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Abstract  

The role of assistive technology (AT) in the lives of people living with an impairment cannot 
be understated. Defined as commercially available or customised devices to maintain or 
improve functioning, independence and thereby well-being (1), assistive products are part 
of the assistive technology ecosystem that includes skilled personnel, effective policy, and 
coordinated product provision (2). Product innovation is one key strategy for a vibrant 
marketplace that enables AT users to participate and flourish. Innovation and the 
development of new products and services is an essential ingredient for any sector or 
organisation, particularly the disability sector. Innovation within the disability sector often 
benefits mainstream users, for example telephony itself, vibrating alerts, speech recognition 
and speech output devices. The objective of this paper is to illustrate the applicability of 
innovation and design thinking at every stage, from need identification through to 
commercialisation. Two case studies within the field of AT are presented to exemplify 
design processes and examine how methods such as co-design and design thinking tools can 
be used to nurture user-centred innovation within design teams.  
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Approach  

This paper distils the perspectives of a rehabilitation engineer, a product designer, and an 
occupational therapist all of whom are teaching and researching in the area of AT design. 
After introducing design thinking and co-design, we present two case studies showcasing 
user-centred, design thinking processes. The first case study examines the design and 
development of a clip-on device that communicates rehabilitation exercise data in real-time 
to both the client and practitioner, addressing exercise quantity (resistance and exercise 
volume) and exercise quality (type of contraction and control). The device provides a user-
centric data capture platform for intelligent rehabilitation and healthcare. The case study 
process for this device is presented in detail to explain and highlight the design stages. The 



 

343 
 

second case study provides an overview of the processes that led to the development of a 
novel computer gaming system for rehabilitation of the upper limb (3), which was shown to 
have a positive therapeutic effect for children with cerebral palsy and adults recovering 
from stroke during pilot trials (4). We conclude with recommendations for the AT sector 
regarding design thinking and the potentials offered by co-design.  

Design Thinking  

The application of design thinking within an AT context, can be thought of as a structure 
composed of three intersecting domains: usability, viability, and feasibility (5). Usability 
relates to end user performance, viability relates to business model innovation, and 
feasibility relates to the application of appropriate technologies to solving human-centred 
problems. AT innovation is optimised where all three perspectives coincide, as shown in 
Figure 1. 

Figure 1. The intersection of usability, feasibility and viability  

 

Co-design  

“Nothing about us, without us” is a fundamental message from people living with functional 
diversity (including disability) (6). The inclusion of recipients in the design and evaluation of 
services and supports demonstrably improves outcomes of, and satisfaction with, services 
and products, yet medical, rehabilitation and social care fields are still on a journey towards 
full co-production (7). The term ‘co-design’ can have multiple meanings and lacks 
consistency within the literature (8).  The ‘ladder of participation’ (Figure 2) is a useful way 
to conceptualise the extent of involvement being offered to service users (9). Efforts to 
engage AT users as researchers, product designers, and commissioners of design work will 
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enable full ‘co-production’ to be realised. The consultant roles proffered by both case 
studies within this paper sit at the ‘doing for / doing with’ levels of the participation ladder.  

Figure 2: Ladder of Participation, acknowledging the New Economics Foundation  

 
 

Design fields have long understood the value of user-led design, and design thinking 
therefore has valuable methods to offer the disability and rehabilitation sectors (10). 

Key process ingredients include adopting authentic co-design principles during the design 
journey and assembling a collaborative multi- and trans-disciplinary team. Understanding 
how innovation within teams can be supported by processes such as design thinking 
methods and tools, delivers benefits not only to the end user, but is of considerable interest 
from a business perspective.  

Case Study 1: The Prohab Device  

Prohab, the name of both a startup company and a new portable strain gauge rehabilitation 
device, undertook a 'Design Thinking' exercise with Flinders University, cumulating in the 
device's launch at the 2018 Commonwealth Games. This case study describes the design 
thinking process executed by Flinders University and Prohab, in response to multiple user 
needs for usable human performance data, and the subsequent use of design thinking as a 
creative approach in the development of the company's new products and services.  

