that leads to ataxia and progressive decline in motor function [11]. Most people with MJD are wheelchair bound and dependent on support for activities of daily living within 10 years of symptom onset [16, 17]. MJD is
the most common spinocerebellar ataxia (SCA) worldwide [18], and appears to be most prevalent in affected Aboriginal communities in the Top End of Australia [12, 19–22]. Aboriginal
families of Groote Eylandt, in Ngukurr and related Aboriginal communities have experienced
the devastating impact of MJD for generations [23]. Their culture and lifestyle vary considerably compared to families in other regions of the world [12, 24].
It is important to recognise that acceptability and effectiveness of physical activity programs
in culturally and linguistically diverse populations is dependent on whether harmony exists
between the program and the culture, lifestyle, geographical and environmental context of
those involved [12, 25, 26]. In essence, physical activity is only likely to be beneficial for
Aboriginal families with MJD, if it is relevant, meaningful and culturally responsive [12, 27,
28]. Accordingly, methodologies such as experience-based co-design (EBCD) are required for
program development to ensure end-users are actively involved in the process from beginning
to end [29]. Recognised in Indigenous research contexts, EBCD fosters ongoing input from
communities to lead the design, development and evaluation of programs, to ensure they are
meaningful and relevant in accordance with their priorities [30–32].
Families with MJD from Groote Eylandt and Ngukurr, supported by the MJD Foundation,
recently partnered with university researchers to explore the best ways to keep walking and
moving around [12]. The objective of the partnership was to bring together the knowledge of
families with MJD [12], with what is known from MJD research from around the world [33],
to develop a physical activity program [33]. Based on the findings of two earlier studies [12,
33], the aim of this current study was to co-design a meaningful physical activity and lifestyle
program tailored to the priorities of Aboriginal families with MJD in the Top End of Australia.

Methods
Study design
An experience-based co-design (EBCD) approach embedded within Indigenous and Participatory methodologies was used to ensure dominance of the views of Aboriginal families with
MJD, their communities and community researchers [31, 34, 35]. EBCD was chosen because it
is an approach which fosters engagement of individuals, communities and health care professionals as active participants in the development of services for their use in the future [36].
EBCD provided a guiding framework to allow families with MJD as experts, by lived experience, to develop a physical activity and lifestyle program [29, 31, 36]. The EBCD Australia
Toolkit [37], recommendations for codesign studies [38] and the six stages of the EBCD cycle
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[29, 39] were drawn upon to guide our co-design process. The Consolidated Criteria for
Reporting Qualitative Research (COREQ) guidelines were used to document the process [40].
Ethical approval was granted prior to study commencement by the Human Research Ethics
Committee (HREC) of the Northern Territory (NT) Department of Health and Menzies
School of Health Research (HREC 2018–3044) and externally approved by James Cook University HREC (H7367). Permission was granted to conduct the research from Anindilyakwa
Land Council and Northern Land Council and appropriate land permits were secured prior to
research commencement. Participants in this study have provided written informed consent
(as outlined in PLOS consent form) for their images to be used.

Setting
The Aboriginal people of the Groote Eylandt Archipelago (Warnumamalya) have occupied
their lands for around eight thousand years [41]. Approximately ~1500 Warnumamalya
occupy the Aboriginal communities of Angurugu, Umbakumba and Amakalyakba (Bickerton
Island) within the Groote Eylandt Archipelago [22]. Anindilyakwa is the main language spoken [41]. On the mainland to the west (approximately 218km in a direct line), live the Aboriginal people of Ngukurr and Urapunga who have occupied the Roper Gulf region for 40,000
years. The major language spoken in Ngukurr is Kriol as well as Ngalakan, Alawa, English and
other Aboriginal languages [42]. Approximately 972 Aboriginal people live in Ngukurr today
[43].
Like many Aboriginal communities in the Top End, families maintain traditional systems
of social organisation and cultural practices that include ceremonial responsibilities, fishing,
hunting and gathering [41, 44]. Both Ngukurr and the Groote Eylandt Archipelago are considered very remote regions of Australia [41, 45] (Fig 1). Each has a general store, school, health
clinic, emergency services post and day-based aged care centers (no 24 hour care available)
[42, 46]. The closest tertiary hospital is at least 650km away. Aboriginal families with MJD in
both areas are supported by the MJD Foundation. The MJD Foundation is a community
driven organisation founded on Groote Eylandt that works in partnership with Aboriginal

Fig 1. Localities of the Groote Eylandt Archipelago and Ngukurr. Map created with ESRI ArcGIS using Australian
Bureau of Statistics (ABS) data [48].
https://doi.org/10.1371/journal.pone.0244311.g001

PLOS ONE | https://doi.org/10.1371/journal.pone.0244311 February 5, 2021

3 / 19

PLOS ONE

Co-design of a physical activity and lifestyle program for Aboriginal families with MJD in Australia

Australians, their families and communities living with MJD to provide comprehensive supports and engage in research, providing hope for the future [47].
Families in these very remote Top End communities face daily challenges in relation to limited access to carer support, health services, infrastructure and accessible housing. Harsh environmental factors, including extreme heat, monsoonal wet seasons and rough terrain add to
the complexity. As their function declines, many individuals with MJD need to move to the
city hundreds of kilometres away for medical or residential care, facing cultural and linguistic
isolation, away from their families, communities and homelands.

Research team
The research team for this current study consisted of Aboriginal community research partners
(CRPs) from Groote Eylandt (JL, GL, GwL) and Ngukurr (BD), who were experienced community workers and cultural advisors either living with MJD or who have a close family member with MJD. Each CRP (JL, GL, GwL and BD) coordinated the research in their respective
communities and led meaning-based translation of the work into English. An invited nonAboriginal researcher (JC), an experienced physiotherapist in neurological rehabilitation,
worked alongside families to conduct this research (supported by RB). JC was well known to
families with MJD on Groote Eylandt and in Ngukurr through the two earlier studies on
which this current study was based [12, 33]. JC partnered with JL, GL, GwL and BD in study
preparation, data collection, analysis and manuscript preparation. Non-Aboriginal associate
investigators (RB, AL and AC) supervised the research, each of whom brought more than 20
years of experience working and conducting research in remote Aboriginal communities.
Senior community members from Groote Eylandt and Ngukurr provided endorsement on
completion of each co-design phase.

