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Editorial 

Welcome to our Open Access Compendium “Assistive Technology, Accessibility and 
(e)Inclusion” published on the occasion of ICCHP-AAATE 2022. 

The first Open Access Compendium was published for the ICCHP 2020 conference 
and its added value became immediately clear, just as the wish to continue what hope-
fully will become a long series of significant resource publications for the community 
of AT and accessibility researchers and wider stakeholder. 

That first edition which came under the title “Future Perspectives of AT, eAccessi-
bility and eInclusion” included 29 peer reviewed papers. The one we present today in-
cludes 78 contributions.  that together present a 360° view on AT, Accessibility, ICT 
with and for people with disabilities and older adults. 

The decision of AAATE and ICCHP to join forces for the organization of a major 
conference in 2022, provided an excellent opportunity for innovation. It was decided to 
create and offer a new venue for researchers and practitioners in assistive and access 
technologies, to showcase their work and mingle together. 

After almost two years of living through a pandemic, during which AAATE 2021 
had to be canceled and ICCHP 2020 was held online, the best way forward was to 
merge the individual bi-annual conferences for 2022, providing a single platform for 
exchanging ideas, stimulating conversation, and facilitating networking– at the Polo 
Territoriale of the Politecnico di Milano in Lecco, close to the most beautiful shores of 
Lake Como. 

So, the Compendium got a brand-new name, highlighting this new, additional per-
spective. Its scope was broadened to include topics closer to the AAATE community 
and the conference themes. Each of the extended abstracts submitted underwent a rig-
orous review by at least 3 experts, making up the selection presented in this second 
edition. 

Representing a multidisciplinary, multifocal approach was made easier by bringing 
the AAATE and ICCHP communities together to explore the common threads linking 
policy, practice, research and advocacy for people living with disabilities, as well as 
working together for a more equitable, and inclusive future. 

The ICCHP-AAATE 2022 joint conference was open to everyone interested in new 
and original ways to put technology at the service of people living with a disability. 
Together with the traditional Young Researchers’ Consortium, this joint conference 
was a unique ecosystem for networking, exchange and connecting researchers and de-
velopers in all our field(s) to a stronger community. 

This universal approach that has characterized the conference is also reflected in the 
different publications available: Technological-scientific conference proceedings pub-
lished with Springer Lecture Notes in Computer Science; the scientific, more open and 
broader designed Open Access Compendium “Assistive Technology, Accessibility and 
(e)Inclusion”; and the ICCHP-AAATE Book of Abstracts collecting all submitted ab-
stracts and additionally the descriptions of policy sessions and panel discussions, edu-
cational sessions; and the brand new Innovation Area with product presentations, 
demonstrations and poster sessions. 
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We hope this edition of our Open Access Compendium delivers memories, 
knowledge and also new insights to you – and is an incentive to join our future confer-
ences. 
 
Looking forward to meeting you 2023 at AAATE in Paris, France and at ICCHP 2024 
in Linz, Austria. 

 
 

Linz / Lecco, July 2022 
 

 
 Andrea Evert-Jan Katerina 
 Petz Hoogerwerf Mavrou 
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Shaking up Services 
Reframing Service Delivery as a Self-Organising Complex 

Adaptive System to Sustain Innovation 

Joan O’Donnell[0000-0002-2838-9762], Deirdre Desmond [0000-0002-6746-7006], and Malcolm 
MacLachlan [0000-0001-6672-9206] 

ALL Institute, Maynooth University, Ireland 

Abstract. This paper outlines a systemic understanding the innovative develop-
ment of (e)Services in Ireland during the initial months of the Covid-19 lockdown 
in 2020. The pandemic posed a wicked problem which defied obvious solutions 
and had no clear stopping point. In response to the need to sustain contact with 
disabled people most at risk both of catching the virus and of social isolation, 
some services developed ad hoc responses. This research explored the practices 
that staff engaged in to craft that response. Interviews with a purposive sample 
of twelve staff supporting people with physical, sensory, and intellectual disabil-
ities, across education and training, independent living, information and day ser-
vices were held between July and September 2020. Four key technological fac-
tors weere found to contribute to or inhibit the capacity to innovate: organisa-
tional technological capability, access to resources, organisational orientation to 
understanding the role of technology in people’s lives and digital literacy skills 
amongst staff and disabled people. The response is consistent with understanding 
disability services as Complex Adaptive Systems (CAS), capable of self-organ-
ising beyond traditional hierarchies and boundaries, and dynamically adapting to 
external circumstances to craft unique contextualised responses. The imperative 
to build on the creative potential of (e)services will rely on sustaining a spirit of 
openness to innovating in real time and a continuous balancing of potential risks 
and social inclusion in online spaces. This is likely to be met with success where 
technology continues to be the tool for engagement rather than an end goal. 

Keywords: (e)Services, Innovation, Complex Adaptive Systems 

1 Introduction 

This paper outlines a systemic understanding the innovative development of (e)Service 
Delivery in Ireland during the initial months of the Covid-19 pandemic. The WHO 
announcement of a global pandemic on the 11 March 2020 prompted governments to 
instigate lockdowns which impacted hugely on face-to-face services and supports for 
people with disabilities. No one was prepared for this rare ‘black swan’ event that oc-
curred outside normal expectations characterised by uncertainty or the disruption it 
would bring [1]. The pandemic presented a “wicked” problem where there was not de-
finitive formulation of the problem the pandemic posed, no stopping rule for when it 
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might end and no clear solutions or opportunities to test different kinds of interventions. 
Additionally, governments and service providers had no right to get the response wrong 
[2].  

There were particular concerns that disabled people would be hardest hit by the pan-
demic and the UN urged countries to prioritise their needs [3]. The pandemic posed a 
double risk for many people with disabilities: some had a higher risk of contracting 
COVID-19 [4-6], relied on their peers and staff for their primary social interactions [7]. 
Mental health and wellbeing was a concern not just for people accessing services [8, 
9], but also for their families, particularly where elderly parents were in caring roles 
[10]. While these reasons may have given a very strong rationale for the importance of 
sustaining contact, the logistics of doing so, required a new level of technologically 
driven innovation. Some disability services responded by setting up virtual services 
within weeks to ameliorate the worst of the effects of not being able to meet in person. 

2 Methodology 

This research explored the practices that staff in Irish disability services engaged in to 
improvise a response. Interviews with a purposive sample of twelve staff supporting 
people with physical, sensory, and intellectual disabilities, across education and train-
ing, independent living, information and day services were held between July and Sep-
tember 2020. The semi-structured interviews were designed to understand the staff per-
spectives in making the transition from face-to-face to virtual services.  All interviews 
were transcribed, and analysed using reflexive thematic analysis [11, 12], using a sys-
tems thinking constructionist lens [13] to interpret the data.  

3 Research Results 

The findings point to a Complex Adaptive System (CAS) [14] characterised by emer-
gence of new innovation where some staff improvised in a self-organised way to craft 
a response without top-down direction and with very limited means. CAS are consti-
tuted relationally by the interaction of the different elements of the system rather than 
the parts themselves and are considered radically open in terms of hierarchy and bound-
aries, allowing for greater engagement in interdependent activity [15]. It was this char-
acteristic that allowed individual staff to adapt to the external environment and set up 
classes such as yoga sessions online, WhatsApp groups, record material for Facebook 
or Youtube, and in some instances negotiated the redirection of resources from man-
agement and funders. Over time, responses moved from being ad hoc to having a 
greater regularity and co-ordination within a more cohesive organisational response.  

This research identifies four key defining factors relating to technology which ena-
bled or inhibited innovation in staff practices: organisational technological capability, 
access to resources, organisational orientation to understanding the potential role of 
technology in people’s lives and digital literacy levels amongst disabled people and 
front line staff. Each organisational response was unique and contextualised to their 
purpose, ethos and resources. 



11 

Organisations with technological capability continuously improved their internal IT 
infrastructure and were in a better position to respond both because they had the means 
to communicate internally via Microsoft Teams for example, but also because the ex-
perience of upskilling in one area gave staff the confidence to transfer learning to setting 
up and facilitating online. Outmoded IT infrastructures on the other hand, frustrated 
efforts to communicate in a timely and accessible way however, for example inacces-
sible websites made it difficult to share (e)Service weekly programmes or give condi-
tion specific updates relating to Covid-19.  

The ability to access internal and external resources was another key driver of inno-
vation. While some organisations with existing AT services were better equiped with 
hardware, and others rerouted grants or accessed support via small technology grants, 
not all organisations were similarly resourced. For some, negotiating with external fun-
ders was easier than with management in the same organisation; one service were op-
erating with a free Zoom account and staff often used personal broadband accounts and 
phones to sustain an (e)service.  

The degree to which organisations were able to pivot and embrace innovation ini-
tated on the ground was often dependent on the cultural understanding held at an or-
ganisational level about the potential role of technology in people’s lives. Organisations 
where AT was understood, were quick to respond, as was a Disabled Person’s Organi-
sation with an independent living ethos. Even so, many found themselves “raiding the 
shelves” for technology they had, and it did not guarantee that disabled people access-
ing services had the technology they needed at home or access to broadband. Phone 
usage and in particular smart phone usage was poor amongst attendees in many ser-
vices, and social media was not encouraged, due to concerns around GDPR and safe-
guarding.  

Digital literacy amongst frontline staff and disabled people posed an additional hur-
dle, with staff often struggling to stay one step ahead of the people they supported. 
While these factors played a significant role in outcomes, they did not stifle the impetus 
to innovate once the equilibrium of the organisational service delivery system was 
thrown out of synch by the pandemic. Those with enough agency to act, did so regard-
less of the external technological or organisational enablers or inhibitors, driven by a 
desire to sustain contact in the midst of a huge degree of uncertainty. 

4 Discussion 

While there is a call for systems approaches to understand health systems [16], and they 
are often understood as complex adaptive systems at a macro level [17], this approach 
is less often applied to understanding disability services and innovation at a micro level 
in a time of crisis. Covid-19 presented an opportunity to shake up services, rise beyond 
a complacency at all levels of the system, and force innovation and risk taking, not just 
amongst people with disabilities but in the design of services. It drove staff to improvise 
and take risks and demonstrate a level of creativity which often went beyond what they 
thought they were capable of. As time goes on, systems seek to recreate stability, and 
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this often comes at a risk to budding innovation. Formalising innovation, for example, 
may result in actions at one level of the system impeding innovation at another level.  

The imperative to build on the creative potential of (e)services will rely on sustaining 
a spirit of openness to innovating in real time and a continuous balancing of potential 
risks with potential social inclusion in online spaces. It also calls for recognition of the 
dynamic adaptiveness that emerged during the pandemic where services could react in 
real-time to feedback loops, forming common patterns across different services, whilst 
acknowledging that services were often operating independently of each other. Refram-
ing an understanding of innovation in the context of CAS  can potentally create the 
conditions for effective innovation leading to a more resilient system into the longer 
term. Innovation is most likely to be successful where human connection is the driver 
of innovation and technology continues to be the means to that end. 

4.1 Research Limitations 

Participants were limited to staff who had successfully navigated the challenge of de-
veloping an online service, participants in services were not involved, and it is recog-
nised that many staff were redeployed across services and in some instances did not 
have access to broadband or did not feel comfortable contributing to the (e)service re-
sponse. Nor did online services suit everyone.  

Acknowledgements.This publication has emanated from research supported in part by 
a Grant from Science Foundation Ireland under Grant number 18/CRT/6222. 
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Abstract. Though technological solutions are often described as holding a great 
promise for the equal, dignified, and independent living of their owners, they 
seem to be short of reaching their full potential. This is the result of many inter-
vening and interconnected factors such as lack of awareness, partial accessibility 
to solutions and services, funding policies and a crucial need of developing and 
implementing effective service delivery models. The COVID-19 pandemic 
erupted in early 2020, led to far-reaching consequences for all aspects of society, 
including the health and welfare systems. In such complex conditions, where 
many health services are delivered remotely and priorities change, people with 
disabilities who use Assistive Technology (AT) are likely to be highly effected. 
It is therefore, that especially during the pandemic, an AT ecosystem, including 
comprehensive and adaptive service delivery models, must be present to ensure 
optimal AT access, consultation, provision, and use. This article describes the 
design and implementation process of a new service delivery model for AT in 
Israel, that set into action with the beginning of the COVID-19 pandemic. In-
sights and lessons learned from previous models are highlighted, an outline of 
the new model is explained, the “Smart homes” program, as an exemplary pro-
gram, is presented, and the interconnecting effects of the COVID-19 pandemic 
on the new service model are further explained. Recommendations regarding a 
hybrid service delivery model for AT are discussed. 

Keywords. People with Disabilities, Assistive Technology, Service Delivery 
Model, COVID-19, Digital Platforms, Hybrid Models, Governmental Services, 
Funding Mechanisms. 
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1 The AT Service Delivery Model Landscape in Israel 

Technological solutions for people with disabilities (PWD) that suit their unique abili-
ties, needs and preferences, environmental context, and personal goals, can serve as a 
powerful enabler of independent functioning and participation. Though technological 
solutions are often described as holding a great promise for equal, dignified, and inde-
pendent living, they have not reached their full potential. The WHO [1] reports that 
only one out of ten people globally have access to Assistive Technology (AT). This is 
the result of many interconnected factors such as lack of awareness of what solutions 
exist, partial accessibility to solutions and services, limited funding policies, and a need 
for developing and implementing service delivery models to increase access [2].  

An AAATE position paper [3] identified seven basic steps for an AT service delivery 
model. A recent international review revealed that different countries adopt different 
models of access and provision of AT, which diverge in several aspects. Some are com-
prehensive programs offering an individualized package of services and solutions, in 
which AT is one of many possible solutions meeting individual needs; some focus 
solely on the provision of AT, and some are limited to several components of AT such 
as providing information, demonstrating the devices, or helping obtain a loan to pur-
chase equipment. The programs also diverge at the level of individual involvement in 
the process, from choosing the technology, funding, and owning the equipment. Some 
are based on an itemized list of devices, some on categories of devices, and some dis-
pense with a list of devices altogether [4]. In Israel, eligibility for AT services is divided 
between several ministries, depending on the relevant ministry that provides services 
to each disability and functional need. The models of AT provision vary considerably 
between those governmental ministries (see Table 1). 

Table 1. Differences between Israeli ministries providing AT services 

Ministerial office Population Type of support Type of solutions 
The National Insurance 
Institute – the Rehabili-
tation Department 

PWD in a vocational re-
habilitation program, 
job training, academic, 
or professional training 

One time support, full 
or partial funding 

Computer and commu-
nication solutions 
aimed at vocational re-
habilitation 

The Rehabilitation and 
Mobility Unit at the 
Ministry of Health 

People with a perma-
nent disability (visual, 
hearing, physical, psy-
chosocial) 

Long term lending, full 
or partial funding 

Mobility devices, 
protheses and orthoses, 
rehabilitation devices, 
augmentative, and alter-
native communication 
(AAC), hearing aids 

The Department of Re-
habilitation, Mental 
Health Division, at the 
Ministry of Health 

People with a mental 
health disability 

Services including 
courses and limited 
funding for products 
every five years. 

Daily living products 
(Bed, couch, closet 
etc.), computer 
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The Administration of 
people with disabilities 
at the Ministry of Wel-
fare and Social Services 

PWD (visual, hearing, 
psychosocial, intellec-
tual, and physical) 

Subsidy for AT ranges 
between 10% to 90% 
every 4 years. Full of 
partial funding. Lending 
options 

Mobility and seating, 
hearing, vision and 
communication devices, 
self-care and safety so-
lutions, computer acces-
sibility solutions 

The Employment arm at 
the Ministry of Econ-
omy and Industry 

Employers hiring PWD, 
PWD in job training 

Matching funding be-
tween employer support 
and the ministry 

Computer accessibility 
solutions, hearing and 
vision devices, aimed at 
improving work func-
tioning 

The Special Education 
Department at the Min-
istry of Education 

Students with disabili-
ties in special education 
(until age 21) 

AT package according 
to disability – one time 
purchase with an option 
to apply for upgrade or 
changes if needed. 

Computer and computer 
accessibility solutions, 
tablets, amplifiers, 
AAC 

The Ministry of De-
fense 

PWD due to a military 
or terrorism related in-
jury 

Full or partial funding Mobility devices, 
protheses and orthoses, 
orthopedic products, 
hearing and vision de-
vices, for educational 
and vocational purposes 

Long term and broad examination of the models, based on the lived experiences and 
insights of service recipients, and the experience gained by other stakeholders such as 
ministry officials, service providers and suppliers, has led to the understanding that the 
described process entails lacunas that should be addressed: 1. Limited list of eligible 
solutions – the existence of a fixed list, as wide and diversified as it may be, can never 
serve as a good enough answer for the different, continuously changing, and unique 
users’ needs – “one size does not fit all”. 2. Setting the level of subsidization per so-
lution – it has been shown that when the different ministries set a bar for the maximal 
amount of funding per solution, it eventually interferes with the dynamics of the market. 
It has been found that the publication of the level of subsidization per solution can cre-
ate a possible stagnation in market prices. 3. Low access to AT consultation and guid-
ance – though users can receive AT recommendations from professionals or seasoned 
users, it is often not the case. Many users rely on general “word to mouth” suggestions 
and tend to report having experiences of frustration or disappointment due to a mis-
match between their personal goals and the solution purchased. To prevent abandon-
ment and misuse, the match between the user and the solution needs to holistically con-
sider users’ abilities and needs, goals, and preferences. In addition, it has been shown 
to be highly important that the person will be provided with multiple possibilities that 
he/she can choose from instead of having a sole “prescription” of a single solution. 4.
 Lack of flexibility in proposed eligible technological solutions – technology is dy-
namic, developing, and upgraded continuously. If the ministry is interested in providing 
the relevant technology to the person, in any given time, flexibility is of an essence. In 
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the current model, the subsidized solutions are fixed, based on a bid for five years, that 
prevents opening the market towards this much-needed flexibility. 

Considering these shortcomings, JDC Israel Unlimited, The Ministry of Welfare, 
Digital Israel, the Ministry of Health, and the Ministry of Education, have convened to 
re-examine current service delivery models for AT in Israel. Based on extensive market 
research and widespread client journey mapping, involving all stakeholders, a first de-
tailed action plan was developed in 2019 and put into action. The plan included a digital 
transformation scheme, the reshaping of funding mechanisms, market opening steps 
and suggested training programs for service recipients and providers. Chronologically, 
the starting point for this groundbreaking process has aligned with the outbreak of the 
COVID-19 pandemic in Israel. This has given all stakeholders the unique opportunity 
of reevaluating service delivery models in a changing reality, when the need for effi-
cient, online, digital services has increased significantly and the need for technological 
solutions for PWD could not be more important and crucial in all walks of life. As will 
be shown later in this article, the process of change has not only been free of additional 
delays and obstacles, as one would imagine the pandemic would cause, but rather has 
been further validated and encouraged because of the dominant role technology played 
in daily functioning of people during the pandemic and even more so for PWD. 

2 COVID-19 Pandemic – Effects on Remote Services and 
AT 

The COVID-19 pandemic erupted in Israel in February 2020, leading to far-reaching 
consequences for all aspects of Israeli society. Data collected during the crisis in Israel 
clearly shows significant effects on PWD and their families, especially due to the threat 
on the stability and continuity of services [5-6]. Changes to services delivery were also 
related to the increased use in remote treatment. Both clients and allied health profes-
sionals reported numerous advantages to this new mode, including flexibility, simpli-
fied logistics, maintaining continuity of treatment during lockdowns, the possibility of 
involving caregivers in the treatment and seeing clients in their home setting. Both 
groups also reported challenges, including difficulty maintaining concentration, re-
duced quality of the relationship, technical limitations, and unsuitability to some health 
conditions. Theses studies emphasize the importance of a hybrid model of therapy (dig-
ital + face-to-face) [7-8]. The restrictive measures have also influenced how families 
interact with and support their relatives living in residential settings. The findings indi-
cated that most family members adopted remote communication technologies to con-
tact their relatives. The families were able to provide emotional support and advocacy 
using digital technologies but were limited in their ability to provide significant social 
support [9]. 

In such complex conditions, where many health services are delivered remotely and 
priorities change, people who lack access to AT are likely to be specifically disadvan-
taged. It was therefore stressed that, especially during the pandemic, an AT ecosystem 
must be present for the safe and effective provision and use of AT, to ensure that prod-
ucts are available and fit for purpose [10]. It was similarly argued that governments 
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must coordinate policies to deal with underlying weaknesses in their systems and to 
assure good information, access to AT, benefits, and financial support to ensure more 
independence especially during such a crisis. Recommendations regarding the use of 
remote digital services, online AT purchases and capacity building of AT personnel 
were also provided [11]. Two such processes – of creating a full and seamless service 
delivery model from assessment to provision and building an ecosystem for AT in the 
shape of a generalized service – will be shown in two exemplary programs. These pro-
grams were developed prior to the COVID-19 pandemic and adapted in response to the 
challenges and opportunities created by the crisis. One is an intra-ministerial program, 
and the other is a cross-ministerial program, developed hand in hand to maximize the 
learning, while addressing the needs of various populations. 

2.1 Intra-ministerial Service Design – Ministry of Welfare and Social 
Services 

Since 2017, the Administration for People with Disabilities in the Ministry of Welfare 
and Social Services is implementing fundamental changes, towards a client centered, 
ICF based approach regarding clients’ needs and goals. The field of AT has received a 
special attention and resource allocation. Today, a new service delivery model is de-
signed regarding AT identification, selection, provision, and use, both for people who 
live independently in the community and for people who live in all kinds of residential 
settings. Based on an assessment of the current AT service model provided by the min-
istry, a list of insights and next steps for improvement were suggested (see Table 2). 

Table 2. Insights and next steps for AT service model in the Ministry of Welfare  

Topic Insights Next steps 
AT consultations There is a need for support-

ing systems to cope with in-
tegration of multiple consid-
erations and large amount of 
data regarding AT needs 

Interfacing with the Atvisor 
Digital Platform that has an 
updated list of technological 
solutions, mapped according 
to the ICF, and can match 
between the user profile and 
the technology [12] 

Guidance and implementa-
tion support 

Continuous professional sup-
port helps prevent AT aban-
donment and waste of public 
funds 

1. Training of Instructors 
2. Developing an Online 
Support Center 

Funding and governmental 
support method 

Subsidies for specific prod-
ucts can create a condition of 
price stagnations, AT fixed 
list prevents client-tailored 
customization 

1. Creating new AT funding 
baskets based on personal 
budgeting rather than on a 
list of products.  
2. Rewarding suppliers ac-
cording to quality of prod-
ucts and services criteria 
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Trial opportunities Trial opportunities help pre-
vent AT abandonment and 
waste of public funds 

Establishing loaning centers 
for expensive and unique AT 

Re-used AT There is a need to lower the 
cost of AT for people who 
have difficulty paying for it 

Establish a mechanism for 
handling, maintaining, and 
providing reused AT 

Information about rights There is a need to provide 
clients with additional infor-
mation relevant to the deci-
sion-making process and 
their rights regarding AT 

1. Atvisor platform 
2. Customer Personal Area 
3. Dedicated instructors 

   

The development of the new service for technological solutions for PWD implemented 
in the Ministry of Welfare and Social Services includes the following components:  

Digital literacy courses for AT users. A three-levels programs for digital orientation, 
adapted to the type of disability and necessary accommodations, to support AT use: 
Basic program – digital orientation in a smartphone and a computer. This program will 
offer basic operation principles and recommended techniques; Level 2 program – rele-
vant to those with basic computer and smartphone skills. The program offers instruc-
tions on how to order relevant services via mobile or computer, filing digital forms, and 
more; Advanced program – relevant to those who have basic and level 2 digital orien-
tation. The program offers techniques for creating social connections online, while ac-
quiring social codes of conduct, safe purchasing online, options to expand knowledge 
through online resources, which emphasize critical thinking and responsible use; 

Technological solutions for daily functioning. AT, accessible technologies, and 
mainstream technologies are funded for clients to support their various needs. The ser-
vice model is a hybrid service, including a digital platform, Atvisor, that offers matches 
between the user's profile and the relevant technological solution, and a professional 
coordinator, that provides insights regarding the best solution from the offered choices 
based on the user's preferences and environment. The platform and service operate ac-
cording to the AAATE model and steps and include: Needs assessment – In-depth in-
take to understand needs and functioning possibilities; Definition of the functioning 
domain and the activity the person is interested in; Selection of technology – includes 
the selection of the category and the selection of the product itself – a shared decision-
making process between person and professional (if needed); Purchase – the purchasing 
process is conducted online, in a subsidized co-payment model; Delivery and installa-
tion (if needed); Training – how to use the product (if needed); Follow up and support 
provided by technical and professional experts; 

Mainstream affordable and accessible technologies. Many solutions in the market 
are not designed specifically for PWD but are highly suitable and beneficial for people 
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with certain limitations and difficulties in functioning. Due to their popularity, they are 
affordable and highly available. It is important to make the public aware of such solu-
tions, including information about suppliers and prices, through the Atvisor platform 
and other means of information delivery; 

Support and funding of technological solutions. To avoid interference with market 
pricing, funding is designed to be given as a package to the person and not paid “per 
product’ to the supplier. This method will also allow for an "open market" approach 
that will broaden user's options for choosing and purchasing technology. In parallel, 
efforts are being made to synchronize services with other ministries to avoid double-
funding and optimize eligibility; 

Follow up and support call-center. The use of technological solutions requires remote 
support in situations involving operating issues. The support center will be operated by 
AT professionals via phone, chats, or online video consultations; 

Display and Demonstration Centre (DDC). This physical retail center, designed both 
as a shop and a display center, is designed to answer the need of clients to see or feel 
the product they are buying instead of choosing online. The DDC will be connected to 
the digital platform and every purchase done there will be operated digitally. Consulta-
tion kiosks with the hybrid solution of professionals available digitally will be provided 
in the physical center as in the virtual space; 

Resource center for re-used technological solutions. Frequent changes in clients’ 
conditions and needs are resulting in a considerable amount of good quality products 
that are not in use. Since it is a high-cost market, it is very important to build a desig-
nated market for re-used technologies, that will be managed by a technical team that 
has the capabilities to examine the state of the products and whether they can be re-
used. Such a center is a part of the process and will be set into action in the second 
phase of the program.  

2.2 A Cross-ministerial Service Design - The “Smart Home” Model   

The program was initiated by JDC Israel unlimited in partnership with Digital Israel, 
the Ministries of Welfare and Social Services, Health, Education, and Finance. A pilot 
program currently underway, aimed at promoting the independent living of PWD, ex-
amines the introduction of technological solutions to a wide range of populations. The 
goal of the program is to build governmental mechanisms for the assessment, provision, 
and funding of technological solutions while ensuring that the person is involved in 
choosing-getting-and keeping the solution that best fits their needs. The program is op-
erated by Beit Issie Shapiro and the Atvisor digital platform. The Myers-JDC-
Brookdale Institute conducts long-term research to accompany the development and 
testing process. The program services people with multiple disabilities and different 
levels of functioning, living in different environments, ranging between 15-67 years of 
age. The program team includes seasoned occupational therapists, aiding in the 
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matching process between users’ needs, activity goals, environment, and preferences, 
and the technological solutions that can be of interest and relevance to them. Their role 
is also to provide guidance and training following the provision and installation of the 
technology to ensure sustainability. The service provided in the program is based on 
the principles of the [3], with the following steps: Introductory meeting with user – 
assessing goals, preferences, and needs; Technology “hunt” – looking for the right AT 
category and solution; Provision and delivery – of the solution selected; Installation – 
provided by a technical team and electricians; Training and follow up support – pro-
vided by AT Coordinators. The whole process, from registration through assessment 
and selection, is facilitated by the Atvisor platform that supports the matching between 
the personal profile and the technology. The platform is based on the ICF taxonomy 
and contains technological solutions that can be purchased online and offline. During 
COVID-19 outbreak, steps 1,2 and 5 were operated remotely, using video calls and the 
Atvisor digital platform. Step 3 was made possible thanks to the definition of AT sup-
pliers and technical teams as necessary staff, which enabled physical delivery and in-
stallation. Comprehensive work protocols were developed and disseminated among 
team members, webinars for professionals and users were facilitated to increase aware-
ness and use, and a digital call for action titled “smart home goes online” was published 
on social media to encourage participants to join the program. 

Special attention is given in the program to those populations with disabilities who 
are rarely perceived as needing AT for their needs, such as people with autism, people 
with mental health conditions, etc. The collaboration with the Department of Rehabili-
tation, Mental Health Division at the ministry of Health, enabled in-depth learning of 
the needs and possible solutions relevant to these populations. In an information packet 
[13] currently in press, several needs were identified amongst people with mental health 
conditions in which technology might assist in their daily functioning and independ-
ence. This process is a part of a larger, long-term design of services towards technology 
implementation done in the ministry. As an example, in the last two years, especially 
during the pandemic, designated courses for digital orientation were executed, taking 
into consideration varied personal needs and goals, and offered together with a financial 
support for educational purposes. One of the main conclusions reached during the pi-
loting of the "Smart Home" program was the need to raise awareness and knowledge 
in this area. A webinar on technologies and applications for Mental Health was held 
successfully with almost 300 participants – clients, professionals, and family members. 
31 clients with mental health conditions have participated in the program so far.  

Accompanying research. The “Smart Home” program is accompanied by a formative 
evaluation research, done by the Myers-JDC-Brookdale research institute. This re-
search began in the pre-pilot phase in 2018 and continues today. Its goal is to identify 
the influence of the technological solutions on the quality of life, independence level 
and sense of security of participants and their caregivers, as well as identifying barriers 
in the program's implementation and goal achievement. So far, the research has in-
cluded an international review of services for AT provision and an assessment of the 
pre-pilot. The pre-pilot assessment included qualitative interviews with different stake-
holders, mainly clients and caregivers. Currently, the research team is assessing the 
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pilot phase, that includes: An online questionnaire answered independently before and 
after the provision of the selected technological solution. This is answered by the par-
ticipant or on their behalf if needed; Comprehensive interviews with participants done 
in their homes; Interviews with relatives and caregivers; Shared observation conducted 
with the participant on the use of the selected technological solution provided by the 
program. This research is currently at its data collection stage, which is estimated to 
end by July 2022. So far, 20 participants have answered the questionnaire after receiv-
ing the selected solution – 13 participants responded regarding two solutions and seven 
responded regarding one solution, totaling in 33 AT solutions, that data were received 
about. The initial findings provide the following insights: High percentages of techno-
logical solution are being used every time or almost every time the person need them 
(94%); No difficulty or very mild difficulty in adjusting to the technological solution 
(97%); For 88% of the solutions, participants confirmed the product is fitted to their 
needs. These high percentages suggest that there is a good fit between the participant 
and the selected technology, as well as emphasize the importance of proper guidance, 
training and follow up and support using the technology. As to the influence of the 
technological solutions on the life of the participant, for 33 solutions, it was found that: 
for 73% of the technological solutions, it was stated that they are enabling the partici-
pant to do things they couldn’t do before; for 85% of the technological solutions, it was 
stated that they make the participant feel more independent; for 79% of the technolog-
ical solutions, it was stated that they make the participant feel more safe and secure; for 
76% of the technological solutions, it was stated that they save time or other resources 
for the participants; for 85% of the technological solutions, it was stated that they im-
prove the quality of life of the participants; for 79% of the technological solutions, it 
was stated that they make the participant feel more self-confident during use. In general, 
it can be suggested that based on the initial data collected, the technological solutions 
selected and used in the framework of the hybrid design of the service model (digital + 
expert), allows more independence in functioning, while improving the quality of life 
of clients. 

3 Discussion and Recommendations  

The development of a framework that integrates a client-centered approach with the 
ICF model, using a digital platform, shared decision processes and AT service delivery 
models, was accelerated due to the COVID-19 pandemic. As timing is an important 
agent of change, it seems that igniting the process on a system level and on the ground 
during the COVID-19 pandemic has only highlighted the core components of the model 
being developed and emphasized its value. Moving forward, a cross-ministry AT ser-
vice model will be designed and implemented based on the lessons learned from the 
two projects described in this article. The core principles for the new Israeli model are: 

1. Establishment of a hybrid service for AT – human resources (users, AT experts and 
technical team) and a digital platform (clinical decision support system and market-
place components). 
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2. One stop shop – enabling a full process in one place – from assessment to provision 
and use. 

3. Connecting all stakeholders to one platform for best coordination and communica-
tion. 

4. Personal tailoring – solution search and selection stems from the personal profile of 
each user. 

5. Interface with government funding and provision systems – for online immediate 
funding. 

6. Reshaping funding mechanisms – moving to a personal budget concept based on 
tailored recommendations instead of a general list of approved solutions. 
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Abstract. The review of the secondary data on the Assistive technology (AT) 
Public policies and laws revealed the Non-discrimination and Accessibility ap-
proaches to Assistive technology and Inclusion (NSH, 2007). The Convention on 
Rights of Persons with Disabilities (CRPD) recognised  the Non-discrimination 
approach to AT  as it stated that the use of Universal Design shall not exclude the 
assistive technology needed by persons with specific disabilities (UN, 2006; ar-
ticle2). The CRPD recognised accessibility as both a human rights principle and 
a Right under articles 3 and 9 respectively. Assistive technology was also one of 
the Accessibility and  reasonable accommodations recognised by the CRPD. The 
Multiple research methods composed of case study and mixed research methods 
were used to collect empirical data on the validation of the Non-discrimination 
and Accessibility practices and approaches . The qualitative data was collected 
through key informant interviews. The survey data on the validation of the AT 
legal and  public policies approaches was collected and analysed. The findings 
reveals that Majority of students were not aware of the AT related public policies 
and laws. All students recommended the provision of AT based on non-discrim-
ination principle and other CRPD human rights principles. The 2005 Disability 
Act  and the 2015 Equality Acts prohibited discrimination of persons with disa-
bilities in Ireland and provided for reasonable accommodations including provi-
sion of AT products and services. Ireland ratified the CRPD in 2018 and com-
mitted to the Accessibility and Non-Discrimination approaches and practices. 
Ireland was a state party to the 2019 European Accessibility Act.   

Keywords: Assistive technology, Non-Discrimination, Accessibility  

1 Introduction 

The review of the secondary data revealed the Non-discrimination  and Accessibility 
approaches to  the Assistive technology (AT) and Inclusion of Persons with disabilities 
[1]. The United Nations Convention on Rights of Persons with Disabilities (UNCRPD) 



26 

[1] recognised  the Non-discrimination and Accessibility approach to AT through arti-
cles 2, 3 and 9. The CRPD under article 2 noted that  Universal Design of goods, prod-
ucts, environments for all  shall not exclude the assistive technology needed by persons 
with specific disabilities [1]. This confirmed the Non-discrimination approach to AT. 
Non-discrimination and Accessibility were  Human rights principles under article 3 of 
the UNCRPD.   

2 The AT Accessibility and Non-Discrimination 
Approaches 

The UNCRPD recognised accessibility as both a human right  under articles 9 and Hu-
man right principle under article3. AT was also one of the Accessibility and  reasonable 
accommodations recognised by the CRPD. The CRPD makes the most reference to 
assistive technology solutions than any other eight international Human Rights instru-
ments that do not make any reference to assistive technology. The CRPD makes spe-
cific references to AT solutions in seven articles, and these were articles 2, 4, 9, 20, 26, 
29 and 32. The CRPD article 2 requires the application of universal design to not ex-
clude the use of assistive technology solutions that requires adaptations and flexibility. 
The CRPD article 4 provided the general obligations for member states under clause G 
and I to provide and promote assistive technology solutions including supporting re-
search and providing information about AT solution information. Article 9 on Acces-
sibility requires member states to support the production, supply and available of AT 
solutions at a low cost for persons in need or persons with functional difficulties.  The 
CRPD makes reference to AT solutions in Article 20 on personal mobility. The CRPD 
requires member states to ensure that manufacturers and suppliers of assistive technol-
ogy solutions produce and supply a wide range of AT products that addresses the di-
verse personal AT needs of different categories of group of people in need or users of 
AT. 

The CRPD under article 26 makes a reference to Health Assistive technology solu-
tions and their role in Rehabilitation of persons with functional difficulties. The CRPD 
recognised the role of AT solutions in promoting Political and public life participation 
of persons with functional difficulties under Article 29 on Participation in political and 
public life. The CRPD article 32 on international cooperation also recognised assistive 
technology solution. The CRPD requires member states to collaborate and support in 
each other through transfer of assistive technology knowledge, solutions and technical 
assistance. The CRPD  indirectly makes references to AT solutions through provision 
of reasonable accommodations in article 24 on education and article 27 on work and 
employment. While the secondary data revealed the Non-discrimination and accessi-
bility approaches to assistive technology and inclusion. The empirical data and research 
studies on accessibility and non-discrimination approaches and practices towards AT 
were limited. The research study therefore validated the accessibility and non-discrim-
ination approaches and practices to AT and Inclusion of Persons with disabilities in the 
Higher education environments and others.  
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3 The Methodology 

The multiple research methods composed of case study research method and mixed 
research methods were used to collect empirical data. The qualitative data was collected 
through key informant interviews with University College Dublin students using hear-
ing and Ear assistive technology solutions, UCD officials in charge of AT related poli-
cies and provision of assistive technology, representatives of government officials in 
charge of AT related policies and provision and representatives of Non-State Actors 
providing AT services to students in Higher Education Institutions. The survey data 
was collected from the audiologists, users of hearing and ear assistive technology and 
organisations of persons with hearing loss or Hard of Hearing in Ireland and   around 
the world. The research study was approved by the University Ethics committee. The 
data collection was delayed by COVID-19 pandemic between 2020-2021. The research 
paper considered AT Public policies and programmes as socially constructed objects 
and used the Constructivist Ontology to analyse the data. The Critical discourse analy-
sis was also used to analyse the behaviours of the AT service delivery system as they 
interacted with the UCD students using Hearing and Ear Assistive Technology (HEAT) 
and environment [5-8]. 