Prohab Design Approach  

Once a user problem and associated business opportunity has been identified, design 
thinking and user centred design processes have the common themes of creating Empathy 
for the user (observing and engaging with people) and Defining a desirable future scenario, 
exploring solutions through Ideation (using creative thinking techniques to generate ideas), 
Prototyping solutions (using additive manufacture and digital technologies to create rapid 
prototypes), materialising solutions through Testing (observe, engage and test with people) 
and finally Implementing the optimal solution, as outlined in Figure 3.  
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Figure 3: The Design Thinking Process used for the Prohab project  

 

 

Problem and Opportunity Identification  

The design process commenced when a problem and potential opportunity was identified, 
which was the creation of a rehabilitation device that could measure, and record exercise 
performance data generated by resistance-band equipment. This issue was initially 
recognised by the inventor when a relative was recovering from a falling injury, resulting in 
considerable pain, mobility issues, slow recovery progress and the individual requiring many 
months of rehabilitation. The inventor realised that if resistance band data were available, it 
could then be used to inform better recovery planning and improved rehabilitation 
management. Resistance band data could be captured and transferred to a software 
application, where it could be viewed and understood immediately, as well as recorded and 
tracked over time.  

Whist the device would initially be developed for the rehabilitation market, it could also 
have applications within the training programs of professional athletes across various 
sports. The portable force gauge device could allow athletes and coaching staff to monitor 
improvements in strength testing or rehabilitation training over time. Coaches could then 
prescribe set training programs for the athletes. As the system would be directly compatible 
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with existing resistance band or cable-based equipment, it would present an efficient and 
effective method of monitoring the impact of training program changes.  

Design Thinking Steps  

Good design starts with the design team trying to understand what the real issues are prior 
to imagining solutions. That is, remaining 'solution neutral' and not jumping to a solution 
too quickly, before the real problem is understood.  

The Understand Phase 

Research and understand the real problem that needs to be solved. Problems do not come 
fully defined and problems, beyond the problem ‘symptom’, must be uncovered.  Observe 
users’ activities in their natural environment of use, and understand their interests, motives 
and true needs.  

Empathy: Empathy for the user helps the design team select the most appropriate features 
and benefits that are required. A strategy to clearly define the target group is the use of a 
clearly articulated series of user profiles and ‘personas’. These clearly define the person that 
the team is designing for in a way that the entire design team can understand and relate to.  

User Persona: A persona, as used in user-centered design, is an imaginary personality that 
has been created by the design team to represent a user-type that might use a product in a 
particular way. Even where end users are part of the design team, a wide lens on user 
diversity is valuable, thus qualitative personas are constructed in order to be representative 
of specific user types. Personas are useful when considering the users goals, desires, and the 
limitations of users, in order to help to guide the design team’s decisions when evaluating 
the required features and benefits that a service or product may require. A user persona is a 
representation of the goals and behaviors of a theoretical group of users. In most cases 
personas are synthesised from data collected from observations and interviews with users, 
captured in descriptions that include behaviour patterns, goals, skills and attitudes, with 
imagined personal details to make the persona more realistic in character. Multiple 
personas may be required as alternative needs of persona types may need to be satisfied. 
Figure 4 illustrates the two 'end user' personas for the Prohab case study – that of the allied 
health professional (in this case, a physiotherapist) and of the assistive technology user 
(otherwise termed client or patient).  

Figure 4: Prohab physiotherapist and patient personas 
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Customer Journey Map: A customer journey helps the team to look outside-in from the 
user's perspective, instead of an inside-out organisational perspective. Journey maps 
facilitate the exploration of cultural and behavioural phenomena, where the product design 
team observes the user’s behaviours in their natural context. Journey(s) are visual 
representations of the customer's experience as they interact with a product, service or 
organisation, to capture what the customer or user thinks, feels, needs, wants, says, shows 
and tells. The tool can be used to depict the user’s actual or ideal journey. Plotting the 
journey stages focusses the design team on the customer experiences by capturing the 
emotional highs and lows and the meaning that the experience holds for the user. For 
example, the design team will observe an end user when they interact with a product or 
service to see if they become confused, over exert themselves, experience an annoying or 
unpleasant feature, skip a step in a process or appropriate the product for a new and 
different purpose.  