Foundation for co-design
The Co-design process is outlined in Fig 2. Two earlier studies formed the foundation for the
co-design process [12, 33]. Study 1 involved interviews with individuals and families with MJD
to explore ‘what is important’ and ‘what works best’ to keep people with MJD walking and
moving around [12]. ‘Walking and moving around’ refers to the ability to move around from
place to place, including around the home to do everyday tasks, as well as around the community, and further afar, inclusive of all aspects of mobility. The term was selected by Aboriginal
community researchers as it could be translated across multiple Aboriginal languages.

Fig 2. Foundations for co-design process.
https://doi.org/10.1371/journal.pone.0244311.g002
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Participants emphasised the importance of staying strong on the outside (i.e., physically), and
the inside (i.e., mentally, emotionally, spiritually) by ‘exercising your body’, ‘keeping yourself
happy’, having ‘something important to do’, ‘going Country’, ‘searching for good medicine’
and ‘families helping each other’. These six domains formed the ‘Staying Strong Framework’
and provided the core principles for the physical activity program [12].
In Study 2, the Staying Strong Framework provided a lens for a scoping review of peer
reviewed literature worldwide to map interventions that promote walking and moving for
individuals with MJD [33]. Most studies focussed on ‘exercising your body’ (e.g., walking
training, balance training or task-specific training) with positive findings when exercise
occurred for at least 50 minutes in duration, two to three times each week, for approximately 4
weeks. Some studies assessed medications, but not traditional medicines and no medications
could be strongly recommended. No studies explored the impact on mobility of ‘going Country’ (e.g., spending time in culturally significant places, community participation, outdoor
mobility, sport/recreation); ‘families helping each other’ (e.g., the impact or relationship of
family support on functional mobility or emotional wellbeing); having ‘something important
to do’ (e.g., goal orientated, or task specific training based on individual goals/priorities/interests) or ‘keeping yourself happy’ [33].

MJD Expert Panel
The MJD Expert Panel was formed to co-design the physical activity and lifestyle program.
Panel members were purposively selected from Groote Eylandt and Ngukurr. To gain a range
of experiences, panel members included males and females of different ages and functional levels, living with MJD and/or carers and/or support workers for those with MJD [12]. Individuals were excluded if they had a moderate to severe intellectual or psychological impairment to
ensure informed consent and to reduce participant burden [12]. The research team, exclusive
of JC, were included as panel members.
Panel members were recruited by MJD Foundation service providers, by community
researchers (JL, GL and BD) or in response to an independent expression of interest to the
research team. Potential panel members were informed by the research team about what
would be required in each co-design phase. Either written or oral consent was recorded prior
to research commencement. Panel members were reimbursed for their participation in each
co-design phase with a $75 (AUD) shopping voucher. Community researcher wages were
funded through a research grant from the Lowitja Institute for Aboriginal and Torres Strait
Islander Research and JC was supported by a federally funded PhD scholarship.

Co-design matrix
In preparation for Phase 1 co-design meetings, the research team collaborated to combine the
findings of the foundational studies into a matrix based on the Staying Strong Framework and
three functional levels that families with MJD typically describe (walking strong, walking wobbly, using a wheelchair). The matrix was operationalised in a large book of A3 sized worksheets, to present the findings, guide discussion and collect panel member feedback. Each
worksheet page outlined one domain of the Staying Strong Framework (exercising your body,
searching for good medicine, families helping each other, keeping yourself happy, something
important to do) and included a blank table divided into three functional levels: ‘walking
strong’ (i.e., walks independently), ‘walking wobbly’ (i.e., requires physical assistance or a
walking aid) or ‘in a wheelchair’ (i.e., wheelchair dependent). The blank table was for panel
members to contribute their own ideas about activities to keep ‘walking and moving around’
across each functional level. Prompts were used to guide panel member discussion, such as,
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“what are the best ways to be ‘exercising your body’ if you are: walking strong? walking wobbly? In a wheelchair’” (Table 1).
The final page extended on the domain of ‘something important to do’ and was designed to
capture the goals of users over a 4-week physical activity period, where participants score
themselves using the Patient Specific Functional Scale (PSFS) [49]. The PSFS is a visual analogue scale that ranges from 0 to 10 with 0 representing ‘unable to perform activity,’ and 10
representing ‘able to perform the activity to my satisfaction’, and would be scored before and
after the 4-week physical activity period [33].

Co-design phases
Co-design phases were arranged at time periods throughout the year when all researchers and
panel members could participate. Particular attention was paid to avoiding periods of ceremonial and cultural responsibilities. Each phase provided opportunities for multiple co-design
meetings to occur, either prearranged or spontaneously, led by JL, GL, GwL and BD in the preferred language of panel members [31]. Prearranged meetings were those meetings scheduled
by the research team. Spontaneous meetings were those meetings that occurred when panel
members were together for social reasons (e.g. fishing), as part of day-to-day conversations or
when they chose to visit the research team for further discussions or feedback. JC spoke
English as a first language but endeavoured to learn and converse in the languages spoken in
each respective community.
A culturally responsive ethnographic approach was used to gather data [50]. In line with
this approach, researchers were immersed within each community to observe panel members
within their local context [50]. Panel member discussions were facilitated using a narrative,
open ended and informal interviewing style [50]. Details of what occurred in each phase are
outlined in Table 2.
Data collected from co-design phases included audio recordings and/or field notes and a
research diary kept by JC to record daily interactions within the team and program iterations
Table 1. Phase 1 –co-design meeting guide.
Phase 1 Co-Design Meeting Guide
What are the best ways to be exercising your body if you are

Walking strong?
Walking wobbly?
In a wheelchair?

What are the best ways to be going Country if you are

Walking strong?
Walking wobbly?
In a wheelchair?

What are the best ways to be keeping yourself happy if you are

Walking strong?
Walking wobbly?
In a wheelchair?

What are the best ways to be searching for good medicine if you are

Walking strong?
Walking wobbly?
In a wheelchair?

What are the best ways for families to be helping each other if you are

Walking strong?
Walking wobbly?
In a wheelchair?

What are important things to do if you are
How do you find something important to do?

Walking strong?
Walking wobbly?
In a wheelchair?

https://doi.org/10.1371/journal.pone.0244311.t001
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Table 2. Co-design phases.
Phases
Phase 1 Develop Content

Actions
• Staying Strong Framework and co-design matrix presented to panel.
• Prompts provided to facilitate suggestions for activities for each functional level.
• JC scribed while panel deliberated.
• Panel members reviewed, added or refined activities documented.
• Research team collated suggested activities into one worksheet.
• Data coded and categories emerged for each ‘Staying Strong’ domain.
• Panel members provided a copy of their individual worksheet.