The semi structured interviews and survey questionnaires were used to help the re-
search participants to respond to the research study.  Over 50 users of HEAT solutions 
from 21 countries around the World responded to the survey of the research study [6]. 
The survey participants were from Ireland, Austria, Australia, Canada, Czech Republic, 
Denmark, Germany, Georgia, Italy, Nepal, Norway, Philippines, Poland, Lithuania, 
Rwanda, Serbia, Uganda, United Kingdom, Vietnam, and Zambia. The 17 qualitative 
interviews including three key informant interviews with users were used to collect 
empirical data in Ireland. The data collection was delayed by the COVID-19 pandemic. 
This research paper used the secondary and empirical data collected from Ireland.  

4 Results 

One of the UCD students using HEAT solution stated that  “ I consider  the AT I use 
as accessibility accommodation  that enables me to perform learning activities in lecture 
room  and participate in other activities outside the  lecture rooms”. This empirical data 
confirmed that  the accessibility approach to AT. Assistive technology was considered 
as one of the accessibility solutions that facilitate participation and inclusion of persons 
with hearing difficulties in Higher education learning environment.  

The UCD Assistive Technology Officer stated that “ We consider AT as one of the 
reasonable accommodations we provide to all UCD students in need.” The Assistive 
technology specialist further stated that “ The fund for students with disabilities sup-
ports reasonable accommodations for only EU citizens and residents who are students 
and does not cover International students outside EU. The UCD Global fund supports 
international students in need of AT from outside EU to acquire AT”. This empirical 
data shows that Assistive technology was considered as a reasonable accommodation 
and was provided to all through different programmes. While the reasonable 
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accommodation approaches pushes the biggest burden to users and person in need of 
AT and less burden to the duty bearer. The consideration of AT as an accessibility 
accommodation was based on recognition of accessibility as a human right and human 
right principle. This implied the States as a  duty bearers  have the biggest burden and 
the responsibilities to fund and provide Assistive technology. The empirical data pro-
vides evidence of practice of the non-discrimination principle in provision of assistive 
technology to all students. The UCD global fund covered AT access for  International 
students that were not covered by the fund for students with disabilities from Higher 
Education Authority.  

The 100% of the survey participants using HEAT selected AT as an accessibility 
solution. 80% of the survey participants selected Non-discrimination Principle as one 
the principles for the Rights +Capability based oriented Assistive Technology service 
delivery system. This empirical data confirmed the accessibility and Non-discrimina-
tion approaches and practices towards AT.  

5 The Recommendations 

The Accessibility and Non-discrimination practices and approaches to assistive tech-
nology and Inclusion should be used to develop and review  Assistive technology public 
policies and programmes.  
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Abstract. Background. The Wheelchair Skills Training Program (WSTP) is ef-
fective for teaching the wheelchair skills required for everyday mobility but is 
underutilized in pediatric rehabilitation settings. Clinicians expressed concerns 
regarding the complexity of the manual and the lack of guidance on how to train 
the skills with children. Three complementary WSTP knowledge transfer tools 
were developed (storybook, posters, training workbook) to address these barriers. 
Objective. Document OTs and pediatric manual wheelchair users’ (PMWUs) sat-
isfaction with and perception of the usability, relevance, and feasibility of the 
three tools. Methods. A descriptive qualitative design was used. OTs and 
PMWUs were recruited from the Marie Enfant Rehabilitation Center and affili-
ated schools using a convenience sampling method. A focus group (OTs) and 
interviews (PMWUs) were conducted online (Zoom videoconferencing plat-
form) to obtain participants’ feedback on the tools and suggestions for improve-
ments. Deductive analyses were performed using the Framework method. Re-
sults. 8 OTs and 5 PMWUs described the tools as attractive, playful and easy to 
use for training wheelchair skills among younger or novice PMWUs. OTs ex-
pressed the desire to use the tools in their clinical practice and three PMWUs felt 
the tools could help them learn new skills/improve their techniques. Both groups 
suggested modifications to refine the tools (e.g., increased precision of illustra-
tions depicting the characters in the wheelchairs). Discussion. OTs and PMWUs 
were satisfied with the tools and perceived them as applicable in pediatrics. Con-
clusion. The tools could contribute to facilitate the use of the WSTP in pediatrics.  

Keywords: Wheelchair, Training, Pediatric Rehabilitation, Knowledge transfer, 
User-centered approach. 
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1 Background 

Independent manual wheelchair (MWC) mobility fosters the participation of children 
with physical disabilities in physical, leisure, and school activities, which are essential 
for their growth, development, social participation, and overall health [1,2]. The provi-
sion of a MWC alone does not guarantee safe and efficient use, and many children need 
help from their parents to navigate their MWC in the community [3,4]. In fact, the 
World Health Organization recommends MWC skills training as one of eight critical 
steps when providing MWCs [5]. However, children receive an insufficient amount and 
quality of training. Two surveys conducted in Canada revealed that, due to lack of time, 
knowledge and resources, more than 50% of clinicians provide less than 3 hours of 
training and fewer than 30% use a validated program [6,7]. Innovative solutions to sup-
port high-quality MWC skills training practices in pediatric rehabilitation settings are 
thus warranted.  

Sixty-four studies, including 16 randomized control trials and two meta-analyses, 
have demonstrated that the Wheelchair Skills Training Program (WSTP) is safe and 
effective for improving wheelchair mobility among adults [8,9]. The mean improve-
ment of wheelchair skills capacity in WSTP groups was 14% higher than the no inter-
vention or standard care groups (p<0,0001) [8,9]. However, the program is not fre-
quently used in pediatric rehabilitation settings. Only four pilot studies documented its 
use in pediatric populations, and the mean relative improvements in MWC skills (rang-
ing from 4.5 to 32%) were lower than in adults (mean = 21.2%) [10–13]. Pediatric-
specific adaptations, including resources tailored for children, may increase the utiliza-
tion of the WSTP by clinicians and children’s engagement in the training process [14]. 
In the long term, this could facilitate increased training practices in pediatrics and im-
prove MWC skills.  

In Canada, occupational therapists (OTs) are health professionals responsible for 
MWC skills training. Daoust et al. (2021) documented OTs’ perceptions of the barriers 
limiting the utilization of the WSTP in pediatrics. When considering their time con-
straints for planning interventions and their sense of competency using the program, 
OTs were discouraged by the density and complexity of the manual [14]. They ex-
pressed concerns regarding the playfulness of training activities and material, the few 
considerations on children’s development and the lack of guidance on how to train the 
skills with children [14]. Recognizing the importance of MWC skills training and the 
potential benefits from using the WSTP, OTs identified a need to develop knowledge 
transfer tools tailored to children that could support the utilization of the program in 
pediatrics [14].  

Three complementary WSTP knowledge transfer tools tailored to children were cre-
ated using a user-centered approach (see Figure 1). Following this approach, primary 
end-users’ feedback were incorporated throughout an iterative design process, evalua-
tion, and implementation (Figure 1) [15]. First, a team of experts, including 4 OT stu-
dents, 1 adult MWC user, 5 researchers with expertise in MWC skills training or 
knowledge transfer, 2 pediatric OTs, 2 rehabilitation services managers, collaboratively 
developed three types of tools (ie., storybook, posters, workbook). The three types of 
tools teach children four basic MWC skills frequently required for everyday life 
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activities (i.e., roll forward and backward a short distance, pick objects from floor, turn 
while moving forward). The second step, on which this presentation focuses, involved 
a qualitative evaluation of the tool prototypes to document primary users’ satisfaction 
and obtain their suggestions for improvements. 

 
Fig. 1. Iterative design process, evaluation and implementation of the WSTP training tools 

2 Objectives 

The objectives were to document OTs’ and pediatric manual wheelchair users’ 
(PMWUs) satisfaction with and perception of the usability, relevance, and feasibility 
of the three tools. 

3 Methods 

3.1 Design 

A descriptive qualitative study was conducted. 
3.2 Participants 

A convenience sampling strategy was used to recruit OTs and PMWUs from the Marie 
Enfant rehabilitation center and its affiliated schools (Montreal, Canada). To be eligible 
to participate, OTs had to provide MWC skills training interventions in their practice. 
To be eligible to participate, PMWUs had to be aged between 5 and 15 years old, use a 
MWC (minimum 4 hours/day during the last 6 months), and have the cognitive and 
language abilities to participate in a 60-minute discussion online in French. 

3.3 Procedures 

Sociodemographic information was collected from OTs (e.g., gender, years of practice) 
and PMWUs (e.g., age, years of MWC experience). A 90-minute focus group (OTs) 
and 60-minute semi-structured interviews (PMWUs) were conducted online (Zoom 
videoconferencing platform) to respect the COVID-19 public health restrictions at the 
time. At the beginning of the focus group and interviews, the tools were presented to 
the participants. Then, open-ended questions based on the indicators of the Guide to 
Monitoring and Evaluating Knowledge Management in Global Health Programs were 
asked [15]. These indicators included satisfaction (e.g., first impressions, favourite or 
disliked elements), usability (e.g., aesthetic, content clarity) and relevance (e.g., tools 
facilitate learning) [16]. Questions documenting the feasibility of using the tools in 
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clinical practice were also asked (e.g., capacity to use the tools regarding time con-
straints or personal characteristics). 

3.4 Analysis 

Sociodemographic information was summarized (mean, standard deviation, median, 
interquartile range, percentage, frequency). Qualitative data were deductively analyzed 
using the Framework method according to which data are coded in the categories of a 
matrix (i.e., satisfaction, usability, relevance, feasibility) [17]. 

4 Results 

4.1 Participants 

Eight OTs, who had between 2 to 29 years of experience working with PMWUs 
(mean=8.1 +/-9.3) and provided MWC skills training on an occasional basis (62.5%), 
participated in the focus group. Three girls and two boys, ranging from 6 to 12 years of 
age and who had between 3 and 9.5 years of experience using a MWC, were inter-
viewed. 

4.2 Satisfaction 

All OTs expressed overall satisfaction when first seeing the tools. However, PMWUs 
had mixed impressions. Three PMWUs expressed the tools could help them improve 
their MWC mobility, but the two others felt the tools would be better suited to younger 
children with lower MWC skills levels. 

4.3 Usability 

OTs and PMWUs mentioned the tools were attractive and colourful. Both groups par-
ticularly liked the characters, that PMWUs described as “cool” and OTs as “inclusive” 
(age, gender, nationality). OTs perceived the content as easy to understand for PMWUs, 
as the tools contain verbal cues frequently used with children (e.g., push, push, push). 
OTs commented that the breakdown of MWC skills into small steps and the illustrations 
used to depict the movement required to execute the skill were appropriate for PMWUs. 
Most PWMUs required support from a parent to use the tools, especially to understand 
the tips and tricks suggested to perform the MWC skills (e.g., rainbow visual cue show-
ing the arm movement for self-propelling). When understood, PMWUs thought that the 
tips and tricks would be helpful. 

4.4 Relevance 

All OTs were ready to integrate the tools in their clinical practice immediately. OTs 
and PMWUs felt that the tools would be useful for training MWC skills with younger 
or novice PMWUs. 
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4.5 Feasibility 

OTs mentioned that it would be feasible for them to use the tools in their work envi-
ronment. Given the structure for planning and delivering MWC skills training, OTs 
believed the tools could help them provide their interventions more efficiently. 

4.6 Improvements 

The most common suggestions for improvements provided by OTs and PMWUs were: 
a more exciting story plot, increased precision of illustrations depicting the characters 
in the MWCs, and consistency between the visual and verbal cues provided in the three 
tools. 

5 Discussion 

This is the first study to explore providers’ and users’ satisfaction with wheelchair skills 
training resources specifically designed for children, and it responds to OTs’ and par-
ents’ needs for learning materials supporting the development of MWC skills in 
PMWUs [12,14]. The WSP website and YouTube channel offer educational resources 
to facilitate MWC skills training (e.g., posters and videos) that are widely accessible, 
with respectively 154,415 users from 196 countries and 179,324 views up to January 
2022 [18]. However, all available resources are tailored to adult populations (e.g., only 
depicting adults performing MWC skills, high language level) [18]. Resources that are 
adapted to the needs of the patient population and the practice context of clinicians tend 
to be better accepted and more easily implemented [19,20]. The results of the present 
study support this finding as OTs’ and PMWUs’ perceptions felt that the pediatric-
friendly wheelchair skills training tools could facilitate the implementation of the 
WSTP in pediatric rehabilitation settings. As a few differences in OTs and PMWUs’ 
points of view regarding the tools were observed, this study highlights the importance 
of giving children with disabilities a voice to express their perspectives on the rehabil-
itation services they receive. Children with disabilities are one the most excluded pop-
ulations from partnering in the research, but their involvement is essential for ensuring 
the uptake of the tools in pediatric rehabilitation settings [21]. 

5.1 Future Research 

Given the positive response from OTs and PWMUs about the first three tools, the re-
search team has considered and incorporated the suggested modifications in the design 
of additional tools for community and advanced skills. Tools supporting the training of 
skills such as getting through hinged doors, getting over obstacles, and ascending or 
descending inclines are currently being designed and tailored to the needs of more ex-
perienced PMWUs and adolescents. OTs and PMWUs’ feedback regarding these new 
tools will be obtained following the same qualitative evaluation process. When all tools 
will be refined, they will be pilot-tested in pediatric rehabilitation settings to explore 
their influence on MWC mobility outcomes.  
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6 Conclusion 

OTs and PMWUs were satisfied with the three pediatric-specific WSTP knowledge 
transfer tools they perceive as usable, relevant and feasible to use when training MWC 
with children. Incorporating primary end-users feedback throughout the steps of the 
design process, evaluation and implementation appears essential to ensure satisfaction 
with the tools.   
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Abstract. Objective: To evaluate the clinical applicability of the COMET (cog-
nition, occupation, mobility, evaluation and training) intervention. Design: A 
case series was conducted. Participants: Adults who were being considered for 
PWC provision and who had been identified by an occupational therapist to ben-
efit from a PWC training were included. Intervention: The COMET interven-
tion  a goal directed, client-centered and occupation-based, was provided to all 
participants. Outcome measures: Clinical applicability indicators were collected 
for: process, resources, management and treatment. Clinical outcomes included 
the Goal Achievement Scale (GAS), the Canadian Occupational Performance 
Measure (COPM), the Power Mobility Indoor Driving Impairment (PIDA) and 
the Wheelchair Skill Test (WST). Applicability indicators were evaluated as bi-
nary responses (‘successful/unsuccessful’). Results: Four females (62.5 ± 3.5 
years) with cognitive impairment participated. Among the thirteen clinical ap-
plicability indicators defined, ten were successfully achieved. Indicators that did 
not meet the criteria for success were adherence rate, safety and treatment for the 
PIDA. Two of four participants completed all 5 sessions. Two adverse events 
were reported, with one minor injury. Related to treatment response, participants 
demonstrated better than expected results on the GAS and the COPM perfor-
mance and satisfaction scores. All participants demonstrated improvement of 
more than 9% at the WST. Only two reported an improvement beyond 4% of the 
PIDA. Conclusions: With few modifications, the COMET intervention will be 
applicable in clinical practice. Individuals with complex cognitive and mobility 
impairment demonstrated abilities to learn PWC use. Further investigation of the 
COMET intervention is required to evaluate its efficacy. 

Keywords: clinical applicability, power wheelchair, cognitive impairment. 
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1 Introduction 

Power wheelchairs (PWC) allow mobility[1], engagement in meaningful activities[2], 
and social life[3] for individuals with mobility limitations. Such increased autonomy 
and independence in mobility  may also reduce the caregiver burden[4]. An eight step 
process for the provision of wheelchairs (referrals and appointments, assessment, pre-
scriptions, funding and ordering, product preparation, fitting, training of users, families 
and caregivers, and follow-up, maintenance and repair) has been published by the 
World Health Organization[5]. Occupational therapists are health professionals com-
monly in charge of PWC service provision. They commonly evaluate the individual’s 
diagnosis and prognosis, skills and abilities (including physical, cognitive and percep-
tual abilities), and its environment[6]. Occupational therapists also provide clinical 
judgements regarding safety issues (e.g., ability to avoid collisions), ability to negotiate 
the environment, and insight to recognize when assistance is needed[6].  

Training is one of the eight steps recommended by the World Health Organization 
and there is lots of evidence showing the effectiveness of training to enhance capacity 
for PWC skills (e.g. driving background, turning right and left, maneuvering in small 
spaces), address the challenges PWC users may face, and to diminish the potential risks 
of incidents[7,8]. The Wheelchair Skills Program (WSP) is an evidence-based program 
with lots of evidence for effectiveness documented. It demonstrated effectiveness for 
improving PWC skills capacity for individuals with neurological conditions[9]. How-
ever, after being trained using the WSP, PWC users did not demonstrated long-term 
improvement in PWC skills[10]. Although the WSP includes some consideration of the 
cognitive ability required to drive a PWC, one explanation may be that conceptualiza-
tion of the WSP did not specifically consider how individuals with cognitive impair-
ment learn. As a result, current best practices may not respond to the specific needs of 
PWC users with complex mobility and cognitive impairment. Therefore, individuals 
with complex mobility and cognitive impairment, who need more in-depth or tailored 
learning opportunities, are often precluded to be provided a PWC before they get a 
chance to be trained[6,11]. 

Results of a scoping review [12] and a cross-sectional study [13] demonstrated that 
individuals with complex cognitive and mobility impairment have the ability to learn 
how to use a PWC and that cognitive level and self-efficacy directly influence perfor-
mance using a PWC. A developmental study using focus groups and a Delphi survey 
including stakeholders (PWC users, occupational therapists and researchers) suggested 
that training individuals with cognitive impairments should apply a client-centered, 
goal directed and occupation-based approach. The COMET (cognition, occupation, 
mobility, evaluation and training) intervention was developed in response to this need 
for alternative approaches that specifically consider the needs of  individuals with com-
plex mobility and cognitive impairments who may benefit from a PWC[11]. Conduct-
ing an evaluation of clinical applicability represents a preliminary step of evaluation 
before conducting a large clinical trial. Even if the COMET intervention is effective in 
improving PWC driving, if it is not clinically applicable, it will not be used by OTs 
when providing PWC to this clientele. Clinical applicability refers to suitability for be-
ing put to practical use and gives an emphasis to the subject reaction. The objective of 
this study was to evaluate the clinical applicability of administering the COMET inter-
vention. 
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2 Methodology 

2.1 Design 

A case series design was conducted. The study was approved by the local research eth-
ics committee of the ‘Centre intégré universitaire de santé et de services sociaux de la 
Capitale-Nationale’ (MP-13-2020-1841CA). Informed consent and agreement to be 
filmed were obtained from all participants. 

2.2 Participants  

Adults with cognitive impairment who were being considered for PWC provision, or 
who were recently provided a PWC, and who had been identified by an occupational 
therapist to benefit from a PWC training. 

2.3 Intervention  

The COMET intervention applies a goal directed, client-centered and occupation-based 
approach. The intervention consisted of a maximum of six 1-hour sessions, was con-
ducted by a trained occupational therapist and occurred at a convenient location chosen 
by the participants (e.g., home, rehabilitation center, long-term care facility). All pro-
cedures were defined in collaboration with the occupational therapy clinical practice 
leader in the seating and mobility department.  

2.4 Outcome Measures 

Sociodemographic information were collected (age, experience using a PWC, MoCA). 
Thirteen applicability indicators were defined a priori and collected for: process (con-
sent and retention rates); resources (time to complete data collection, training time); 
management (study duration, adherence rate); and treatment (number of adverse events 
during training, treatment response of clinical outcomes). Clinical outcomes included 
the Goal Achievement Scale (GAS), the Canadian Occupational Performance Measure 
(COPM), the Power Mobility Indoor Driving Impairment (PIDA) and the Wheelchair 
Skill Test (WST)) and were evaluated after each training session. Applicability indica-
tors were evaluated as binary responses (‘successful/unsuccessful’) according to a pri-
ori parameters of success. 

3 Results 

Four females (62.5 ± 3.5 years) with cognitive impairment participated in the study. 
Among the thirteen clinical applicability indicators defined, ten were successfully 
achieved. Indicators that did not meet the criteria for success were adherence rate, ad-
verse events and treatment for the PIDA. Two of four participants completed all 5 ses-
sions. Two adverse events were reported, with one minor injury (ie., small lesion on the 
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leg). Related to treatment response, participants demonstrated better than expected re-
sults on the GAS and the COPM performance and satisfaction scores. All participants 
also demonstrated improvement beyond the minimal clinically important difference of 
the WST. However, only two reported an improvement beyond the minimal clinically 
important difference of the PIDA. 

4 Discussion 

This study presents findings about the clinical applicability of the COMET interven-
tion. Specifically, indicators for treatment adherence, mitigating risk due to adverse 
events and using the PIDA as a clinical outcome must be considered before conducting 
larger trials. Conducting research with older adults can be challenging, specifically re-
lated to recruitment, participant burden and treatment adherence[14]. Unforeseen event 
should be considered when conducting research with older adults with complex impair-
ments and is in accordance with previously documented challenges during clinical trials 
with older adults[14]. The two adverse events that occurred during the nineteen training 
sessions were reported to the ethics committee and did not impact the study. One minor 
injury occurred that was not beyond potential injuries expected during PWC use, and 
the participant wanted to continue training. The proximity of the trainer at all times, as 
defined by the COMET intervention, increased safety and allowed for small errors to 
be made being and corrected during training. Acknowledging that adverse events are 
likely for this population, there is a need to optimally balance safety and challenge, as 
challenging situations and optimal amount of difficulty are needed to enhance learn-
ing[15]. 

Related to treatment effect indicators, all participants improved their COPM scores 
(performance and satisfaction) and WST-Q confidence scores by more than the mini-
mal clinically important difference. They also improved by more than two points on 
goal attainment, demonstrating that all participants achieved their identified goals. 
Moreover, all participant improved their PWC skills after training, with improvements 
on the WST more than the minimal clinically important difference of 9.3%. These re-
sults are supported by previous research demonstrating that occupation-based interven-
tions have the potential to enhance global performance and specific skills. However, 
the PIDA as a clinical outcome did not meet the criteria for success.  

The result of the present study demonstrated that with few modifications the 
COMET intervention will be applicable in clinical practice. The next step would be to 
work with clinicians to realize an implementation trial of the COMET intervention. 

4.1 Limitations 

The results should be interpreted with caution as only four older women were recruited. 
Moreover, a heterogenous sample included individuals who already had PWC and in-
dividuals who were not yet approved for PWC. Examining only individuals who were 
originally precluded from PWC provision will be important to understand the potential 
for the COMET intervention to enhance PWC service provision process. Despite the 
limitations, this study provided preliminary evidence supporting the clinical 
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applicability of the COMET intervention and may guide clinical practices for PWC 
training for people with complex motor and cognitive impairments. 

5 Conclusions 

With few modifications, the COMET intervention may be applicable in clinical prac-
tice. Individuals with complex cognitive and mobility impairment demonstrated abili-
ties to learn how to use a PWC. Further investigation of the COMET training approach 
is required to evaluate its efficacy and implementation in clinical practice.  
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Abstract. Emerging technologies such as 3D printing offer promising opportu-
nities to manufacture assistive technology to support activities of daily living for 
and in co-creation with clients in rehabilitation. Little is known about the impact 
and requirements of implementing 3D printing in rehabilitation, including com-
petencies of occupational therapists, viable business models and financial, ethi-
cal, practical and/or legal considerations. The aim of this study was to explore 
the perspectives of rehabilitation professionals, 3D printing experts and clients in 
rehabilitation on the potential of 3D printing technology for manufacturing assis-
tive technology to support activities of daily living. An exploratory qualitative 
study design was adopted to explore different perspectives on 3D printing for 
occupational therapy in rehabilitation. Interviews were audiotaped, transcribed 
verbatim and analyzed using content analysis. In total, 30 interviews were con-
ducted with users, engineers, health care professionals and (rehabilitation) man-
agers. No clients were found. Participants’ actual experience with using 3D print-
ing technology was limited, but they mentioned, knew or used a broad spectrum 
of 3D printed devices. Participants did see added value for 3D printing of custom-
made assistive technology. Seven main themes could be identified in the data 
regarding participants’ views on the implementation of 3D printing in the reha-
bilitation setting, including critical factors that should be taken into account: 3D 
printing technology, mindset, collaboration, competencies, requirements, busi-
ness case, and legal aspects. 

Keywords: Occupational therapy, qualitative research, 3D printing, implemen-
tation, rehabilitation 

1 Introduction 

In interdisciplinary rehabilitation, occupational therapists have a central role in advising 
their clients on assistive technology. Assistive technology is used to support all kinds 
of daily activities, e.g., aids for self-care, household and school activities, devices to 
perform work or play/leisure activities, orthoses (and prostheses) to support mobility, 
digital devices for communication and social interaction. In the Netherlands, occupa-
tional therapists use a standard guideline for the provision of assistive technology [1]. 
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This guideline describes the steps to be taken, in cooperation with the client, to achieve 
the most optimal fit between the experienced problem on the one hand and the assistive 
device to solve or cope with the problem on the other hand. 

To find suitable and commercially available assistive technology, occupational ther-
apists can consult several national and international databases, such as the EASTIN 
database (http://www.eastin.eu/en/searches/Products/Index). Many assistive products 
in these databases are generic, however, and although aids are often made for people 
with specific conditions or disabilities, these are not tailored to individual needs. Assis-
tive technology often not entirely matches the individual needs of the user regarding 
functionalities and/or aesthetics, which has been found to negatively affect acceptance 
and adoption by the user [2,3].  

In this respect, emerging digital fabrication technologies, such as 3D printing, offer 
promising opportunities as 3D printing allows for the design and creation of personal-
ized aids, and for active involvement of the end-user in the design process. It has been 
recognized that 3D printing offers several advantages compared to regular and com-
mercially available aids [4-6]. In particular, 3D printed objects may be of lighter weight, 
can be easily adjusted, may have a more appealing aesthetic look, have lower produc-
tion costs and are produced in a more sustainable manufacturing process [3,7]. Co-
creation of assistive technology together with clients, may also empower them and im-
prove the adoption process [2,8]. 

A study by Patterson et al. [9] showed that occupational therapists providing hand 
therapy interventions recognize these benefits and are optimistic about the potential use 
of 3D printing technology. Moreover, they perceive more benefits than challenges of 
using 3D printing and expect that, in time, 3D printing will be mainstream in hospitals 
and clinics. As such, 3D printing seems to be a promising technology for rehabilitation 
professionals to support clients’ daily activities.  

Despite the shared enthusiasm about the potential of 3D printing for rehabilitation, 
scientific literature reporting on the implementation of 3D printing in rehabilitation is 
still limited in scope and quality. Although examples of 3D printed assistive technology 
have been published, this mainly involves studies on prostheses or orthoses. Literature 
reporting on 3D printed assistive devices supporting activities of daily living, such as 
functional objects, individualized toys, or practical tools such as pen grips, grip holders 
for eating utensils, key turners, sponge holders, etcetera is much more scarce [3, 10-
12]. The few studies published on 3D printed aids, indicate that the available technol-
ogy needs further improvement before application in rehabilitation can be realized in 
practice. In particular, further research and improvement is needed on techniques for 
designing 3D models, bio-compatible printing materials, interdisciplinary co-creation 
workflows that facilitate collaboration between rehabilitation professionals and engi-
neers, 3D printing experts [11,13].  

In addition, little is known about the impact and requirements of implementing 3D 
printing in rehabilitation, including viable business models and financial, ethical and/or 
legal considerations that should be taken into account. From a rehabilitation perspec-
tive, more insight is needed into the liability of designing and making customized as-
sistive technology using 3D printing, the role of occupational therapists, clients and 3D 
printing experts in this process, competencies but also support needed by occupational 

http://www.eastin.eu/en/searches/Products/Index
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therapists, and influencing factors for implementation of such technology in daily prac-
tice [10,14,15]. To gain a better understanding of these issues, we have explored the 
perspectives of both rehabilitation professionals and 3D printing experts on the poten-
tial of 3D printing technology for manufacturing assistive technology to support activ-
ities of daily living. 

2 Methods 

2.1 Study Design 

An exploratory qualitative study design was adopted to explore perspectives on 3D 
printing for occupational therapy in rehabilitation. Purposeful sampling was used for 
identification and selection of 30 information-rich participants.  

2.2 Setting and Study Population 

Participants were required to be either users of customized (3D printed) devices, pro-
fessionals in occupational therapy and/or rehabilitation or experts in 3D printing. Ad-
ditionally, they were to have a vision on the role 3D printing might play in rehabilitation 
occupational therapy. Health care organizations, 3D printing companies, researchers, 
client organizations, and professional and representative national bodies of occupa-
tional therapy, rehabilitation services and engineers were approached to recruit partici-
pants for the study. When suitable participants who met the inclusion criteria were iden-
tified, additional participants were be identified by snowball sampling. Inclusion crite-
ria were as follows: 

1. Users/people with experiences in using, designing, making of customized 3D printed 
devices to support daily activities i.e. (former) clients of rehabilitation services re-
garding assistive aids provision;  

2. Professionals (such as OTs) and persons knowledgeable regarding rehabilitation and 
rehabilitation services (management, admission and rehabilitation processes, inter-
disciplinary corporation, financial matters etc.); 

3. Experts in the field of (Do-It-Yourself) technology, 3D printing (developers, manu-
facturers, engineers etc.) and/or with expertise regarding juridical, financial and/or 
ethical aspects involved in advising and using assistive technology in rehabilitation 
settings.  

2.3 Data Collection and Data Analyses 

Semi-structured individual interviews were conducted (by RJ) to explore participants’ 
perspectives on 3D printing technology for manufacturing customized assistive tech-
nology for clients in rehabilitation settings. An interview guide was used, including 
topics such as experiences, possibilities, challenges, and prerequisites. Sub topics and 
probing suggestions were included in the interview guide as well [16]. Examples of 
these questions include: What are your experiences with 3D printing, and if applicable 
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with 3D printed assistive aids? What is, according to you, the value of 3D printing in 
manufacturing assistive aids? What are according to you possibilities or threats of 3D 
printing in rehabilitation?  

Two pilot interviews were carried out with members of the project team, who met 
the inclusion criteria, to test the interview guide. No adaptations of the interview guide 
were needed. The subsequent interviews were recorded and transcribed verbatim. 
Member checks were executed by sending each participant a summary of their inter-
view to check whether their visions were described correctly. Data analysis was con-
ducted using content analysis [17]. Two researchers (EH, RJ) coded the same two in-
terviews independently from each other. They compared their codes and discussed dif-
ferences to reach consensus on a coding tree. Subsequently, the two researchers (EH, 
LH) coded the remaining interviews. The main themes based on the codes were finally 
discussed with the entire project team and results were written down by the researchers 
(EH, LH).  

2.4 Study Procedure 

An invitation, including a brief description of the study, the inclusion criteria for par-
ticipants and contact information was distributed online using the networks of project 
members, such as the Dutch association of occupational therapists. Participants who 
indicated to be interested in taking part in the study received an extensive information 
letter and informed consent form. After given written informed consent an appointment 
was set for the interview (1-1,5 hours) at a location of choice of the  participant or online 
when a face-to face meeting was not possible due to the measures related to the COVID-
19 pandemic.  

The study was approved by the Medical Ethics Committee (METC-Z; project num-
ber METCZ20200109). The project was granted by the Dutch Taskforce for Applied 
Research SIA, project number RAAK PUB06.013. 

3 Results 

In total, 30 people with different kinds of backgrounds and expertise were interviewed, 
i.e. 3 users, 11 professionals (OTs n=6, rehabilitation professionals n=5) and 16 experts 
(researchers, entrepreneurs, engineers etc). For a description of participants’ character-
istics, see Table 1.  

Table 1. Characteristics of participants. 

Variables Outcomes  

Gender 
- Male (n; %) 

 
22 (73.3) 

Age (mean; SD) 40.6 (12.2) 
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Function 
- Users 
- Professionals/ 
rehabilitation expert 
- 3D printing experts 

 
3 
11 (OTs n=6; rehabilitation ex-
perts n=5) 
 
16 

Years of experience in current 
function (mean; SD) 

12.0 (9.5) 

  

Although participants’ actual experience with using 3D printing technology was rather 
limited, they mentioned, knew or used a broad spectrum of 3D printed assistive tech-
nology, including arch inlays, splints, (finger/shoulder) orthoses, and (breast) prosthe-
ses, 3D models of body parts for education (anatomy) or for surgeons to prepare for 
surgery. Additionally, examples of assistive aids to support activities of daily living 
were mentioned, used or made by participants such as cup holders, an adapted tray, a 
bar magnifier, parts to repair a broken wheelchair, grip for cutlery or for a hand bike. 
 Engineers, health care professionals and (rehabilitation) managers did see added 
value in 3D printing of custom-made assistive technology. Many advantages but also 
some disadvantages of 3D printing were mentioned in the interviews. Most advantages 
were related to the ability to customize devices to individual clients, for example to 
exactly fit a device to a client’s body, or to print new devices when children have grown. 
Furthermore, as 3D printing is believed to be a relatively cheap technique, it is consid-
ered suitable for developing ‘rapid’ prototypes in an interactive, co-creation process 
together with the client. Additionally, other benefits of customization that were men-
tioned included the possibility to choose different colors and materials, and the possi-
bility to vary the weight by adapting the density of the material used to print. These 
options to tailor assistive technology to users’ needs are expected to result in better fit, 
increased treatment outcome, and also better user acceptance and lower non-adoption. 
Other advantages relate to sustainability due to the possibility of in-home printing, less 
waste, and the increasing availability of durable, biodegradable printing materials. Dis-
advantages interviewees came up with were required technical competencies needed 
for 3D designing and the fact that the design part is very time consuming. 

Seven main themes could be identified in the data regarding participants’ views on 
the implementation of 3D printing in the rehabilitation setting, including critical factors 
that should be taken into account. We outline each of these seven themes below. 

3.1 Technical Aspects of 3D Printing  

The first theme involves the participants’ perspectives on the technical aspects of 3D 
printing, including printing technologies, hardware, software (for designing and print-
ing), materials, and the quality of 3D printed products.  

Participants indicated that before considering to make a new device, commercially 
available assistive technology should be used (according to regulation) if suitable for 
the intended purpose. For situations in which no suitable assistive devices are available, 
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participants differed in the extent to which they believe that 3D printing provides a 
potential solution. In this respect, several participants indicated that 3D printing may 
not always be the most obvious or appropriate solution due to characteristics related to 
the printing material and printing technique. For instance, the Fused Deposition Mod-
eling-technique (FDM) that is used in 3D printing may not be strong enough for some 
forms of assistive devices, as prints made with this technique consist of individual lay-
ers. These layers, which are quite visible and tangible, may also yield aesthetic and 
hygiene issues (i.e. adhesion of bacteria), making 3D printing less suitable for assistive 
devices that are used in public or that come in contact with user’s skin or mouth. 
Whether 3D printing may be a good solution depends, also depends on safety issues, 
such as whether it comes in contact with skin or mouth of the user.  

Moreover, participants talked about various 3D designing techniques, such as 3D 
modelling, 3D scanning, 3D computer design, including adaptation of already available 
designs. In particular, the 3D modelling and scanning technique participants expected 
to be valuable to occupational therapists (in the future), while others believe that the 
design process is very/too complicated and maybe not feasible for occupational thera-
pists. On the other hand, participants also frequently mentioned aspects that are still 
unclear to them such as if the occupational therapist is able to design devices by them-
selves, or the ability to adapt designs, for example if a device no longer fits. In sum-
mary, 3D printing technology is believed to be valuable for manufacturing customized 
assistive devices.  

3D printing expert: “Today, we can already make pretty good 3D scans using a hand 
scanner. If the interface and computer software would be even more user friendly, then 
with some education and training, I believe, occupational therapists should be able to 
learn how to make simple assistive aids”.  