Define: Product definition provides a link between the language of the customer and the 
language of the design team, providing precise, measurable and unambiguous detail about 
what the product must achieve, without providing unnecessary constraints and without 
suggesting possible solutions (that is, remaining solution neutral). The definition should be 
based primarily on “what users need”. To support this, it is useful to think both in terms of 
"must have", "need" and "want" as a simple way of classifying and prioritising product 
requirements. The product definition is a promise of value that should be delivered by the 
future product. It is also a positioning of value, where Value = Benefits – Cost. As value is a 
measure of the benefits or gains provided to a customer by a product or service, the design 
team must quantify what the maximum price or cost a customer is willing and able to pay, 
for a particular product and/or service. This is a fundamental question that must be 
answered, as it will affect the commercial viability of the product and the associated 
business case.  

The Explore Phase 

Ideate: Ideation is the creative process of generating, developing, and communicating new 
ideas and can be either visual, physical, convergent or divergent. Ideation comprises all 
stages of a thought cycle, from innovation, to development, to actualisation, and as such, 
ideation is an essential part of the design process. For the Prohab device, ideation was used 
to generate conceptual solutions to criteria identified in the Product Definition, through 
ideation sketching and 3D modelling visualisation, as shown in Figure 5.  
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Figure 5: Prohab ideation sketch and 3D visualisation, investigating design for manufacture 
methods  

  

 

Creativity and Innovation: Creativity is described as “the ability to make or otherwise bring 
into existence, something new, whether a new solution to a problem, a new method or 
device, or a new artistic object or form” (11). Creativity is a mental process that involves the 
generation of new ideas or concepts, or new associations between existing ideas to solve a 
defined problem. Creativity is seen as a collaborative, purposeful activity in a range of 
disciplines from science to business. In a product design context, creativity is concerned 
with finding solutions to problems bounded by criteria constraints, typically with a human 
focus. Innovation on the other hand can be described as “the successful exploitation of new 
ideas” (12). Exploitation indicates that the idea must be implementable and ideally value 
generating, where Innovation = Invention + Exploitation, and successful implies that the idea 
is adopted and embraced by the target user. Product innovation can be viewed as the 
complete business process of introducing new or improved products and/or services to the 
market. It spans the entire product life-cycle from initial identification of a problem and 
market opportunity, through to commercialisation and eventual retirement or rebirth.  

Creative Thinking Techniques and Methods: Creative or divergent thinking is a way of 
looking at problems from alternative perspectives. Convergent thinking involves aiming for a 
single, correct solution to a problem, whereas divergent thinking involves the creative 
generation of multiple answers to a set problem. Project design teams regularly use creative 
thinking techniques such as lateral thinking, mind mapping, morphological analysis, 
brainstorming and visualisation. Brainstorming was used extensively during the ‘Explore’ 
phase of the Prohab project.  

Brainstorming is a creative thinking process of problem-solving that exploits the collective 
experience and creativity of all members of the group. Prototyping and simulation are 
additional strategies to (i) reducing market and commercial risk, (ii) reducing technical risk 
and (iii) building design team confidence and support. Market and commercial risk can be 
reduced by testing the market's response to novel features and concepts, comparing design 
alternatives with users and key stakeholders, and gaining early feedback on 'soft' aspects of 
the design mix, including usability and appearance. Technical risk can be reduced by 
permitting early testing of novel technical solutions, allowing evaluation of critical 
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performance characteristics of a new product, and resolving manufacturing issues. Design 
team confidence and support can be achieved through the team’s participation in 
brainstorming and creative exercises where prototypes can demonstrate and communicate 
the viability of new principles, concepts and alternatives within the team. Prototypes can 
take many forms, from very simple mock-ups or visualisations through to sophisticated pre-
production products and detailed analytical simulations. The value of a prototype can be 
defined as how accurately the prototype represents either functionality, performance, 
appearance, producibility or usability. During the development of the Prohab device, well in 
excess of 100 physical and virtual prototypes were designed and constructed, exploring new 
customer features, user benefits and functional characteristics, some of which are shown in 
Figure 6.  