Phase 2 Prepare for Use

• Worksheets reviewed from Phase 1 reviewed and modified by panel members.
• Prompt questions guided discussion (Table 5).

Phase 3 Build Prototype

• Worksheets collated and developed into a book titled ‘Staying Strong Toolbox’
with tick boxes for each activity (tool).
• ‘Staying Strong Toolbox’ provided to each panel member.
• Panel members modified prototype content, look, feel and use.

Phase 4 Validate Prototype

• Trialled use of Toolbox book with panel members with MJD to review ease of use.
• Home programs compiled for each panel member with MJD based on tools they
selected.
• Issues/changes required discussed with panel members.

Phase 5 Translation and
Celebration

• Research discussed with community stakeholders (MJD Foundation staff, health
service, media centre, and land council staff) throughout co-design phases from
inception to completion.
• Presented findings at national and international conferences.

https://doi.org/10.1371/journal.pone.0244311.t002

that panel members felt were required. The research team collaborated to complete meaningbased translation and transcription of meeting data into English as required and all panel
members were invited to review, verify or modify transcriptions. As panel members were
more able to read and write in English than their respective first languages, their preference
was to document information in English. Controlled English (free from culturally specific metaphors, using terms, narratives and sentence structures that were easily translatable) [51] was
used to ensure all panel members could participate fully in meetings.

Data analysis
A qualitative descriptive approach was used to analyse data from panel meetings [52, 53]. Data
related to program activities and information were collated according to each domain of the
Staying Strong Framework and analysed thematically, through discussions between researchers, using Microsoft Word.
In each co-design phase, panel members were consulted by the research team to identify,
discuss and refine key activity categories and themes that emerged. On completion of each codesign phase, findings were discussed with senior community members to verify information
gathered and to seek approval to update the prototype.

Results
A total of 16 MJD Expert Panel members from Groote Eylandt (n = 8) and Ngukurr (n = 8)
participated in co-design phases one to five. Characteristics of panel members are included in
Table 3.
Co-design phases one to five took place between April 2018 to December 2018 to develop
what became known as the ‘Staying Strong Toolbox’. Each phase ranged between two- and
five-weeks in duration (mean = 3) during which time the non-Aboriginal researcher remained
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Table 3. Characteristics of MJD Expert Panel Members (n = 16).
Participant Characteristics

Number (%)

Community
Groote Eylandt

8 (50)

Ngukurr

8 (50)

Gender
Female

10 (70)

Male

6 (30)

Age
30–39

3 (15)

40–49

7 (35)

50–59

4 (20)

> 60

2 (10)

MJD
Yes

10 (50)

No

6 (30)

Mobility Statusa

/10

Independent

4 (40)

Requires assistance�

3 (30)

Wheelchair dependent

3 (30)

Activities of daily living��

/10

Independent

3 (30)

Requires assistance

7 (70)

Carer of individual with MJD

13 (65)

Community Leader

3 (15)

MJDF Community Worker

5 (25)

Abbreviations
�

, Requires physical assistance and/or mobility aid for indoor/outdoor mobility
, Requires physical assistance or assistive devices; %, percentage

��

a, MJD Representatives only; MJD, Machado-Joseph disease; MJDF, MJD Foundation.
https://doi.org/10.1371/journal.pone.0244311.t003

in each remote community and the relevant community researchers remained in their respective local community to coordinate the research. Meetings occurred at various locations
including the beach, homes of panel members, the local aged care centre, in the outdoors on
traditional homelands, at the local store or in the back of the research team’s four-wheel drive
vehicle. Prearranged meetings included one on one interviews (Groote Eylandt (GTE) = 6;
Ngukurr (NGU) = 6), dyadic interviews (GTE = 3; NGU = 5), small groups (GTE = 5; NGU 6)
and workshops (GTE = 5; NGU = 5). Spontaneous meetings included interactions via text
messages, phone calls, or face to face visits throughout the day or in the evening. Meetings
commonly occurred early to mid-morning or in the late afternoon and evening. A total of 41
prearranged meetings occurred (exclusive of spontaneous meetings), 22 in Ngukurr and 19 on
Groote. Each meeting was held for between 40 minutes and up to four hours (average ~1.5
hours).
Research grant expenditure of less than $AUD 42,000 covered travel, accommodation,
wages, panel member reimbursement, meeting refreshments and technology (tablets for community researchers). JC was not local to each community but spent extended periods of time
(3 months) on a number of occasions in each community. Between visits, the research team
collaborated via Zoom and telephone.
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Phase 1 –develop content
At the completion of Phase 1, 567 activities and strategies for staying strong were gathered
from panel members and categorised under each Staying Strong Domain (Table 4). Statements
that were essentially ‘tips for success’ for individuals who may use the program also emerged
from panel member discussion.
Panel members stated photos should be included to provide pictorial representation of the
activities suggested. Panel members asked research team members to take their photo whilst
undertaking their suggested activities or brought their own photos of themselves doing the
activity.
Table 4. Phase 1 –summary of panel member responses.
Staying Strong
Domain

Categories

Tips for Success

Exercising Your
Body

Walking Practice

“You have to be able to do exercise in a place away from an
audience, with families or with other MJD people.” (4)

House Working or Job
Working
Getting Strong Muscles

Going Country

Doing Sport

“. . .It’s better to do exercise with people we trust and that
make us happy.” (2)

Hunting Ideas

“Sitting too long gives you cramps and makes you wobbly. You
have to try keep your body moving.” (7)

Fishing Ideas
Walking–Bush or Beach
Searching for
Good Medicine

“It’s about eating well as well as getting it [bush medicine]. . .
it’s good exercise but it will make you want to go and find
Working with Family to Look more too. . .. Because they are so good to eat. . .good for you
inside and outside.” (11)
for Medicines

Looking for Medicine
Yourself

Bringing Medicine Home to
Help Other Families
Cooking Medicine Yourself
or Drawing on Others

Keeping Yourself
Happy

Getting Help From the Clinic
with Medicines

“Have lots of good food. . . the best food comes from the land
and saltwater. . .don’t eat too much greasy food at the shop
[local take away store].” (5)

Doing Fun Things

“. . .Find things that make you feel good and take your mind
off the sickness, for anyone with MJD. (1)

Getting Out of the House
Being with Families
Staying Happy and Healthy
Teaching the Kids About
MJD