3.2 Mindset 

The second theme encompasses stakeholders’ awareness of the existence of 3D printing 
technology and its possibilities, and their attitudes towards new innovations. In general, 
participants expect that occupational therapists who are not familiar with innovative 
technologies like 3D printing, and who have never experienced its benefits themselves, 
might be hesitant at first. Therefore, participants suggest that 3D printing should not be 
presented as something extraordinary, but as a technique that is inevitably going to be 
part of regular practice in the future to stimulate its acceptance. They also expect that 
acceptance of 3D printing technology could be accelerated by showing examples of 
what has been made so far. As such, (groups of) people who act as ambassadors and 
who actually start printing devices might be of essence in convincing others of the ben-
efits. However, expectation management may be important in this respect, as partici-
pants who actually had some experience themselves indicated that they encountered 
many failures, especially in the pioneering phase, which may be time consuming and 
frustrating. Therefore, perseverance seems an important characteristic for such ambas-
sadors. Additional important personality traits mentioned were being courageous, in-
ventivity, or willingness to think out of the box, digitally proficiency, willingness to 
learn and being open to trial and error, and willingness to cooperate with other 



48 

disciplines. Additionally, on an organizational level, participants stressed the im-
portance of management being at least aware of the existence of 3D printing and devel-
oping a vision and policy regarding 3D printing.  

3.3 Collaboration 

As mentioned above, willingness to collaborate was considered an important prerequi-
site for the successful implementation of 3D printing in rehabilitation settings. Accord-
ing to the participants this means that developing a 3D printed assistive device requires 
an interdisciplinary design team. In this respect, participants stressed the importance of 
collaboration between end users/clients, paramedics (such as occupational therapists, 
but this may also be supplemented with e.g. physical therapists in case of e.g. ankle-
foot orthoses etc), and engineers/3D experts, all with their own responsibilities. A re-
habilitation physician may be included as well, e.g. as prescriber of the device. In such 
an interdisciplinary design team, speaking each other’s language seems very important 
for all stakeholders to guarantee an optimal fit between clients’ need and wishes and 
the functional and technical requirements to come to the best solution. 

Engineer: “The technician and the occupational therapists both have their own re-
sponsibilities. It’s the technician’s responsibility to make a high-quality 3D printed 
product which is working properly. It’s the occupational therapist’s responsibility to 
make sure that the product matches the needs and wishes of the individual client”. 

3.4 Competencies 

The theme labeled ‘competencies’ regards perspectives on the knowledge and skills 
required by occupational therapists about 3D design and 3D printing, but also training, 
support and tools they need to acquire or compensate for technical skills. 

In general participants feel that being able to 3D print assistive devices requires com-
plex technical skills, such as using design software, applying mechanical principles, 
spatial ability, etc. Even working with a model downloaded from a database like 
Thingiverse.com., participants indicate, requires basic design skills that many occupa-
tional therapists do not have. Moreover, participants mentioned that occupational ther-
apists may not have sufficient understanding of the basic principles of 3D printing to 
determine for which cases 3D printing would be a good solution. As such, it is essential 
to have some level of design skills, but also knowledge of printing materials and 3D 
printing techniques (for example which materials are required when certain forces will 
be exerted on a device, how a device should be physically designed in order to with-
stand such forces, or which materials or coatings could be used for devices for which 
hygiene is crucial).  

3D printing expert: “We start with a 3D design, so you have to be able to generate a 
spatial concept in your mind. The 3D design is your starting point for making a model 
in 3D computer software to make the concept tangible. Then you can start playing with 
shapes and sizes and you rotate a model 360 degrees to see if it’s feasible. And then 
you set up the basic lines and after some post-editing you can make a test print with as 
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little material as possible. You create a prototype to test whether it works. Then you 
print it again in the final version and material”.   

Participants seriously doubt whether designing 3D devices should actually be part 
of OT’s competencies, since in particular the design process requires complex technical 
skills and is rather time consuming. All participants stressed the importance of collab-
orations between occupational therapists, engineers/3D printing experts and clients. 
The integration of knowledge from a health care perspective (occupational therapist 
and client) and a technical perspective (engineer, 3D printing expert) is deemed crucial 
for successful implementation of 3D printing in rehabilitation.  

3.5 Organizational Requirements 

Another theme that was frequently discussed during the interviews concerned organi-
zational or infrastructural aspects of 3D printing in rehabilitation settings. This in-
cludes, amongst others, participants’ perspectives on the access to a 3D printer and 
printing materials, the physical location in which a printer is set up, availability of time 
and resources in terms of training, education and to practice working on and with new 
innovations.   

Learning and using 3D printing technology is considered to be a highly time-con-
suming process by the participants. Currently, occupational therapists lack time to for 
manufacturing customized assistive technology, with or without the use of 3D printing. 
In general, it is believed that organizations should support and facilitate their employees 
in exploring new developments, e.g. time and resources (training, education). Access 
to other tools such as instruction manuals or movies, a digital library with pictures, 
available designs and examples of solutions to support occupational therapists were 
frequently mentioned. Moreover, availability of design software, 3D printers, printing 
materials and a physical workplace and guidance and support of the process seems re-
quired for successful implementation. Additionally, consultation of experts in the field 
of engineering or 3D designing and printing should be available as well, within the 
organization or in collaboration with an external organization such as an 3D printing 
company.  

3.6 Business Case 

Related to infrastructural requirements, participants also addressed several financial as-
pects related to implementing 3D printing as a standard tool in rehabilitation settings, 
such as reimbursement, material costs, time investment, etc. 

Participants seem to feel that the costs of 3D printing should be divided into technical 
costs (e.g. design software, 3D printers and scanners, printing materials) and time spent 
on designing and printing assistive devices (modelling, scanning and/or 3D computer 
design). Costs related to materials are in general perceived as low, whereas costs related 
to the time spent on designing devices are considered to be quite high, in particular in 
terms of time investment. It was also mentioned that costs related to time investment 
for the 3D design process might decrease in the future as this technique is rapidly 
emerging and improving. 
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The business case and reimbursement of customized 3D printed assistive devices 
seems challenging, since individual new devices have to be developed and manufac-
tured each and every time for single clients. The added value of customized assistive 
device has to be proven. Is it possible for clients to receive high-quality devices that 
provide an optimal solution for their problems, produced in short amounts of time and 
against relatively low costs? Questions raised by the participants in this respect con-
cerned e.g. how to assess the added value of a custom-made device, how to gain insight 
into the costs and benefits, are clients willing to pay for a device, what is the role of 
health insurance companies? 

Manager in rehabilitation: “To make customized products for individual clients, 3D 
printing seems a promising technique since, in my opinion, printing materials are quite 
cheap. However, I doubt if occupational therapists have enough time to make designs 
and use the 3D printer themselves during their working hours?” 

3.7 Legal Aspects 

The final theme that we established from our dataset regards legal aspects. Most im-
portantly, this theme includes participants’ perspectives on the meaning of and compli-
ance with the newly adopted medical device regulation (MDR) for customized assistive 
technology, awareness and paying attention to risks, and intellectual property of 3D 
designs and prints.  

Based on the interviews, we learned that the meaning and implications of the MDR 
on manufacturing of customized assistive technology in rehabilitation is mostly unclear 
to all participants. Moreover, knowledge of legal matters seems currently lacking by 
(therapists) in the rehabilitation setting, including awareness of one’s responsibility and 
of liability issues. Furthermore, participants wandered about aspects such as the need 
for certified production procedures and/or (bio-compatible) materials, the need for 
measures and tools for risk assessment, guidelines to produce and guarantee high qual-
ity assistive devices, copyrights and quality of available 3D designs on websites (e.g. 
Thingiverse.com). It was also suggested by some that clients could print the AT product 
themselves which transfers liability to the client and that the OT should be involved in 
order to be co-liable, or by distinguishing between using 3D printed AT as part of the 
therapy (intramural) and at home. 

Engineer: “I am not quite sure whether the Medical Device Regulation also applies 
for this type of assistive devices and adaptations often made to regular devices, like 
hand grips for cutlery, for clients in rehabilitation”.  

4 Discussion and Conclusion 

The interview study presented in this paper explored the perspectives of users of assis-
tive devices, of engineers/3D printing experts, and of health care professionals, on the 
potential of 3D printing technology for manufacturing customized assistive devices. 
Although the participants’ hands-on experience with 3D printing was rather limited, all 
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participants in this study indicated to see added value for 3D printing of assistive tech-
nology in rehabilitation.  

Seven main factors were identified that may be important when considering imple-
mentation of 3D printing technology in rehabilitation settings. These factors can be 
divided into internal and external factors. The internal factors are related to the users 
and the organizations within the rehabilitation setting. External factors refer to e.g. pol-
icies and regulations. Factors related to the users include the mindset and competencies 
of end-users of the 3D printing technology, in our case clients, health care professionals 
and engineers, 3D printing experts. Factors of organizations that should be taken into 
account are technical aspects of 3D printing, collaboration between all people involved, 
and the requirements for assistive devices that are printed. External factors that are im-
portant for implementation are related to the business case and to legal aspects of 3D 
printing.  

Based on the results, recommendations for practice are to raise awareness for the 
potential of 3D printing technology, to educate health care professionals, such as occu-
pational therapists, technical knowledge and skills and to make sure that health care 
professionals and technicians learn to speak each other’s languages. All participants 
consistently stressed the crucial importance of interdisciplinary collaboration between 
engineers and occupational therapists when designing and 3D printing assistive tech-
nology, in co-creation with clients. Future research should, amongst others, focus on 
further improvement of 3D printing technology and materials, on how to set optimal 
interdisciplinary collaboration and on how to comply with the Medical Device Regula-
tion.  

Currently, ongoing follow-up research aims at further exploration of the collabora-
tion between occupational therapists, clients, engineers and 3D printing experts in re-
habilitation centers. This research focuses on the development and description of a 
workflow and an accompanying toolbox to support occupational therapists with manu-
facturing customized 3D printed assistive devices, in which collaboration with engi-
neers and 3D printing experts is deemed crucial.  
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Abstract. In 2019, 2.3 percent of the Dutch population wore Compression Stock-
ings (CS). Despite positive effects, clients and caregivers experience bottlenecks 
in the daily use of CS. The compliance of clients is low and related to the ability 
to independently don and doff CS. Studies show that only 37 percent of CS wear-
ers can do this independently. If these people do not receive home care or a suit-
able assistive product, this leads to noncompliance with the risk of complications, 
reduced autonomy, quality of life (QoL) and increased healthcare costs. Research 
has shown that by using an appropriate assistive product for donning/doffing, 
morepeople are able to don or doff their CS independently. The delivery process 
of these products in the Netherlands is not functioning well and should be opti-
mized. As a first step in the optimization, the aim of this study was to identify 
challenges in the provision process as described in the literature and perceived 
by all stakeholders. The review detected 13 articles, and 4 national reports were 
included. The results from a scoping review were supplemented by stakeholders’ 
experiences shared in personal conversations and an expert meeting. All bottle-
necks from the literature were recognized by the stakeholders. Some were added 
or additional explanations were given to the bottlenecks presented. They can be 
categorized into 5 main themes; awareness, information provision, competen-
cies., client involvement and reimbursement arrangement. All bottlenecks and 
explanations form the basis for the optimization of the provision process of as-
sistive products for donning/doffing CS. 

Keywords: compression stockings, assistive products for donning and doffing, 
provision process, qualitative research 

1 Introduction 

With 7 million euros in 2019, Compression Stockings (CS) compression class 2-4 be-
long to the top 10 assistive products in the Netherlands in terms of costs related to 
provision [1]. CS aim to reduce swelling and pain [3] in for example patients with var-
icose veins, venous insufficiency, chronic wounds and after thrombosis [2]. In 2019, 
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2.3 percent of the population of the Netherlands wore CS. In exact numbers 389,500 
people [1]. The total population of the Netherlands is over 17 million people. 

Despite positive effects of CS [3], clients and caregivers experience bottlenecks in 
the daily use of CS. The compliance of clients who received CS is low, for compression 
class 2 and 3 it is estimated between 44 and 65 percent. The ability to independently 
don and doff CS is related to compliance. Studies show that only 37 percent of CS 
wearers can don and doff them independently [5]. In particular elderly people and peo-
ple with obesity or conditional/cognitive impairments or limited joint movement expe-
rience problems with independently doffing and donning CS [4]. If these people do not 
receive home care or a suitable assistive product, this leads to noncompliance [6] with 
the risk of complications such as chronic wounds, erysipelas, reduced mobility, pain 
and thus reduced autonomy,quality of life (QoL) and increased healthcare costs [7]. For 
donning and doffing, approximately 15 [4] - 25 percent [5] of CS wearers rely on pro-
fessional care such as home care. In addition, 38 percent of CS wearers depend on in-
formal care [5]. Additionally, due to the clients high dependence the physical strain on 
(in)formal caregivers is high [8], as well as the cost of using home care. In a group of 
CS wearers with deep vein thrombosis, the costs were estimated to be about 20 million 
euros, primarily spent on home care to put on or remove the CS [9]. 

Research has shown that by using an appropriate assistive product for donning/doff-
ing, more people are able to don or doff their CS independently. Thenumber of elderly 
people who could put on CS independently increased significantly from 60 to 88 per-
cent by using the correct assistive product for doffing and donning [10]. Research 
shows that fewer donning/doffing products are provided than warranted based on cli-
ents’ needs [11]. Persons who have to wear a CS often do not obtain any assistive prod-
uct for donning/doffing. This is also reflected in the number of provisions. In the Neth-
erlands in 2019, 49,700 declarations for doffing and donning assistive products to 
health insurance companies were registered with a total cost of 2.2 million euros. De-
spite the fact that doffing and donning assistive products are often used for more than 
one year, this implies underuse [1]. 

Another problem is that the wearers of CS frequently obtain an assistive product that 
does not match their wishes and needs, as not every assistive product is appropriate for 
everyone. This implicates that the delivery process is not functioning well and that there 
are bottlenecks. Therefore, it is important to optimize the provision process of assistive 
products for donning and doffing CS. As a first step in the optimization, the aim of this 
study was to identify challenges in the provision process as described in literature and 
perceived by all stakeholders namely clients, physicians, CS suppliers, oedema physi-
otherapists, skin therapists, occupational therapists, district nurses and health insurance 
companies. 

2 Methods 

The identification of bottlenecks started with a scoping review, for which Medline Pub-
Med, CINAHL and DiZ (a search engine at Zuyd University of AppliedSciences for 
the library catalog and a large number of electronic files)were searched. The search 
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strategy was partly based on the strategy describedin Balcombe et al. [12]. Using terms 
for the population: (ulcer* OR venous*OR lymph*), and for the intervention: (device* 
OR tool* OR aid [OR self-helpdevice (PubMed) OR Assistive Technology Devices+ 
(CINAHL) OR assistivetechnology or assistive devices or devices or adaptive technol-
ogy (DiZ)) AND(compression AND garment* OR stocking* OR hosiery) AND (appli* 
OR remov*OR don OR donning OR doff*). Then the search terms for population 
andintervention were combined with AND. 

Based on the small number of studies, all outcome measures and levels of evidence 
were included and no methodological filters were applied. The search generated 119 
hits in Medline/PubMed, 60 hits in CINAHL, and 212 hits in DiZ 
In addition, the references of relevant publications were reviewed (hand search)and 
Dutch experts in the field of compression care were asked about relevant national re-
ports. The results from the scoping review were supplemented by the experiences that 
the stakeholders shared in a personal conversation. 

During the kick-off meeting of the HASHTEK project , the bottlenecks gatheredin 
the review and personal conversations were presented to the participating representa-
tives of interest groups and professional organizations of the above stakeholders. Based 
on their feedback the bottlenecks were further supplemented and adjusted so that they 
can form the basis for a new optimal way of providing. Below preliminary results of 
bottlenecks in the provision process of assistive products for donning and doffing CS 
are presented. In the coming months, a qualitative study will be conducted on experi-
ences of users of these products. This will provide more in-depth insights into the bot-
tlenecks as outlined below. 

3 Preliminary Results 

The review detected a total of 13 articles, 2 unpublished and 2 published national re-
ports were included. With the exception of one RCT and two literature/systematic re-
views, the studies did not have a high level of evidence. In the literature, only a few 
reasons could be found why the use of assistive products for doffing and donning CS 
is not widespread. According to Kapp et al. [13], several barriers exist to the successful 
application of CS, mostly related to the physical or cognitive abilities of the client. 
Dilks and colleagues mentioned that it generally was hard to gather information about 
the number of assistive products available [14]. Gelderblom and colleagues [15] iden-
tified reasons specifically applicable to the Dutch situation: (1) Users were of course 
aware of their dependence in relation to the CS but badly informed about the availability 
of solutions to don and doff CS independently in the form of assistive devices, (2) Phy-
sicians focused on the compression therapy itself, not on devices supporting this ther-
apy, (3) Home care organizations were primarily interested in improving the working 
conditions of their employees; making their work superfluous was for understandable 
reasons no appealing strategy to them. (Note: over the intervening years, there has been 
a shortage in the labor market for caregivers, making home care agencies more likely 
to motivate clients to doff and don CS themselves.) (4) Manufactures and suppliers are 
logically involved from a commercial perspective and therefore any implementation 
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supporting activities from their side are suspected to be initiated for financial gain only. 
(5) The overall effects of implementing assistive products for doffing and donning CS 
will not directly benefit any of the direct stakeholders and therefore responsibilities 
towards the implementation are unclear. (6) Another problem is that suppliers of CS 
are supposed to supply suitable assistive products for doffing and donning CS together 
with the CS but in some cases this is paid for in a defined price arrangement, the money 
is payed whether or not an assistive product for doffing and donning CS is delivered. 
Verschooten [16] reported that the use of an assistive product seems a simple interven-
tion: indicate an assistive product for doffing and donning CS and instruct the client 
how to use it. However, an extensive range of competencies (knowledge, attitude and 
skills) of the caregiver is required for proper handling of cases (e.g., analytical skills, 
being able to motivate, observe, instruct, to work in a structured way according to pro-
tocols, showing a proactive attitude and taking care of the communication within a dis-
trict/team) [16]. Van den Berg [8] reaffirms what is described above and argues that the 
caregiver should be trained at least at nursing level. When clients receive care for an 
extended period of time, hospitalization can occur. These clients are often physically 
able to put on and off CS independently. However, due to habituation to home care 
there is no motivation (anymore) to perform these tasks independently. This is not de-
termined by age: it has been noticed that many people aged over 80 and even 90 are 
still interested in independence. On the other hand, clients seem to appreciate home 
care visits, due to their feelings of loneliness. Fear of not being found in case of an 
accident played also a role in this [16]. 

All bottlenecks from the literature were recognized by the stakeholders and partici-
pants of the expert meeting. Some additional bottlenecks were mentioned or additional 
explanations were given to the bottlenecks presented. 

The results of the review and the results of the personal conversations and the expert 
meeting finally resulted in the following bottlenecks in the provision process of assis-
tive products for doffing and donning of CS in the Netherlands. 

They can be categorized into 5 main themes; awareness, information provision, com-
petencies, client involvement and reimbursement arrangement. 

1. Lack of awareness of the importance of wearing CS by clients. Clients often do not 
know the importance of wearing CS, so the motivation to wear CS and finance as-
sistive products for donning and doffing CS themselves is minimal. In addition, there 
is low adherence to wearing CS if doffing and donning them is difficult. 

2. Insufficient attention to donning/doffing during the provision process of CS. Being 
obliged to wear CS can be perceived as intense and the client may be emotional at a 
first provision. There is often too little attention paid to the emotional aspects of 
being provided with CS and the practical aspects of donning/donning and wearing 
CS. And if attention is paid to donning and doffing CS, it often eludes clients because 
of their emotions. 

3. Once wearers of CS receive home care they become accustomed to it and it is more 
difficult to achieve independence. Due to a frequently experienced sense of loneli-
ness, elderly appreciate when someone comes to visit every day which also mini-
mizes their fear of not being found in case of an accident [16]. 
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4. Lack of appropriate information for all stakeholders. The information availableon 
assistive products for donning and doffing CS is not always suitable for people who 
are low-literate or non-native speakers. The care providers choose, in principle, from 
the entire range of products in order to provide the most appropriate device for an 
individual client, but they are often not aware of the entire range of products includ-
ing their functional and technical capabilities. 

5. Insufficient familiarity with assistive products of both clients and health care profes-
sionals. Assistive devices for doffing and donning CS are not always known, so the 
help of family or home care is accepted and no further action is taken to learn to put 
on and off CS independently. 

6. Difficulties in matching needs and wishes of the user and the possibilities of the 
assistive products. It is difficult to make a proper match between the aid and the user. 
Little is known about the usability of the devices in the case of co-morbidity and 
prerequisites for using certain assistive products. The knowledge gap makes it also 
difficult to motivate the choice of a more expensive assistive device. 

7. Lack of active involvement of clients in the process. The client is often not actively 
involved in the provision process (e.g. due to limited information). There are still 
hardly any tools that support the client in shared decision making. 

8. Reimbursement for one assistive product for donning or doffing only. A number of 
health insurers reimburse only one assistive device for donning or doffing, even 
when complete independence would require a donning device and another doffing 
device. 

9. No reimbursement for the supplier of CS for providing training and instruction on 
assistive devices for donning/doffing. The supplier of CS is not reimbursed for cer-
tain services such as selecting the device and providing instruction and training, as 
this is considered the task of occupational therapist with their expertise in teaching 
ADL and the use of assistive devices. Therefore, training to use an assistive device 
is reimbursed for an occupational therapist, but not for another healthcare provider. 
This means that the CS wearer will have to deal with even more health care provid-
ers. 

10. High administrative workload for the request of assistive products. Many health in-
surances require a recommendation from both an occupational therapist and a phy-
sician. 

11. Fixed reimbursement fee for fitting and delivery the CS with or without assistive 
product for doffing or donning. The contracts of a number of health insurance com-
panies include the provision of a standard fee for fitting and the delivery of CS incl. 
any necessary donning/doffing devices. A simple aid such as a sliding bag is in-
cluded in the reimbursement for the provision of the CS. This makes the provision 
of a donning/doffing device financially unattractive for the supplier. 

12. Revenues resulting from the improved functioning of a client end up in another de-
partment within the health insurance company than the department that reimburses 
the assistive devices. One department exceeds the budget and the other department 
has the revenues. This complicates the provision of the assistive devices. 
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4 Discussion 

The bottlenecks form the basis developing a protocol for the optimal provision process 
of assistive products for donning and doffing CS. This protocol will be developed in 6 
co-creation meetings with all stakeholders. Additionally, we strive to solve these bot-
tlenecks by 1) developing information materials for clients and professionals that will 
be distributed through interest groups, professional associations, magazines, congresses 
and social media, 2) developing tools to identify the care need, the match between the 
capabilities and wishes of the user and the characteristics of the assistive devices, and 
evaluation tools. Caregivers will learn to work with these tools during an additional 
training course to be developed. The bottlenecks around reimbursement of the assistive 
products are beyond the scope of the HASHTEK project, but we hypothesize that the 
new provision process of assistive products for donning and doffing CS is effective. If 
it turns out that this hypothesis can be accepted, the reimbursement should reasonably 
be adjusted by the health insurance companies. 

References 

1. Zorginstituut Nederland. GIPdatabank Internet]. Available from: https://www.gipdata-
bank.nl/ 

2. Rabe E, Partsch H, Hafner J, Lattimer C, Mosti G, Neumann M, et al. Indications for medical 
compression stockings in venous and lymphatic disorders: An evidencebased consensus 
statement. Phlebology. 2018:163-84 

3. NVDV. Richtlijn Lymfoedeem. [lymphedema guideline] Utrecht: Nederlandse Vereniging 
voor Dermatologie en Venereologie [Dutch Society for Dermatology and Venereology]; 
2013 

4. Hagedoren - Meuwissen E, Berkel van M, Arkesteijn S, Steeghs F, Heugten van C. Imple-
mentatieplan ‘Steun de steunkous’ [Implementation plan ”Support the compression stock-
ing”]. Bunnik: Stichting Fonds en Arbeidsmarktbeleid en Opleidingen Thuiszorg; 2005. 

5. Hampton S. Acti-Glide: a simple method of applying compression hosiery. Br J Community 
Nurs. 2004;10(5):244-6. 

6. Wassall A. Compression hosiery: donning aids and garment removal. Br J Community Nurs. 
The Lymphoedema Supplement. 2007 October:S10-16. 

7. Bouman AC, Ten Cate-Hoek AJ, Dirksen CD, Joore MA. Eliciting patients preferences for 
elastic compression stocking therapy after deep vein thrombosis: potential for improving 
compliance. J Thromb Haemost. 2016;14(3):510-7 

8. Van den Berg H. Eindverslag ZonMw Koplopers in Kwaliteit en Kostenbesparing: Invoer 
steunkousenhulpmiddelen. Final Report Leaders in Quality and Cost Savings: Introduction 
of devices of doffing and donning compression stockings [Projectnummer 330010010]. 
2012 

9. Bouman,A. Post thrombotic syndrome, exploring aspects of pathophysiology and personal-
ized management. Maastricht:Uitgeverij BOXPress. 
206.https://doi.org/10.26481/dis.20160218ab 

10. Sippel K, Seifert B, Hafner J. Donning Devices (Foot Slips and Frames) Enable Elderly 
People with Severe Chronic Venous Insufficiency to put on Compression Stockings. Eur J 
Vasc Endovasc Surg 2015;49:221-229. 



59 

11. Schwahn-Schreiber C, Marshall M, Murena-Schmidt R, Doppel W. Outpatient treatment of 
venous diseases with medical compression stockings in Germany. Veins and Lymphatics 
2018;7:7560 

12. Balcombe L, Miller C, McGuiness W. Approaches to the application and remova of com-
pression therapy: A literature review. Chronic Oedema 2017; S6-14. 

13. Kapp A, Sayers V. Preventing venous leg ulcer recurrence: a review. Wound practice and 
research. 2008 (15): 2. 

14. Dilks A, Green J, Brown S. The use and benefits of compression stocking aids. Nursing 
Times. 2005; 101:32 

15. Gelderblom GJ, Hagedoren E, Heugten van C Gelderblom GJ, Hagedoren E, Heugten van 
C. Implementation of Assistive Devices for Putting on an Off Therapeutic Elastic Stockings 
in Assistive Technology. In: Pruski A, Knops H. From Virtuality to Reality. Amsterdam: 
IOS Press, 2005. 468-473. 

16. Verschooten I. Eindverslag ZonMw Zorg voor Beter: Invoeren van innovaties in de care; 
Steunkoushulpmiddel. Final Report Care for Better: Implementing innovations in care: as-
sistive devices for compression stockings [Projectnummer 88100207]. 2012 

  



60 

Towards Rights + Capability Oriented Assistive 
Technology Service (OATS) Delivery System 

The Implication on the Assistive Technology Public Policy and 
Practice 

Aniyamuzaala James Rwampigi[0000-0002-1939-3137], and Lizbeth Goodman [0000-0003-

2714-746X] 

University College Dublin, Dublin, Belfield, Ireland 

james.aniyamuzaala@ucdconnect.ie 

Abstract. The research studies revealed that the Disability models influenced the 
person’s freedom of choice for selection of Assistive technology (AT) products 
and services. The interaction of the Disability Models and AT resulted into the 
Oriented Assistive Technology Service (OATS) delivery systems (AAATE, 
2012; Sebastian Van der Peijl and et al, 2011). The AT Medical, Social, Medical-
Social, Charity or Donor, Capability, Rights, and Rights + Capability based mod-
els or OAT systems emerged as outcome of the interaction between Disability 
models and AT. These OATS delivery system determined the freedom of choice 
and decision-making powers for selection of AT products and services between 
the AT users or Person in need of AT and health, social and other AT related 
workers. The research study methodology was composed of multiple research 
methods. The mixed research methods such as qualitative and quantitative re-
search methods were used to collect and analyse data. The case study research 
method was used to examine the data from Ireland. The data shows that Ireland 
used the Medical -Social OATS delivery system. The Model provided more de-
cision-making powers for selection of AT products and services to Health and 
social workers. It provided limited freedom of choice to the AT user or person in 
need of AT to select AT products and services of choice.  Research recommends 
the use of Rights Capability OAT delivery system. The model provides more 
decision-making powers to the User or a person in need of AT to select AT prod-
ucts and services of choice.  

Keywords: Freedom of Choice, Assistive technology, Disability Models.  

1 Introduction 

The World Health Organisation [3], Bickenbach, Jerome E. [3], and Patricia Welch 
Saleeby [11] noted that the International Classification of Functioning, Disability and 
Heath (ICF) recognised Assistive technology (AT) as one of the environmental inter-
ventions that responded to the complexity of disability. The AAATE [1] and Sebastiaan 
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Van der Peijl and et al [14] research studies revealed that the Disability models influ-
enced the Person’s freedom of choice for selection of AT products and services.  The 
AT Medical model, AT Charity/ Donor model, AT Social model, AT medical -social 
model or AT Biopsychosocial model, AT Rights based model, AT Capability based 
model and AT Rights-Capability model emerged from interaction of the Disability 
models with the AT as both environmental and personal factor. The AT models were 
used by the research study to measure the shares of decision-making powers between 
the person in need of AT or AT user and the health workers, social workers, AT spe-
cialists and others [11] (Retief, M. & Letšosa, R., 2018).  

2 Limited Freedom of Choice for Selection of AT 

The AAATE [1] observed that the Disability models influenced the AT service delivery 
programmes in health, education, employment, and others. These AT delivery pro-
grammes (ATDPs) were within the framework and orientation of the AT Medical, So-
cial, Biopsychosocial, and Rights based models and capability approach.  However, the 
AAATE [1] and Sebastiaan Van der Peijl and et al. [14] research studies did not sepa-
rate the influence of the Disability models on the Person’s freedom of choice to select 
AT products and services of choice and the Institutional and sectoral AT delivery pro-
grammes. The Medical and Charity OATS delivery system did not provide any freedom 
of choice to a person in need of AT or AT user to select an AT product and service of 
choice. The two OATS delivery systems gives all the decision-making powers to med-
ical workers and the Donors or charity givers respectively to select the assistive tech-
nology products and services on before of the Person in need of AT or AT users [1,14]. 

The Medical-Social model OATS delivery system provided some decision-making 
powers and freedom of choice to Person in need of AT or AT user to select AT.  The 
medical or social workers or AT officers remained with the more decision-making 
power to select the AT products and services needed by person in need or AT users. 
The Rights based OATS provided most of the decision-making powers to the persons 
in need of AT and AT users to select the AT products and services of choice funded by 
the State. The Capability based OATS recognised AT as equal opportunity that facili-
tates participation and wellbeing of the AT users. The Rights -Capability based OATS 
provided freedom of choice to a person in need of AT and AT users to select AT of 
choice and considered AT as an equal opportunity to facilitate full participation and 
wellbeing of the person in need of AT or AT user [1,2, 9, 13, 15, Retief, M. & Letšosa, 
R., 2018]. 

The impact or influence of the disability models on the Person’s freedom of choice 
to select AT product and services of choice was referred to as the Oriented Assistive 
Technology Service (OATS) delivery systems This research paper distinguished the 
OATS delivery systems from the AT delivery programmes (ATDPs) such as health, 
education, and employment and others. The influence of the Disability models on the 
AT service delivery in different sectors and institutions was referred to Assistive Tech-
nology delivery programme/Provision system (ATDPS). This research paper catego-
rised the ATDPS based on education, health, employment, culture, political 
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participation, and other sectors defined by the Convention on Rights of Persons with 
disabilities. The institutional Assistive technology delivery programme system was a 
subcategory of the sectoral ATDPs. The researcher paper analysed the types of Oriented 
Assistive Technology service (OATS) systems used by University College Dublin’s 
AT delivery Programme system and Higher Education ATDPS in Ireland and their im-
pact on freedom of choice of UCD students using Hearing and Ear Assistive technology 
(HEAT) solutions [1,10,14, 16].  

The 2005 Disability Act of Ireland recognised Assistive technology as one of the 
reasonable accommodations to facilitate participation and wellbeing of the persons with 
disabilities. The Higher education Authority Ireland [5] established the fund for stu-
dents with disabilities to support provision of reasonable accommodations including 
assistive technology. However, both the 20005 Disability Act and the fund for students 
with disabilities in Ireland under the National Plan of Equity of Access to Higher edu-
cation for the underpresented learners in Higher education institutions did not define 
the freedom of choice of students in need of AT. 

This research paper examined how the disability models affected the freedom of 
choice of the Person in need of AT or AT user to select the AT product and service of 
choice.  The research paper also examined the OATS delivery system used by Univer-
sity College Dublin (UCD) and Higher education Authority Ireland to provide AT prod-
ucts and services. The research study was based on hypothesis that stated that all the 
AT delivery programmes in Ireland used Rights +Capability based OATS delivery sys-
tem and provided more decision-making powers to Person in need of AT to select AT 
products and services of choice. The hypothesis was based on the policy and practices 
in Norway. Terje sund [16] and the Nordic Center for Rehabilitation technology [10] 
noted that the Norwegian AT service delivery system provided freedom of choice to a 
person in need of AT to select a public funded AT products and services of choice.  

3 The Methodology 

The multiple research methods composed of case study research method and mixed 
research methods were used to collect empirical data. The qualitative data was collected 
through key informant interviews with University College Dublin students using hear-
ing and Ear assistive technology solutions, UCD officials in charge of AT related poli-
cies and provision of assistive technology, representatives of government officials in 
charge of AT related policies and provision and representatives of Non-State Actors 
providing AT services to students in Higher Education Institutions. The survey data 
was collected from the audiologists, users of hearing and ear assistive technology and 
organisations of persons with hearing loss or Hard of Hearing in Ireland and   around 
the world. The research study was approved by the University Ethics committee. The 
data collection was delayed by COVID-19 pandemic between 2020-2021. The research 
paper considered AT Public policies and programmes as socially constructed objects 
and used the Constructivist Ontology to analyse the data. The Critical discourse analy-
sis was also used to analyse the behaviours of the AT service delivery system as they 
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interacted with the UCD students using Hearing and Ear Assistive Technology (HEAT) 
and environment [8,12,19,20].  

The semi structured interviews and survey questionnaires were used to help the re-
search participants to respond to the research study.  Over 50 users of HEAT solutions 
from 21 countries around the World responded to the survey of the research study (Rob-
ert Yin, 2018). The survey participants were from Ireland, Austria, Australia, Canada, 
Czech Republic, Denmark, Germany, Georgia, Italy, Nepal, Norway, Philippines, Po-
land, Lithuania, Rwanda, Serbia, Uganda, United Kingdom, Vietnam, and Zambia. The 
17 qualitative interviews including three key informant interviews with users were used 
to collect empirical data in Ireland. The data collection was delayed by the COVID-19 
pandemic. This research paper used the  secondary and empirical data collected from 
Ireland to respond to the  early highlighted research questions.   

4 Results 

The data findings revealed that the funding cap of 500 Euros for each of the two hearing 
aids funded by Health Service Executive for medical card holders limited the person’s 
freedom of choice to select an Hearing aid of choice funded by the State in Ireland. The 
representative of Health Service Executive (HSE) Audiological services stated that 
“HSE covers two hearing aids for each at 500 euros for all persons in need with medical 
card”. This data confirmed that a person in need of a hearing aid that costs more than 
500 euros was funded by the public health Insurance managed by HSE Ireland. This 
implied that medical card holders in need of hearing aids were forced to take the 500 
euro hearing aid funded by HSE Ireland. The health AT delivery programme in Ireland 
was a medical Oriented service delivery system that was characterised by selection of 
hearing aid by the medical officer or social worker on before of the person in need of 
AT or AT user.  

The findings also shows that Ireland used the Medical -Social model OATS delivery 
system in higher Education Institutions. This was characterised by the medical assess-
ment of body functional loss and funding only education related assistive technology 
products and services. The UCD AT specialist stated that” The UCD students in need 
of AT are required to present a recent medical assessment record of their hearing loss 
from the medical officer. When we receive the medical assessment record, we do an-
other assessment for assistive technology and other reasonable accommodations needed 
by the student to learn in UCD”’.  

The UCD Assistive Technology specialist also stated that “UCD funds only educa-
tional assistive technologies and does not fund medical assistive technology such as 
hearing aids”. The requirement of the medical assessment of the hearing functional loss 
in the context of Higher education institutions confirmed that the UCD used a Medical-
Social model OATS system. However, UCD AT funding system did not fund medical 
devices such as hearing aids because these were considered to be Health or medial AT 
products. These were not considered as educational assistive technology solutions. The 
hearing aids were provided in hospitals and other Health centres.  
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One of the UCD students using Hearing and Ear AT stated that “I had limited infor-
mation about Assistive technology before I interacted with the Assistive Technology 
specialist at UCD Access and lifelong learning centre”. The same student further stated 
that “The Assistive technology specialist in UCD Access and lifelong learning centre 
consulted me in the selection of my AT and manged the   purchase of the AT products 
for me”. The data confirmed that most of the decision-making power to select AT prod-
uct for student was in hands of the Assistive technology specialist.  

Another research participant or UCD student using HEAT stated that “The UCD 
website does not provide specific information on the different types of hearing and Ear 
Assistive technology. It was difficult to make a choice on the selection of AT based on 
the limited information on website”. The data further confirmed that the AT specialist 
had more decision-making powers and selected the AT products on behalf and in con-
sultation with UCD students in need of AT.  