Figure 6: Various stages of the Prohab prototyping and testing process  

 

 

The Materialise Phase 

Different types of testing can be applied at different stages in the product development 
process. These distinctions assist in the consideration of the purpose of each test, the 
required value of the prototype and the deliberation of how the test data is recorded. 
Exploratory, assessment, validation or comparison test methods have different objectives, 
approaches and types of modelling (13). Prototypes should be tested and iterated with a 
diverse range of subjects for feedback, but especially people who correspond closely with 
the target user(s), by having them use prototypes in the actual context of use. Discussion 
should be encouraged with users, implementing improvements through iteration and 
refinement, until an optimal solution can be decided on and implemented.  

Manufacture: A system of flexible manufacture can facilitate early-stage production, 
providing a workflow translation directly from digital representations of major components, 
through to the final product and components being manufactured without the use of more 
traditional manufacturing processes. Additive manufacturing technologies represents a 
range of technologies and processes that can be used to quickly fabricate digital 
representations of physical parts or assemblies using digital-twin data. Reduced tooling 
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dependency has resulted in many parts being created directly from digital models, resulting 
in:  

• Adaptive/flexible manufacturing operations, where the production mix can be changed 
at short notice;  

• Reduced time to market, where a flow from low to high volume manufacture can be 
achieved;  

• Reduced inventory, where components can be produced “just-in-time” and “on-
demand”;  

• Decentralised manufacture, resulting in reduced logistics costs as parts can be made 
where and when they are required;  

• Part consolidation and design freedom to minimise the component count;  
• Part weight and material content reduction opportunities being exploited, resulting in an 

optimised design with fewer process restrictions; and  
• Intellectual Property (IP) protection has been achieved by keep the device’s embedded 

IP in-house and therefore safe.  

Implementation: The Prohab device connects to standard resistance bands and cable 
equipment, which are widely used in physiotherapy and sport, to precisely measure forces. 
The data is captured and sent to the user's mobile device, where it can be visualised 
instantaneously, as well as tracked over time, as shown in Figure 7. This helps users create 
more engaging, accurate, and tailored programs for rehabilitation from injury or surgery. 
The Prohab device also enables professional athletes and their coaching staff to monitor 
improvements in strength through testing or rehabilitation training. The Prohab 
rehabilitation device was recently launched at the Gold Coast 2018 Commonwealth Games.  

Figure 7: The final commercialised Prohab device being used on a resistance band, while the 
end user can view the output shown on their mobile device 
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Case Study 2: The OrbIT Gaming System  

The OrbIT Gaming System is a standalone, home-based, accessible and haptic computer 
gaming system that resulted from a ‘Design Thinking’ exercise in response to a need to 
motivate children with cerebral palsy (CP) to engage in an upper limb rehabilitation activity. 
This exercise followed the same design approach as the Prohab strain gauge rehabilitation 
device (Figure 3), by creating Empathy with the user group, developing and Defining a 
desirable future scenario, exploring different solutions through multiple rounds of Ideation, 
the Prototyping of different promising solutions, Testing with end users, and finally the 
Implementing of an optimal solution. This particular case study was conducted within a 
tertiary (University) educational framework was used, where students worked their way 
through each design thinking stage, guided by supervisors, as they progressed towards a 
solution. Ethics approval was gained for every phase of the research process.  

The Understanding Phase 

Cerebral palsy (CP) is the most common cause of physical disability in childhood (14). 
Affecting approximately two per 1,000 live births (15), CP is also accompanied by 
“disturbances of sensation” (16). Our sense of touch has been described as “our first 
language”, the first system that functions in-utero, the system that connects and bonds us 
to others (17), and the most mature sensory system at birth (18). Intact upper limb 
sensation is crucial for processing, interpreting and understanding sensory information and 
interacting with the world through touch (grasping/holding and touching objects, etc.) and 
avoid potentially hazardous situations (such as pain receptors to warn of extreme hot/cold 
surfaces, etc.). Moreover, the literature reports that for cases of severe sensory dysfunction, 
limb neglect may lead to a non-use phenomenon resulting in limb function deterioration 
(19). Within the WHO International Classification of Functioning, Disability and Health (ICF) 
context, a sensory deficit is considered an impairment that potentially leads to limitations in 
the activity domain and restrictions in participation.  