Families Helping
Each Other

Helping Your Family With
and Without MJD
Helping Yourself

“Help other people with MJD to move their body, go Country,
do things for them, support them. It will keep you moving your
body. . .” (4)”

How Families Can Help Their
Loved Ones With MJD
Something
Important to Do

Finding Something Important “. . .Important things keep you busy. . .take your mind off that
to Do
sickness. Find ways to make things easy so you can do them
yourself. Find those things you can do by yourself at home.” (1)
Finding a Job to Do
Working Around the House
Important Ways to Support
Your Family
Finding Help to Do Things
That Are Important

https://doi.org/10.1371/journal.pone.0244311.t004
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‘We have to show people what we are doing so they might do it too’ (13)

Phase 2 –prepare for use
Panel members reviewed the worksheets from Phase 1 and provided feedback on repetition of
activities, missing information, irrelevant information, and added new activities. In this process, panel members decided that the worksheets should be developed into a book, and called a
Toolbox. The book would list the range of activities (i.e., tools in the Toolbox) participants had
suggested, aligned with each Staying Strong domain section. Panel members felt that all individuals with MJD, regardless of functional level, could use this book. They could look through
the list of tools in each domain of the book, with their families, and tick what tools they
thought would suit them best. Their chosen tools (i.e., activities) would form their own Staying
Strong Toolbox program to keep themselves strong on the inside and outside. Through further
discussions and agreement between participants, ‘Staying Strong Toolbox’, or ‘Toolbox’ in
short was introduced as the name for the book. Panel member responses to the prompt questions were collated and are summarised in Table 5.

Phase 3 –build prototype
The research team built the Toolbox prototype (spiral bound A3 book) based on findings of
Phase 2. Panel members provided feedback on design and content and expressed that users of
Table 5. Phase 2—summary of panel member responses.
Additional Prompts
What should it look like?

Summary of Responses
• Tools (activities) should be listed as tick boxes.
• Individuals with MJD could tick what tools suit them best.
• Changes made to pictures, colours, font size, layout, language.
“This book has ideas for everyone. We’ve all put our ideas into this book. These ideas
are tools. Like when you are trying to fix a car, all cars are different and have
different problems, you need to find the right tool to fix the problem. . . People have to
pick the right tools for themselves they think will help. . .they can just tick those
things.”(7)

What should we do with the
Toolbox?

• Help families keep walking and moving and slow MJD.
• Share with families with MJD in other parts of the world.
• Use to help families to communicate what is important to them.
� To their families.
� To their health professionals/support workers.
• Help individuals identify:
� What they can do by themselves.
� What they require support with.
• Guide support workers/ health professionals unfamiliar with MJD.
• Modify it to suit other families in other locations.
• Share with other families so they may build their own Toolbox.
“This Toolbox is for everyone to use, no matter if people are strong or using a
wheelchair. It will help give people ideas on what they can do to keep themselves
strong.” (3)

How should we share it?

• Produce a video to share research with other families with MJD.
• Share the Toolbox with:
� Families with MJD all over the world.
� Health professionals/support workers of families with MJD.
� Community stakeholders.
“I’m telling you this so it will spread around the world, so other people can copy us.”
(1)

https://doi.org/10.1371/journal.pone.0244311.t005
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the Toolbox would need additional information to understand how this research and workbook developed. They also felt the Toolbox should be available for everyone to read (i.e., families with MJD and the general community) to improve understanding of MJD. The results of
Phase 3 and Toolbox prototype outline are in Table 6.
“. . .People need to know about this. . .so our communities understand this MJD” (12)

On completion of Phase 3, all panel members expressed that a trial would be required to
determine if any further information should be added or removed
“I want to see this happen now. . .we should do it so we can show people now that this
works. . .” (6)
In preparation for a subsequent trial, the research team created a section at the end of the
Toolbox book, titled ‘Tools I Will Use to Keep Myself Strong’. This provided a section for all
tools selected to be collated on one page to assist with planning on how to fit those activities
into everyday life.

Phase 4 –validation of prototype
Four panel members with MJD trialled the Toolbox workbook prototype to validate it for use
in the planned pilot trial (Phase 6). Panel members worked through each section of the
Table 6. Staying Strong Toolbox prototype.
Book Section

Content Description

About This Book

• How this research happened

Where Did This Book Come From?

• People involved in this research

• Why families wanted it to happen
• How the research happened
• Why this research is important
Why is it Good to Keep Yourself
Strong Inside and Outside?

• Reasons to keep walking and moving around
� From families with MJD in the Top End
� From international MJD researchers

Staying Strong Inside and Outside

• Overview of the ‘Staying Strong Toolbox’

Exercising Your Body

• Tools for each functional level

Going Country

• Tools for each functional level

Searching for Good Medicine

• Tools for each functional level

Keeping Yourself Happy

• Tools for each functional level

Families Helping Each Other

• Tools for each functional level

Something Important to do

• Tools for each functional level

What will I do to Stay Stronger for Longer: Worksheet

• What really matters to me?
• What do I want to work on in the next 4 weeks?
� How good am I at this today?
� What do I need to do to stay strong at this?
� What am I doing already to help with this?
� What help will I need?
� Who will I get help from?

Tools I Will Use to Keep Myself Strong

• All the tools I will use from each domain

My Plan Worksheet

• A planning sheet for individuals/their supporters
• Demonstrate how to fit tools in everyday life