The representative of   Higher Education Authority Ireland, Access office stated that 
“the fund for students with disabilities funds assistive technology and other reasonable 
accommodations. The 2005 Disability Act requires the provision of reasonable accom-
modations in all Higher education institutions in Ireland”. The data confirmed that As-
sistive technology was one of the reasonable accommodations supported by the state 
funding programmes.  The 2005 Disability Act was a medical -social model policy 
legislation that shifts the biggest burden of disability and cost to Persons in need of AT. 
This contributed to limited freedom of choice to select AT products and services of 
choice.  

The 65% of the survey participants using HEAT products and services outside Ire-
land stated that the hearing and ear assistive technology products they used were influ-
enced by their ENT, audiologists, and AT service providers to select AT products. This 
confirmed that the Medical-Social or Biopsychosocial and the donor/Charity OATS 
delivery system were the common OATS delivery system used around the World.   

The representative of the National Disability Authority Ireland stated that “The AT 
service delivery system in Ireland is fragmented and managed by different actors rang-
ing from health care and social care service providers, education institutions and oth-
ers”. This empirical data confirmed the findings of the Enable Ireland and Disability 
Federation Ireland (2016) research paper on Assistive Technology for persons with 
Disabilities and Older Persons. The data confirmed that Ireland used more of the med-
ical -social model OATS that provided more decision-making powers to Health officers 
and social workers to select AT products and services on behalf of person in need of 
AT. The 2005 Disability Act recognized AT as a reasonable accommodation and does 
not provide the right to accessibility and freedom of choice to persons with disabilities 
in need of AT to select AT product of choice. Ireland ratified the Convention on Rights 
of Persons with Disabilities and committed to shift from the medical-Social OAT de-
livery system to the Rights+ Capability OATS delivery system that provides freedom 
of choice to a Person in need of AT to select AT product of choice. The UNCRPD 
requires Member States to domesticate the CRPD in the domestic laws.   
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5 The Recommendations 

1. The AT Public funding policies should enable a Person in need of AT to select Public 
funded AT products and services of choice based on the principle of freedom of 
choice.  

2. The AT Public funding policies and laws should facilitate AT programmes based on 
the Rights +Capability model OATS delivery system.  

3. The Person in need of AT and AT users should be provided with the personalised 
AT information services that enables them to select AT products and services based 
on freedom of choice.  
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Abstract. The research studies revealed that Assistive technology(AT) contrib-
utes to the compensation of the body’s functional loss, participation in the differ-
ent life environments and wellbeing of the AT user (WHO, 2018). The Sen’s 
Capability Approach (CA) recognised the role of wheelchair as an AT  product 
that  facilitated  access to work and income and attainment of wellbeing. The 
Capability Approach recognised the need for contextual and environmental AT 
products and services to address the environmental barriers that limit the Partic-
ipation of the person with functional difficulties to do what she or he wants 
(Sen.M, 1980).  Sophie Mitra (2006) noted that the Sen’s Capability approach 
emerged as a frame that responded to the philosophical question of how to 
achieve justice for human being and how to measure the standard of living and 
quality of life of the Person. The research paper analysed how  the hearing and 
Ear assistive technology (HEAT)  products and services contributed to  the well-
being of University College Dublin (UCD)  students and other HEAT users. The 
research study methodology was composed of multiple research methods. The 
mixed research methods such as qualitative and quantitative research methods 
were used to collect and analyse data. The case study research method was used 
to examine the data from Ireland. The data shows that UCD HEAT users felt 
freedom and were happy to have AT products of their choice. Over 80% of the 
survey participants confirmed that AT contributed to their wellbeing and partici-
pation in the different life environments and  enabled them to perform activities.  

Keywords: Assistive technology, Capability Approach, Wellbeing.  

1 Introduction 

Assistive technology contributes to the compensation of the body’s functional loss, in-
dependent living and participation in the different life environments and wellbeing of 
the AT user [1,7]. Nordic centre for rehabilitation Technology [11] and Terje Sund [12] 
research studies observed that AT contributed to wellbeing, performance of activities  
and participation in education, health, employment, home and independent living and 
others.  Sen’s Capability approach recognised the role of wheelchair in facilitating ac-
cess to work and income. The Capability approach recognised the need for contextual 
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and environmental assistive technology solutions to address the environmental barriers 
that limit the Participation of the person with functional difficulties to do what she or 
he wants. Amartya, Sen [3] and Mitra [2] noted that the Sen’s Capability approach 
emerged as a frame that responded to the philosophical question of how to achieve 
justice for human being and Welfare economics’ question of how to measure the stand-
ard of living and quality of life of each of the Person. The contribution of AT selected 
based on freedom of choice  to the wellbeing of the person as justified by Sen’s Capa-
bility approach was referred to as the AT Capability approach by this research paper.  

2 The AT and Wellbeing Contribution 

The World Health Organisation’s [4] International Classification of Functioning, Dis-
ability and Heath (ICF) recognised AT as environment barrier but does not measure the 
impact of AT on wellbeing and participation of the person in the different life environ-
ments. Matching Person to Technology  provided a framework for matching the AT 
needs of the Person to the AT products. However the framework not designed to  assess 
the  relationship between wellbeing of the person and  AT. The Human Activity Assis-
tive Technology(HAAT) model analysed the relationships among the human, activity, 
context, and assistive technology. The HAAT does not assess the relationship between  
AT and wellbeing of the Person [5,8]. 

The AT Impact model 2  assess the impact of AT on the Person but does not recog-
nise the freedom of choice and Human rights principles’ guidance in provision of  As-
sistive technology.  The freedom of choice and human diversity is one of the principles 
of article 3 of the United Nations Convention on Rights of Persons with Disabilities. 
The AT capability-based approach was developed based on the review of the gaps of 
limited analysis of the relationship between AT and wellbeing  identified in the differ-
ent AT models analysed above. This research paper validated the AT Capability based 
approach through the analysis of  the impact of hearing and Ear assistive technology 
solutions on the wellbeing of users of  Hearing and Ear assistive technology  in Uni-
versity College Dublin Ireland and outside Ireland  

3 The Methodology 

The multiple research methods composed of case study research method and mixed 
research methods were used to collect empirical data. The qualitative data was collected 
through key informant interviews with University College Dublin students using hear-
ing and Ear assistive technology solutions, UCD officials in charge of AT related poli-
cies and provision of assistive technology, representatives of government officials in 
charge of AT related policies and provision and representatives of Non-State Actors 
providing AT services to students in Higher Education Institutions. The survey data 
was collected from the audiologists, users of hearing and ear assistive technology and 
organisations of persons with hearing loss or Hard of Hearing in Ireland and around the 
world. The research study was approved by the University Ethics committee. The data 
collection was delayed by COVID-19 pandemic between 2020-2021. The research 
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paper considered AT Public policies and programmes as socially constructed objects 
and used the Constructivist Ontology to analyse the data. The Critical discourse analy-
sis was also used to analyse the behaviours of the AT service delivery system as they 
interacted with the UCD students using Hearing and Ear Assistive Technology (HEAT) 
and environment [10,13-15]. 

The semi structured interviews and survey questionnaires were used to help the re-
search participants to respond to the research study.  Over 50 users of HEAT solutions 
from 21 countries around the World responded to the survey of the research study [10]. 
The survey participants were from Ireland, Austria, Australia, Canada, Czech Republic, 
Denmark, Germany, Georgia, Italy, Nepal, Norway, Philippines, Poland, Lithuania, 
Rwanda, Serbia, Uganda, United Kingdom, Vietnam, and Zambia. The 17 qualitative 
interviews including three key informant interviews with users were used to collect 
empirical data in Ireland. The data collection was delayed by the COVID-19 pandemic. 
This research paper used the secondary and empirical data collected from Ireland.  

4 Results 

One of the UCD student using HEAT and acquired livescribe smart pen and paper book 
and amplified stethoscope from UCD Access and Lifelong learning centre stated that 
“The recording of some lectures with the Livescribe smart pen and paper book enables 
me to listen again in a quite environment and to write and reflect the notes. However it 
consumes a lot of time. Sitting a lecture  room of 200-300 people, it is difficult to follow 
the lecturer..”. The empirical data shows that the  livescribe smart pen and books and 
amplified stethoscope facilitated the participation of the student with hearing loss to 
participate  in the UCD learning activities and  environment.  

The UCD student further stated that “I do not worry anymore about missing lec-
turer’s notes and discussion in Lecture room. I use the Livescribe pen and paper book 
to have a record of  the discussions and notes in lecture room”. The empirical data 
confirms that the use of Livescribe pen and paper book as alternative Hearing and Ear 
Assistive technology (HEAT) solutions contributed to remove of worries and barriers  
for HEAT users  in higher education learning environment. Emotion stability  of the 
person is one of the  indicators  for wellbeing of the Person.  

The findings shows that the Users of hearing and Ear assistive technology felt free-
dom and were happy to have assistive technology products of their choice. Over  80% 
of the survey participants using HEAT solutions from different countries confirmed 
that AT contributed to their wellbeing and participation in the different life environ-
ments. It enabled them to perform activities. Approximately 10% of the survey partic-
ipants reported that AT products did not contribute to their wellbeing. The 5% of the 
survey participants were undecided. This empirical data confirmed that AT as a capa-
bility provider for HEAT users and persons in need of AT. AT facilitated equitable 
participation in the Higher education learning activities for learners with hearing loss 
using HEAT products and services.  

The 85% of the survey participants viewed Hearing and Ear assistive technology 
solutions as an equal opportunity to achieve their life goals. 15% of the survey 
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participants were not sure whether HEAT  was an  equal opportunity for the users. The 
data further confirmed AT products and services as equalizer for participation and well-
being of the HEAT users and persons in need of AT.  

The empirical and secondary data shows that HEAT solutions contributes to the 
wellbeing of the users. The Assistive technology should be considered as one of the 
indicators for the quality of life and wellbeing of the person with functional difficulties 
and users. Lack of assistive technology implies low levels of wellbeing and poor quality 
of life. The selection of AT of choice by a person in need or AT user was another 
indicator for measuring freedom of choice and wellbeing of the person.  

The AT capability approach was therefore  the practice and  the view of AT as an 
equal opportunity,  selected based on freedom of choice and contributor to the wellbe-
ing and participation of the AT user  in the different life environments.  

5 The Recommendations 

 The Assistive Technology Capability Approach should be used to assess the impact of 
the Assistive technology on the wellbeing of the person with functional difficulties in 
the different environments.  

AT should be part of the measurement of the standard of living and wellbeing of 
persons with functional difficulties. 
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1 Introduction  

Assistive technology enables people in need to participate in important areas of life, to 
express full citizenship, and to participate in community life and in wider society on an 
equal footing with others [1]. Without assistive technology, people may suffer exclu-
sion, are at risk of isolation and poverty, and may become a burden to their family and 
on society. There are also socioeconomic benefits to be gained, by virtue of reduced 
direct health and welfare costs (such as recurrent hospital admissions or state benefits), 
and by enabling a more productive labour force, indirectly stimulating economic 
growth [2]. In 2018, a resolution was adopted at the 71st World Health Assembly 
(WHA71.8) that urged Member States to take concrete actions to improve access to 
assistive technology. The same resolution requested the WHO to prepare a Global Re-
port on Assistive Technology based on the best available evidence, and make recom-
mendations to the Member States in developing national assistive technology policies 
and programs to improve access towards universal health and/or social services cover-
age [3].  

Despite the global imperative on improving access to assistive technology, little data 
has been systematically collected, analyzed, or published to estimate the use, need, met 
need, and barriers to accessing assistive technology in the population. The development 
of the WHO-UNICEF Global Report on Assistive Technology published in May 2022 
[1] provided an opportunity to fill this gap through a global collaboration in collecting 
population data in coordinated and standardized method using the WHO rapid Assistive 
Technology Assessment (rATA) questionnaire [4]. By December 2021, data collection 
had been completed in 35 countries across the world, with nearly 330000 individuals 
interviewed in 28 different languages.  

1.1 Measuring Population Access to Assistive Technology  

The rATA is an interviewer-administered, population-based survey tool that covers 
self-reported assistive technology use, need and unmet, source, payer, satisfaction with 
the products and related services, and barriers to access [5]. Source also includes travel 
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distance to source, and satisfaction also includes suitability of assistive products for 
different environments and activities.   

The findings from the rATA surveys can support stakeholders to (a) obtain evidence 
on access to assistive technology in the population; (b) advocate and raise awareness of 
governments as well as of civil society about the importance of assistive technology; 
(c) advance research and development in assistive technology; and (d) guide the design, 
planning or prioritizing assistive technology programmes, or interventions that should 
be made at global and country levels [4].  

1.2 Aim of the Special Thematic Session 

This Special Thematic Session included contributions from 11 of the rATA surveys 
conducted between 2019 and 2021 from four continents: Asia (Myanmar, Mongolia, 
Indonesia), Africa (Sierra Leone, Malawi, Senegal), Europe (Italy, Sweden, United 
Kingdom), and South America (Costa Rica, Brazil). The presented findings of the 
rATA survey sparked discussions on how these findings had been and will be used in 
different countries and contexts to inform stakeholders and the general public about the 
need for and importance of assistive technology for both individual and community 
development, as well as to enable governments to monitor the outcomes of the policy 
interventions of improving access to assistive technology. The session provided a fo-
rum of (1) sharing and comparing the rATA survey findings and impacts; (2) exchang-
ing the experiences in the rATA survey processes; and (3) building collaborations in 
future implementation of rATA surveys. 
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Abstract. Access to assistive technology (AT) in Brazil is intimately related to 
rehabilitation services. Studies have shown the complexity of access to AT in the 
country, with people seeking the care they need according to services availability, 
accessibility, and affordability. However, they used inconsistent approaches to 
measuring need for and use of AT and presented a lack of relevant information 
on demand, supply, and user satisfaction. This study aimed at identifying the 
prevalence of need, access, and use of assistive products (AP), as well as the 
barriers to access and users' satisfaction with services and products provided to 
community dwelling people attending rehabilitation services provided by the 
public healthcare system in São Paulo, Brazil. Results show a large prevalence 
of need for and use of AP, although the unmet need is still high. Private and 
public sectors are the most relevant sources of products, with private funds being 
most frequently used to acquire them, despite a large financial barrier. It stressed 
the importance of the public healthcare system and many of its positive impacts 
on users, but also some of its limitations, such as service-related barriers. Users 
are mostly satisfied with the products and services they receive, although people 
with greater functioning difficulties report a moderately different situation. 
Hence, the study demonstrated that some user groups still face many barriers and 
obtain worst results of the system in place. Results are internationally comparable 
to other studies using similar methodology and demonstrate the impact generated 
by the local AT provision system. 

Keywords: Need, Demand, Supply, User Satisfaction. 
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1 Introduction 

Brazil is a vast, mostly urban country characterized by large metropolitan regions [1-
3]. Located in the country’s southeastern region, the state of São Paulo concentrates 
almost a fourth of the Brazilian population (circa 46 million inhabitants), with the met-
ropolitan region of the state capital accounting for approximately half of that. As such, 
the city of São Paulo alone was home to an estimated 12.3 million inhabitants in 2020, 
densely populated (7.3 thousand people/km²), with a HDI of 0.805 and a GDP/capita 
level of circa USD 10.3 thousand [4]. However, the city is marked by persistently high 
social and economic inequalities, with a Gini index of 0.539, only slightly lower than 
the national index (0.545) in 2019 [5]. 

As with other Latin American and Caribbean settings, local demographics are tran-
sitioning towards a rapidly ageing population [6], which also experiences an incomplete 
epidemiological transition [7]. As much as ageing and non-communicable diseases re-
late to functional decline and disability, data compiled from 39 national censuses, 
household surveys and targeted studies in the region show that 70 million people lived 
with some kind of disability between 2001 and 2013 [8], who could potentially benefit 
from assistive products AP and related services [9]. As in other parts of the world [10], 
disability in the region is more prevalent and more severe among women, the elderly, 
rural populations, indigenous peoples, black persons, and people living in poorer set-
tings [11]. Recent data from the 2019 National Health Survey (NHS) in Brazil reiterate 
it, showing people with disability still have poorer educational outcomes, are excluded 
from the job market, and are overrepresented among the lowest income groups [12]. 

It also shows that 15.8% of those having at least some functioning difficulty had 
access to rehabilitation services during the 12 months period before the survey inter-
view, and that 51.4% of them (totaling circa 4.3 million people) accessed it through the 
public healthcare system. These figures are slightly similar for the Brazilian southeast-
ern region and the State of São Paulo specifically, where approximately 18.4% had 
access to rehabilitation services, 46.6% of which through the public healthcare system 
[12]. 

Access to assistive technology (AT) in Brazil is intimately related to rehabilitation 
services provision. According to the National Health Policy for Persons with Disability 
and the organizing principles of the Brazilian public healthcare system, AT service de-
livery is part of the scope of rehabilitation services provision and is considered an inte-
gral part of comprehensive rehabilitation treatment, which is targeted at meeting the 
needs of individuals with disabling health conditions, irrespective of disability status or 
certification [13]. Since the creation of this system, it has been responsible for covering 
most of the Brazilian population, who often relies on it as its sole health services pro-
vider. Although private health insurance plans exist in Brazil, they covered only 24.5% 
of the population in January 2021 [14]. 

In recent years, different studies explored the prevalence of need and use of AP, as 
well as their sources [12,15,16], but used inconsistent approaches to measuring them 
and lacked relevant information on demand for and supply of AP, as well as users’ 
satisfaction. They also show varying research designs and variable levels of studies 
coverage in terms of geography, population, and products. 
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This study aimed to identify the prevalence of need, access, and use of AP in the 
target population, as well as the barriers to access and users' satisfaction with services 
and products provided. Additionally, by selecting a target population of community 
dwelling people attending rehabilitation services provided by the local public 
healthcare system, the study aimed at gaining further insight on the strategies people 
use to meet their needs for AT and producing evidence on strengthens and weaknesses 
of the system in place. 

2 Methods 

Answering a World Health Organization’s call on access to AT around the world [17], 
this survey used its rapid Assistive Technology Assessment (rATA) questionnaire and 
an adapted version of its protocol [18] to meet the needs of a subnational study targeting 
a specific population carried out remotely to accommodate for social distancing 
measures in place during the COVID-19 pandemic.  

2.1 Study Design 

A simple stratified probabilistic sample was drawn using 29 local rehabilitation facili-
ties as its strata. Survey participants were identified and enumerated based on the reg-
istries of the facilities covered by the study. 

Population subgroups defined by functioning domain (vision, hearing, mobility, cog-
nition, self-care, and communication), age (0 to 18 years, 19 to 59 years, and 60 years 
or older), and gender were considered the main study domains for sampling purposes. 

𝑛𝑛 =
𝑝𝑝(1 − 𝑝𝑝)
(𝑑𝑑 𝑧𝑧⁄ )2  

The sample size was initially estimated by the formula presented above, where P is 
the proportion to be estimated, d is the maximum tolerated sample error, and z = 1.96, 
for a corresponding parametrical curve with a 95% confidence interval. For purposes 
of this calculation, the proportion that estimates the widest sample size for a fixed sam-
pling error [19], the study chose p = 0.50. Also, it adopted d = 0.10, the equivalent of a 
coefficient of variation estimated as 10.2%. With these figures, n = 96 (rounded to 100). 
Considering that this sample size should be obtained for all domains and that the small-
est of them represents 10% of the reference population, the final sample was estimated 
as 1000 participants (n/0.1 = 1000). 

2.2 Participants 

The reference population was all the community dwelling individuals aged six and 
older who have attended outpatient rehabilitation services provided by the public 
healthcare system, in the city of São Paulo, from July 2019 to December 2020. This 
period was selected to accommodate for variations in the flow of patients seeking care 
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before and during the COVID-19 pandemic, according to feedback received from the 
São Paulo Municipal Health Secretariat. 

A universe of 85,607 people were eligible to be included in the study, according to 
the records provided by the São Paulo Municipal Health Secretariat. Anticipating nu-
merous losses due to non-response, the initial sample size was adjusted, and 3,000 in-
dividuals were drawn. Sampling was proportional to the number of people registered 
in each of the 29 rehabilitation facilities considered (which ranged from 738 to 8,354, 
according to the specific services provided in each facility). Out of the initial sample, 
2,256 were enumerated. Enumeration happened progressively, to accommodate for the 
non-response rate observed. 

2.3 Consent 

To comply with Brazilian regulations on research involving human participants, the 
study was appraised and approved by Institutional Review Boards of both the Univer-
sity of São Paulo Medical School General Hospital and the São Paulo Municipal Health 
Secretariat. Study participants’ consent was obtained and registered verbally to accom-
modate for interviews being conducted remotely, over the phone or through teleconfer-
encing. Whenever possible, study participants received an electronic copy of the con-
sent form for their personal records. For participants under 18 or those unable to provide 
consent, the latter was obtained from their parents or other legally responsible adults. 

2.4 Questionnaire 

This study used the rATA questionnaire in Portuguese as originally published by WHO 
[17] after submitting it to a brief cognitive testing using a convenient, non-probabilistic 
sample (n=12) of AP users attending rehabilitation treatment at the Physical and Reha-
bilitation Medicine Institute of the University of São Paulo Medical School General 
Hospital (IMREA), who share the same health conditions and cultural background of 
this study population and were invited to provide their feedback on rATA’s questions 
and answer options in Portuguese, which were deemed satisfactory.  

All interviewers had a background on psychology, occupational therapy, or social 
work, were trained to use the rATA questionnaire, and to conduct remote interviews 
using an electronic data collection tool. A sign-language interpreter was also available 
remotely, enabling video-based interviews with participants with hearing impairments 
who use Brazilian sign language, as needed. 

2.5 Data Collection and Management 

A protocol was established to complete and register each attempt to reach out and in-
clude potential study participants using purpose-specific running sheets. Interviewers 
attempted at least five times, in different dates and times of the day, to reach everyone 
enumerated according to the sampling strategy described before. The result of each 
attempt was recorded and informed the non-response rate of the study. 
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Interviewers made every effort to meaningfully include people with difficulties com-
municating or understanding the interview. Whenever needed, proxy interviews were 
used to include those who could not communicate or understand the questionnaire as 
used in this study. It was the same for children and adolescents to assent and participate 
actively in their interviews. 

The study used the electronic tool developed by WHO to support rATA data collec-
tion (ArcGIS Survey123 Field App), accounting for the additional changes in the sur-
vey form required by the study in São Paulo. It used complementary strategies to im-
prove data quality, which included flagging interviews for discussion with the field 
supervisor and the study coordinating team; checking data registries and audio records 
to follow up with any issues identified; and, using reinterviews to check for specific, 
sensitive aspects of the questionnaire. 

Interviews were performed between March 24 and June 24, 2021. 

2.6 Outcome Measures and Analyses 

In addition to the minimum set of survey indicators identified by WHO (need, use, and 
unmet need for AT in the target population) [17,18] for each of the six functioning 
domains covered by the survey tool, these were disaggregated by age group and gender 
whenever the number of cases recorded for each additional domain offered reliable re-
sults (though not presented here). For this, data analyses used a specialized statistical 
software (IBM SPSS Statistics 27), with descriptive statistics being used to present the 
results in this article. Sampling weights were used to estimate study results for the entire 
target population, according to Table 1. For many results, actual counting values are 
presented unweighted for additional information. 

Table 1. Sampling weights used 

Age Male Female 
< 17 0.72886 0.78067 
18-39 1.16362 1.04255 
40-54 0.90407 1.02532 
55-64 0.95480 1.04946 
65-74 0.98817 1.04469 
75 > 1.22983  1.36825 

3 Results 

Out of the 2,256 individuals enumerated, 926 consented to participate and answered the 
survey. Others either did not consent (n=386), were successfully identified but were 
unavailable (n=294), had inadequate contact information on local registries (e.g., wrong 
number) (n=538), were excluded for referring not meeting the survey criteria (e.g., not 
attending or having attended rehabilitation services) (n=45), were dead by the time of 
the interview (n=55), or were excluded for protocol deviations (n=2) or other reasons 
(e.g., failed contacts) (n=10). 
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Table 2 shows the main characteristics of the target population in terms of gender 
and age groups distributions, as well as functioning levels (maximum level of difficulty 
reported in any domain). The thresholds adopted reflect the reliability of study esti-
mates considering the number of responses obtained for each group. 

Table 2. Gender, age groups and functioning levels of the target population 

Variable Group Est. Lower 
C.I. 

Upper 
C.I. 

Coefficient 
of variation Count 

Gender Male 42.4% 39.3% 45.6% 0.038 417 
Female 57.6% 54.4% 60.7% 0.028 509 

Age group 
6 to 17 y.o. 15.6% 13.6% 17.8% 0.068 193 
18 to 64 y.o. 51.9% 48.7% 55.0% 0.031 470 
> 65 y.o. 32.6% 29.6% 35.7% 0.048 263 

Functioning 
level 

Some or no 
difficulty 43.4% 40.2% 46.6% 0.038 410 

A lot of diffi-
culty or cannot 
do at all 

56.6% 53.4% 59.8% 0.029 516 

Note: Est. = Estimate; C.I. = 95% Confidence Interval 

3.1 Core Indicators 

Table 3 shows the core indicators for the entire target population. Disaggregated data 
shows that core indicators are similar across genders, are high for all functioning do-
mains and higher in the eldest group. Despite AT need and the prevalence of AP use 
being quite high across groups, the latter is slightly lower among people with difficul-
ties communicating, remembering, and caring for themselves. Moreover, the met need 
is also lower among people with difficulties hearing, communicating, remembering, 
and caring for themselves. 

Table 3. Core indicators: Use, need and met need 

Indicator Estimate Lower C.I. Upper C.I. Coefficient 
of variation Count 

Use 72.9% 69.9% 75.6% 0.02 657 
Need 82.4% 79.9% 84.7% 0.015 749 
Met need 48.5% 46.0% 51.0% - - 

3.2 Most Used and Demanded Products 

It is evident that many of the most used AP are also among the most demanded, showing 
that some, such as spectacles (used by 42.9% [CI 40.0-45.9]; demanded by 41.6% [CI 
37.2-46.1]); hearing aids (used by 12.9% [CI 11.1-14.9]; demanded by 21.8% [CI 18.3-
25-7]); shower and toilet chairs (used by 7.5% [CI 5.9-9.1]; demanded by 5.9% [CI 4.1-
8.4]); and, manual wheelchairs for active users (used by 5.4% [CI 4.2-6.8]; demanded 
by 5.8% [CI 4.0-8.2]), are among the most relevant products in this setting. 
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3.3 AP Sources and Payers 

Irrespective of the level of importance attributed by users to each product or any other 
aspect, data shows that, across domains, the most frequent source for AP is the private 
sector (54.8% [CI 51.9-57.8]), followed by the public sector (31.2% [CI 28.6-34.0]), 
friends and family members (9.2% [CI 7.6-11.0]), and NGO (3.7% [CI 2.7-5.0]). 

The relevance of the private sector is significant for not only being the most frequent, 
but also because the study target population is of people serviced by the public 
healthcare system. Major exceptions to this general picture are people with difficulties 
communicating and caring for themselves, for whom the public sector is a more fre-
quent source than the private sector, and NGO are more relevant. 

This study also indicates that users themselves pay out-of-pocket for most of all AP 
(40.1% [CI 37.2-43.1]). Additionally, users’ friends and family members obtain many 
of the AP privately sourced (25.1% [22.6-27.8]), with insurance companies (0.1% [0.0-
0.5]) and other stakeholders being very rare. 

The disaggregation of survey responses show that the public sector, NGO, and 
friends and family members are more frequent sources and payers of AP used by those 
who have greater functioning difficulties across domains. 

Data on the distance travelled by AP users demonstrate most people in the target 
population get their AP close to home (52.7% [CI 49.5-55-9] in less than 5km). 

3.4 Satisfaction with AP and Related Services  

AP users are mostly satisfied with the products, training and follow up and maintenance 
services they received. For all three different fields, more than 75% of AP users are at 
least a little satisfied with the products and services received. Nevertheless, according 
to disaggregated data, satisfaction levels are slightly lower, and dissatisfaction levels 
higher, among those with greater functioning difficulties, especially with reference to 
training and follow up services. 

Users’ reports on the suitability and usability of their AP are largely positive across 
functioning domains and for people with different levels of functioning difficulties, 
showing people can use their AP to meet their needs, although those with greater func-
tioning difficulties report a moderately different situation with respect to usability and 
environmental barriers. The latter still prevent users from making the most of their AP 
in some cases, which is especially true for people with difficulties moving around, com-
municating, and caring for themselves, as well as among people with greater function-
ing difficulties across domains. 

3.5 Barriers to Access 

Table 4 clearly shows that the major barrier to AP access among the study target pop-
ulation is being able to pay for them. A qualitative analysis of the large number of 
“other” answers shows that service-related barriers (such as getting an appointment or 
prescription, as well as service disruptions due to the COVID-19 pandemic) follow 
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financial barriers closely behind and are largely associated with services provided by 
the public healthcare system. 

Table 4. Barriers to AP access identified by the target population 

Barrier Estimate Lower 
C.I. 

Upper 
C.I. 

Coefficient of 
variation Count 

Cannot pay 42.2% 37.7% 46.8% 0.055 197 
Other 31.0% 26.9% 35.5% 0.07 143 
Lack of support 8.9% 6.6% 11.9% 0.15 43 
Unavailability 7.3% 5.2% 10.1% 0.167 34 
Inadequacy 4.6% 3.0% 7.0% 0.211 22 
Lack of time 4.2% 2.7% 6.4% 0.218 20 
Lack of transportation 1.2% 0.5% 2.8% 0.452 5 
Stigma / Shyness 0.7% 0.2% 2.1% 0.572 3 
Total 100.0% 100.0% 100.0% - 467 

4 Discussion 

In 2019, 52.7 million, or 28.5% of the Brazilian population referred having at least 
some difficulty to see, hear, use their upper and lower limbs, or cope with intellectual 
and mental impairments when performing activities of daily living [12]. It is under-
standable that this study identified a higher need for AT, once these are people attending 
or having recently attended rehabilitation services, hence possibly benefiting from AP 
temporarily or permanently. 

As with other studies, this found that AP use is associated with older age and greater 
functioning difficulties [20]. Our results on AP use also corroborate previous findings 
showing that a third to a fourth of people living with some functioning difficulties in 
the city of São Paulo did not use AP [16]. Interestingly, whilst the prevalence of both 
AT need and AP use is higher among people with greater functioning difficulties, their 
met need is lower, showing this group still have needs that haven’t been met by the 
system, services, and products available. 

The 2019 Brazilian NHS also showed that while many people used AP (e.g. 40.4% 
used vision aids, 1.7% used mobility aids, and 0.8% used hearing aids in the general 
population), only 5.7% of those were sourced from the public healthcare system. Nev-
ertheless, it is largely due to the high prevalence of spectacles use (and other visual 
aids), which are often (95.5%) privately acquired. On the other hand, the public 
healthcare system provided for 16.6% of the users with impaired lower limbs functions; 
25.3% of those with impaired upper limbs functions; and 44.7% of those with impaired 
hearing functions [12]. 

Like others [21,22], our own study showed that the limited use of and demand for 
AP outside the domains of mobility, hearing and vision might imply the lack of users’ 
awareness of the AP that might benefit people with communication and cognition dif-
ficulties. 

Furthermore, the short distances travelled by AP users might be answerable by indi-
viduals being referred to rehabilitation facilities that are closer to their homes, a general 
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operating principle of the local healthcare system. The availability of private providers 
could also be accountable to the city of São Paulo being a well-resourced setting, where 
suppliers and professionals are concentrated [23]. On the other hand, disaggregated in-
formation demonstrates that people living with greater functioning difficulties travel 
longer distances than others, probably showing a limited number of providers capable 
of meeting the needs of users with complex health conditions or functioning status. 

AT affordability and availability are barriers in other settings [22], but this study’s 
specific design identified many service-related barriers, which could be a target of in-
terventions designed to improve AP access through the local public healthcare system 
and be incorporated into rATA answer options to clearly identify them in other settings. 

5 Conclusion 

Using the rATA tool and survey methodology proved itself a successful strategy to 
identify the prevalence of need, access, and use of AP in the target population, as well 
as the barriers to access and users' satisfaction with products and services provided. 
With the upcoming results of similar studies, comparing rATA results will open ave-
nues to better and sounder comparative analyses of assistive technology systems world-
wide, and inform monitoring and evaluation at all levels. 

With respect to its specific setting, this study shed light on the relevance of the pri-
vate sector in providing AP, despite the significant financial barrier many AP users still 
face, what often results in users depending on the support of family members and 
friends when they cannot afford to pay for them directly. It stressed the importance of 
the public healthcare system and many of its positive impacts on users, but also some 
of its limitations, such as service-related barriers. Other actors, such as NGO and insur-
ance companies, have only a marginal participation in the AT sector in this setting. 

Importantly, the study showed the positive results obtained by the services and prod-
ucts currently available, which meet many of the needs and satisfaction criteria of users 
themselves. Nevertheless, it also demonstrated that many AP user groups still face a 
number of barriers and obtain worst results of the system in place, such as people with 
greater functioning difficulties across domains and those with difficulties communi-
cating and caring for themselves. 
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Abstract. This study presents the findings from the WHO UK rapid Assistive 
Technology Assessment (rATA) questionnaire completed in 2021; using the dig-
ital rATA questionnaire with a total of 259 questionnaires completed. 62.9% of 
respondents used assistive products and the top three selected assistive products 
were spectacles, hearing aids and grab-bars handrails. 18.5% of respondents had 
an unmet need for assistive products. Most assistive products were sourced from 
the private sector. The majority were paid out-of-pocket and approximately one 
fifth were supplied through government sources. For adults most assistive prod-
ucts were paid out-of-pocket, while for children most were paid for by the gov-
ernment. Most respondents were very satisfied with their assistive products, AT 
services and with repair, maintenance, and follow-up. ‘Cannot afford’ and ‘Lack 
of support’ were the most frequently identified barriers to accessing assistive 
products and many reported that the Covid-19 pandemic was a significant barrier 
to access. The collected data provides useful information on the use of assistive 
products in the UK. The collected data dispels the myth that assistive products 
are only for people with a disability. A large-scale questionnaire at national level 
would be of significant benefit in raising population awareness in the UK. 

Keywords: Assistive technology, Barriers to access; Prevalence of need, 
United Kingdom. 

1 Introduction 

According to the Organisation for Economic Co-operation and Development (OECD) 
report (2016) [1], health systems in the United Kingdom have, for many years, made 
the quality of care a highly visible priority, internationally pioneering many tools and 
policies to assure and improve quality of care. Despite being a global leader in quality 
monitoring and improvement, the United Kingdom does not consistently demonstrate 
strong performance on international benchmarks of quality. To secure continued quality 
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gains, the UK health systems will need to publish more quality disaggregated outcomes 
data and establish a forum where the key officials and clinical leaders from the systems 
responsible for quality care can meet to learn from each other’s innovations [1]. 

There is currently no central report on the whole UK AT ecosystem. There is a se-
lection of separate reports based on the interests of separate government ministries. 
There are issues around the correct use of the term AT and the sub-groups within the 
sector. Issues around quantifying AT need can be seen when you consider specific AT 
users. Regarding orthotic users, accurate data on the number of users in the UK are not 
available from the NHS. A report by the Foundation for Assistive Technology stated 
that there were approximately 1.2 million orthotic users in England in 2007 [2] while a 
report in 2011 estimated the number of users at 2 million [3].  

This paper presents the findings from the WHO UK rapid Assistive Technology As-
sessment (rATA) questionnaire completed during 2020-2021. This questionnaire is part 
of the global-scale data collection contributing to the WHO-UNICEF Global Report on 
Assistive Technology due for publication in 2022. This is the first WHO rATA ques-
tionnaire that has been conducted in the United Kingdom. 

2 Methods 

This was a standalone questionnaire to understand the social and demographic statistics 
of individuals who need access to some form of assistive technology (available from: 
https://www.who.int/publications/i/item/WHO-MHP-HPS-ATM-2021.1). The tele-
rATA was conducted using the digital rATA questionnaire. The study received ethical 
approval from the Institutional Ethics Committee at Staffordshire University 
(HEALY_SU-20_076-RN). Our sample size was 1644 individuals or 685 households. 
The initial target population was a sub-national population-based questionnaire of the 
general population in the UK midlands region, as it is widely accepted that the midlands 
region in England is a representative sample of the country [4,5]. During data collec-
tion, due to low participation rates, this was widened to all UK residents.  A conven-
ience sampling method was employed. 

Participants were recruited through advertisements on Staffordshire University’s 
website, social media, local news organisations, direct electronic communication with 
employees of large organisations along with a healthcare route via Facebook. Partici-
pants were directed to view the online information sheet and complete the consent form 
and pre-questionnaire online via Microsoft Forms, following this, they were called by 
the enumerators to complete the questionnaire. 