While the current consensus definition for CP makes specific reference to sensory 
disturbances, historically this was a neglected area of clinical investigation and 
understanding until the pioneering work of Tizard and Crothers last century (20). Upper limb 
somatosensory deficits are now acknowledged and appreciated for this population (21-23); 
however, interventions that focus on sensory training for children with CP are less common. 
This is in contrast to the field of post-stroke rehabilitation, where since the late 1980’s 
studies have focussed solely on sensory retraining (24-26), recognising the capacity of the 
nervous system to modify its organisation and adapt to new experiences – a process known 
as neuroplasticity. While the evidence for upper limb sensory impairments has been 
established for children with CP, what is not well established is the area of sensory training 
to improve upper limb function.  

Engaging children with CP in meaningful therapy or exercise can be difficult, despite the 
merits of the intervention and the best intentions of family and rehabilitation specialists to 
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motivate and encourage the child. Therapy can be difficult because the aim of most 
interventions is to improve the function of what is known as the non-dominant (or more 
impaired) limb. Children avoid using this limb because it does not function as well as their 
dominant limb. Play-based learning that involves computer games is referred to as therapy 
‘gamification’, ‘health gaming’, ‘active video gaming’ (AVG) or by the industry term ‘Serious 
Games’ (SGs). The aim of SG interventions is to use a child’s natural curiosity and interest in 
computer games to motivate them to engage in their therapy. As noted by Golomb et al. 
“…rehabilitation that incorporates play also aids in motivation” (27), with a 2014 review 
reporting that SGs have been trialled with children with CP since 1998 (28).  

Hand function is known to depend on more than just physical functioning – it also depends 
on behavioural (concentration, attention), social-emotional (motivation), cognitive, and 
perceptual (somatosensory integration) components (19). The specific aim of this particular 
project and case study was to design, develop and trial an accessible and independently 
operable system that motivated and encouraged children with CP to use both their hands, 
whilst also providing a haptic experience that was enjoyable and cognitively engaging. The 
intent was to turn therapy into ‘play’, making it a fun, engaging and motivating activity and 
not something that was seen as ‘work’. Being a haptic system meant that the hands of the 
person using the system would be exposed to a range of mechanical vibrations and 
feedback, providing a cutaneous sensory experience. The unique aspect of this project was 
that the intended system was an upper limb intervention that focussed on sensory and not 
motor training, which had not been attempted before according to recent reviews of the SG 
and AVG literature (29-31).  

An additional requirement was for the system to be home-based. Home-based interventions 
have the advantage of eliminating the cost and inconvenience of travel and car parking to 
attend a hospital or clinic, coupled with the ability for the participant to use the intervention 
whilst at home, without the need for a health professional.  

The Explore Phase 

An appropriately designed SG system was identified during the ‘Explore’ phase as one 
option that satisfied the project requirements, capitalising on the merits of play-based 
learning and a child’s natural curiosity and interest with respect to computer games. 
Accessibility and a Universal Design (32) philosophy were an essential element of the design 
fabric from the outset, alongside a co-design process that embraced the “nothing about us, 
without us” philosophy of participation (6) – viewing the intended end users (children with 
CP) as co-designers in the process. Within the context of this project, children with CP were 
involved in the co-design process by critiquing, testing, suggesting options, evaluating and 
trialling prototype hardware and software aspects of the project, through focus group 
sessions and home-based trials that lasted multiple weeks (33, 34). Additionally, typically 
developing children of the same age were also part of the co-design process, critiquing and 
evaluating the custom games as they were developed and being iteratively refined (3).  
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From a design thinking perspective and given the tertiary (University) education setting that 
was the basis for this student project, the design thinking process (Figure 3) was followed to 
steer and supervise different project elements to completion, utilising generative and 
exploratory research to define the problem, combined with lived experience (co-design) and 
professional expertise to identify and direct the outcome.  