https://doi.org/10.1371/journal.pone.0244311.t006
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Toolbox, relevant to their level of function. Each panel member ticked, with a pen, a range of
tools (activities) they would wish to do as part of their Toolbox program. Selections were collated at the end of the book in the ‘Tools I Will Use to Keep Myself Strong’ section. Two panel
members went through this process while JC and JL observed. One panel member went
through the same process with their partner present only, and one did so independently without support. Once completed, all panel members came together with JC, JL, GwL or BD, discussed what they had selected and explained the goals they wished to work on, verifying that
the Toolbox prototype could be used as it was intended.
All who trialled Toolbox prototype felt it was useful to help think of ways to stay strong and
felt positive about the process of selecting tools that suited them best. They identified irrelevant
or repetitive tools, where text needed to be enlarged or where wording could be improved.
They were able to easily identify goals to work on and score themselves as to how well they
could complete the task at that time.
“Ticking the boxes was good. Doing it our way. You see this Toolbox [of mine], it is good for
making yourself strong and we need to do this. . .” (6)
“I like the way we did that Toolbox, because you have to see what you are doing first and tick
it in that Toolbox, and then you go and do those things. . .” (3)
“Yeah like we made all the decisions about what we were going to do. . . it felt good like putting
those things on the paper. . . and we gotta do those things. . .” (4)
All four panel members expressed that individuals requiring support to select tools in the
Toolbox workbook would need those supporters to understand their background and what mattered to them. Trusted relationships with those supporters was considered to be vital. As a result,
a section titled ‘My Story’ was added at the beginning of the Toolbox prototype. This section provided a space for individuals using the workbook to explain 1) their story, including their personal
and environmental factors, 2) whether they were strong, wobbly or using a wheelchair, 3) what
was important to them, 4) what they enjoy doing and 5) what was challenging for them to do.
With these additions, participants felt the Toolbox would be ready for trial as a program. Home
programs were compiled collaboratively with each panel member with MJD, using the ‘My Plan
Worksheet’ section, based on tools they selected in this validation phase whilst awaiting trial commencement. The full Staying Strong Toolbox prototype developed prior to trial commencement
is included as a S1 File. Further modifications are anticipated after the trial is complete.

Phase 5 –translation and celebration
At the completion of Phase 4, panel members felt the time was right for a community gettogether with panel members, their families and anyone else interested, to inform the community of the work that had occurred and to celebrate what had been achieved.
“I feel proud to see my families doing this work. It’s important. I want them to stay strong” (9)
“It was a hard job for us, and hard for me, telling these stories, thinking of my families, but I
am proud. . .” (4)
Panel members felt that the best way to share the Toolbox with other families and communities with MJD around the world was to produce a video to outline the research process, how
the Toolbox could be used, and how well it worked for them. Funding was secured and a video
was produced.
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“We really wanted to make this. . . so all of you can see and know about these things. When
lots of people see it, in lots of different places, they can know about this weakness that people
are carrying. We put all these stories together. So then we will all know about it. Us Aboriginal
and non-Aboriginal people, and others in lots of different places and gathered them into one.
This is the one for them (the Toolbox) to make themselves strong. . .” (13)

Discussion
The Staying Strong Toolbox forms a physical activity and lifestyle program, grounded in the
experiences of families with MJD and current MJD research from around the world. The
Toolbox enables individuals with MJD to select from a range of activities that will suit them,
designed to maximise their physical and psychosocial well-being. Amidst recommendations
for person-centred, meaningful, satisfying and challenging physical activity programs [15],
this appears to be the first of its kind for people with ataxia [33]. Programs tailored to the individual for a range of other neurodegenerative conditions are also typically prescribed by a
health professional, rather than user led or goal driven [33, 54–58].
The co-design process used to develop the Staying Strong Toolbox could be used as a guide
for program development among individuals living with other ataxias and neurodegenerative
diseases. The process allowed individuals living with MJD to contribute to improvements in
care that they wanted to see happen [59, 60]. The co-design process allowed cultural responsiveness, kept decision-making power with the ultimate end users of the program and fostered
their personal commitment to implementation [31, 61, 62]. Co-design has been used widely in
software development and health service model development [30, 31, 63, 64] but less commonly in the development of physical activity interventions or rehabilitation programs [65,
66]. However, the approach has become recognised as more likely to produce feasible successfully implemented programs [30, 67, 68].
In line with successful co-design studies [61], effective collaboration to develop a personcentred program is dependent on the investment of time, flexibility and responsiveness to
what works for the end user. In this study, families were able to lead the process, which was
designed to fit within their lives, rather than add burden. Panel members were able to participate in their first language (e.g., Anindilyakwa or Kriol) which further fostered strong community participation in this research [69], but lacks emphasis in the co-design literature [70, 71].
Trusted community researchers led the work in each community, which ensured panel members could express themselves fully and consolidate their commitment to the process. The codesign process strengthened existing partnerships between local community researchers, the
non-Aboriginal researcher and families with MJD [31].
Flexibility throughout the process ensured all panel members could contribute meaningfully [72]. Meetings were conducted at times that best suited those involved, commonly in the
morning or late afternoon or evening, when temperatures were cooler, people were most
active, and families were together. Much of the work would not have been possible if squeezed
within a ‘9 to 5’ framework, which to our knowledge has not been discussed in the literature.
The impact of providing ways for panel members to participate flexibly is evidenced by 100
percent panel member participation in every co-design phase. Research funding as well as
logistical support from the MJD Foundation allowed this to be possible and was critical to the
success of the project, particularly in relation to flexibility around funding and reporting timeframes as the project evolved [70]. Other studies have highlighted the difficulties in securing
funding and ethics approvals for co-design projects, where truly responsive projects evolve
over time, and specific details on what will occur and how long it will take prior to project
commencement is a guess at best [61].
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The Toolbox, created through a co-design process, is a source of pride to the community
that has developed it, and who advocate for it to be implemented long term and shared widely.
Consistent with an EBCD approach, the next step is to pilot use of the Toolbox to demonstrate
feasibility and acceptability in helping families with MJD to keep walking and moving around.

Limitations
The Staying Strong Toolbox may not be transferrable to other communities in its current form
but provides a matrix adaptable for use in most parts of the world through a similar co-design
process. The number of MJD Expert Panel members may be considered small compared to
similar co-design studies, but was reflective of the remote setting [61]. Project costs may be
considered high, although co-design studies rarely report this detail, so it is difficult to draw
comparisons [73]. Genuine collaborative co-design in remote Aboriginal communities takes
time [31] and can be costly, with long distance remote area travel, accommodation costs and
wages. True flexibility and responsiveness to work alongside families in each community may
have posed a limitation for some researchers who may not be local to a community, or who
lack access to accommodation, transport or flexibility to work throughout the day and evening
for extended periods of time [74]. However, the ability and willingness to be flexible worked to
be a strength in this study.
While not a proficient speaker of Anindilyakwa or Kriol, the non-Aboriginal researcher’s
efforts to learn and converse in the languages spoken in each community were taken seriously
and observed to have had a strong impact on partnerships, relationships and trust [75]. Zoom
and telephone provided an easy, flexible, cost effective way to maintain communication
between visits.