Responses were collected using the ArcGIS Survey123® application. Six trained 
enumerators completed data collection. Most of the conducted calls were by telephone 
with video calls made available to participants via zoom. The video calls had the option 
of the addition of subtitles using the Otter.ai software to facilitate access to the deaf, 
hearing impaired and those requiring access accommodations. Data collection was con-
ducted from 19th March to 3rd June 2021. One-way and two-way chi-squared tests 
were used for data analysis. Also, descriptive analysis was used to analyse the data. 

https://www.who.int/publications/i/item/WHO-MHP-HPS-ATM-2021.1
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3 Results 

A total of 259 questionnaires were completed, with 192 adults completing the question-
naire themselves, one 15–18-year-old completing the questionnaire with consent from 
their parent, five completed proxy questionnaires for adults unable to provide consent 
and sixty-one completed proxy questionnaires for children. There were 161 individual 
households among the respondents, with an average household size of 2.7 and fifty-six 
(35%) households with child members.  

Of the 259 completed questionnaires, there were 151 (58%) female respondents and 
108 (42%) male respondents. Most respondents were adults aged 18-64 years (165; 
64%), followed by children (62; 24%) and adults 65+ years (32; 12%). In the pre-ques-
tionnaire, via Microsoft Form, the adult respondents (n=197) were asked if they con-
sidered themselves to have a disability with forty-six (23%) selecting ‘yes’.  

A map displaying the distribution of the respondents by postcode is provided in Fig. 
1. In the pre-questionnaire, respondents were asked whether they lived in a 
city/town/village/the country; with those who selected city or town designated as living 
in an urban area and those who selected a village/ the country designated as living in a 
rural area. Most respondents lived in an urban area (62%). 

 
Fig. 1. Geographical distribution of questionnaire respondents. 

3.1 Functional Difficulties 

Regarding functional difficulties most respondents selected that they had no difficulty 
(78.4 – 95.1%) with their mobility, hearing, communication, cognition, and self-care; 
39.8% of respondents selected having “no difficulty” and 42.9% selecting “some diffi-
culty” with their sight. No functional difficulties were reported for the children <5 years 
old and higher percentages of functional difficulties were evident for adults.  
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3.2 Products in Use and Demand 

Assistive products were used by 163 (62.9%) respondents and 48 (18.5%) had an unmet 
need for assistive products. Similar responses for use of assistive products were evident 
across genders and geography. There was a higher use of assistive products for adults 
(73.3% for 18-64 years; 87.5% for 65+ years) compared to children (22.6%). 

A complete list of the assistive products the respondents selected using is provided 
in Table 1, with a total of 388 products selected. The top three selected products were 
Spectacles; Low-Vision, Short/Long Distance/Filters Etc, Hearing Aids (Digital) And 
Batteries and Grab-Bars Hand Rails. Significantly more people (p ≤ 0.05) used Seeing 
AT while significantly less people used Mobility, Hearing, Communication, Cognition 
and Self-care AT. The top three “Other” assistive products selected were contact lenses 
(selected by 10 respondents), computer software - speech-to-text (5) and electric can 
opener and stair lift (3 each). 

Comparing across demographics, significantly more (p ≤ 0.05) adults (18-64 and 
65+ years) used mobility, seeing and self-care products then children and significantly 
more adults 65+ years used hearing AT than children and adults 18-64 years. Signifi-
cantly more females used Mobility AT than males and more people living in a rural 
area used Mobility AT than those living in an urban area. Significantly more people 
with a low household income (<18k) used self-care AT. 

As regards to gender, 21.2% of females and 14.8% of males had an unmet assistive 
product need. Similar responses for the need for assistive products were evident across 
geography (19.4% urban and 17.2% rural). Adults 65+ years had a greater unmet need 
(37.5%) than adults 18-64 years (19.4%) and children (6.5%). 

3.3 Source of Products and Funding, and Travel Distance 

A list of sources for the assistive products is provided in Table 2; the majority of prod-
ucts (73.9%) were sourced from the private sector followed by the public sector 
(16.5%). Similar responses for the source of assistive products were evident across gen-
ders and geography (urban/rural). While the private sector was the lead source for as-
sistive products across all age groups, more children sourced their assistive products 
from the public sector than adults. 

A list of payers for the assistive products is provided in Table 3; the majority of 
assistive products (57%) were “Paid out-of-pocket (self)”, followed by “Government” 
(22%). Similar responses for payers of assistive products were evident across genders 
and geography (urban/rural). For adults most assistive products were “Paid out-of-
pocket (self)”, while for children most were paid for by “Government”. For the top 
three “most important” AT products, significantly more people (p ≤ 0.05) paid for the 
products “out of pocket”. 

Of the respondents, 117 (72% of respondents who currently use assistive products) 
identified that they had paid for assistive products in the last 12 months; the average 
spend was £340 ± £423 and it ranged from £10 to £3000. The average spend was higher 
for children (£623 ± £676 from 9 respondents) than for adults (£314 ± £415 from 90 
18–64-year-old respondents; £326 ± £242 from 18 65+ year old respondents). 
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Most respondents (66%) travelled “Less than 5km” to assess their three most im-
portant assistive products, this was followed by travelled “6-25km” (27%). More re-
spondents who lived in an urban area reported that they travelled “Less than 5km” to 
assess their three most important assistive products (73.3% - 89.7%) than those re-
spondents living in a rural area (42.2% - 68.2%). 

Table 1. List of used assistive products. 

Assistive product Count Assistive product Count 
Spectacles; Low-Vision, Short/Long 
Distance/Filters Etc 

148 Wheelchairs, Electrically Powered 4 

Hearing Aids (Digital) And Batteries 24 Keyboard And Mouse Emulation 
Software 

3 

Grab-Bars Hand Rails 20 Orthoses (Upper Limb) 3 
Orthoses (Lower Limb) 19 Recorders 3 
Canes/Sticks, Tripod And Quadripod 16 Rollators 3 
Smart Phones/Tablets/PDA 15 Standing Frames, Adjustable 3 
Chairs For Shower/Bath/Toilet 11 Walking Frames/Walkers 3 
Pressure Relief Cushions 10 Alarm Signalers With 

Light/Sound/Vibration 
2 

Manual Wheelchairs - Basic Type For 
Active Users 

8 Global Positioning System (GPS) 2 

Communication Software 7 Manual Wheelchairs - Push Type 2 
Pill Organizers 7 Personal Emergency Alarm Systems 2 
Time Management Products 7 Wheelchairs, Manual With Postural 

Support 
2 

Incontinence Products, Absorbent 6 Braille Displays (Note Takers) 1 
Ramps, Portable 6 Braille Writing Equipment/Braillers 1 
Therapeutic Footwear (Diabetic, Neu-
ropathic, Orthopedic) 

6 Communication Boards/Books/Cards 1 

Closed Captioning Displays 5 Fall Detectors 1 
Screen Readers 5 Magnifiers, Optical 1 
Smart Phones/Tablets/PDA 5 Orthoses (Spinal) 1 
Axillary Elbow Crutches 4 Pressure Relief Mattresses 1 
Hearing Loops/FM Systems 4 Prostheses (Lower Limb) 1 
Smart Phones/Tablets/PDA 4 Prostheses (Upper Limb)* 1 
Smart Phones/Tablets/PDA 4 Travel Aids, Portable 1 
Tricycles 4 Video Communication Devices 1 
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Table 2. List of sources for assistive products. 

Sources Count % 
Public sector: Government facility, public hospital 53 16.5% 
NGO sector: Non-profit facility 7 2.2% 
Private sector: private facility/hospital/clinic/shop/store 235 73.9% 
Friends/family 7 2.5% 
Self-made 2 0.6% 
Other 19 3.7% 
Don’t know 2 0.6% 

Table 3. List of payers for assistive products. 

Payer Count % 
Government 79 22% 
NGO/Charity 6 2% 
Employer/School 27 7% 
Insurance 1 0% 
Paid out-of-pocket (self) 208 57% 
Family / friends 25 7% 
Other 12 3% 
Don’t know 4 1% 

3.4 Barrier to Access 

An unmet need for assistive products was identified by 48 respondents (18.5%) and 
they reported a range of barriers to access. “Cannot afford” (n=22) and “Lack of sup-
port” (n=12) were the most frequently identified barriers to accessing assistive prod-
ucts, with significantly more people (p ≤ 0.05) reporting “cannot afford” as a barrier to 
their unmet need. Many of the respondents identified the Covid-19 pandemic as a sig-
nificant barrier to access (n=12). Responses were similar across gender and geography 
(urban/rural). “Lack of support” was the most identified barrier for children while 
“Cannot afford” was the most identified barrier for adults. 

3.5 Satisfaction, Suitability, Usability, and Environmental Barriers 

Most respondents were “very satisfied” with their assistive products; with dissatisfac-
tion (respondents who selected “dissatisfied” or “very dissatisfied”) for the three most 
important assistive products ranging from 1-8%. The most frequently identified reasons 
for assistive product dissatisfaction were fit/size/shape (n=6), followed by replacement 
needed (n=4) and durability (n=3). Most respondents were “very satisfied” with their 
AT services; with dissatisfaction for the three most important assistive products ranging 
from 3-6%. The most frequently identified reasons for dissatisfaction with services was 
“Quality of care” (n=6), followed by “Waiting time” (n=3). Most respondents were 
“very satisfied” with repair, maintenance, and follow-up for their assistive products; 
with dissatisfaction for the three most important assistive products ranging from 5-10%. 

When asked about the extent to which the respondents’ assistive products were suit-
able for their home and surroundings most stated that they were “completely” suitable 
(66 - 77%). When asked about the extent to which the respondents’ assistive products 
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helped them to do what they want most stated that their assistive product “mostly” or 
“completely” helped them to do what they wanted. When asked about environmental 
barriers to using assistive products most stated that they could “completely” use their 
assistive products as much as they wanted in the places, they need to visit. 

3.6 Respondent Recommendations 

The main area that respondents identified as needing improvement was in the ‘provi-
sion’ of assistive products, with 42% (n=85) of respondents siting elements of product 
supply and service provision as areas of concern. Cost (26%; n=23), policy (26%; n=26) 
and awareness (27%; n=23) were the next areas most identified for improvement. Top-
ics around stigma were the least mentioned at 2%.  

4 Discussion 

As far the authors know, this is one of the first times that a rATA or a Tele-rATA has 
been implemented around the world, particularly in a high-income country. We initially 
planned that the questionnaire would be completed by enumerators in-person but due 
to the COVID-19 pandemic we implemented the tele-rATA. 

Although we achieved a modest number of responses (n=259) in comparison to our 
stated sample size, the collected data does provide useful information on the use of 
assistive products in the UK and additionally highlights some of the practical challenges 
of collecting representative household data via telephone questionnaires and in partic-
ular around assistive technology. The collected information provided data to dispel the 
myth that assistive products are only for people with a disability; while 77% of adult 
respondents didn’t identify as being disabled 70% of these respondents currently used 
assistive products and 15% had an unmet assistive product need. 

Due to the study design, people using assistive technology were more willing to re-
spond than non-users. Some respondents, who had told enumerators at the start of a call 
what assistive products they currently use, when describing their functional difficulties 
in Section C: Need, then went on to initially respond ‘no’ to the question, ‘d.1 Do you 
currently use any assistive product(s)?’. It was common for respondents to feel embar-
rassed by this error, however it illustrates the lack of awareness of the term ‘assistive 
products’ among the general population. In Section f.1 Recommendations, 27% of re-
spondents to this question identified issues concerning awareness as a way to improve 
access to assistive products. People for example, do not identify spectacles as being an 
assistive product. We also believe this lack of public awareness contributed to the poor 
questionnaire participation rate.  

It was recorded that one of the most significant barriers to assistive products were 
around the high price of products, with respondents stating that they ‘cannot afford’ the 
products they need and citing ‘cost’ issues as a route to improve access to assistive 
products. The most significant theme in Section F: Recommendations concerned issues 
around ‘provision’ with 42% of respondents identifying improvements in the supply 
structure for quality products and allied services, which included concerns around 
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awareness of where to find and who to contact to find information on appropriate prod-
ucts or funding. 

It was found that good access and satisfaction levels were seen for spectacles for 
children, but there are cost barriers for adults with almost all provision private and at a 
high cost. While it was identified that the three most important assistive products for 
child respondents were mostly paid for by “Government”, when respondents were 
asked about their own spend on assistive products in the last 12 months, the average 
spend for children was higher than for adults. Eight of the nine responses for children 
who reported spending on assistive products in the last 12 months reported that the 
government paid for their three most important assistive products. This suggests that 
their assistive product needs are not fully met by the government.  

In Section F: Recommendations low satisfaction and access to mobility and hearing 
products were recorded, with a common complaint around hearing aids and wheelchairs 
that products from the government provision were of low quality and frequently pro-
vided low levels of user satisfaction. Respondents also said that the only alternatives 
available to National Health Service provision were from private companies at a very 
high cost. Some recommendations were for government vouchers to which they could 
‘top-up’ personally to help afford privately supplied high-quality products and services 
which also avoid long government waiting times. A number of respondents reflected 
that they had no recommendations to make as they felt that the system worked well and 
were fortunate to have access to the assistive products. 

5 Conclusion 

While this questionnaire received a limited response, the collected data provides a val-
uable insight into the use of assistive products in the UK. Results highlighted high lev-
els of satisfaction with assistive products, assistive technology services and with repair, 
maintenance, and follow-up among users. As most assistive products were paid out-of-
pocket, this means they are not accessible to everyone. 18.5% of respondents had an 
unmet need for assistive products, and “Cannot afford” was one of the most frequently 
identified barriers to accessing assistive products. During interviews, it became clear 
that we were raising awareness of the breadth of products and services that fall under 
the umbrella term of ‘assistive technology’ according to the WHO definition and that a 
large-scale questionnaire at national level would be of significant benefit in raising pop-
ulation awareness in the UK. 
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Abstract. The present contribution reports on the preliminary results from the 
implementation of the rapid Assistive Technology Assessment (rATA) con in 
Italy. The target population of the survey included residents in Italy aged 0+. The 
interviews have been conducted through the two mixed interview techniques: 
CATI (Computer Assisted Telephone Interviewing), and CAWI (Computer As-
sisted Web Interviewing). In total, 10170 individual responses (52,2% females; 
47,8% males) were collected in the period June-September 2021. Prevalence of 
AT use resulted 58% of the total sample. Only 6,9% of the total population re-
ported an unmet AT need. No differences were observed for what concerns the 
use of AT according to gender or living conditions (i.e., rural vs. urban). The 
majority of AT users resulted at least satisfied with their products (83,6%), less 
so with assessment and training (58,3%) and maintenance (37,8%) services. On 
the ground of the present results, actions will be undertaken in Italy to promote a 
continuous collection of data on AT access and quality to ensure that AT systems 
across the country are capable of maintaining high standards of AT provision 
over time.   

Keywords: Assistive Technology Access, Provision, Procurement, Quality, 
Rights 

1 Introduction 

Assistive technology (AT) products, from spectacles to social robots, enable people to 
live healthy, productive, independent, and dignified lives by facilitating their participa-
tion in education, the labor market and civic life [1]. Given the benefits brought about 
AT for the individual and society, access to AT has been recognized as a fundamental 
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human right by the Convention on the Rights of Persons with Disabilities (CRPD). Yet 
only 10% of the people in need of an AT product have access to it [2].  

To date, no data have been systematically collected on a global scale about access to 
AT products. The reason for such lack of data may include the high variability of AT 
provision practices across systems and countries, which in turn may have prevented the 
development of tools that could be used to collect comparable information about AT 
access in different contexts. To overcome this challenge and allow direct comparisons 
between AT systems across countries and populations, GATE has developed the rapid 
Assistive Technology Assessment (rATA) questionnaire [3]. 

On February 2021, a consortium of Italian governmental and non-governmental in-
stitutions has partnered with WHO to conduct a nation-wide survey using the rATA 
with a view to provide governmental authorities (e.g., Ministry of Health) as well as 
non-governmental organizations (e.g., AT users associations) with a specific tool to 
collect baseline data and continuously monitor AT access at national as well as regional 
level. 

1.1 The Italian Context 

Italy has a population of about 60 million inhabitants, and it is the third-largest national 
economy in the European Union. The country has a tax-funded universal national health 
service (Servizio Sanitario Nazionale, SSN) that guarantees the universal provision of 
comprehensive care throughout the country. Responsibility for the organization and 
delivery of services, including AT provision, is attributed to its 20 regional authorities. 
The provision of AT and prostheses is regulated by the ‘Nomenclatore Tariffario”: a 
law of the Italian state (DPCM 12/01/2017) establishing essential level for assistance 
(LEA) within the SSN. Roughly described, the decree includes a list of Assistive prod-
ucts (organized by category, code) that can be financed by the SNN. Health profession-
als in force of the SNN may take advantage of the expertise of independent profession-
als working in specialized Centres for AT belonging to the GLIC network. These Cen-
tres constitute a point of reference for SSN professionals, other stakeholders (e.g. fam-
ilies; school teachers) and for people with disabilities. They offer a variety of AT-
related services, in collaboration with professionals from the relative local health au-
thority, social services and, in the case of children, the school system. The Centres for 
AT are managed at a local and regional level, with the objective of helping the users 
and the professionals to identify the most suitable AT. Usually, Centres for AT belong 
to a more complex network of public services, and are part of the rehabilitation, educa-
tion, and assistance pathways which are addressed to the person with disabilities and 
which provide the involvement of different, but mutually integrated, professional pro-
files. Despite the maturity of the AT service delivery system in Italy, no data have been 
systematically collected on the need and unmet need for AT in the Italian population, 
as well as on the overall perceived quality of the associated services. 
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2 Method 

2.1 Participants 

The target population of the survey included residents in Italy aged 0+. The stratifica-
tion of the sample (see below) allowed to obtain information on the inhabitants of the 
4 subnational areas (North-East, North-west, Center and South) and of different living 
contexts (urban and rural, small and large cities). People with functional limitations or 
disabilities were randomly intercepted based on their different prevalence in the popu-
lation. 

2.2 Survey Method 

The rATA has been implemented as a stand-alone questionnaire [4]. Before its admin-
istration, the rATA has been adapted and translated into Italian [5]. The interviews have 
been conducted through the two mixed interview techniques: CATI (Computer Assisted 
Telephone Interviewing), and CAWI (Computer Assisted Web Interviewing). The use 
of mixed techniques made it possible to limit critical issues by maximizing the potential 
advantages of each technique. The choice to introduce the CAWI technique in popula-
tion surveys is based on the need to contain the costs of the survey, but also and above 
all to exploit the potential offered by technology to intercept segments of the population 
that are increasingly elusive compared to traditional techniques (telephone interviews), 
and thus improve the coverage capacity of surveys, while increasing response rates. 
The combination with the CATI-CAWI technique allows to obtain the responses of 
those who might have a low propensity to use new technologies, or find themselves 
unable to fill out an online questionnaire or prefer to carry out the interview with the 
support of a surveyor. A 2-day training course was organized to train CATI enumera-
tors. 

2.3 Sampling Strategy 

The sample design has been stratified with numbers proportional to the reference uni-
verse, with respect to the variables deemed most suitable for the selection of the sample. 
In fact, simple random sampling (each unit has the same probability of being included 
in the sample) is rarely used in sample surveys because it does not use the information 
known a priori on the population and on the distributive characteristics of the variables. 
Furthermore, the extraction of the units is completely entrusted to chance, and this can 
lead to organizational difficulties related to the achievement of the units to be surveyed. 
If the structure of the universe is such as to allow the identification of homogeneous 
areas (clusters) with respect to the variables to be detected, it is possible to determine 
more efficient estimates than those obtainable with a simple random sample through 
the stratified sample, i.e., the sample obtained from the union of those extracted from 
the single cluster. The strata into which the universe is divided are determined by the 
combination of the variables under study (or, in the case of a single variable, by the 
modalities it assumes): for instance, for a sample of individuals, structural 
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characteristics can be considered as distinctive variables. Random samples are ex-
tracted from individual clusters with autonomous methodologies. The stratification var-
iables that have been considered for the purpose of the current survey are: (a) the geo-
graphic area and the demographic size of the municipality of residence of the interview-
ees, which identifies the geographical coordinates within which the interviewee is lo-
cated; (b) the gender, which can have an influence in determining opinions and behav-
iors relating to the issues discussed, and (c) the age, which may have an influence in 
determining opinions and behaviors relating to the topics covered. 

2.4 Sample Size Estimation 

The sample size assumed is 10,000 people and ensures, at a 95% confidence level, a 
sampling error of 1.0%. Furthermore, the stratification carried out guarantees more ef-
ficient estimates than simple random sampling of the same number. The sample size is 
based on global estimates of disability prevalence (i.e. 15%) as reported in the WHO 
World Report on Disability [6]. The confidence level and the sampling error indicated 
refers to the estimate of the key indicator represented by the people in need of AT, 
while the sampling error related to the access rate among the Italian population to the 
AT is 2,5% at a 95% confidence level. 

3 Results 

The analyses of the Italian dataset are currently ongoing. For this reason, in the present 
contribution we report only on the analysis published in the Global Health Observatory 
developed for the scope of the Global report on Assistive Technology (GReAT) [7]. In 
total, 10170 individual responses (52,2% females; 47,8% males) were collected in the 
period June-September 2021. Prevalence of AT use resulted 58% of the total sample 
(Fig. 1). As shown in Fig. 1, high levels of met needs were reported (51,7%) against an 
overall need of 58,6%. In other words, only 6,9% of the total population reported an 
unmet AT need.  

 
Fig. 1. Prevalence of use, need, met need, and unmet need for assistive products by function 
limitation with spectacles. 

Notably, when excluding the users of spectacles alone form the dataset, the proportion 
of unmet needs decreases to 4,1%. Visual inspection of the data collected revealed no 
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noticeable differences for what concerns the use of AT according to gender or living 
conditions (i.e., rural vs. urban). At a further inspection of the data, the distribution of 
AT users across the different geographic areas resulted well balanced, without notice-
able differences across regions. The three most commonly reported AT products in use 
included spectacles (44,4%), pill organizers (3.8%), and magnifiers (3,2%). The vast 
majority of products in use (82%) were purchased out-of-pocket, likely for the high 
number of products for vision (i.e. spectacles) included. Indeed, when excluding the 
spectacles from the dataset, the proportion of AT purchased out-of-pocket decreases to 
56%.  

The majority of AT users resulted at least satisfied with their products (83,6%), less 
so with assessment and training (58,3%) and maintenance (37,8%) services. Products 
resulted however overall suitable in different living environments (range of satisfied 
users 81,3%-78,5%). 

4 Conclusions 

The steady increase in the number and proportion of older adults in the Italian popula-
tion, combined with direct and indirect effects of the current pandemic situation on the 
health and social care systems, are expected to widen the challenges faced by people in 
need of an AT product. For this reason, strengthening access to AT for disabled persons 
and those who are frail can be considered a national priority to prevent social inequali-
ties and improve the quality of life of the Italian population. On the ground of the pre-
sent results, actions will be undertaken to promote a continuous collection of data on 
AT access and quality to ensure that AT systems across the country are capable of 
maintaining high standards of AT provision over time.   
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Abstract. The objective of the study was to estimate the prevalence of needs for 
and use of assistive products, and experiences of assistive technology among 
adults under COVID-19 pandemic circumstances in Sweden. Mainly during June 
2021, a nationally representative telephone survey was conducted to collect data 
through an adapted version of the WHO rapid Assistive Technology Assessment 
(rATA) questionnaire. Including spectacles, the prevalence of needing at least 
one assistive product was 68.9% and the prevalence of using at least one assistive 
product was 68.1%. Excluding spectacles, these prevalence rates were 17.1% and 
15.8%, respectively. The access rate was 89.7% including spectacles and 83.2% 
excluding spectacles. The impact of the pandemic on assistive technology provi-
sion appeared to be relatively small. 

Keywords: Assistive Technology, COVID-19, Prevalence of Need, Prevalence 
of Use, Sweden, User Experience. 

1 Introduction 

In response to the World Health Assembly Resolution 71.8 on improving access to 
assistive technology [1], the World Health Organization (WHO) has developed the 
Global Report on Assistive Technology (GReAT) [2] in partnership with UNICEF. 
GReAT is informed by surveys on current needs for and use of assistive technology 
undertaken in countries located in each of the six WHO regions of the world. Being one 
of these surveys, the objective of the Swedish Assistive Technology Survey (SATS) 
was to estimate the prevalence of needs for and use of assistive products, and experi-
ences of assistive technology, in the population in Sweden aged 18 years and older 
under pandemic circumstances. 
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2 Methods 

2.1 Study Design 

SATS was a representative cross-sectional national telephone survey among the adult 
population in Sweden. With few exceptions related to the age group of the population, 
the sample size, the data collection method and the questionnaire, SATS followed the 
protocol reported in [3]. 

2.2 Sample and Sampling 

The general population in Sweden aged 18 years and older constituted the study popu-
lation. The sampling frame was a compiled list of all telephone numbers from all oper-
ators in Sweden that matched individuals in the concerned age group in the public reg-
ister of the Swedish Tax Agency. 

Calculation of the required sample size was based on an estimation formula for 
household surveys recommended by UN Department of Social Affairs [4], which is 
simplified in Formula 1 below: 

 n = (z2)(r)(1-r)(f)(k) / (p)(e2)  (1) 

where n is the sample size, z is the statistic that defines the level of confidence desired, 
r is the prevalence of access to any assistive product in the target population, f is the 
sample design effect, k is a multiplier that accounts for non-response, p is the proportion 
of the total population accounted for by the target population, and e is the margin of 
error to be attained. With r=4% (assumed prevalence of access), z=1.96 (95% confi-
dence that r is between 3% and 5%), f=1 (no sample design effect with simple random 
sampling), k=1 (respondents are recruited until the full sample size is achieved), p=1 
(the target population is the same as the total population), and e=0.25r (with a level of 
precision at 25%, the margin of error is 1%), the minimum sample size n=1476, which 
was rounded up to 1,500. The prevalence of access (r) was higher in this study than in 
the protocol [3], which is justified by a relatively high prevalence of use of assistive 
products in Sweden (for example, in the population 16 years and older, 5.1% used hear-
ing aids and 68.7% used spectacles or contact lenses in 2016 [5]). 

The sample was drawn from records comprised of the adult (18 years and above) 
population matched with a phone number and complemented with extra sampling for 
under-represented age groups. Two measures were taken to secure representative data: 
i) quota setup on age and gender; and ii) weighing data on age, gender and NUTS 2 
region. 

2.3 Data Collection Instrument 

The data collection instrument used in SATS included most of the items of the stand-
ardized individual-level questionnaire rapid Assistive Technology Assessment tool 
(rATA) developed by WHO [6]. It covers the respondents’ characteristics, functioning, 
and use of, needs for and satisfaction with assistive products and related services, as 
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well as sources of, costs for and traveling to get assistive products. In addition, the 
questionnaire collected data on the use of assistive products and related services under 
pandemic circumstances. 

Given that rATA is designed for face-to-face interviewing under non-pandemic con-
ditions, rATA was first adapted to facilitate telephone interviewing. This was followed 
by the addition of four questions related to the pandemic. The adaptation of the rATA 
survey for the purpose of SATS was carried out in close collaboration with WHO and 
SINTEF, Norway. 

The SATS questionnaire was translated into Swedish in consultation with six assis-
tive technology experts to ensure correct terminology. The translated questionnaire was 
then reviewed by two academic researchers and two additional experts on assistive 
technology. Following a revision to accommodate the feedback of the reviewers, the 
questionnaire was tested among eight assistive technology users (35-85 years old; 5 
women and 3 men) before finalization. 

2.4 Data Collection and Analyses 

Data were collected between 8 June and 2 July 2021 through computer-assisted tele-
phone interviewing by experienced interviewers at a data collection agency in Sweden. 
The median interview time was 4:48 minutes. 

Using descriptive statistics, weighted data were analyzed according to the protocol 
reported in [3] with the addition of descriptive statistical analyses of data related to the 
pandemic. Definitions of key indicators are given below [2]. 

Prevalence of use. The proportion of a population using assistive products 
Prevalence of need. The sum of the prevalence of met need and the prevalence of 
unmet need, where:  

─ Prevalence of met need: the proportion of a population using assistive products that 
do not need new or additional assistive products 

─ Prevalence of unmet need: the proportion of a population that need new or additional 
assistive products regardless of whether they are already using assistive products 

Access. The ratio of prevalence of met need to prevalence of need. 
As spectacles constitute a large proportion of the needed and used assistive products, 

summarized data are provided with and without spectacles. 

2.5 Ethics 

The study was approved by the Swedish Ethical Review Authority (Dnr 2021-01453). 
Only eligible individuals that consented to participation were included. The data col-
lection agency delivered pseudonymized data, which were anonymized after three 
months. 
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3 Results 

Characteristics of the study participants are given in Table 1. 

Table 1. Characteristics of the participants (unweighted). 

Characteristic  
Gender (n)  
     Female 751 
     Male 746 
     Other/No response 3 
Age (years)  
     Mean 49.5 (SD: 18.9) 
     Range 18-98 
At least some difficulty with… (%)  
     Mobility 10.8 
     Seeing 64.5 
     Hearing 9.8 
     Communication 1.9 
     Remembering 12.5 
     Self-care 3.2 

Data on prevalence of need, access and prevalence of use including and excluding spec-
tacles are summarized in Table 2. 

Table 2. Prevalence of need, access and prevalence of use (weighted). 

Indicator Including spectacles Excluding spectacles 
Prevalence of need: ≥1 assistive product 68.9% 17.1% 
Access 89.7% 83.2% 
Prevalence of use: ≥1 assistive product 68.1% 15.8% 
Prevalence of use: ≥2 assistive product 13.2% 3.9% 
Prevalence of use: ≥3 assistive product 3.3% 1.3% 

Proportionally more women than men used assistive products including spectacles 
(74.1% vs. 61.9%) and excluding spectacles (18.3% vs. 13.1%), as well as expressed a 
need for assistive products including spectacles (74.6% vs. 63.2%) and excluding spec-
tacles (20.0% vs. 13.9%). Proportionally less women than men reported access to as-
sistive products, both including spectacles (88.7% vs. 90.7%) and excluding spectacles 
(80.0% vs. 86.5%). 

Among 57 specified types of assistive products, the highest prevalence rates of use 
were found for spectacles (64.6%), hearing aids (5.4%), pill organizers (4.4%), 
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continence pads (1.7%), self-propelled manual wheelchairs (1.3%), crutches (1.2%), 
canes (1.1%) and rollators (1.1%). 

A large majority of the users were quite or very satisfied with their main assistive 
product (87.4%), found it mostly or completely suitable for their home and surround-
ings (95.4%) and in public spaces (94.4%), reported that it mostly or completely helped 
them to do what they wanted (74.2%), and were satisfied with related assessment and 
training (91.5%), and repair, maintenance and follow-up (87.7%). 

The two commonest sources of a respondent’s most important assistive product were 
the private health sector (83.3%) and public assistive technology sector (13.9%). Most 
of the users had paid for their most important assistive product out-of-pocket (84.2%); 
other payers included the public (7.4%) and employers (6.9%).  

Among respondents using or needing assistive products, 10.4% needed a new or to 
replace an assistive product. Reasons for these unmet needs included lack of motivation 
(18.9%), time (14.2%) and affordability (8.5%), and pandemic circumstances or delays 
(7.5%). 

Compared to before the pandemic, a large majority (85.7%) used their assistive prod-
ucts equally much during the pandemic. Among those that used their assistive products 
less (5.0%), common reasons were: choosing to stay at home (25.0%), studying or 
working from home (17.5%), and doing other activities than before (12.2%). And 
among those that used their assistive products more (7.7%), the most frequent reasons 
were the same, i.e.: studying or working from home (23.6%), doing other activities than 
before (11.8%), and choosing to stay at home (11.1%). Other reasons for changes in the 
use of assistive products were deteriorating health, keeping distance and others. 

During the pandemic, 13.1% of those using or needing assistive products had got or 
were supposed to get at least one assistive product, and 9.9% of them thought that the 
assistive product was delayed because of the pandemic. Similarly, 8.8% of those using 
or needing assistive products had got or were supposed to get their assistive product 
serviced or repaired, and 15.9% of them thought that the service or repair had been 
delayed because of the pandemic. 

4 Discussion 

Including spectacles, the prevalence of need for assistive products in Sweden was 
68.9%, the access was 89.7%, and the prevalence of use was 68.1%. Excluding specta-
cles, the corresponding rates were 17.1%, 83.2% and 15.8%, respectively. These rates 
were among the highest in the WHO multi-country survey, which was completed in 
2021 [2]. A larger proportion of women than men reported needing and using assistive 
products while a larger proportion of men had access to assistive products, which calls 
for further investigation. 

The prevalence of use of spectacles and hearing aids are similar to the rates obtained 
in a survey in 2016 using a larger sample of the population in Sweden aged 16 years or 
older (n=5,778), which found that 68.7% (margin of error ±1.1%) used spectacles or 
contact lenses, and 5.1% (±0.5%) used hearing aids [5]. 
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Compared to other countries in the WHO survey, the users in Sweden scored among 
the highest regarding satisfaction with their assistive products and related services, as 
well as being able to use their assistive products in different settings [5]. 

In Sweden, most people pay for their spectacles themselves, which partly explains 
why most people pay out-of-pocket for their assistive products. However, a majority of 
the other types of assistive products are provided free of cost, while others require a 
nominal fee [7]. The latter may have been considered by some respondents to be out-
of-pocket payment when it in fact was mainly paid for by the public. Reasons for unmet 
need often relate to personal issues rather than affordability.   

Less than 15% of the users changed their use of assistive products during the 
COVID-19 pandemic. The reasons for changes were largely the same irrespective of 
whether their use increased or decreased. Less than 1.5% of those using or needing 
assistive products attributed delay in delivery of products or services to the pandemic. 
Thus, the impact of the COVID-19 pandemic on assistive technology provision in Swe-
den was relatively low at group level. This finding contrasts with studies during the 
pandemic using non-representative samples, which reported that access barriers to as-
sistive products and services, such as training and repair, were exacerbated worldwide 
due to disruption of supply chains, social distancing requirements, and strains placed 
on health care, education and other economic and social systems [8-10].  
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Abstract. There is limited data on the prevalence of disability and need for As-
sistive Technology (AT) in low-income urban communities in the global South. 
Given the close association between disability and poverty, and that fact that in 
many contexts AT users need to pay to secure assistive products, it can be antic-
ipated that residents of such settlements are likely to face particular challenges in 
accessing AT. This underlines the need for data to inform policy development to 
extend access to life-changing AT to this population. In order to address this 
knowledge gap, 4,256 individuals in five urban low-income communities in Si-
erra Leone and Indonesia were surveyed using the Rapid Assistive Technology 
Assessment (rATA) tool. Given the specific circumstances of our research pop-
ulation, we also adapted the rATA tool to introduce the category of ‘informal 
sector’ as an AT provider in the rATA questionnaire.  This paper presents our 
findings on patterns of AT need and access amongst the surveyed population, 
demonstrating a high level of unmet need, and also highlights the importance of 
distinguishing the informal sector as a key provider of AT to settlements of the 
urban poor. 

Keywords: Assistive Technology, Informality, Low-income communities, Dis-
ability 

1 Introduction 

The WHO defines Assistive Technology (AT) as “the umbrella term covering the sys-
tems and services related to the delivery of assistive products and services” [1] and 
assistive products (AP) as “any item, piece of equipment, or product, whether it is ac-
quired commercially, modified, or customized, that is used to increase, maintain, or 
improve the functional capabilities of individuals with disabilities.” [2] Examples of 
AP are hearing aids, wheelchairs, communication aids, spectacles, prostheses, pill or-
ganizers and memory aids. It is estimated that by 2050, two billion people would benefit 
from AT, yet 90% will not have access [3]. Addressing the large and growing unmet 
need for AT is central to meeting obligations under the UN Convention on the Rights 
of Persons with Disabilities (UNCRPD) and in ensuring no one is left behind in achiev-
ing the Sustainable Development Goals (SDGs). Given the close association between 
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disability and poverty [4], it is not surprising that the data available suggests that inad-
equate access to AT is a particular problem in low resource settings [5] [6]. However, 
data on AT access and use in low resource contexts in the global South is limited in its 
scope and coverage, and more research is needed to inform policy interventions to ex-
tend access to AT in such settings. Furthermore, given the particular circumstances of 
many low income AT users in the global South, we argue that data collection tools such 
as the Rapid Assistive Technology Assessment (rATA) would benefit from being 
adapted to ensure that the ‘informal sector’ (broadly comprising unregulated providers 
of AT) is defined as a distinct provider of AT where surveys are conducted in low 
resource settings. Accordingly, this paper presents both the adaptations we made to the 
rATA tool to reveal the informal sector as a provider of AT, and the resulting findings 
of a series rATA surveys. These surveys were undertaken in September 2019 in five 
low-income communities, three in Freetown, Sierra Leone and two in Banjarmasin, 
Indonesia, during which a total of 4,256 individuals were surveyed. The surveys were 
undertaken for the research project “AT2030 Community led solutions”, led by The 
Bartlett Development Planning Unit, University College London (DPU-UCL) and 
funded though the wider Global Disability Innovation Hub (GDI Hub) AT2030 Pro-
gramme. The findings presented in this paper, based on a larger report published earlier 
this year [7], contribute to addressing the current gap in quantitative data on disability 
prevalence and access to AT in low-income settlements in the global south, and partic-
ularly the role of the informal sector as a provider of AT.  