An example of one such phase is the iterative prototyping phase that was used to develop 
the controller for the gaming system, which took the most promising designs from the 
ideation phase and generated fully operational controllers that could be tested with end 
users (Figure 8). The professional expertise represented a multi- and trans-disciplinary team, 
where rehabilitation medicine, allied health and rehabilitation engineering experience 
guided the clinical and rehabilitation project goals; computer science, Information 
Technology, digital media and software engineering was applied to design, develop and 
deliver a range of accessible games for the system; and biomedical engineering and 
industrial design expertise was used to ideate, conceptualise, design, prototype and 
manufacture the accessible controller, where the focus was on accessibility, the form of the 
device, and intuitive use (3).  

Figure 8: Different prototype gaming controllers that were manufactured during the project, 
from first concept (left) to final controller design (right) 

 
 

The Materialise Phase 

Over a two-and-a-half-year period, the iterative co-design, design thinking process produced 
a home-based, intuitive and accessible haptic assistive technology product named ‘OrbIT’ 
(Figure 9). The system is standalone, integrated and self-logging, featuring 15 different 
interactive games that randomise game events to increase player engagement. OrbIT was 
successfully piloted with children with CP (n=18) and adults in the acute phase of stroke 
recovery (n=10), recording statistically significant improvements in upper limb motor 
function (both trials) and sensation (stroke trial only)(4). Additionally, the trial with children 
with CP highlighted the ability for OrbIT to foster enhanced socialisation and competitive 
gameplay amongst siblings. While the results from both trials demonstrated early promise, 
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larger and appropriately powered trials need to be conducted to validate the pilot trial 
results.  

Figure 9: The final trial version of the OrbIT Gaming System, showing the novel ‘orb’ shaped 
controller in the foreground and the laptop that supports the gaming system in the 
background (left), and a child being introduced to the OrbIT Gaming System (right)  

  
 

Throughout both trials, OrbIT proved to be an acceptable, feasible, and robust technology 
that was appropriate for people with upper limb sensory and motor impairments, which 
was rated highly and demonstrated high utility. The novel intervention has been patented in 
Australia, Singapore and the United States, and following significant end user, professional 
and commercial interest, the technology has successfully transferred to a local disability 
organisation for commercialisation. The next generation of the technology, referred to as i-
boll, is due for release in late 2019/early 2020.  

Discussion and Recommendations  

Understanding how design thinking tools and user centered design approaches can be used 
to foster innovation in problem solving in the application of assistive technology is an area 
of increasing importance that has received little attention in existing research. This paper 
has showcased examples of ‘best practice’ with respect to innovative AT development. Both 
case studies applied design thinking methods and approaches, a strong co-design focus, a 
multi-disciplinary team, and resulted in commercial outcomes. The findings of both case 
studies support the use of a systematic design thinking approach and co-design principles, 
as a way of incubating novel ideas to create innovative solutions.  

Design thinking makes AT usable, by appropriately connecting people with technology and 
has been central in the development of both Prohab and OrbIT products. It represents the 
creative application of science, engineering and technology while addressing real human 
needs. Desirability and pleasure are also integral components of design thinking, which 
when partnered with business and technology, result in effective product development 
strategies.  
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The best practices recommended are:  

• The combination of co-design and design thinking, where the end user is an integral part 
of the multi-disciplinary team, and  

• The process of translating a clinical need or opportunity into an innovative commercial 
product.  

We propose design thinking is highly applicable to the growing need for AT products in low 
to middle income countries, where challenges for equitable AT centre on Access, 
Appropriateness, and Affordability (35, 36). Design thinking is included within the 
regenerative recommended by the World Economic Forum (37). Circular business models, 
combined with robust, durable, and re-manufacturable product architectures allow 
products to undergo multiple product-use-cycles (38), greatly increasing device affordability 
and environmental sustainability.  
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