Implications for practice
The Toolbox provides a resource that requires no training and can be used by families with
MJD, other ataxias, as well as by health professionals who are supporting them to help individuals keep walking and moving around. Individuals with MJD can use the Toolbox either on
their own or with the support of their families and health professionals. Health professionals
can read through the Toolbox with the individual to understand the tools they have selected
and what is important to them. This process can help understand and facilitate the ways in
which the individual may operationalise those tools within their everyday life. The
Toolbox provides a guide for individuals to develop their own person-centred program to
keep themselves walking and moving around in a way specifically important to them. While a
pilot of the Toolbox is planned as the final stage of co-design, the process described may be
useful for other communities and researchers who wish to co-design a similar person-centred
program. Although co-design takes time, the investment is likely to add to the benefits in physical and psychosocial well-being of families with MJD and program sustainability into the
future.

Conclusion
The Staying Strong Toolbox was co-designed with and for Aboriginal families with MJD living
on Groote Eylandt and in Ngukurr, based on their experiences and informed by knowledge
gained from MJD research worldwide. The co-design process produced a meaningful physical
activity and lifestyle program designed for families with MJD, by families with MJD. The Staying Strong Toolbox and co-design process could be used by other individuals with MJD, or
individuals with other ataxias or neurodegenerative diseases more broadly. The next step is to
conduct a pilot study to determine the feasibility and acceptability of the Toolbox.

PLOS ONE | https://doi.org/10.1371/journal.pone.0244311 February 5, 2021

14 / 19

PLOS ONE

Co-design of a physical activity and lifestyle program for Aboriginal families with MJD in Australia

Supporting information
S1 File. Staying Strong Toolbox prototype.
(DOCX)

Acknowledgments
The authors would like to express their sincerest gratitude to families with MJD from the
Groote Eylandt Archipelago and Ngukurr who generously gave their time, experience, wisdom
and courage to this research and welcomed the researchers to their Country. The authors
acknowledge the traditional owners of these lands and Elders past, present and emerging. The
authors sincerely thank Mario Naritjarruwa Faggion, Bakala Wurramara and Ayangkidarrbalangwa Media for generous support with linguistics and film production, and the Lowitja Institute and MJD Foundation, for their ongoing support of this research.

Author Contributions
Conceptualization: Jennifer J. Carr, Joyce Lalara, Gayangwa Lalara, Bronwyn Daniels, Alan R.
Clough, Anne Lowell.
Data curation: Jennifer J. Carr, Joyce Lalara, Gayangwa Lalara.
Formal analysis: Jennifer J. Carr, Joyce Lalara, Gayangwa Lalara, Gwen Lalara, Bronwyn Daniels, Anne Lowell, Ruth N. Barker.
Investigation: Jennifer J. Carr, Joyce Lalara, Gayangwa Lalara, Gwen Lalara, Bronwyn
Daniels.
Methodology: Jennifer J. Carr, Joyce Lalara, Gayangwa Lalara, Gwen Lalara, Bronwyn Daniels,
Alan R. Clough, Anne Lowell, Ruth N. Barker.
Supervision: Joyce Lalara, Gayangwa Lalara, Gwen Lalara, Bronwyn Daniels, Ruth N. Barker.
Writing – original draft: Jennifer J. Carr.
Writing – review & editing: Jennifer J. Carr, Joyce Lalara, Alan R. Clough, Anne Lowell, Ruth
N. Barker.

References
1.

Ang E, Tai A, Lo S, Seet R, Soong T. Neurodegenerative diseases: exercising towards neurogenesis
and neuroregeneration. Front Aging Neurosci. 2010; 2(25).

2.

Paillard T, Rolland Y, de Souto Barreto P. Protective effects of physical exercise in Alzheimer’s disease
and Parkinson’s disease: a narrative review. J Clin Neurol. 2015; 11(3):212–9. https://doi.org/10.3988/
jcn.2015.11.3.212 PMID: 26174783

3.

Cruickshank T, Reyes A, Ziman M. A systematic review and meta-analysis of strength training in individuals with multiple sclerosis or Parkinson disease. Medicine. 2015; 94(4). https://doi.org/10.1097/MD.
0000000000000411 PMID: 25634170

4.

Liu Y, Yan T, Chu J, Chen Y, Dunnett S, Ho Y-S, et al. The beneficial effects of physical exercise in the
brain and related pathophysiological mechanisms in neurodegenerative diseases. Lab Investig. 2019;
99(7):943–57. https://doi.org/10.1038/s41374-019-0232-y PMID: 30808929

5.

van Praag H. Exercise and the brain: something to chew on. Trends Neurosci. 2009; 32(5):283–90.
https://doi.org/10.1016/j.tins.2008.12.007 PMID: 19349082

6.

Zhou W, Barkow JC, Freed CR. Running wheel exercise reduces α-synuclein aggregation and
improves motor and cognitive function in a transgenic mouse model of Parkinson’s disease. PLOS
ONE. 2017; 12(12):e0190160. https://doi.org/10.1371/journal.pone.0190160 PMID: 29272304

PLOS ONE | https://doi.org/10.1371/journal.pone.0244311 February 5, 2021

15 / 19

PLOS ONE

Co-design of a physical activity and lifestyle program for Aboriginal families with MJD in Australia

7.

Guo LY, Lozinski B, Yong VW. Exercise in multiple sclerosis and its models: focus on the central nervous system outcomes. J Neurosci Res. 2020; 98(3):509–23. https://doi.org/10.1002/jnr.24524 PMID:
31486115

8.

Phillips C, Baktir MA, Srivatsan M, Salehi A. Neuroprotective effects of physical activity on the brain: a
closer look at trophic factor signaling. Front Cell Neurosci. 2014; 8(170).

9.

Pedersen BK, Saltin B. Exercise as medicine–evidence for prescribing exercise as therapy in 26 different chronic diseases. Scand J Med Sci Sports. 2015; 25(S3):1–72. https://doi.org/10.1111/sms.12581
PMID: 26606383

10.

Quinn L, Busse M. Physiotherapy clinical guidelines for Huntington’s disease. Neurodegener Dis
Manag. 2012; 2(1):21–31.

11.

Bettencourt C, Lima M. Machado-Joseph Disease: from first descriptions to new perspectives. Orphanet J Rare Dis. 2011; 6:35. https://doi.org/10.1186/1750-1172-6-35 PMID: 21635785

12.

Carr JJ, Lalara J, Lalara G, O’Hare G, Massey L, Kenny N, et al. ’Staying strong on the inside and outside’ to keep walking and moving around: perspectives from Aboriginal people with Machado Joseph
disease and their families from the Groote Eylandt Archipelago, Australia. PLOS ONE. 2019; 14(3):
e0212953. https://doi.org/10.1371/journal.pone.0212953 PMID: 30856185

13.