1.1 Informal AT Providers 

A substantial literature exists on the informal economy and its definition remains a sub-
ject of much debate [8] [9]. However, “The prevailing definition accepted across disci-
plinary and ideological boundaries is that the informal economy refers to income gen-
erating activities that operate outside the regulatory framework of the state” [10]. AT 
providers in the informal economy can imply both problems and opportunities for ef-
forts to ensure access to appropriate AT at scale. On the one hand, defining the informal 
economy in terms of lack of regulation is important when we consider informal enter-
prises as a source of AT, as it implies (in addition to other forms of regulation around 
tax, or intellectual property) limited regulatory intervention to ensure the adequacy and 
safety of AT for users. This is a particular concern as inadequate AT can be associated 
with increased morbidity and mortality for users [11]. On the other hand, informal pro-
viders of AT are often more accessible to people on low incomes, providing more af-
fordable products and services. Furthermore, AT enterprises developed by persons with 
disabilities/ AT users themselves are often positively associated with AT innovation, 
and may be evaluated more positively by users than formally provided AT – but such 
enterprise often remain informal due to barriers to formal registration for small, user-
led enterprises [12]. The ambiguous value of informal providers for AT users therefore 
presents a key policy research gap – i.e. the need to better understand “how can the 
benefits of informal AT providers in providing broader and less expensive access to 
otherwise unserved populations be promoted whilst protecting AT users from unsafe 
products and services?” [13] To support such policy research there is a need for more 
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data on the role of informal enterprises in AT provision and its merits and weaknesses 
vis a vis other providers. 

2 Scope and Methodology 

2.1 rATA Survey  

Surveys about health or disability rarely include questions about APs, or do not provide 
enough information to inform decision-making. The rATA aims to address that gap by 
providing a simple tool to determine answers to the most basic yet important questions 
about AT [14]. The survey is composed of five parts [15]. The first collects demo-
graphic information about the individual and is followed by three core data collection 
sections: need for AT, demand and supply, and satisfaction. There is a final optional 
section on recommendations. The survey includes a poster produced by the WHO 
Global Cooperation on Assistive Technology (GATE) programme, with images of 26 
assistive products. The AP depicted relate to the areas of hearing, mobility, seeing, 
remembering or concentrating, self-caring, and speaking or communicating.   

It is important to note that the rATA survey draws on respondents’ self-reported 
perceptions of AT need, and their experiences of AT access and use. This is unlike 
other population survey tools for AT that are based on clinical assessment. The 
advantages of a self-reported survey like rATA are that it is quick and low cost, 
uses consistent and comparable survey elements, and involves AT users’ own 
perspectives and experiences. However, research suggests that self-reported 
surveys often fail to correspond well to clinical assessments, featuring significant 
elements of both under- and over-reporting of the need for AT [16].  Despite this 
caveat, in the absence of clinical assessments of AT need in the two cities, 
the rATA has an important contribution to make in highlighting locally perceived 
patterns of AT need and access. 

The rATA survey implemented by DPU-UCL is an adaptation of the original WHO 
survey. Specific changes related to the focus of this paper on informal AT providers 
were made after piloting the survey in a low- income community in Indonesia, and 
receiving feedback from data collectors in both countries. These included: 

1. Informal providers: This survey has added a question on informal providers of 
AT, based on initial field observations that low-income urban residents in the 
two cities surveyed access many of their devices from the informal market. Data 
collectors defined ‘informal providers’ as second-hand shops, street markets and 
street hawkers  

2. Evaluation of specific ATs: This survey has changed the skip logic of the rATA tool 
to link qualitative evaluations (e.g. users’ satisfaction with AP or associated services) 
to specific AP where respondents use multiple APs. In relation to the theme of this 
paper this allowed us to compare, for example, user satisfaction with AT from infor-
mal sources with AT from formal providers. 

3. AT payment: The payment for AP question has been rephrased, to focus on 
what the AT user knows, instead of the sources of funding (“Did you have to 
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pay for your AP?” instead of “Who paid for your AP?”). Again this was important 
in relation to our focus on informal providers, as difference in costs between formal 
and informal providers was revealed to be a key concern for users in our wider qual-
itative research for the AT2030 project. 

Following the rATA survey, further investigation into the role of informal markets as 
AT providers were explored through qualitative research as detailed in two parallel re-
ports [17].  

2.2 Case Studies  

The rATA survey was conducted in five low-income urban settlements. The sites were 
identified by local partners (The Sierra Leone Urban Research Centre (SLURC) and 
the Federation of the Urban and Rural Poor (FEDURP) in Sierra Leone, and the NGOs 
Kota Kita and Kaki Kota in Indonesia) as they work with the communities addressing 
poverty, low-income housing and public spaces, and citizen ́s participation among oth-
ers. In the absence of sound local socio-economic data, that the settlements were iden-
tified as low-income communities by partners, and are current targets of interventions 
for the urban poor by the partners and local government, were taken as a proxy for low-
income.  

Four of the sites (Dworzark and Thompson Bay in Freetown, and Kelayan Barat and 
Pelambuan in Banjarmasin) were selected on the basis that they are ‘mainstream’ set-
tlements of urban poor. This means that these settlements have no specific disability- 
related features, such as disability organizations or facilities, and do not have an unu-
sually high concentration of persons with disabilities as residents. The intention was 
therefore to understand the need for and access to AT in average settlements occupied 
largely by low-income people, but without specific 
provisions for, or visibility of, people with disability. 

The fifth community selected, a land occupation by the disabled persons organiza-
tion (DPO) Help Empower Polio People (HEPPO), in contrast, is an urban low-income 
community of primarily wheelchair users and people with mobility impairments result-
ing from polio in Freetown.  

It is important to note that the findings do not claim to be representative of each 
city or country, but in the absence of national data on AT, the findings act as a 
sample survey which gives insights into patterns of AT access and use in low- 
income urban communities in the two countries.  

2.3 Data Collection 

The data was collected and stored using KoBoToolbox1, a suite of tools for data col-
lection and analysis for use on a smart phone, especially within challenging environ-
ments. The aim was to survey 1,000 individuals within a defined area of the settlement 
using a population survey approach, hence everyone in a specific. area. In Dworzark 

                                                           
1  https://www.kobotoolbox.org/ 
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and Thompson Bay (Sierra Leone) 2,076 individuals were surveyed and in Pelambuan 
and Kelayan (Indonesia), 2,046 were surveyed. In HEPPO everyone from the commu-
nity (134 individuals) were surveyed over six days in January 2020 (see Table 1).  

The raw data was analysed by AT2030 team members from the NGO Leonard 
Cheshire and the statistical report was written by DPU-UCL and Leonard Cheshire, 
with feedback from WHO. Ethical approval for the study was granted by UCL. Consent 
from participants was sought after a three-minute information video which was shown 
to everyone on a phone (including subtitles). Each video was prepared considering the 
cultural differences of each country in terms of language and image type. A sign lan-
guage interpreter was present in case of respondents that needed this service. Children 
and young people under age 17 were only interviewed with a carer present, and if not, 
they were not interviewed. Responses for children between 0-9 years were given by a 
proxy adult. People with disability who needed a carer to help them communicate were 
interviewed directly, with a carer present. 

Table 1. Sites and population surveyed in Banjarmasin, Indonesia and Freetown, Sierra Leone 

Country Low-income 
communities 

Criteria of selection Total 
number 

of residents 

Ain to 
survey 

Total 
number 

surveyed 

Response 
rate from 

individuals 
approached 

Banjarma-
sin, Indo-
nesia 

Kelayan Barat Mainstream settlement 
of the urban poor 

6,763 1,000 1,020 94% 

Pelambuan Mainstream settlement 
of the urban poor 

12,854 1,000 1,026 94% 

Freetown, 
Sierra Le-
one 

 

Thompson Bay Mainstream settlement 
of the urban poor 

N/A 1,000 1,005 84% 

Dworzark Mainstream settlement 
of the urban poor 

16,500 1,000 1,071 84% 

Help Empower 
Polio Persons 
Organization 
(HEPPO) 

Community of primar-
ily wheelchair users and 
people with mobility 
impairments 

134 134 134 100% 

Total sur-
veyed 

    4,256  

3 Findings  

The findings in the four mainstream communities showed a high self-reported disability 
prevalence (using the “some difficulty” or above cut-off): 20.6% in Thompson Bay and 
Dworzark, Sierra Leone; and 30.9% in Kelayan Barat and Pelambuan, Indonesia. Se-
vere disability prevalence (“a lot of difficulty” or above) was 4.3% to 7.0%, respec-
tively. The most common impairments were related to mobility and seeing/vision. The 
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least common impairments were speaking or communicating, and remembering or con-
centrating, however their prevalence rose significantly in older people.  

More than half of the older population had a disability (62.5% in Thompson Bay and 
Dworzark, Sierra Leone and 69.4% in Kelayan Barat and Pelambuan, Indonesia) among 
whom most were severely disabled, indicating that the environment2 plays an im-
portant role in disability prevalence in these communities. Females tended to have 
slightly higher disability prevalence than males (21.6% vs 19.5% in Thompson Bay and 
Dworzark, Sierra Leone; 34.9% vs 27.1% in Kelayan Barat and Pelambuan, Indonesia), 
had less AP coverage, and more self-reported AP need.  

AP coverage was low among the population in need (14.9% in Thompson Bay and 
Dworzark, Sierra Leone and 47.4% in Kelayan Barat and Pelambuan, Indonesia), and 
the variety of devices found was extremely limited (see Table 2), with most being spec-
tacles (81.0% in Thompson Bay and Dworzark, Sierra Leone and 93.8% in Kelayan 
Barat and Pelambuan, Indonesia). Self-caring devices were a priority in all the case 
studies, and more than half of the respondents that had a difficulty in self-caring said 
that they did not have the AP they needed (52.9% Thompson Bay and Dworzark, Sierra 
Leone; 46.7% Kelayan and Pelambuan, Indonesia). Seeing/vision devices were a pri-
ority in Thompson Bay and Dworzark, Sierra Leone (56.6%), and speaking or com-
municating devices (41.9%) were a priority in Kelayan Barat and Pelambuan, Indone-
sia.  

Table 2. Total APs found in the general population in the three case studies 

Assistive Product Domain Thompson 
Bay and 

Dworzark, 
Sierra Leone 

Kelayan 
Barat and 

Pelambuan, 
Indonesia 

HEPPO, 
Sierra Leone 

Spectacles Seeing/vision 52 289 0 
Auxiliary/elbow crutches Mobility 3 0 8 
Manual wheelchair (basic 
type) 

Mobility 1 2 0 

Manual wheelchair (push 
type) 

Mobility 2 1 13 

Rollators and walking 
frame   

Mobility 1 0 6 

White cane Seeing/vision 0 2 0 
Tricycle Mobility 0 0 6 
Therapeutic Footwear Mobility 1 2 0 
Orthosis Mobility 0 2 0 
     

                                                           
2 Acquired vs hereditary health condition.  
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In relation to the focus of this paper, most AT users got their AP from the informal 
sector3 (30.8% in Thompson Bay and Dworzark, Sierra Leone; 65.3% Kelayan and 
Pelambuan, Indonesia) (see Figure 1 and Figure 2). The majority of APs accessed 
through informal providers were spectacles. One caveat to this finding is that the sepa-
ration of different AT providers in the rATA survey may oversimply the complex real-
ity of AT provision and overstate the distinction between AT sources. For example, our 
wider research into informal AT markets indicated that there is often significant coop-
eration between AT sources - for example, in both countries, ‘formal’ AT providers, 
including local government bodies and hospitals, acquired some of the APs that they 
provide to users from informal sources (secondhand markets in Freetown and informal 
enterprises in Banjarmasin). 

 
Fig. 1. Sources of AP owned by respondents in Thompson Bay and Dworzark, Sierra Leone. 

 
Fig. 2. Sources of AP owned by respondents in Kelayan Barat and Pelambuan. 

One explanation for the informal sector being the predominant source of AT in all the 
settlements surveyed may be the fact that the survey also showed that most AT users 
had to pay for their AP, and when interviewees were asked why they did not have the 
AP they need, affordability was the most frequent reason given in all the settlements. 
This could explain a preference for informal AR providers given that our linked re-
search into informal markets for AT showed that AT from informal providers (particu-
larly second hand goods markets in Freetown  and small unregistered providers in Ban-
jarmasin) tend to be significantly cheaper than formal hospital and commercially sup-
plied AT.  

                                                           
3 Data collectors interpreted ‘informal providers’ as shops or enterprises that are not legally reg-

istered as AT providers, including local markets and unregistered shops, tradespeople such as 
mechanics and carpenters, and, in Sierra Leone, the large second-hand goods markets. 
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However, it is not necessarily always the case that users source AT from the informal 
sector due to lower costs. Another issue that we were able to highlight in the rATA 
survey was that the difference in satisfaction with APs and with AP services from for-
mal sources (private formal businesses and government and private hospitals) versus 
from informal sector providers was very small in both countries, and in some cases 
informal providers scored more highly. For example in the Lickert scale of 1-5 in the 
rATA survey focused on ‘Satisfaction with AP by provider type’, respondents in Ke-
layan Barat and Pelambuan scored Formal Sector Business highly (3.81) but Informal 
Sector (3.65) scored higher that Private Hospital/ Facility (3.31) or Government Hos-
pital/ Facility (3.30). This throws into question the assumption that the unregulated na-
ture of informal providers necessarily implies lower quality AT. 

The rATA findings in HEPPO, the community organized by wheelchair users, 
showed that there was extremely high prevalence of severely disabled adults with a 
mobility impairment (29.9%). There was, however, also very high AP coverage 
(71.4%) among the population in need. The sources of the APs are different to the ones 
in the mainstream communities, as most come from non-governmental organizations 
(45.4%), though despite this almost half had to pay for them (42.9%). A smaller pro-
portion sourced them from the informal sector (16.1%) and these all had to pay (100%). 
The difference can be explained by the type of APs – mostly wheelchairs and tricycles 
– and not spectacles as the other case studies. The high visibility that HEPPO has in the 
city and their organisation could explain their capacity to access more specialised de-
vices than the mainstream communities as they are frequently targeted by NGO inter-
ventions. However, the fact that they have been sourced from NGOs, and not the infor-
mal sector, does not guarantee higher satisfaction. Satisfaction with current devices was 
relatively low (68.6% reported that the device was “moderately” suitable for their en-
vironment and 87.1% that it was “moderately” helpful for everyday activities). Self-
reported need for AP was extremely high (73.5%). This means that although many peo-
ple have an assistive device, they reported needing others and/or an improved version 
of what they have. Most respondents said that they do not have the AP they need be-
cause of lack of affordability (91.7%) 

4 Conclusion 

The paper engages with two main arguments. Firstly, it states the importance of ad-
dressing the gap in quantitative data on disability prevalence and the access to AT in 
urban low-income communities. By conducting the rATA survey in five low-income 
communities, the study contributes with new data on the access to AT in a population 
that is under-researched, but it is in pressing need of AT. Secondly, it highlights the 
importance of acknowledging the informal sector as a key provider of AT to users on 
very low incomes. Based on our previous research which contributed with new evi-
dence on the role of the informal sector in providing AT in Sierra Leone and Indonesia, 
the rATA survey was adapted to include the informal sector as a provider of AT. The 
findings in the five low-income communities showed that most AT users sourced their 
products from the informal sector, adding to the evidence that this sector is key to 
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understanding and improving access of AT in low-income settings. Furthermore, given 
the particular circumstances of many low income AT users in the global South, we 
argue that data collection tools such as the Rapid Assistive Technology Assessment 
(rATA) would benefit from being adapted to ensure that the ‘informal sector’ is defined 
as a distinct provider of AT where surveys are conducted in low resource settings.  
Given their predominance as a provider of AT in these settings, the ambiguous value 
of informal providers for AT users therefore presents a key policy research gap and 
more research needs to be conducted to better understand the benefits of this sector, 
while also ensuring the provision of safe products and services.  
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Abstract. Introduction: The need for AT goes beyond persons with disabilities 
to the chronically ill, elderly and individuals with non-communcable diseases. 
This paper explores use, met and unmet need for AT and challenges in accessing 
AT in the general population in Malawi. Methodology: This study was conducted 
in Blantyre, Malawi and used WHO’s Rapid Assistive Technology Assessment 
methodology.  A two-stage sampling design was utilised:  55 and 31 enumeration 
areas (EAs) in urban and rural Blantyre, respectively, were randomly selected, 
25 households were randomly selected per EA. All household members were 
screened: only those who required or used AT responded to the questionnaire. 
Cross-tabulations and chi-square test were used to analyse data. Results: In total 
2,188 households with 9,485 individuals participated in this survey with 48% 
males and 63 % urban dwellers. Only 3% of the sampled population used AT 
while 9% reported needing ATs. The unmet need for AT is highest amongst peo-
ple with seeing difficulty (65.7%) followed by those with mobility (34.8%) and 
hearing (23.5%) difficulties. The unmet need for AT increases as the level of 
functioning difficulty increases. Of the people who reported needing new ATs or 
their replacements, 61% needed seeing/vision products, 22% needed mobility 
products while 6.5%, 5.8% and 4.8% needed self-care, cognition and communi-
cation products, respectively. The major barrier to accessing ATs is cost (82%), 
lack of support (19%), unavailability of ATs (10%), ignorance about ATs (4.5%) 
and lack of transport (3%). Conclusion: While more respondents require AT, only 
a few use AT. Stakeholders should develop and implement strategies that would 
improve access to AT not only among persons with disabilities but also in the 
general population.   

Keywords: Assistive Technology; Barriers to Accessing AT; Prevalence of Use 
of AT, Disability, Malawi 
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1 Introduction 

Assistive Technology (AT) covers systems and services related to the delivery of assis-
tive products (APs) and services. All persons who require AT should have access to it 
as it enables productive and independent lives including participation in everyday life 
activities []. Every person risk experiencing functional limitations over the course of 
his or her lifetime due to factors such as age, disease or disability that may adversely 
affect their daily life participation and access to resources and services. WHO estimates 
that more than a billion people need one or more APs, and this figure is projected to 
double by 2050 with an increase in the proportion of the older persons and those suf-
fering from non-communicable diseases [2]. While AT enables people with functional 
limitations including older adults, people with disabilities or those with chronic condi-
tions to live independent and dignified lives, most people who need ATs are currently 
unable to access them [3]. The need for AT is very high, demand is generally low, and 
supply is even lower: for example, at a global level 70 million people need a wheelchair 
but only between 5% and 15% have access to one [4, 5]. WHO estimates that only 1 in 
10 people who need assistive products currently have access [2].  

Barriers to accessing AT in low- and medium- income countries (LMIC) include 
high costs of AT, scarcity of suitably qualified AT personnel, lack of awareness about 
AT, limited availability, heavy reliance on donations which in most cases are not ap-
propriate, and inadequate financing of the AT sector by government [3, 5, 6]. In most 
cases, once a person acquires an AT, maintenance and post delivery services are left to 
the owner and his or her family and follow-up after getting an AT is found lacking [7]. 
Many countries lack policy frameworks required to effectively govern the AT sector 
[3]. There is a huge unmet need for AT particularly in developing countries. Countries 
should, therefore, aim at addressing the growing unmet need for AT as this is central to 
achieving universal health coverage as envisioned and detailed in the Sustainable De-
velopment Goals (SDGs) [8]. 

In order to address the challenges or barriers to accessing AT, WHO launched the 
Global Cooperation on Assistive Technology (GATE) programme and the priority As-
sistive Products List (APL) to improve access to affordable and quality AT [2, 4]. The 
APL consists of a list of 50 essential assistive products that addresses the unmet need 
for AT once provided to those in need [2]. A few countries such as Nepal [9], Tajikistan 
[10] and Malawi [11] have developed their own APLs adapted to country context. 
WHO argues that the APL promotes access to AT as it creates awareness among the 
public and is a tool for mobilisation of resources [2]. Through the GATE initiative 
WHO has also developed the rapid Assistive technology assessment (rATA), a ques-
tionnaire that is used to estimate the need and unmet need for AT as well as the barriers 
to accessing AT among persons who need this [12]. The rATA questionnaire further 
covers self-reported functional difficulties in six domains namely cognition, communi-
cation, hearing, mobility, seeing and self-care. This paper uses data collected in Blan-
tyre district in southern Malawi to estimate the unmet need for AT and barriers in ac-
cessing AT in Malawi.   
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2 Assistive Technology in Malawi 

Malawi has a population of just over 18 million people [National Statistical Office, 
2020] and it is estimated that 11% of the population are persons with disabilities. Stud-
ies have generally shown that access to AT for persons with disabilities who require 
such products is generally difficult. A 2016/2017 study found that 57% of persons with 
disabilities in Malawi were aware of APs, 31% needed these products but only 6% 
received this service. The limited use of ATs has been attributed to high poverty levels 
prevailing in Malawi to the extent that only 38% of those using ATs procure their own 
devices while the rest are either bought by the government or non-governmental organ-
izations [13].  

The use of ATs among persons with disabilities has been explored in detail in Ma-
lawi through the studies on living conditions among persons with disabilities conducted 
in 2003 [15] and 2016/2017 [13]. However, in addition to persons with disabilities, 
there are also other persons with functional limitations such as the chronically ill, the 
elderly and individuals with temporary impairments who use ATs. Zhang et. al. [16] 
argue that there is very little country level population data on access to AT and this 
paper, using a WHO commissioned rATA survey data, explores the need and the unmet 
need for AT in the general population in Malawi and the barriers experienced by indi-
viduals in accessing AT. The results will contribute to informing the development of 
policies as well as the design, planning or prioritization of interventions on AT which 
will ensure that no-one is left behind.  

3 Methodology 

This study was conducted in Blantyre which has a population of 1,251,484 of which 
64% live in urban and the rest (36%) in rural areas. The household sampling involved 
a two-stage sampling design: in the first stage 86 enumeration areas (EAs) were ran-
domly selected and 55 of these were from urban Blantyre while the rest (31) were from 
rural Blantyre. In the second stage, sampling was based on stratified random sampling 
where research assistants (RAs) went to the centre of the EA, spread themselves out-
wards in different directions and interviewed every third household until they reached 
the target number of 25 households in each EA. In cases of non-response from a house-
hold, RAs continued to the next third household for replacement.  

The sample size for this survey was 2,138, adhering to the sample estimates for pop-
ulation surveys in the rATA manual4,. This sample size was arrived at based on the 
following assumptions: an estimated 1% prevalence of AT use in the general popula-
tion, a desired precision of 0.05, a design effect of 1.3 and a response rate of 0.95. The 
rATA questionnaire, translated into Chichewa – a local language widely spoken in 
Blantyre as well as throughout the country, was administered to all the members of the 
sampled households. A proxy was interviewed in case the individual was unable to 

                                                           
4 See the rATA manual on https://cdn.who.int/media/docs/default-source/assistive-technology-

2/rata-master-training/20201021-rata-enumerator-manual-final.pdf?sfvrsn=3864b5f8_12 

https://cdn.who.int/media/docs/default-source/assistive-technology-2/rata-master-training/20201021-rata-enumerator-manual-final.pdf?sfvrsn=3864b5f8_12
https://cdn.who.int/media/docs/default-source/assistive-technology-2/rata-master-training/20201021-rata-enumerator-manual-final.pdf?sfvrsn=3864b5f8_12
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answer as detailed as required in the protocol for conducting rATA surveys [16]. Most 
interviews at household level were very short as the interview ended if no need for or 
use of AT was registered. When need for or use of AT was reported, administration of 
the full questionnaire took around 15 minutes. The rATA questionnaire is found in the 
manual5.   The mobile application was used to collect data.  The collected data or in-
formation was then sent to a secured server at WHO headquarters. Before sending the 
data to the WHO server, the enumerators shared completed interviews with their field 
supervisors for quality checks. Data was collected between 19th April 2021 and 10th 
May 2021. The survey data was analysed in STATA 14 and SPSS 25 using descriptive 
analysis, chi-square test and logistic regression models. The study was approved by the 
University of Malawi Research Ethics Committee (UNIMAREC) reference number 
P.03/21/54. 

4 Results  

4.1 Background Characteristics 

A total of 9,485 individuals from 2,138 households participated in the survey. Forty 
eight percent (48%) of the respondents were males. Sixty three percent (63%) of the 
respondents were from urban while 37% were from rural Blantyre. The age of respond-
ents ranged from less than 1 year to 100 years and the mean age was 23.8 years. Table 
1 further shows that around three out of four respondents were less 40 years with those 
aged 5-17 and 18-29 comprising 33% and 25% of the sample, respectively. In terms of 
functional limitations, most respondents (82%) did not have any difficulties, 13% had 
some difficulties on at least one of the six functional domains, 4% had a lot of difficul-
ties in at least one domain and 1% reported that they could not do at least one of the 
domains. This implies that among the individuals enumerated 18% had a functional 
limitation at the time of the survey (Table 1). 

There were no statistically significant differences in the proportion of males and fe-
males who had or had no functional limitations. Regarding functioning difficulty, 6.3% 
(n=600) reported to have at least some difficulty in walking or climbing steps, 9.9% 
(n=938) had difficulty seeing, 3.6% (n=345) had difficulty hearing, 1.8% (n=151) had 
difficulty speaking, 3.1% (n=299) had difficulty remembering things and 1.2% (n=98) 
had difficulty with self-care. 
  

                                                           
5 See https://cdn.who.int/media/docs/default-source/assistive-technology-2/rata-master-train-

ing/20201021-rata-enumerator-manual-final.pdf?sfvrsn=3864b5f8_12 

https://cdn.who.int/media/docs/default-source/assistive-technology-2/rata-master-training/20201021-rata-enumerator-manual-final.pdf?sfvrsn=3864b5f8_12
https://cdn.who.int/media/docs/default-source/assistive-technology-2/rata-master-training/20201021-rata-enumerator-manual-final.pdf?sfvrsn=3864b5f8_12
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Table 1. Demographic characteristics 

Characteristics Gender Total  
(9,476) Male 

(4,524) 
Female 
(4.952) 

Severity of disability    
No difficulty (7731) 83.5 79.8 81.6 

Some difficulty (1266) 11.2 15.3 13.4 
A lot of difficulty (385) 4.0 4.1 4.1 

Cannot do it (94) 1.2 0.8 1.0 
Age of respondents    

0-4 (1036) 11.5 10.4 10.9 
5-17 (3159) 34.1 32.7 33.3 

18-29 (2351) 24.0 25.6 24.8 
30-39 (1173) 11.8 12.9 12.4 

40-49 (837) 9.4 8.3 8.8 
50-59 (399) 4.3 4.1 4.2 
60-69 (262) 2.4 3.1 2.8 
70-80 (176) 1.7 2.0 1.9 

80+ (84) 0.9 0.9 0.9 
Location    

Urban (5986) 63.2 63.1 100.0 
Rural (3491) 36.8 36.9 36.8 

    
Total (9476) 100.0 100.0 100.0 

4.2 Use of Assistive Technology 

Three percent (3%) of the respondents reported that they use AT regardless of their 
level of functional difficulty. There was no significant difference in the proportion of 
males (2.8%) and females (3%) who used AT. Table 2 further shows that the use of AT 
increased with age with 25% of those aged 80+ reporting that they used AT compared 
to for example 0.4%, 2.6%, 11.8% ad 17.6% among those aged 0-4, 30-39, 50-59 and 
60-69 years old, respectively. The use of AT also increased with increased level of 
functional limitations with 0% of those with no difficulty to about a third of the re-
spondents for those with a lot of difficulty or more (cannot do). The proportion of re-
spondents who used AT in urban areas was higher at 3.4% compared to 2.1% in rural 
areas but this was not statistically significant. 

Table 2. Use of AT among respondents (N=9476) 

Characteristics Gender Total  
(9,476) Male 

(4,524) 
Fe-

male 
(4.952) 

Severity of disability    
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No difficulty (7731) 0.0 0.0 0.0 
Some difficulty (1266) 10.4 9.2 9.7 

A lot of difficulty (385) 29.7 34.0 31.9 
Cannot do it (94) 30.4 26.3 28.7 

Age of respondents    
0-4 (1036) 0.8 0.0 0.4 

5-17 (3159) 0.6 0.6 0.6 
18-29 (2351) 1.2 1.9 1.6 
30-39 (1173) 2.6 2.7 2.6 

40-49 (837) 4.5 4.8 4.7 
50-59 (399) 11.9 11.7 11.8 
60-69 (262) 15.5 19.1 17.6 
70-80 (176) 19.2 17.3 18.2 

80+ (84) 28.2 22.2 25.0 
Location    

Urban (5986) 3.3 3.5 3.4 
Rural (3491) 1.9 2.2 2.1 

    
Total (9476) 2.8 3.0 2.9 

There were 275 respondents who used AT and Figure 1 shows the AT they were using 
regardless of severity of functional limitations. 

 
Fig. 1. Types of AT used 

Figure 1 shows that the most commonly used AT are spectacles at 60% followed by 
canes/sticks, tripod and quadripods. Unknown AT in this context are those products 
where participants did not provide any further details. 
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4.3 Unmet Need for AT 

Nine percent (9%, n=851) of all the individuals who participated in the study reported 
that they needed AT that they were currently not using or that they were currently using 
but needed replacement. There was a slightly higher proportion of females at 10% who 
reported that they needed ATs or their replacement compared to 8% among the males. 
However, the demand for AT among males and females is not statistically different at 
the 95% level of significance. There is, however, a significant difference in demand for 
AT across age groups. For every 10 years in age categories with the exception of the 
younger age groups (see Table 1), demand for AT increases by 5%. Thus, as the popu-
lation ages the unmet need for AT also increases as can be seen in Figure 2 below. 

 

 

Fig. 2. Demand for Assistive Product by age-group (N=851) 

As regards to functional difficulty, the chi-square test indicates that there is an associ-
ation between demand for AT and level of functioning difficulty. The demand for AT 
is highest amongst people with seeing difficulty (65.7%), followed by mobility diffi-
culty (34.8%), hearing difficulty (23.5%) and difficulty in self-care (9%). Nevertheless, 
results demonstrate that as the level of functioning difficulty increases, the demand for 
AT increases. Thus, people with severe difficulty in functioning have higher unmet 
need for AT compared to those with some or no difficulty as can be seen in Figure 3 
below.  
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Fig. 3. Unmet need for AT by level of functioning difficulty (N=851) 

4.4 Barriers to Accessing Assistive Products 

Figure 4 shows that the major reason for not using AT among respondents who reported 
that they needed an AT, or they needed a replacement of their AT, was that they could 
not afford the AT (82%), and this was followed by those who reported that they lacked 
support (18.8%) and then those who said that the AT was not available (10%). Very 
few respondents mentioned other reasons such as not knowing about the AT (0.5%), 
the lack of transport (3%) and shyness or stigma (1.5%). 

 
Fig. 4. Why the respondents did not have the AT that they needed (N=851) 

5 Discussion 

Access to AT is important, not only for persons with disabilities, but to many other 
persons with functional limitations such as the elderly and those suffering from NCDs. 
This survey however found that only 3% of the respondents in the general population 
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were using AT, that the unmet need for AT was 9% and that all in need of AT had at 
least some difficulty in one domain. A 2016/2017 living condition study found that 
5.6% of the Malawi population were persons with disability [14]. These findings from 
the rATA study generally justify the importance of estimating AT requirements in the 
general population. This study has also found functional limitation increase with age 
[14, 17] and that the use of AT and the unmet need for AT increases with age. These 
findings are similar to other studies [17] which also found that the use of AT and the 
unmet need for AT increases with age. The high unmet need for AT, as WHO [2] ar-
gues, creates missed opportunities for persons who need AT to actively participate in 
education, work and to live independently. In this study there was no one without func-
tional difficulty reported in need of AT. Malawi is a predominantly young population 
and that in the general awareness about AT in the general population is low and these 
factors coupled with high levels of poverty might explain why none of the respondents 
without functional difficulty reported in need of AT.  

This study has found that the reasons for not using AT include the high cost of AT 
and unavailability. There are other studies which have also found that the high cost of 
AT [3,5,6,17] and lack of availability [3,5,6] constitute major barriers to accessing AT 
in LMIC. The lack of availability of AT is mainly due low production of AT in devel-
oping countries as most of these are imported [5, 18] and this partly contributes to the 
high cost of AT. Many countries in the developing world also rely on donations which 
are not appropriate or replaceable locally and may lead into secondary complications 
[3]. The lack of support has been mentioned in this study as a barrier to accessing AT. 
Boisselle & Grajo [18] have explained the lack of support in terms of absence of fitting 
and training as part of delivery of AT.  

The proportion of people using AT was slightly higher in urban that in rural areas. 
Other studies have also found that access to AT in urban areas is easier as this is where 
most providers are found compared to rural areas [8].  In addition to this, most people 
in developing countries, and in Africa in particular, reside in rural areas where physical 
access to health services is a challenge due to severe rough terrains [6]. Only 1 in 20 
respondents in this study reported they did not use AT because they were not aware of 
AT. Other studies have also found that widespread lack of awareness among potential 
beneficiaries of AT is a barrier to accessing AT [3, 5]. 

Malawi is a signatory to the Convention on the Rights of Persons with Disabilities 
(CRPD) which promotes the provision of AT to persons with disabilities to ensure full 
and equal enjoyment of all fundamental freedoms. The CRPD also promotes access to 
high quality and affordable AT for persons with disabilities. However, as is the case 
with other countries in the developing world, progress in the implementation of the 
CRPD has been slow and remains far from reality [5, 7]. In order to address the barriers 
to accessing AT, WHO’s GATE initiative is aimed at improving access to affordable 
and quality AT by focusing on AT policies and programmes, the AT industry, AT ser-
vice delivery and AT personnel [19]. GATE launched the priority Assistive Product 
List (APL) and encourages countries to establish their own APL based on need. Malawi 
has so far developed its own contextually based APL, and this will trigger awareness 
among service providers especially government and mobilisation of adequate resources 
for the AT sector. Access to AT is a public health priority and should be included under 
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universal health coverage and made available in the wider health systems to make them 
accessible [12]. In Malawi there is a comprehensive section on AT in the National Dis-
ability Policy which has been costed and the APL is one of the annexes to the policy 
[20]. Using the Malawi APL currently the Ministry of Health is in the process of deter-
mining the APs that are supposed to be made available at which level of health care. 
These initiatives in Malawi will contribute towards addressing the barriers to accessing 
AT and the large unmet need for AT in the country. 

6 Conclusion 

This study has shown that the unmet need for AT in Malawi as is the case elsewhere in 
LMIC is high. This deprives many people in need of AT of their fundamental freedoms 
and basic human rights such as education and employment. The Government of Malawi 
has made progress in in the development of the APL, costing it and determining the 
type of AP that should be provided at the different levels of health care.   The policy 
environment in Malawi is therefore conducive for the procurement and distribution of 
AT. What is largely remaining is that Government and stakeholders with support from 
development partners should provide adequate funding for the AT sector including the 
building the capacity of personnel in the AT sector.   
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Abstract. Costa Rica is a middle-income Central American country where health 
care provision works through CCSS, a socialized solidarity-based system where 
coverage is universalized and incorporates all social strata and geographical ar-
eas. We collected responses to the rATA in Costa Rica to determine access to 
assistive technology. The total sample for this study included 615 individuals, 
from all ages and geographical areas in Costa Rica, randomly selected among the 
users of every of the 22-outpatient rehabilitation service of the CCSS. The survey 
was performed via telephone due to the COVID-19 pandemic. The most im-
portant findings include that 68% of individuals reported using AP and 47% of 
individuals need new or replacement of AP (unmet need). The most used AP 
were spectacles (34%), therapeutic footwear (10%), and canes/sticks, tripod and 
quadripod (8%). Most AP (41%) came from the public sector. Out of the total, 
39% were paid out-of-pocket 22% were provided by government sources. The 
main barrier for accessing AP was "Cannot afford" (36%). No association among 
the setting (urban or rural) with unsatisfied needs was identified, while an in-
crease in the distance travelled to obtain an AP correlated with an increase in 
unsatisfied needs. An increase in age was associated with an increase in the use 
of AP. Despite having the possibility to prescribe within the system and provide 
subsidized products, there is still a high rate of unmet need. Most products need 
the user to pay for them, with affordability remaining the greatest challenge and 
distance to travel to obtain an AP remaining as a significant gap in access. 

Keywords: Assistive Technology, rehabilitation, low-middle income country 

1 Introduction 

The WHO Global Disability Action Plan 2014-2021 highlights the lack of data regard-
ing AT around the world and acknowledges significant statistical gaps between coun-
tries with higher and middle/low incomes. Data collection of the rATA survey for Costa 
Rica is relevant due to several factors: (a) The inclusion of Costa Rican data in the 
rATA offers information about access gaps to AT in a Central American country of 
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middle-income (b) There is a confluence of interests between the Caja Costarricense de 
Seguro Social (CCSS-Costa Rica’s national healthcare provider) and the GReAT, given 
that both need data to improve their response to AT needs, and both can provide data 
to contribute to the global understanding of AT. Finally, (c) the rATA data is extremely 
useful for our national healthcare provider, given its leading role in providing AT in 
Costa Rica. 

Costa Rica’s economy corresponds to a middle-income country, but its epidemio-
logical profile corresponds to a high-income. CCSS is the main healthcare provider in 
Costa Rica through a socialized system. It has universalized coverage that incorporates 
all social strata and geographical areas, giving coverage to over 90% of the Costa Rican 
population and delivering service through a national network divided by regions, al-
lowing access across the whole territory [1]. Care is provided according to the health 
area of residence, through an increasing complexity system [2]. 

The CCSS prescribes selected AT through its own budget: Otolaryngology pre-
scribes hearing aids, ophthalmology and optometry visual aids, while physical medi-
cine and rehabilitation (PM&R) provides orthopedics and neurosurgery mobility aids. 
The widest range of aids is prescribed by PM&R. CCSS has an official “Manual for 
Technical Aids, Prosthesis, Medical Accessories and Orthopedic Devices” which al-
lows physicians to prescribe different aids and offer different modalities of coverage 
[3]. However, the last update of this manual, defining which aids would be included 
and the amount of money allotted to each aid, was written in 2010, so an update to this 
manual is urgent. At the moment, mobility products are the main aspect of the manual 
and there are no products for daily life activities, cognition or language. This means the 
list is significantly behind in the requirements of WHO’s Priority Assistive Products 
List [4]. 

2 Methodology 

The survey was implemented as a stand-alone method with a target population of peo-
ple with disabilities who are users of the outpatient rehabilitation services of CCSS.  

Rehabilitation services in the CCSS medical centers are in charge of covering all 
types of disabilities, with diagnoses ranging from acquired brain injury to spinal cord 
injury, neurological, oncologic, cardiac, orthopedic, rheumatologic and post intensive 
care unit rehabilitation, among many others. From this perspective, all functional do-
mains addressed in the rATA (mobility, vision, hearing, cognition, communication and 
self-care) are subject to be managed by the CCSS Rehabilitation Services. 

Since the CCSS oversees the treatment of up to 90% of the Costa Rican population, 
all socio-economic strata are represented. The health insurance in the country follows 
a socialized service, aiming to guarantee the same kind of services and treatment to 
every patient, regardless of the social stratum or income. 

A database of the past 2 years of outpatient physiatrist consultations was obtained 
for 22 medical centers. It was compiled by the Medical Registry Department of the 
CCSS, and a subsample of it was selected through a systematic procedure to guarantee 
randomization.  
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The sample number was 615, stratified according to 6 geographic planification re-
gions, using data regarding disability distribution from the Costa Rican National Disa-
bility Survey from 2018. It includes all ranges of age, socioeconomical groups, urban 
and rural settings alike. Costa Rica is a small country with varied geographical condi-
tions, which means that small rural areas and urban areas are located very close to one 
another. Therefore, most hospitals and medical centers serve people from both urban 
and rural scenarios. As this survey was applied nationally, we have coverage of both 
areas across the country. The different geographic planification regions have different 
rates of urban/rural population, which was accounted for in the sampling process.  

Data was collected through phone calls using the Spanish version of rATA. The 
enumerator group consisted of 16 physical medicine and rehabilitation physicians, who 
work in different hospitals across the CCSS network. All of them have extensive 
knowledge of the Costa Rican Health System and are prescribers of assistive technol-
ogy devices themselves. 

3 Findings 

Important findings include there are as many children and teens that need AP as there 
are adults between 50-70 needing AP (both groups are 32% of the total).  
Despite a very high use of APs (68%) individuals reported many unmet needs (Table 
1). Most AP come from public sector providers like CCSS (41%) and from private 
sector providers, such as private clinics and hospitals (39%).  

Table 1. Overall AP Use rATA Study Costa Rica 2021. 

 Actually uses AP Has unmet AP needs 
Yes 419 (68%) 291 (47%) 
No 196 (32%) 324 (53%) 

Spectacles are the most used assistive products (34%), followed by therapeutic foot-
wear (10%) and canes/sticks, tripods and quadripods (8%). Meanwhile, products for 
selfcare are not used as much as would be expected and products for remembering are 
barely used at all (Table 2). 

Table 2. Overall AP Use rATA Study Costa Rica 2021 - Most used AP for each category, total 
number, and percent from the 615 people sample. 

Mobility Therapeutic Footwear: Diabetic, Neuropathic, Orthopedic (75; 10%). 
Canes/Sticks Tripod and Quadripod (59; 8%). Orthoses: Lower limb 
(57; 8%). 

Seeing Spectacles: Low-Vision Short/Long Distance/Filters (249; 33%) 
Hearing Hearing Aids Digital and Batteries (13; 2%) 
Communication Communication boards, books, cards (3; 0.4%). Smart phones, tablets, 

PDAs (2; 0.3%) 
Remembering Smart phones, tablets, PDA (3, 0.4%) 
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Self-care Chairs for shower, bath, toilet (30; 4%). Grab-bars hand rails (26; 3%). 
Incontinence products, absorbent (24; 3%) 

Most AP were paid out-of-pocket (39%) and 22% were provided by government 
sources such as CCSS, followed by family/ friends (21%). Many patients reported need-
ing multiple sources of funding.  

The main barrier for accessing assistive products was that users "Cannot afford" 
them (36%). 

There is no statistically significant association between the setting (urban or re-
gional) and unsatisfied needs, while the increase in the distance travelled to obtain an 
assistive product correlates with an increment in unsatisfied needs.  

An increase in age was significantly associated to an increment in the use of assistive 
products. An increase in the functional difficulty was associated with an increase in 
unmet needs. 

The most common recommendation from users was for the wait time for APs to be 
reduced, followed by increase in product availability, since CCSS’s product list is fo-
cused mainly on mobility items, followed by some vision and hearing products with 
little to no access for communication, cognition and selfcare products. Other important 
recommendations included the need of more information about the use and availability 
of AP and the need of guidance services. 

An interesting byproduct of this study was the potential to raise awareness about 
APs on PM&R peers who worked as enumerators, who come from very different re-
gions of Costa Rica and might generate a multiplying effect, allowing for interest to 
grow in different stakeholders involved. 

4 Analysis 

There are three major findings in this study: (1) There as many children and teens that 
need AP as there are adults between 50 and 70 years old (both 32% of the total). (2) 
Many users get APs from private sources, not from the CCSS, and this might lead to 
increases in expenses. (3) The CCSS process to provide APs is complex and is mostly 
available in the urban regions of the Central Valley. This leads to lower use of CCSS 
resources, but also to longer distances travelled by AP patients.  

First, regarding children and teenagers in the rATA, there are many more young 
people than expected in the sample Moreover, despite being groups of equal size with 
adult users, they have very unequal access to AP financing. Adults have limited avenues 
of financing with the public sector, including only CCSS and CONAPDIS. On the other 
hand, children have many additional sources of funding, including institutions such as 
the National Centre for Education Resources (CENAREC), and the Department of Ed-
ucational Products for Students with Disability within the Ministry of Education, with 
the caveat that the prescription and provision of the AP might not be well integrated 
within the health system. This highlights an inequality within the system: funding for 
adults must be addressed. 

Costa Rica’s geography allows for urban areas to be also located outside the Central 
Valley. Nevertheless 15 out of 22 centers with outpatient rehabilitation are located in 
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the Central Valley region. In this survey, 35.5% of the population came from rural ar-
eas, most of them outside the Central Valley. They could have received treatment close 
to their communities, but instead had to travel to hospitals in the Central Valley for 
their case to be addressed. This means travelling long distances for their medical care, 
with all the economic costs this might represent. 

Regarding functional difficulties, 47% of the population presented some degree of 
mobility difficulty. 54% of the population reported vision difficulties, 13% hearing dif-
ficulties, 18% communication difficulties, 37% remembering difficulties, and 30% 
self-care difficulties. This data raises concern regarding the provision of rehabilitation 
services throughout the country. Physical therapy is widely extended and available in 
all centers, but occupational therapy, which is important for selfcare activities, is only 
available in 5 centers. This also occurs with speech therapy, which is pivotal for com-
munication disorders, but which is only available in 6 of the surveyed centers. Moreo-
ver, even though 37% of the patients reported remembering difficulties, only 2 centers 
have psychology and cognitive support services. 

ince the main area that showed functional difficulties was sight, it is to be expected 
that spectacles are the most used assistive products (34%). This is followed by mobility, 
the second most common functional difficulty, where items such as therapeutic foot-
wear (10%) and canes/sticks, tripod and quadripod (8%) are the second and third most 
used APs. Meanwhile, products for selfcare are not used as much as expected and prod-
ucts for remembering are barely used at all. 

Despite a very high use of AP (68%) individuals reported very high unmet needs as 
well, which could not only mean the need for replacements but also the need for new 
or different APs. This might be related to the long wait times for medical appointments, 
which would force users to use a product that is damaged or worn off. There is also a 
lack of information on how to get new prescriptions within CCSS. Moreover, the prod-
uct list approved for funding in the CCSS is centered on vision, hearing, and mobility 
and therefore many other needs are left out. 

Most AP come from public sector providers like CCSS (41%) and from private sec-
tor providers, such as private clinics and hospitals (39%). The partial dependence on 
the private sector might be explained by the lack of availability and long wait times for 
some AP in the public sector. There is also a lack of knowledge from physicians and 
users about the AP that can be prescribed in CCSS or the mechanisms to do it, giving 
the common misconception that products must be obtained through private payment.  

Most AP were paid out-of-pocket (39%) and 22% were provided by government 
sources such as CCSS, followed by family and friends (21%). Many patients reported 
needing multiple sources of funding. Long waiting times might be forcing users into 
buying the products themselves. The patients might also need to acquire products out-
side the CCSS’s list of subsidized products. One remarkable finding is the underuse of 
NGO resources; only 4% of the sample reported them as sources of AP. 

Most of the population spent less than 50,000 Costa Rican colones (approx. $78) 
from their pocket money or family core on APs in the last 12 months. This amount is 
relatively small, mainly because many products have subsidies from CCSS. Costa 
Rica’s minimum wage per month is around 326,000 Costa Rican colones (approx. $515 
USD).  



134 

32% of the population travelled less than 5km for their AP, but 14% travelled more 
than a 100 kms. In both cases, the main product they travelled for were spectacles. 
Sometimes the approval for the AP might need to be in the same center where it was 
prescribed, which means someone might have to travel several times to health centers 
far from their home.  

73% of the population was either very or quite satisfied with their AP and 71% of 
the population was either very or quite satisfied with the assessment and/or training for 
the AP. In addition to this, 69% of people were very or quite satisfied with the repair, 
maintenance and follow-up services of their AP. Spectacles, therapeutic footwear and 
canes were cited both as the devices that people are most satisfied with, and as the 
devices that people were most dissatisfied with. One explanation for this pattern is that 
there is a large group of the population who get their spectacles and footwear from the 
private sector, which allows for a larger variety in the offer, for more frequent changes 
in the AP, and for differences in the amount of use given to the AP. On the other hand, 
some users obtained the same product from the public sector, and the lack of variety 
there may also raise dissatisfaction. Finally, the limited number of AP mentioned, also 
shows the small variety of APs prescribed throughout the country. 

77% of the population considered their AP to be either completely or mostly usable 
and 78% of the population was able to use their AP either completely or a lot despite 
environmental barriers. Almost the same products share reports of being highly usable 
and being unusable, such as spectacles and therapeutic footwear, which could be ex-
plained for the same reason mentioned above (i.e. products from both public and private 
providers). There could also be a lack of updates in the items, which would not allow 
the users to properly benefit from them and might create barriers to their use.  

The main barrier for accessing assistive products was that users "Cannot afford" 
them (36%). However, many APs are provided by CCSS, so this might be related to 
people acquiring their products in the private sector because of CCSS appointment de-
lays, and because of misinformation regarding products, including which products are 
available with a subsidy from CCSS or not.  

There was no statistically significant association between the setting (urban or rural) 
and unsatisfied need, which might be a reflection of equity in access and opportunities 
regarding AP in both settings, despite the differences in distance. This might be due to 
the universal geographic coverage of the CCSS system.   

The increase in the distance travelled to obtain an AP correlated with an increase in 
unsatisfied need. This entails fewer possibilities of follow up and maintenance of the 
AP. Transportation costs might also generate an inability to travel the long distances 
that some rural inhabitants need to cover to get an AP. 

An increase in age are significantly associated to an increase in the use of AP. This 
is to be expected, as life expectancy in Costa Rica surpasses 80 years and functional 
decline can be observed more frequently in aging populations. 

An increase in functional difficulties was associated with an increase in unmet need. 
This is associated with a lower availability of more complex APs and increased diffi-
culties in providing more complex products in contexts where there are no occupational 
or speech therapists to aid the prescription and training.  
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The most common recommendation from users was for the wait time for APs to be 
reduced. The situation deteriorated due to the COVID-19 pandemic, which made wait-
ing times even longer. This is a justified concern, given that the CCSS AP prescription 
process is very complex.  

There is an uneven presence of providers across the national territory, and each pro-
vider offers different products. Most of the providers are in the Central Valley, so there 
are fewer APs in the periphery, which explains the recommendation given by users of 
reducing travel distance. Currently, users have to travel long distances, with the sacri-
fice of time and money that this entails. This also explains why there is an increment in 
unmet needs as people have to travel longer distances to obtain the AP. 

Product availability was also suggested as a potential improvement. CCSS’s product 
list is focused mainly on mobility items, followed by some vision and hearing products 
with little to no access for communication, cognition and selfcare products. These prod-
ucts are usually paid out-of-pocket or provided through NGOs. This could be a reason 
for why users are requesting financial assistance to pay for their APs. 

Further recommendations include the need of more information about the use and 
availability of APs and the need of guidance services regarding APs, where the user 
could be introduced to different products. 

5 Conclusions 

Rehabilitation services in Costa Rica cover multiple types of disability, therefore a high 
prevalence of usage is expected. Despite having the possibility to prescribe within the 
system and provide subsidized products, there is still a high rate of unmet need, with 
most products needing the user to pay for them and affordability remaining the greatest 
challenge.  

Barriers concerning travel distances to obtain an assistive product, regardless of an 
urban or rural setting, also represent a gap in access to assistive products. 
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Abstract. Background: In Indonesia, slightly more than 9 percent (around 23.3 
million individuals) of the Indonesian population experience disabilities and may 
require at least one form of Assistive Technology (AT). There is limited data on 
access to AT in Indonesia. The rapid Assistive Technology Assessment (rATA) 
Survey supported by WHO is a strategic contribution capturing the recent situa-
tion of AT provision in Indonesia. Method: A crossectional household popula-
tion-based survey. Cluster sampling was carried out in two stages. First is the 
random selection of geographic units and the second is a random selection of 
households within each selected geographic unit. Two provinces, eight dis-
tricts/cities, 32 sub-districts, 96 villages and 288 RW (block/cluster) were se-
lected. A simple random sample was used for each RW to select 14 households 
based on the list of households. No specific criteria and characteristics required 
to become a respondent. Survey data collection carried out using the Survey123 
rATA 2020 application. Data collection was conducted in August to December 
2021. Results: Total of 11.300 respondents as valid cases consisted of 46.7 % 
male and 53.3 % female from 72.7% urban and 27.4% rural areas. There are 32.1 
% participants have “any difficulties” and 12.7% participants have ‘a lot of dif-
ficulty’ or ‘cannot do at all’. Prevalence of unmet need per level of functional 
difficulties and for the whole population were quite high. Proportions of different 
sources for assistive products highlights 74,5 % from private while 6.5 % from 
public, and 3.8 % from self-made. Proportions of different funding for assistive 
products explain 64.7 % from out of pocket, 28.2 % from friends/family compare 
with 3.8 % from government, 1.3 % from NGO, and 1.9 % from insurance. The 
highest proportions of different barriers to access for assistive products has cap-
ture that 51.3 % participants can’t afford assistive products in Indonesia while 
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12.4 % has no support. Conclusion:  Need of AT is increase with the increase of 
age.  Contribution of government for AT is limited, which made people have to 
raised self-fund. Affordability of AT is remain a barrier for most people. The 
research has shown numbers of self-made AT, using local resource material with 
modest technology. Recommendation: All relevant stakeholder should develop 
new strategies to improve access to AT, advocate to governments and civil soci-
ety the unmet needs for AT, provide data to help plan or prioritize AT provision, 
design and deliver interventions to improve access to AT, evaluate the effective-
ness of efforts to strengthen access to AT, and measure progress towards AT 
targets.  

Keywords: Assistive Technology (AT), People with disabilities (PWDs), rATA 
Survey, unmet need, WHO. 

1 Background 

On 13 December 2006, the United Nations General Assembly passed Resolution 
A/61/106 on the Convention on the Rights of Persons with Disabilities. The Govern-
ment of Indonesia signed the Convention on the Rights of Persons with Disabilities on 
March 30, 2007 in New York.  

Indonesia is an archipelago country, covering 34 provinces, 514 districts/Cities, 
7.246 Subdistricts, and 83.931 villages. Population in 2021 was 273,879,750. Accord-
ing to National Socio-Economic Survey (Susenas) March 2019, slightly more than 9 
percent (around 23.3 million individuals) of the Indonesian population experience dis-
abilities, with 2.2 percent (approximately 5.7 million) experiencing severe disability. 
[1]. The proportion of children (5-17y) with disabilities 3,3%, and adult (18-59y) 22,0% 
[2]  

As the implementation of the UN Convention on the Rights of Persons with 
Disabilities (UN-CRPD), the government has established Law number 19 of 2011 on 
Ratification of Convention on the Right of Persons with Disabilities, Law number 8 of 
2016 on Persons with Disabilities, Government Regulation number 70 of 2019 on Plan-
ning, Organizing, and Evaluating of Respect, Protection, and Fulfillment the Rights of 
Persons with Disability, Government Regulation Number 52 of 2019 on The 
Implementation of Social Welfare for Persons with Disabilities, and Regulation of The 
Minister of National Development Planning number 3 of 2021 on the Implementation 
of Government Regulation number 70 of 2019. 

Based on Law No. 8 of 2016, persons with disabilities have the right to live inde-
pendently and be involved in society, among others in the form of personal mobility 
with the provision of assistive product and ease of access. People with disabilities also 
have health rights including obtaining assistive product based on their needs.  

To be able to carry out the Mandate, the Government must have clear data on the 
needs of the population for assistive products and types. Unfortunately, the data is not 
yet available in detail. Data systems to track disability prevalence and AT need in In-
donesia are fragmented.  Intercensal Population Survey (SUPAS) and National Socio-
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Economic Survey (SUSENAS) estimates of various functional impairments and disa-
bility prevalence nationally but cannot provide estimates of the need for specific AT.  

Management Information System for People with Disabilities (SIM-PD), which 
launched by Ministry of Social Affair (MoSA) in 2018, utilizes real-time data entry by 
social workers spread across sub-districts in Indonesia, still experiencing problems in 
terms of slow data input and the need to improve on data quality. Based on these con-
siderations, Indonesia's participation in the Rapid Assistive Technology Assessment 
(rATA) survey with WHO support is very important. 

2 Method 

A crossectional national household population-based survey. Cluster sampling was car-
ried out in two stages. First is the random selection of geographic units and the second 
is a random selection of households within each selected geographic unit. At first stage, 
2 provinces representing the low-medium Human Development Index - HDI (NTT 
Province) and medium-high HDI (East Java Province) were selected by systematic ran-
dom sampling. The second stage selected 4 districts/cities from each selected province, 
i.e. District of Alor, North Central Timor, Sikka, Kupang City in NTT Province, and 
District of Situbondo, Banyuwangi, Pasuruan City, and Surabaya City in East Java 
Province. From each selected District/City, 4 sub-districts were selected using simple 
random sampling. In each selected sub-district, 3 villages and 3 RW (block/cluster) 
were selected, and a simple random sample was used for each RW to select 14 house-
holds based on the list of households. No specific criteria for each respondent and no 
special characteristics required to become a respondent. Survey data collection was car-
ried out using the Survey123 rATA 2020 application with a PC, mobile phone or tablet 
that has been translated into Bahasa. Data collection was conducted in August to De-
cember 2021. Process involved 16 enumerators from each province, which recruited 
based on local Disabled People’s Organizations (DPOs) consideration, 11 of them are 
People with Disabilities. Expedited Ethical approval for this survey obtained from the 
Health Research Ethics Commission, National Institute of Health Research and Devel-
opment, Republic of Indonesia number LB.02.01/2/KE.471/2021 

3 Result 

There were 11,300 respondents in this survey. Respondents in East Nusa Tenggara 
Province (55.7%) were more than respondents in East Java Province (44.3%). Among 
all districts / cities, respondents from Sikka Regency were the most (15.2%). Based on 
characteristics, the largest proportion of respondents were women (53.3%), living in 
urban (72.7%), and aged 5-17 years (20.1%). (table 1). 

Table 1. number of samples based on survey location and characteristics of respondents  

No. Variable n % No Variable N % 
1. Sample Location   3. Living   
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1.1. East Nusa 
Tenggara (NTT) 6298 55,7 3.1 Urban 8218 

72,7 
1.1.1. Kupang City 1403 12,4 3.2. Rural 3082 27,4 

1.1.2. Timor Tengah 
Utara 1557 13,8 4. Age  

 
1.1.3. Sikka 1714 15,2  - 0-4y 606 5,4 
1.1.4. Alor 1624 14,1  - 5-17y 2273 20,1 

1.2. East Java Prov-
ince 5002 44,3  - 18-29y 1888 

16,7 
1.2.1. Situbondo 1017 9,0  - 30-39y 1528 13,5 
1.2.2. Pasuruan 1299 11,5  - 40-49y 1623 14,4 
1.2.3. Surabaya City 1239 11.0  - 50-59y 1529 13,5 
1.2.4. Banyuwangi 1447 12,8  - 60-69y 1090 9,7 
2. Sex    - 70-79y 533 4,7 
2.1. Male 5275 46,7  - 80+y 230 2,0 
2.2. Female 6025 53,3     

A total of 67.9% of respondents did not have difficulty in doing certain activities be-
cause of a health condition. About 32.1% had difficulty at least one of mobility, seeing, 
hearing, speaking, remembering or concentrating, and selfcare. The largest proportion 
of respondents experienced in 1 type of difficulty (20.8%), then 2 difficulty (6.7%), 3 
difficulty (2.7%), 4 difficulty (1.2%), 5 difficulty (0.4%), and 6 difficulties (0.3%). 

Among the types of difficulties experienced by respondents, the largest proportion 
were those who experienced some difficulties (19.3%), although there were also 1.5% 
of respondents classified as "can’t do at all". (1,5%). The most difficulty was in seeing, 
but the largest proportion in “can't do at all” classification was experienced by respond-
ents who had difficulty in mobility. (table 2) 

Table 2. Difficulty of respondents in doing certain activities 

No Difficulty No Some A lot of Can’t do at all 
1. Difficulty level 67,9 19,3 11,2 1,5 
2. Type of difficulty     
2.1. Mobility 88.6 7.1 3.6 0.7 
2.2. Seeing 75.3 17.1 7.1 0.4 
2.3. Hearing 94.6 3.1 1.9 0.4 
2.4. Speaking 98.2 0.8 0.7 0.3 

2.5. Remembering or con-
centrating 

94.7 3.8 1.3 0.1 

2.6. Difficulty selfcare 97.2 1.4 1.0 0.3 
Overall, both in terms of with spectacles and without spectacles, “Need” for assistive 
products is greater than “Use”. Similarly, “Unmeet Need” is much larger than “Met 
Need”. Ironically, the heavier the level of difficulty the greater the proportion of Need 
and Unmet Need to assistive products. The same phenomenon also occurs in the age 
group, where the higher the age, the greater the proportion of Need and Unmet Need.  

Table 3 also shows the proportion of Met Need without spectacles in respondents 
who experience some difficulty and a lot of difficulty is much smaller than that with 
spectacles. This condition illustrates that the gap in meeting the needs of other assistive 
products is also still large. 
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In terms of gender, the use of assistive product in female is greater than that of male, 
both in groups with spectacles and without spectacles. However, female also showed a 
greater proportion of Unmet Need than male. Need and Met Need for female were 
smaller than male in the group without spectacles, contrast to the group with spectacles. 

Respondents living in urban areas had a greater proportion of assistive product use 
than rural areas. Respondents living in rural areas had a greater proportion of Unmet 
Need assistive products than urban in the group without spectacles. 

Table 3. Comparison of the use of assistive products between spectacles and without spectacles 

No Variable 
With spectacles (%) Without spectacles (%) 

Use Need Met  
Need 

Unmet 
Need Use Need Met 

Need 
Unmet 
Need 

1. Difficulty Level         
1.1. No difficulty 0,2 0,5 0,2 0,3 0,0 0,1 0,0 0,1 
1.2. Some difficulty 41,3 76,0 24,8 51,3 4,7 16,2 2,3 13,9 

1.3. A lot of diffi-
culty 

63,4 93,4 38,1 55,3 21,3 49,0 9,5 39,5 

1.4. Cannot do at all 43,8 87,5 15,1 71,9 41,8 86,3 15,1 71,2 
 Total 15,6 26,1 9,2 16,9 3,9 9,8 1,7 8,1 
2. Age         
2.1. 0-4y 0,9 1,7 0,2 1,7 0,6 1,7 0,0 1,7 
2.2. 5-17y 4,0 6,4 2,0 4,3 1,3 3,0 0,4 2,6 
2.3. 18-29y 9,5 12,7 6,0 6,7 1,7 3,7 0,7 3,0 
2.4. 30-39y 7,6 14,3 4,4 9,9 1,8 5,1 0,8 4,4 
2.5. 40-49y 15,6 27,4 9,4 18,0 1,9 5,1 0,8 4,3 
2.6. 50-59y 29,5 46,5 20,0 26,6 3,3 10,9 1,4 9,5 
2.7. 60-69y 32,9 56,9 18,6 38,3 10,8 26,2 6,4 19,9 
2.8. 70-79y 30,0 59,3 13,9 45,5 15,1 38,5 5,0 33,5 
2.9. 80+y 35,2 64,3 16,4 47,5 26,6 54,9 11,5 43,3 
 Total 15,6 26,1 9,2 16,9 3,9 9,8 1,7 8,1 
3. Sex         
3.1. Male 13,6 23,2 8,4 14,8 3,6 9,9 1,9 8,0 
3.2. Female 17,4 28,8 10,0 18,8 4,1 9,8 1,6 8,2 
 Total 15,6 26,2 9,2 16,9 3,9 9,8 1,7 8,1 

4. Location of liv-
ing 

        

4.1. Urban 16,6 26,9 9,7 17,2 4,2 9,9 1,8 8,0 
4.2. Rural 9,7 21,8 6,5 15,4 2,2 9,7 1,0 8,7 
 Total 15,6 26,1 9,2 16,9 3,9 9,8 1,7 8,1 

The largest proportion of assistive products came from private for both those with spec-
tacles and those without spectacles (74.5%; 53.6%). Out of pocket also become the 
biggest proportion in financing (64.7%; 44.6%), comparing with government’s financ-
ing which only 3,8%.  In fact, the largest proportion of barriers to accessing the assistive 
products is “Can't afford”, both for spectacles and those without spectacles (51.3%; 
67.7%).  In terms of distance to obtain assistive products are generally within < 25 km 
from where the respondent lives (>90%). 

Satisfaction to product; assessment and training; maintenance and repair, is quite 
high, not much different between with spectacles (78.1% - 82.2%) and without specta-
cles (74.9% - 86.7%). It is more or less the same in Suitable of Use in term of Home 
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and environment; Participation in activities; public environment, between 62.0% – 
68.6% in with spectacles and 66.1% - 67.3% for without spectacles. 

Table 4. Source, barrier, satisfaction and suitable of assistive product 

No Variable With Spectacles 
(%) 

Without spectacles 
(%) 

1. Source of assistive product   
1.1. Public 6,5 9,0 
1.2. NGO 1,9 3,6 
1.3. Private 74,5 53,6 
1.4. Friends and family 12,5 18,7 
1.5. Self-made 3,8 16,9 
1.6. Other 2,4 1,3 
1.7. Do not know 1,1 1,7 
2. Funding   
2.1. Government 3,8 3,8 
2.2. NGO 1,3 3,3 
2.3. Employer/school 0,7 0,0 
2.4. Insurance 1,9 1,8 
2.5. Out-of-pocket 64,7 44,6 
2.6. Friends or family 28,2 44,2 
2.7. Other 0,6 2,0 
2.8. Do not know 0,4 0,9 
3. Barrier to accessing assistive product   
3.1. Not available 3,9 8,3 
3.2. Not suitable 4,0 4,5 
3.3. Too far 3,6 4,5 
3.4. No time 8,1 9,5 
3.5. No support 12,4 21,0 
3.6. Can’t afford 51,3 67,7 
3.7. Stigma 2,6 2,8 
3.8. Other 0,5 0,7 
3.9. Do not know 0,3 0,5 
4. Travel   
4.1. <5km 51,8 52,4 
4.2. 6-25km 42,4 40,9 
4.3. 26-50km 1,9 2,0 
4.4. 51-100km 0,5 0,8 
4.5. 100+km 1,0 1,3 
4.6. Don’t know 2,3 8,5 
5. Satisfaction   
5.1. Products 82,2 86,7 
5.2. Assessment and training 78,9 79,0 
5.3. Maintenance and repair 78,1 74,9 
6. Suitability of use   
6.1. Home and environment 65,0 67,3 
6.2. Participation in activities 68,6 66,3 
6.3. Public environment 62,0 66,1 
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Spectacles have the largest proportion of assistive use (81%), far more than the use of 
others.  This is in line with its prevalence.  Spectacles also ranked first in the Assistive 
Product Unmet Need Rank and Assistive Product Need Rank. (Table 5).  

Table 5. Prevalence of Use Assistive Products, Unmet Rank, and Need Rank 

No Type of assistive product Proportion 
(%) 

Prevalence 
(%) 

1. The use of assistive product   

1.1. Spectacles; low-vision, short/long distance/filters 
etc 81.0 12.62 

1.2. Canes/sticks, tripod and quadripod 6.0 0.93 
1.3. Manual wheelchairs - push type 4.0 0.63 
1.4. Magnifiers, optical 3.0 0.47 
1.5. Axillary / Elbow crutches 2.2 0.34 
1.6. Incontinence products, absorbent 1.9 0.30 
1.7. Manual wheelchairs - basic type for active users 1.8 0.28 
2. Assistive product unmet Need Rank   

2.1. Spectacles; low-vision, short/long distance/filters 
etc 59.9 % 4.1 % 

2.2. Hearing aids (digital) and batteries 11.3 % 0.8 % 
2.3. Smart phones/tablets/PDA (for communication) 4.8 % 0.3 % 
2.4. Chairs for shower/bath/toilet 2.6 % 0.2 % 
2.5. Grab-bars / Hand rails 2.6 % 0.2 % 
2.6. Wheelchairs, electrically powered 2.0 % 0.1 % 

2.7. Therapeutic footwear (diabetic, neuropathic, or-
thopedic) 2.0 % 0.1 % 

3. Assistive Product Need Rank    

3.1. Spectacles; low-vision, short/long distance/filters 
etc 76.7 % 19.93 % 

3.2. Canes/sticks, tripod and quadripod 9.2 % 2.39 % 
3.3. Hearing aids (digital) and batteries 6.4 % 1.66 % 
3.4. Magnifiers, optical 3.7 % 0.97 % 
3.5. Manual wheelchairs - push type 3.5 % 0.92 % 
3.6. Chairs for shower/bath/toilet 2.3 % 0.59 % 
3.7. Time management products 2.2 % 0.58 % 

4 Discussion 

The World Report on Disability states that about 15% of the world’s population lives 
with some form of disability whereas 2–4% of the world’s population have severe dif-
ficulties in functioning without use of Assistive Technology. Findings from this study 
showed 32% of respondents have difficulty (some, a lot of, can't do at all) in doing 
certain activities because of a health condition, some respondents even experienced 
overall mobility difficulties, seeing, hearing, speaking, remembering or concentrating, 
and selfcare. Assistive Technology maintains or improves an individual’s functioning 
and independence to facilitate participation and to enhance overall well-being [3] 
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This study found high proportion unmet need levels of "some difficulty", "a lot of 
difficulty" and "can't do at all" on with spectacles (>60%). Unmet need (population 
with no coverage) interpreted as the proportion of a population who need and do not 
use any Assistive Product (AP).  Danemayer, J., et al., 2021, who conducted a system-
atic review of the need and coverage for five priority assistive products (hearing aids, 
limb prosthese, wheelchairs, glasses and personal digital assistants), found a high un-
met need (>60%) for each of the five AP [4].  

In fact, from this Survey, the largest proportion of barriers to accessing the assistive 
products is “Can't afford”, both for spectacles and those without spectacles (51.3%; 
67.7%). This situation lead to phenomena of improving creation of AT. The research 
has shown numbers of self-made AT, using local resource material with modest tech-
nology. 

The most common cases of difficulty found from this survey are difficulty in seeing 
(24.6%), mobility (11.4%), and hearing (5,4%). Berardi, A., et al, 2021, shows the most 
common unmet need in Canada was for hearing AT, followed by bathroom aids [5].  

Related to blindness and impairment, WHO data shows, globally at least 2.2 billion 
people have a near or distance vision impairment. In at least 1 billion (or almost half) 
of these cases, vision impairment could have been prevented or has yet to be addressed. 
The leading causes of vision impairment and blindness are uncorrected refractive errors 
and cataracts. The majority of people with vision impairment and blindness are over 
the age of 50 years; however, vision loss can affect people of all ages [6]. 

In addition to vision, another problem related to health problems that require this AT 
is impaired mobility. Over one billion people with disabilities (PWDs) and older adults 
with mobility impairment are currently in need of assistive technology devices (ATDs) 
and only 10% of those population have ordinarily access to them [7]. 

WHO also estimates that by 2050 nearly 2.5 billion people are projected to have 
some degree of hearing loss and at least 700 million will require hearing rehabilitation. 
Over 1 billion young adults are at risk of permanent, avoidable hearing loss due to 
unsafe listening practices. Over 5% of the world’s population, or 430 million people, 
require rehabilitation to address their ‘disabling’ hearing loss (432 million adults and 
34 million children). It is estimated that by 2050 over 700 million people, or one in 
every ten people, will have disabling hearing loss [8]. 

This study also shows that respondents who living in urban areas had a greater pro-
portion of assistive product use than rural areas. Respondents living in rural areas had 
a greater proportion of Unmet Need assistive products than urban in the group without 
spectacles. Karki, J., et al, 2021, from the study at Nepal, India, and Bangladesh found 
that there are significant discrepancies in available AT service provisions for people 
living in the urban and rural areas of each country [3].  AT service provisions are poorly 
developed in all three countries. Even there has been some increase in financial re-
sources through the local Government in India and Nepal, but this is still insufficient. 
Therefore, the Governments should significantly increase their budgets for PWDs re-
lated activities and AT services. AT services are still treated as charities in all three 
countries rather than as a fulfilment of PWDs’ rights [3]. 

The small role of government-sourced financing is also experienced in Indonesia 
where only 3.8% of financing for AT, compared to out of pocket which reached 64.7% 
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(with spectacles) and 44.6% (without spectacles). Different government funding 
schemes exist for AT provision in Indonesia. However, these schemes do not interact, 
are not fully utilized, and are operationalized through different procedures. These 
schemes include:  government managed insurance including the National Health Insur-
ance (known as JKN) and the Occupational Injury Benefit (known as JKK); Indonesia’s 
central budgets such as the Ministry of Social Affairs’ (MoSA) budget for AT; local 
government budgets; and village budgets such as Village Funds for PWDs. The alloca-
tion and utilization of available funding were still fragmented with no available national 
system to integrate the procurement and provision procedures within each scheme. 

Lack of accessibility, eligibility, reachability and affordability are the main barriers 
to access AT services for PWD in Nepal, India and Bangladesh.  This is not much 
different from in Indonesia, where affordability to Assistive Product is the most im-
portant, both for spectacles and those without spectacles. Furthermore, Tangcharoen-
sathien, V., et al, explained four key gaps contribute to limited access on AT. First, 
although need is high, demand is low. Second, product designs are insufficiently in-
formed. Third, barriers to supply. Fourth, there is a dearth of high-quality evidence on 
the effectiveness of different types of technology [9]. 