Smith M, Barker R, Williams G, Carr J, Gunnarsson R. The effect of exercise on high-level mobility in
individuals with neurodegenerative disease: a systematic literature review. Physiotherapy. 2019.
https://doi.org/10.1016/j.physio.2019.04.003 PMID: 31477333

14.

Barker RN, Sealey CJ, Polley ML, Mervin MC, Comans T. Impact of a person-centred community rehabilitation service on outcomes for individuals with a neurological condition. Disabil Rehabil. 2017; 39
(11):1136–42. https://doi.org/10.1080/09638288.2016.1185803 PMID: 27281692

15.

Cassidy E, Naylor S, Reynolds F. The meanings of physiotherapy and exercise for people living with
progressive cerebellar ataxia: an interpretative phenomenological analysis. Disabil Rehabil. 2018; 40
(8):894–904. https://doi.org/10.1080/09638288.2016.1277400 PMID: 28166646

16.

Sudarsky L, Corwin L, Dawson DM. Machado-Joseph disease in New England: clinical description and
distinction from the olivopontocerebellar atrophies. Mov Disord. 1992; 7(3):204–8. https://doi.org/10.
1002/mds.870070303 PMID: 1620136

17.

MJD Foundation. Medical protocols: mobility and balance deterioration. Darwin, Northern Territory:
MJD Foundation; 2015. Available from: http://mjd.org.au/cms/file_library/Other/Other_761.pdf.

18.

Ruano L, Melo C, Silva MC, Coutinho P. The global epidemiology of hereditary ataxia and spastic paraplegia: a systematic review of prevalence studies. Neuroepidemiology. 2014; 42(3):174–83. https://doi.
org/10.1159/000358801 PMID: 24603320

19.

MJD Foundation. MJD Foundation—Disability Service Delivery Model–A review of the MJD Foundation’s disability service delivery model: contrast and comparison to traditional disability service models.
Alyangula, Northern Territory: MJD Foundation; 2018. Available from: http://mjd.org.au/cms/file_
library/Other/Other_994.pdf.

20.

de Araujo M, Raposo M, Kazachkova N, Vasconcelos J, Kay T, Lima M. Trends in the epidemiology of
spinocerebellar ataxia type 3/Machado-Joseph disease in the Azores Islands, Portugal. JSM Brain Sci.
2016; 1(1):1001.

21.

MacMillan J. Machado Joseph Disease SCA3 [lecture notes on the Internet]. Herston, Australia:
Genetic Health Queensland; 2011; Available from: http://mjd.org.au/2-what-is-mjd.html

22.

Australian Bureau of Statistics. 2075.0—Census of population and housing—counts of Aboriginal and
Torres Strait Islander Australians, 2016. Table 11: census counts, Indigenous regions—Northern Territory, 2016. Australian Bureau of Statistics; 2017; Available from: http://www.abs.gov.au/AUSSTATS/
abs@.nsf/DetailsPage/2075.02016?OpenDocument

23.

Massey L, Jane A, Lindop N, Christian E. Disability audit–North East Arnhem Land/Northern Territory
Gulf–a snapshot of Indigenous Australian disability in the very remote communities of the Groote
Eylandt Archipelago (Angurugu, Umbakumba, Milyakburra), Elcho Island (Galiwin’ku), and Ngukurr
(including Urapunga). Australian Indigenous Health Bulletin. 2013; 13(4).

24.

Daker-White G, Ealing J, Greenfield J, Kingston H, Sanders C, Payne K. Trouble with ataxia: a longitudinal qualitative study of the diagnosis and medical management of a group of rare, progressive neurological conditions. SAGE Open Med. 2013; 1:2050312113505560. https://doi.org/10.1177/
2050312113505560 PMID: 26770684

25.

Gray C, Macniven R, Thomson N. Review of physical activity among Indigenous people. Australian
Indigenous Health InfoNet. 2013; 13:1–17.

26.

El Masri A, Kolt GS, George ES. Physical activity interventions among culturally and linguistically
diverse populations: a systematic review. Ethn Health. 2019:1–21. https://doi.org/10.1080/13557858.
2019.1658183 PMID: 31446773

PLOS ONE | https://doi.org/10.1371/journal.pone.0244311 February 5, 2021

16 / 19

PLOS ONE

Co-design of a physical activity and lifestyle program for Aboriginal families with MJD in Australia

27.

Pressick EL, Gray MA, Cole RL, Burkett BJ. A systematic review on research into the effectiveness of
group-based sport and exercise programs designed for Indigenous adults. J Sci Med Sport. 2016; 19
(9):726–32. https://doi.org/10.1016/j.jsams.2015.11.005 PMID: 26703238

28.

Dahlberg EE, Hamilton SJ, Hamid F, Thompson SC. Indigenous Australians perceptions’ of physical
activity: a qualitative systematic review. Int J Environ Res Public Health. 2018; 15(7):1492. https://doi.
org/10.3390/ijerph15071492 PMID: 30011932

29.

Donetto S, Pierri P, Tsianakas V, Robert G. Experience-based co-design and healthcare improvement:
realizing participatory design in the public sector. Des J. 2015; 18(2):227–48.

30.

Verbiest MEA, Corrigan C, Dalhousie S, Firestone R, Funaki T, Goodwin D, et al. Using codesign to
develop a culturally tailored, behavior change mHealth intervention for indigenous and other priority
communities: a case study in New Zealand. Transl Behav Med. 2019; 9(4):720–36. https://doi.org/10.
1093/tbm/iby093 PMID: 30388262

31.

Dreise T, Mazruski E. Weaving knowledges: knowledge exchange, co-design and community-based
participatory research and evaluation in Aboriginal communities. In: Aboriginal Affairs New South
Wales, editor. 2018.

32.

Kelaher M, Luke J, Ferdinand A, Chamravi D, Ewen S, Paradies Y. An evaluation framework to improve
Aboriginal and Torres Strait Islander health. Melbourne: The Lowitja Institute; 2018.

33.

Carr JJ, Lalara J, Lalara G, Smith M, Quaill J, Clough AR, et al. What is the best way to keep walking
and moving around for individuals with Machado-Joseph disease? A scoping review through the lens of
Aboriginal families with Machado-Joseph disease in the Top End of Australia. BMJ Open. 2019; 9(9):
e032092. https://doi.org/10.1136/bmjopen-2019-032092 PMID: 31575582

34.

Lowell A, Maypilama E, Yikaniwuy S, Rrapa E, Williams R, Dunn S. "Hiding the story": Indigenous consumer concerns about communication related to chronic disease in one remote region of Australia. Int J
Speech-Lang. 2012; 14(3):200–8.

35.

Kite E, Davy C. Using Indigenist and Indigenous methodologies to connect to deeper understandings of
Aboriginal and Torres Strait Islander peoples’ quality of life. Health Promot J Austr. 2015; 26(3):191–4.
https://doi.org/10.1071/HE15064 PMID: 26686300

36.

Larkin M, Boden ZV, Newton E. On the brink of genuinely collaborative care: experience-based codesign in mental health. Qual Health Res. 2015; 25(11):1463–76. https://doi.org/10.1177/
1049732315576494 PMID: 25829467

37.

Dawda P, Knight A. Experience based co-design: a toolkit for Australia: Australian Healthcare and Hospitals Association and Consumers Health Forum of Australia; 2017. Available from: http://ahha.asn.au/
experience-based-co-design-toolkit.

38.

Green T, Bonner A, Teleni L, Bradford N, Purtell L, Douglas C, et al. Use and reporting of experiencebased codesign studies in the healthcare setting: a systematic review. BMJ Qual Saf. 2020; 29(1):64–
76. https://doi.org/10.1136/bmjqs-2019-009570 PMID: 31548278

39.

Bate S G. R. Bringing user experience to healthcare improvement: the concepts, methods and practices
of experience-based design. Oxford: Radcliffe Publishing; 2007.

40.

Tong A, Sainsbury P, Craig J. Consolidated criteria for reporting qualitative research (COREQ): a 32item checklist for interviews and focus groups. Int J Qual Health Care. 2007; 19(6):349–57. https://doi.
org/10.1093/intqhc/mzm042 PMID: 17872937

41.

Anindilyakwa Land Council. Culture. Alyangula, Northern Territory: Anindilyakwa Land Council; 2015;
Available from: http://anindilyakwa.com.au/culture

42.

Department of Local Government and Community Services. Ngukurr. 2012; Available from: http://www.
dlgcs.nt.gov.au/about_us/remote_service_delivery/major_remote_towns/ngukurr/profile

43.

Australian Bureau of Statistics. 2016 census quick stats—Ngukurr. 2016; Available from: https://
quickstats.censusdata.abs.gov.au/census_services/getproduct/census/2016/quickstat/SSC70207

44.

Australian Government. Local Implementation Plan: Ngukurr. 2011; Available from: https://www.dss.
gov.au/sites/default/files/documents/05_2012/ngukurr_sept2011pdf.pdf

45.

Australian Bureau of Statistics. The Australian Statistical Geography Standard (ASGS) remoteness
structure. Australian Bureau of Statistics. 2016; Available from: https://www.abs.gov.au/websitedbs/
D3310114.nsf/home/remoteness+structure

46.

Anindilyakwa Land Council. Annual report 2015–2016. Alyangula, Northern Territory. 2016; Available
from: https://www.anindilyakwa.com.au/uploads/images/2015-2016-Annual-Report.pdf

47.

MJD Foundation. About us: what we do. MJD Foundation; 2017; Available from: http://mjd.org.au/7about-us.html

48.

Australian Bureau of Statistics. Australian Statistical Geography Standard (ASGS): volume 1—main
structure and greater capital city statistical areas. Canberra. 2016; Available from: https://www.abs.gov.
au/ausstats/abs@.nsf/mf/1270.0.55.001

PLOS ONE | https://doi.org/10.1371/journal.pone.0244311 February 5, 2021

17 / 19

PLOS ONE

Co-design of a physical activity and lifestyle program for Aboriginal families with MJD in Australia

49.

Horn KK, Jennings S, Richardson G, van Vliet D, Hefford C, Abbott JH. The patient-specific functional
scale: psychometrics, clinimetrics, and application as a clinical outcome measure. J Orthop Sports
Phys Ther. 2012; 42(1):30–42. https://doi.org/10.2519/jospt.2012.3727 PMID: 22031594

50.

Robert G. Participatory action research: using experience-based co-design to improve the quality of
healthcare services. Understanding and using health experiences–improving patient care. Oxford,
United Kingdom: Oxford University Press; 2013.

51.

Kuhn T. A survey and classification of controlled natural languages. Comput Linguist Assoc Comput
Linguist. 2014; 40(1):121–70.

52.

Sandelowski M. Whatever happened to qualitative description? Res Nurs Health. 2000; 23(4):334–40.
https://doi.org/10.1002/1098-240x(200008)23:4<334::aid-nur9>3.0.co;2-g PMID: 10940958

53.

Kim H, Sefcik JS, Bradway C. Characteristics of qualitative descriptive studies: a systematic review.
Res Nurs Health. 2017; 40(1):23–42. https://doi.org/10.1002/nur.21768 PMID: 27686751

54.

Keller JL, Bastian AJ. A home balance exercise program improves walking in people with cerebellar
ataxia. Neurorehabil Neural Repair. 2014; 28(8):770–8. https://doi.org/10.1177/1545968314522350
PMID: 24526707

55.

Milne SC, Corben LA, Georgiou-Karistianis N, Delatycki MB, Yiu EM. Rehabilitation for individuals with
genetic degenerative ataxia: a systematic review. Neurorehabil Neural Repair. 2017; 31(7):609–22.
https://doi.org/10.1177/1545968317712469 PMID: 28595509

56.

Bright FAS, Boland P, Rutherford SJ, Kayes NM, McPherson KM. Implementing a client-centred
approach in rehabilitation: an autoethnography. Disabil Rehabil. 2012; 34(12):997–1004. https://doi.
org/10.3109/09638288.2011.629712 PMID: 22085028

57.

Goodwin VA, Richards SH, Taylor RS, Taylor AH, Campbell JL. The effectiveness of exercise interventions for people with Parkinson’s disease: a systematic review and meta-analysis. Mov Disord. 2008; 23
(5):631–40. https://doi.org/10.1002/mds.21922 PMID: 18181210

58.

Hale LA, Smith C, Mulligan H, Treharne GJ. "Tell me what you want, what you really really want. . . .":
asking people with multiple sclerosis about enhancing their participation in physical activity. Disabil
Rehabil. 2012; 34(22):1887–93. https://doi.org/10.3109/09638288.2012.670037 PMID: 22480377

59.
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