For the context of Indonesia, despite the existence of policies and implementation 
framework for disability rights including access to AT as well as clear functions and 
responsibilities between these ministries, there is a lack of a coordinated effort across 
ministries in Indonesia for increasing access to AT.  With the recent shift to a decen-
tralized system from central government to local, a large number of local governments 
and several additional ministries will be involved in the provision of AT. Procurement 
of AT is fragmented across numerous government and non-government actors, which 
leads to low volume, limited supply and high prices.  Very few assistive products are 
included in the e-catalog limiting the visibility of available products, price points, and 
quality suppliers to the procurers, such as government units, health facilities.  Signifi-
cant gaps in the quantity and distribution of AT-related health workforce are also oc-
curring. Meanwhile, AT access is higher in Java Island due to the availability of sup-
pliers and service providers compared to other islands in Indonesia. 

The Government had published national guidelines, standardizing some assistive 
products, and procurement standards. Meanwhile, those policies need to cover more 
assistive products, based on functionality and should be used as a reference by local 
government. National Standardization Body (BSN) established a new Assistive Tech-
nology Committee in 2020 to accelerate its Indonesia’s National Standard.  

5 Conclusion 

The prevalence of people with significant difficulties is directly proportional to unmet 
need of AT. Result shown that the need of AT is increase with the increase of age. Due 
to gender aspect, the unmet need of AT for female is higher than male.  In demographic 
aspect, the need of AT among urban community is remaining higher than rural. Contri-
bution of government and insurance coverage for AT is limited, which made people 
have to raised self-fund. Affordability of AT is remain a barrier for most people. This 
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situation lead to phenomena of improving creation of AT. The research has shown num-
bers of self-made AT, using local resource material with modest technology.  

6 Recommendation 

Results are very beneficial and would be as main reference to further improving access 
to AT in Indonesia systematically, define priority of intervention, and remove the bar-
riers. Recommendations for all relevant stakeholder are develop new strategies to im-
prove access to AT, advocate to governments and civil society the unmet needs for AT, 
provide data to help plan or prioritize AT provision, design and deliver interventions to 
improve access to AT, evaluate the effectiveness of efforts to strengthen access to AT, 
measure progress towards AT targets; increase number of product and AT coverage 
through JKN, innovation of available locat AT, strengthen appropriate intervention of 
primary health service.  
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Abstract. Access to assistive technology (AT) is essential for many people to 
maintain and improve function, health and wellbeing, and quality of life.  Alt-
hough the need for Assistive Products (AP) is continue rising, only one in 10 
people globally have access the AP they need1. Furthermore, there is not suffi-
cient data for AT in many countries around the world yet. We aimed to estimate 
the prevalence of assessing to AT, need and unmet need of AT, barriers, satisfac-
tion and quality of AT services in Myanmar. Method: A nationwide cross-sec-
tional household survey was conducted from June to August 2021 among 8,209 
participants using two-staged cluster sampling methods. Results: In our study 
29.4% of the study population needed any type of AP, among which seeing was 
26.1% mobility 16.2%, cognition 15%, self-care 13.3%, hearing 9.1%, and 6.4% 
for communication.  The private sector currently used AP accounted for 52.8%, 
while the public sector contributed only 6.6%. The prevalence of unmet need was 
21.5%. It was highest among the elderly. Out-of-pocket payment (67.5%) was 
the main funding source of AP in Myanmar.  Unaffordability was the major bar-
rier to access to AP (38.4%). Majority of the people (66.1%) were satisfied with 
the assistive products they use. Conclusion: Outcomes of the rATA survey pro-
vided key information related to AP in the Myanmar population. Our findings 
pointed out the importance of formulating and implementing strategies to im-
prove the accessibility of AP and enhance the fair financial opportunity for eve-
ryone who needs AP. 
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1 Introduction 

Assistive technology (AT) is essential for assisting the people with disabilities and 
those who need rehabilitation to manage personal activities of daily living without the 
assistance of another person. By using adaptive techniques and equipment, AT also 
minimize the need for external assistance for people who needs rehabilitation. It can 
also improve the social, economic, vocational, educational aspects of an individual’s 
life and reduce the burden of disease. 

Because of the rising trends of the ageing population, higher prevelance of injury 
and accidents, and non-communicable diseases, the need of AT will continue rising. 
Despite its benefits to help people promote independence and improve function, only 
one in 10 people globally have to access the AP they need [1]. Possible reasons for that 
are weak services of the assistive products in many parts of the world, people with more 
complex problems, people who are not aware of what they need, and poor socioeco-
nomic status [2]. Furthermore, there is not sufficient data for AT in many countries 
around the world yet. 

To solve this problem, according to the mandate of the resolution on “improving 
access to assistive technology (WHA71.8)”, WHO has developed the Rapid Assistive 
technology Assessment (rATA) survey to develop a global report on assistive technol-
ogy (GReAT) in the context of an integrated approach, based on the best available sci-
entific evidence and international experience [1]. Being the first-ever country to launch 
National Rehabilitation Strategic Plan under Global Rehabilitation 2030 [3], Myanmar 
has been one of the member countries to participate in developing the first global report 
on effective access to assistive technology by using rATAsurvey. With approval and 
guidance from Ministry of Health (MOH) Myanmar, technical support from WHO it 
was a great opportunity to generate evidence for improving access to AT, as increasing 
access and provision of assistive products is one of the strategic areas to be imple-
mented in Myanmar National Rehabilitation Strategic Plan  [3]. 

1.1 Aim 

To obtain National data on access to assistive technology (AT), need and unmet need 
of AT, barriers, satisfaction, and quality of AT services in the population of Myanmar 

2 Methodology 

We conducted a cross-sectional, nationally representative population-based household 
study and collected the data from June to August 2021 in all 17 States and Regions 
except Kayah. A two-stage cluster sampling method supported by Department of Pop-
ulation was used. First, 268 clusters was selected from the whole country using proba-
bility proportion to size. Then, we randomly chose ten households from each cluster. 
We used the sampling weight to get a nationally representative estimate for all indica-
tors. All household members from the selected households were eligible for this study. 
We did a proxy interview for the household members who could not provide 
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information regarding AT. We used a household survey tool– a rapid Assistive Tech-
nology Assessment (rATA), developed by the WHO. Data were collected using the 
mobile data collection tool to support countries in collecting such data in a systematic 
and rapid approach [1]. The detailed stepwise procedure of the study followed the 
Global Deployment Plan (GDP) developed by WHO as guidance for member states to 
obtain integrated evidence-based scientific data. The rATA is an interviewer-adminis-
tered household survey either used stand-alone or to be incorporated into the broader 
population or household surveys or national census. The survey was simple to admin-
ister and non-technical so that enumerators selected by Myanmar Red Cross Society 
(MRCS) were able to use it from varied backgrounds and experiences and across cul-
tures and contexts. We provided the online enumerators training before the data collec-
tion. Pilot training and field testing of data flow practice with WHO technical team and 
enumerators from Yangon Division were carried out  before the enumerator training. A 
total of 8,209 participants ( Male = 3886, female = 4323) were included in this study. 
Data collection was done online using ArcGIS survey 123 application. STATAversion 
15.1 was used for data analysis. 

3 Result  

Table 1 shows the background characteristics of the study population. In our study, 
29.4% of the study population needed any type of AP. Among them, seeing was 26.1%, 
mobility 16.2%, cognition 15%, self-care 13.3%, hearing 9.1%, and 6.4% for commu-
nication (Table 2).  

The national prevalence of at least one AP currently used was 17.8%. The prevalence 
among males was not significantly different from that of females (18% vs. 17.6%, 
P=0.594). The urban prevalence was significantly higher than the rural prevalence 
(24.1% vs. 15.9%, P<0.001). The prevalence was highest in Nay Pyi Taw, a capital of 
Myanmar, (38.7%) and lowest in the Bago region (10.3%). The prevalence of unmet 
needs was 21.6%. It was statistically different by age group (P<0.001) and region 
(P<0.001). It was highest among the elderly. Regional variation also existed, i.e., high-
est in Kachin state and lowest in Tanintharyi region (36.1% vs. 6.7%). See details in 
Table 3. 

The private sector was the major source of currently used AP, accounting for 52.8%, 
while the public sector contributed only 6.6% of AP. Out-of-pocket payment (67.5%) 
was the primary funding source of AP in Myanmar. Unaffordability was the major bar-
rier to access to AP (38.4%). The majority (66.1%) were satisfied with their assistive 
products (Table 4). Only 6 % of participants responded that their products were not 
suitable for them. 

Table 1. Background characteristics of the study population (N=8209) 

Variables N %  Variables N % 
Region    Age group (Yr)   
 Kachin 360 4.4   0-4 311 3.8 



150 

 Kayin 308 3.8   5-17 1468 17.9 
 Chin 256 3.1   18-29 1509 18.4 
 Sagaing 1148 14.0   30-39 1180 14.4 
 Tanintharyi 252 3.1   40-49 1261 15.4 
 Bago 712 8.7   50-59 1117 13.6 
 Magway 679 8.3   60-69 780 9.5 
 Mandalay 779 9.5   70-79 411 5.0 
 Mon 413 5.0   80+ 171 2.1 
 Rakhine 553 6.7     
 Yangon 705 8.6  Settlement   
 Shan (South) 334 4.1   Urban 1889 23.0 
 Shan (North) 231 2.8   Rural 6320 77.0 
 Shan (East) 255 3.1   Total 8209 100 
 Ayeyarwady 979 11.9     
 Nay Pyi Taw 245 3.0     
       
Sex       
 Male 3886 47.3     
 Female 4323 52.7     
Total 8209 100     

Table 2. Types of needs for AP, the association of any type of AP by sex and settlement 

Variables % 95% CI N 
Any type 29.4 [28.4, 30.4] 2,503 

Seeing 26.1 [25.2, 27.1] 2,270 
Mobility 16.2 [15.4, 17.0] 1,403 
Cognition 15 [14.2, 15.8] 1,261 
Self-care 13.3 [12.6, 14.0] 1,160 
Hearing 9.1 [8.5, 9.8] 765 
Communication 6.4 [5.9, 7.0] 553 

 Proportion 95% CI P value 
Any type by sex   0.023 
Male 28.2 [26.8, 29.6]  
Female 30.5 [29.1, 31.9]  
Any type by settlement   <0.001 
Urban 34.3 [32.2, 36.5]  
Rural 27.9 [26.8, 29.1]  
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Table 3. Current use of AP, unmet need of AP, and their association with sex, settlement, age 
group and region. 

 Current use of AP  Unmet need 

 % 95% CI 
P-
value  % 95% CI 

P-
value 

All 17.8 [16.9, 18.6]    21.6 [20.6, 22.4]  
        
By Sex   0.593    0.078 
 Male 18.0 [16.8, 19.3]   20.7 [19.4, 22.0]  
 Female 17.6 [16.5, 18.7]   22.3 [21.1, 23.6]  
        
By Settle-
ment   <0.001    0.563 
 Urban 24.1 [22.2, 26.1]   21.0 [19.2, 22.9]  
 Rural 15.9 [15.0, 16.8]   21.6 [20.6, 22.7]  
        
By age group   <0.001    <0.001 
 0-4 3.0 [1.6, 5.7]   12.7 [9.3, 17.1]  
 5-17 3.2 [2.4, 4.2]   8.2 [6.9, 9.8]  
 18-29 9.0 [7.6, 10.6]   9.2 [7.8, 10.9]  
 30-39 7.9 [6.5, 9.6]   14.6 [12.7, 16.9]  
 40-49 20.3 [18.2, 22.6]   25.6 [23.3, 28.1]  
 50-59 30.3 [27.7, 33.1]   33.3 [30.6, 36.1]  
 60-69 39.1 [35.8, 42.5]   38.2 [34.9, 41.6]  
 70-79 44.1 [39.4, 48.9]   50.8 [46.0, 55.6]  
 80+ 54.1 [46.8, 61.4]   53.5 [46.1, 60.8]  
        
By region   <0.001    <0.001 
 Kachin 19.1 [14.7, 24.5]   36.1 [30.4, 42.1]  
 Kayin 25.2 [20.1, 31.2]   26.9 [21.6, 32.9]  
 Chin 20.1 [14.8, 26.6]   34.7 [28.1, 42.1]  
 Sagaing 17.1 [14.8, 19.4]   31.1 [28.4, 34.0]  
 Tanintharyi 10.8 [7.2, 15.8]   6.7 [4.1, 11.1]  
 Bago 10.3 [8.5, 12.4]   12.7 [10.7, 15.0]  
 Magway 12.2 [10.1, 14.8]   18.7 [16.1, 21.6]  
 Mandalay 21.9 [19.2, 24.9]   25.9 [23.0, 28.9]  
 Mon 16.5 [13.6, 20.0]   17.3 [14.3, 20.8]  
 Rakhine 13.1 [10.4, 16.2]   16.6 [13.6, 20.1]  
 Yangon 26.8 [24.2, 29.6]   20.6 [18.3, 23.2]  
 Shan (South) 16.5 [12.7, 21.2]   27.4 [22.6, 32.8]  
 Shan (North) 11.2 [7.5, 16.3]   16.1 [11.6, 21.8]  
 Shan (East) 17.7 [13.3, 23.2]   20.0 [15.3, 25.6]  
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 Ayeyarwady 16.2 [14.2, 18.5]   14.6 [12.7, 16.7]  
 Nay Pyi Taw 38.7 [32.4, 45.4]   16.4 [11.9, 22.1]  

Table 4. Frequency distribution of source and funding of main AP and barriers and reasons for 
not having AP in need. 

Variables N % 
Source of main AP (N=1214) 
 Private sector 641 52.8 
 Self-made 334 27.5 
 Friends/family 181 14.9 
 NGO sector 95 7.8 
 Public sector 80 6.6 
 Other 19 1.6 
 Don't know 6 0.5 
Funding of main AP  (N=1214) 
 OOP 819 67.5 
 Family/friend 356 29.3 
 NGO/charity 89 7.3 
 Government 46 3.8 
 Employer/school 10 0.8 
 Insurance 6 0.5 
 Other 6 0.5 
 Don't know 13 1.1 
Barriers and reasons for not having AP (N=1811) 
 Not available 206 11.4 
 Not suitable 134 7.4 
 Lack of transport 149 8.2 
 Lack of time 33 1.8 
 Lack of support/too far 264 14.6 
 Cannot afford 695 38.4 
 Stigma/shyness 13 0.7 
 Other 80 4.4 
 Don't know 125 6.9 

4 Discussion 

Out of 8209 participants, 77% of respondents were from rural and 23% were from urban 
area. Myanmar's population is 54.1 million, and according to the inter-censual survey 
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2019-2000, the Disability prevalence rate has been revised to 12.8% (5,968,986) while 
the WHO South-East Asia estimates 16% [5].  

As Myanmar has variable geographical regions with 7 major ethnic groups, majority 
of enumerators are able to speak local language, and  only a few interpretors were 
needed during the interview of household survey in some remote areas. The survey 
underwent cultural adaptation through coordination meetings with MRCS supervisory 
committes from all regions, AP users, leaders of Disabled People’s Organizations, 
NGOs, INGOs, and development partners, community leaders. Most importantly, 
safety precautions for COVID-19 pandemic have been strictly carried out for all enu-
merators and participants duringthe data collection in the field.  

In our study, 29.4% of the study population needed any type of AP. Wome had more 
functional difficulty than men and it was more prevalent in urban area. Among the study 
population who needed assistive products, seeing was the most prevalent 26.1%, mo-
bility (16.2%), and self care (13.3%). The national prevalence of at least one AP cur-
rently used was 17.8%. The prevalence was highest in Nay Pyi Taw, a capital of My-
anmar, (38.7%) which indicates people from rural areas have less awareness about use 
of AP. The prevalence of unmet needs was 21.6%. People living in the urban area need 
more AP than those living in the rural area. Regarding the age, the older the age group, 
the more they need assistive products.  

In the study of Wesley Pryor et.al. from household survey from two districts of Bang-
ladesh by using Assistive Technology Assessment- Needs (ATA-N) survey, 7.1% of 
studied populationused any AP and it’s positively associated with age and self reported 
functional difficulty. Of all the people with any functional difficulty71% self reported 
an unmet need for AP [7]. 

In a study of perceived unmet needs, during home visit in Southern Sweden, out of 
371 individuals, the most common types of AP used were for furnishing/ Adaptation 
(35%). The highest perceived unmet need concerned for communication in total 8% as 
the study population is 3rd  age people [8]. 

Private sector was the main source of AP which has been followed by self made 
especially in rural areas. Main funding source for AP was Out Of Pocket payment. Our 
findings clearly pointed out Availibility and accessibility of AP should be expanded in 
the public sector through the implementation of National Rehabilitation Strategic Ac-
tion Plan. 

Unaffordability was the major barrier to access to AP (38.4%). The majority (66.1%) 
were satisfied with their assistive products. Only 6 % of participants responded that 
their products were not suitable for them. 

Outcomes of rATA survey provides many essential information to improve accessi-
bility, and provision of quality assistive products for those who needs AT in Myanmar. 
Having the concrete information of rATA survey outcomes, we have an opportunity to 
study more about the quality service provision for AT at all levels of health care , train-
ing of workforce, increase financing for AT, development of priority AP list, advocacy 
and development of Policy and guidelines for AT. 
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5 Conclusion 

Outcomes of the rATA survey provided key information related to AP in the Myanmar 
population. About one-third of Myanmar's population needs AP for their daily activi-
ties, and one-fifth of the population encounters an unmet need for AP. Our findings 
pointed out the importance of formulating and implementing strategies to improve the 
accessibility of AP and enhance the fair financial opportunity for everyone who needs 
AP. 

Policymakers and program managers should be used the study's findings to under-
stand the need, demand, and barriers to access AT in the population. Moreover, it is 
also valuable to advocate and raise awareness to conduct policy dialogues and formu-
late policy guidelines for Assistive Products according to the National Rehabilitation 
strategy. 
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Abstract. Mongolia conducted a rapid Assistive Technology Assessment 
(rATA) survey in 2021 using an assessment tool developed by the World Health 
Organisation (WHO). The survey involved different Government and non-gov-
ernmental stakeholders. The country was divided into 4 regions and using a 2-
step random sampling method, 137 clusters were identified for the survey, in-
cluding 2 provinces in each region. A total of 2,868 households and more than 
10,000 persons were interviewed. The data was analysed by a team from WHO. 
This paper explains the challenges linked to conducting such a large survey in 
Mongolia due to its geographical and demographic characteristics. It also pre-
sents the main findings from the rATA survey and how these findings can be 
used for strengthening the access to assistive technology services in the country. 

Keywords: Mongolia, rATA survey, Assistive Technology. 

1 Background 

1.1 Introduction 

Mongolia had signed and ratified the UN Convention on the Rights of Persons with 
Disabilities (CRPD) in 2009. In 2016 the Government of Mongolia passed the National 
Disability Law in line with the provisions of CRPD (1). For example, art. 11 of the law 
asks for ensuring that all information and communication services are accessible to 
persons with disabilities, while art. 21 ensures the provision of assistive products 
through different insurance and welfare funds. 

Ministry of Labor and Social Protection (MLSP) is responsible for the provision of 
assistive products to persons with disabilities and elderly persons with functional 
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limitations. MLSP has conducted surveys to understand the gaps in the AP provision 
services. For example, a survey (2) conducted in 2019 had shown that around 81% of 
the beneficiaries of assistive products were elderly persons. It also showed that persons 
in rural areas had limited understanding about the usefulness of assistive products, they 
face many difficulties in receiving the necessary products and in getting them repaired. 

In 2019, the Government of Mongolia signed an agreement with Asian Development 
Bank (ADB) for ensuring inclusiveness and service delivery for persons with disabili-
ties. Output 2 of this collaboration focused on strengthening of different services for 
persons with disabilities including the services for provision of assistive products and 
the establishment of 6 model development and rehabilitation centers. (3) A review of 
the existing assistive technology (AT) services and a strategy for strengthening it has 
been proposed, which needs to be formalized by the Government. Ministry of Health is 
developing National Rehabilitation Action Plan (2021-2026) including the assistive 
products with the technical support of WHO. (4) 

The proposal from WHO to conduct a rapid Assistive Technology Assessment 
(rATA) in Mongolia arrived when all the different initiatives to strengthen the national 
AT services were being planned and implemented. 

1.2 Planning rATA Survey 

WHO provided the technical and financial support for conducting the rATA survey. 
Ministry of Health (MOH) acted a leading organization to conduct the rATA at national 
level (August 2020). National Disability Coordinator (NDC) is appointed from MOH. 
When NDC is appointed from MOH, National Statistics Office (NSO), Ministry of La-
bor and Social Protection (MLSP) and Italian association “Amici di Raoul Follereau” 
(AIFO), working in Mongolia since 1991 in disability field were invited for a meeting 
(October 2020). 4 persons from above-mentioned organizations (MLSP, NSO, AIFO 
and WHO/CO) attended in 3 days long online master training conducted by WHO in 
November 17-19, 2020. After the master training, MOH decided to appoint National 
Development Center, the agency of MOH to conduct the rATA survey at national level 
(Order No. A/246, Minister of Health, April 22, 2021). WHO employed national con-
sultant to support to the organization to conduct the rATA survey. The national con-
sultant is from AIFO, who worked in Mongolia since 1991 implementing Community 
based rehabilitation program for the persons with disabilities (CBR) in collaboration 
with MOH.  NSO played a role of calculating sample size and approving the method-
ology to be used for data collection of national representative household survey. 

1.3 Objectives 

To conduct a sample survey in different provinces of Mongolia to understand the cov-
erage and uncovered needs of different kinds of assistive products among different age 
groups through the Rapid Assistive Technology Assessment (rATA) survey methodol-
ogy developed by the World Health Organization. 
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2 Methodology 

The standard methodology developed by WHO was used for conducting rATA survey 
in Mongolia. 4 persons (MOH, NSO, WHO/CO and AIFO, INGO) from Mongolia took 
part in the training of the trainers’ workshop organized by WHO. This was followed by 
the development of action plan for conducting rATA survey and an agreement was 
signed between the Government (Ministry of Health) and WHO. 

Different Government organizations (Ministry of Health, Health Development Cen-
ter and National Statistics Office) as well as some non-governmental organizations 
(Tegsh Niigem NGO and “Universal Progress” Independent Living Center) were in-
volved in the data collection exercise. This posed additional challenges in conducting 
and coordinating the data collection. 

National Statistics Office (NSO) in Mongolia calculated the sample size using two-
step, random sampling method. Total of 137 clusters were selected using proportional 
method taking into consideration of WHO suggestion, which is 10% of non-responsive 
rate and 30% of relative error and 95% of confidence level. 

According to the Statistics of Mongolia by the end of 2020 there are 3.25 million 
people living in 908.7 thousand households. The average household size is 3.58. 

Since Mongolia has huge territory and scares living, NSO selected 2 aimags (prov-
inces) from 4 (western, khangai, eastern and central) regions and Ulaanbaatar, the cap-
ital city. A random sample of 2740 households were identified from 8 aimags (prov-
inces) and Ulaanbaatar 6 districts representing all the different regions of the country 
using proportional method. 

A total of 70 enumerators (5 enumerators from each 14 enumeration areas) and 14 
supervisors (1 from each 14 enumeration areas) were trained and data collection was 
carried out between October 30 and 25 November 2021. The duration of data collection 
was varied from 9 to 23 days on the basis of the destination of the territory and size of 
the population. Average number of households to be visited per day was calculated that 
2 enumerators visit to 5 households on average and at least 15 households will be visited 
by a team of 6 enumerators and supervisors.  

Enumerators from above-mentioned two non-governmental organizations collected 
data from selected enumeration areas. The selection of supervisors relied on the expe-
rience of working with persons with disabilities in Mongolia CBR program between 
1991-2015. Supervisors from enumeration areas supervised the data collection in the 
field. 

2.1 Process of Conducting rATA Survey and Specific Challenges Faced 
during the Survey  

Mongolia has a large geographical area with a small population and a very low popu-
lation density. In winters, the country experiences very low sub-zero temperatures and 
field visits are difficult. rATA survey in Mongolia was conducted in these specific con-
ditions, which posed specific challenges to data collection: (1) Climate: rATA survey 
in Mongolia was conducted in November, which became low sub-zero condition. Con-
venient condition to conduct survey in Mongolia is March to June and September to 
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October. But the rATA survey couldn’t be carried out in convenient condition owing 
to different bureaucratic steps. (2) Geographical distance: Households, especially those 
who live in nomadic area (village) live far from each other. In some area there are 
around 20 km between two households. The road is unpaved. Survey time is spent for 
travelling to the selected households. The farthest sum (village) was 520 km in one way 
from aimag (province) center. One of the enumeration areas was “Tsaatan” /Reindeer 
herders/ minority, who lives in snowy mountain “Taiga”. Reindeer herders were living 
452 km in one way from aimag center. The enumerators needed to rent reindeers to 
reach to the Reindeer herders. Enumerators were alos needed to go on ice to reach to 
“Hanh” sum, at the Russian border. (3) Due to COVID-19 pandemic, the majority of 
the households, especially in Ulaanbaatar, the capital city and aimag (province) centers, 
were not allowed to enter their homes. So the enumerators needed to collect data while 
standing outside. (4) Address of Ulaanbaatar was not well structured. District and sub-
district personnel were helping to the enumerators to find the selected households, it 
was challenging to find the households, especially in Ger district.    

3 Results 

A total of 2868 households were visited during the survey covering a total sample of 
10.739 persons, including 9,687 persons (90.2%) of less than 59 years and 1,052 per-
sons (9.8%) above 60 years. The data entry forms were checked by the supervisors and 
national data coordinator, corrected and cleaned. The data was sent to WHO for analy-
sis. 

Total of 9960 persons’ responses were collected, including 531 responses from mi-
nors who were not accompanied by a family adult during the interview. All the re-
sponses have been included in the analysis presented here. 

Among the APs, spectacles were the most commonly used AP, needed by more than 
71.8% AP users. Other most frequently used products included canes/sticks 11.5%, 
crutches 6%, magnifier 5.8%, hearing aids 5.6%, spinal orthosis 4.8%, bath/toilet chair 
4.1%, manual wheelchairs 2.7%, pill-organizers 2.3% and manual wheel-chairs 1.6%.  

To improve a better the understanding of remaining data, information about specta-
cles-users has been excluded for this analysis. 

3.1 Coverage of Assistive Products Excluding Spectacles in Mongolia 

Globally 8.1% of persons in Mongolia needed APs excluding spectacles and 2.3% had 
received them and 5.8% of individuals had unmet needs. In terms of gender, 7.4% of 
the men needed Aps, 1.1% had them and 5.3% had unmet needs; among women, 8.7% 
needed, 2.5% had them and 6.2% had unmet needs.  

In terms of age, in the below 59 years, total need was 4.4%, among whom 1.3% had 
received APs while 3.1% had unmet needs. In the above 60 years, the total need was 
37.6%, among whom 10% had received the APs while 27.6% had unmet needs. 
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In urban areas, the need for APs was among 7.8% of the population and 2.7% had 
received them, while 5.1% had unmet needs; while in the rural areas, the need was 8.2% 
and 2% had received them and 6.3% had unmet needs. 

In terms of source of AP provision, the Government covered 24.6% of the need, 
about 48.2% was covered by private sector and the remaining 27.2% of the Aps were 
covered by different sources such as NGOs, self-made, and friends and families. 

In terms of funding for APs, the three biggest sources were - Government which 
covered 23.1%, out of pocket by individuals covered 53.5%, and family-friends who 
covered 20.3%. The remaining 3.1% costs were covered by other sources including 
NGOs. 

50.5% of persons identified lack of support and funds as the principal barrier for not 
having an AP. Other barriers were 8.8% non-availability, 7.4% non-suitability, 3.9% 
distance, and 5.1% lack of time. Only 2.8% identified stigma as a barrier. 

Around two-thirds of the respondents had found the APs at less than 50 km including 
35.7% who had found it at less than 5 km, while one-third of the respondents had to 
travel to more than 50 km to receive them including 20.7% who had to travel for more 
than 100 km. 

The level of satisfaction among persons who have already received the assistive 
products was good in 63.7%, about 30.7% of users were neutral and about 4.5% were 
unsatisfied with the APs. The level of satisfaction with the after-delivery services such 
as follow-up, repair and maintenance, was much lower. 

93.5% of the users felt that the APs were moderately to highly suitable for them, 
while 6.5% felt that the APs were unsuitable. 

4 Discussion 

The analysis of the rATA shows the gaps between males and females, where females 
have greater uncovered needs (6.2% compared to 5.3%); and, between rural areas and 
urban areas, where rural areas have greater unmet needs (6.3% compared to 5.1%). 
However, the biggest challenge seems to be among elderly persons compared to 
younger persons (27.6% compared to 3.1%). 

Another issue for the decision-makers would be regarding the high percentage of 
costs (around 74%) for the APs covered by the individuals and their families, while the 
Government contribution covers only 23%. 

While the user satisfaction and suitability of the APs for the users show higher prev-
alence of positive comments, this is probably also influenced by the products acquisi-
tion from personal funds. 

As the rATA survey implementation coincided with the plans for the review and 
strengthening of the national assistive technology services in Mongolia, these findings 
will provide a necessary background to identifying strategies to answer these chal-
lenges.  
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5 Conclusions 

Conducting rATA data collection exercise in Mongolia had posed some specific chal-
lenges linked to its geography and climatic conditions, as it was conducted in winter 
when temperatures reach below zero temperatures and reaching the rural areas becomes 
problematic. Another challenge was to bring together the different stakeholders in com-
pleting this exercise. 

At the same time, the survey has provided some very important information about 
specific assistive products and their unmet needs among the different age groups, which 
will help Mongolia to strengthen and improve its assistive technology services and set-
up a disability and assistive technology related database. 
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Abstract. Enable Ireland’s Assistive Technology Training Service has a long 
history in providing training to stakeholders in the assistive technology ecosys-
tem, and anecdotal evidence showed the need specifically for training for primary 
school educators and those who support students at primary level, including class 
and support teachers, school principals, Special Needs Assistants, and family. In 
2021 a short taster eLearning course, focusing on primary school assistive tech-
nology resources, approximately one hour in duration, was made available free 
of charge. The course received a positive response, with over 850 enrollees in 8 
months, with a completion rate of approximately 20% (average completion rate 
of self-enrolled courses is 5-15%). This demonstrated that there was a strong ap-
petite for more training and information provision around assistive technology 
for education. This paper will summarise the development of resources in re-
sponse to the above need. Central to Enable Ireland’s conceptualisation of this 
eLearning resource was the goal of providing content equally to teachers, special 
needs assistants and parents. Modules included a focus on mainstream accessi-
bility options; specialised hardware; software; and apps that targeted the principal 
areas of the primary school curriculum in Ireland. Central to this was inclusion 
of information on Universal Design for Learning, to ensure that classroom inter-
action could be adapted for the use of assistive technology by students. The SETT 
(Student, Environment, Task and Tools) assessment model by Joy Zabala, was 
described in detail. Content also addressed the areas of Language, Maths, Arts 
and Physical Education. Uniquely to this assistive technology course was the area 
of technology for the Irish language. This paper will discuss the design of the 
course, reviewing content in many different formats, including written, auditory, 
visual as well as practical tasks to reinforce the knowledge and skills discussed. 
Accessibility of the course to participants was of a high priority, and efforts were 
made to ensure that all content was presented in a manner compliant with Uni-
versal Design for Learning. Feedback received from participants will also be pre-
sent and planned changes to the content and format are discussed. The eLearning 
course can be accessed through the Enable Ireland Moodle website at Learning 
with Assistive Technology - Primary Level (enableirelandat.ie) 
(https://enableirelandat.ie/course/view.php?id=48)  

Keywords: Education, eLearning, Universal Design for Learning, 
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1 Background 

1.1 Identifying the Need for Assistive Technology Training in the 
Education Sector 

Enable Ireland’s Assistive Technology Training Service has a long history in providing 
training since its establishment in 2001. The primary focus of the service was to provide 
information and upskill those working in front line positions with current and potential 
Assistive Technology users.  

In the first instance, anecdotal evidence showed the need for training in assistive 
technology, through regular contacts with school staff and family members while sup-
porting learners with additional needs.  

 In 2021, a short taster eLearning course, focusing on primary school assistive tech-
nology resources, was made available free of charge, through Enable Ireland’s Moodle 
site. This course was approximately 1 hour in duration and provided a high-level over-
view of the areas of assistive technology applicable to the primary school setting, in-
cluding information on access, language and numeracy supports. 

This taster course received a very positive response. Over 850 participants enrolled 
in the course over an 8-month period. Completion rates were approximately 20%, 
which compared to an average completion rate in self enrolled MOOC courses is be-
tween 2.5 and 19% [1], was extremely positive. Feedback from the course indicated 
that there was a strong appetite for more training and information regarding assistive 
technology for education.  

1.2 Identifying the Audience 

Considering the differing profiles and needs of learners across the preschool, primary, 
secondary, and tertiary levels of education, it was decided to focus on one level at a 
time. As most learners are introduced to technology to assist with access to the curric-
ulum in primary school (usually aged 5-12 years in Ireland), this was decided upon as 
the focal point of the first course, with plans to create training resources focusing on 
secondary, preschool and the special school settings in the future. 

The audience targeted included class and support teachers, school principals, Special 
Needs Assistants (SNAs) and family. Given the rise in homeschooling during the pan-
demic, reaching parents/guardians and homeschooling communities were also consid-
ered.  

Research into teachers’ eagerness to be involved in further training was investigated 
and published as part of a report by the Economic and Social Research Institute in 2011 
[2]. It was noted that up to 70% of teachers were keen to update their skills and 
knowledge. 

1.3 Identifying the Scope of the Content 

In planning the content to be included in the course, a review of the prescribed primary 
school curriculum, designated by the National Council for Curriculum and Assessment 
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[3] was conducted to see the areas covered and the individual strands within those sub-
ject areas. There are no state examinations carried out at primary level, but guidance is 
given to schools around assessment of the various subject areas. As such, rather than 
focusing on passing standards for exams, emphasis was placed on being able to interact 
with and produce work according to the curriculum strands. This is in line with the 
principles of Universal Design for Learning.  

Within the primary curriculum, seven areas are explicitly identified, and further sub-
divided into subject areas. It was decided to focus on four areas of the curriculum, and 
these will be further discussed below.  

1.4 Identifying the Delivery Method of the Content 

A number of factors influenced the decision to create the resource as an online entity, 
including the global pandemic, which prevent the delivery of training sessions in real 
time, face to face settings. Also, given the difficulty in educators accessing cover and 
other resources to attend live training events, an online, self-paced course allowed the 
training to be completed in their own time, without an extended absence from working 
with learners. As an online resource, educators also could revisit and reference content 
on an as needed basis, rather than the once off nature of a live event. 

2 Course Design 

2.1 Universal Design for Learning (UDL)  

Universal Design for Learning focuses on a set of principles for curriculum develop-
ment that gives all individuals equal opportunities to learn, including Students with 
Disabilities []. UDL was central to the design of the course, from two key perspectives. 

2.2 UDL in Course Design 

This course was designed with UDL principles in mind for the individuals undertaking 
it. In short, the three main principles of Multiple Methods of Engagement; Multiple 
Methods of Representation; and Multiple Methods of Expression/Action [5] were ap-
plied to the development of the course content. 

Multiple Means of Representation. Content was made available in multiple formats, 
including text, audio, and imagery (photographs and video), and content was checked 
for accessibility, so that it would be capable of converting to other formats if required 
by those undertaking the course. Videos were subtitled and images described in Alter-
native Text. Summaries of key point were provided at the end of sections. 

Multiple Means of Action and Expression. As the content was presented in a time 
free manner, participants could elect when to engage with the content. Additionally, 
options were provided around showing comprehension of the materials, including quiz-
zes and multiple-choice questions, engagement in forums, completion of set tasks, 
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engagement with social media etc. Participants were guided to complete a reflective 
journal as part of the course content, which could be collated at the end for their own 
reference. 

Multiple Means of Engagement. To maintain engagement with the course materials, 
efforts were made to include motivators for the participants to personalize the 
knowledge and skills gained. This included trying out assistive technology options for 
themselves, proving case studies and anecdotes on how various solutions could be used 
in the classroom setting etc.  

2.3 Universal Design for Learning in Course Content 

As part of this course, rather than simply providing content on various assistive tech-
nology options available, a strong emphasis was placed on how these solutions could 
be integrated into the classroom to achieve learning goals for the individual learner. As 
mentioned above, UDL was embedded into the course design, but a module was also 
included on explaining UDL to the educators undertaking the course. This was a high 
priority of the course developers, to ensure that the technology introduced would be 
used to achieve these goals appropriately, rather than creating another barrier. 

This content was outsourced to another agency [4], specializing in creating inclusive 
environments for people with disabilities in education. These modules looked at ex-
plaining UDL and how its principles could be applied to the classroom, and adaptations 
made for those following a reduced or adapted curriculum.  

2.4 Content Platform 

Moodle was used as the platform for hosting and presenting the course. As well as 
having a strong track record of being an accessible platform, proving multiple ways of 
presenting and interacting with content, it was also an established platform in use by 
Enable Ireland’s Assistive Technology Training Service. Outside expertise was sourced 
to help ensure that all content provided reached the desired level of accessibility.  

Moodle badges were also utilized to encourage engagement and completion. The 
length of time required for completing each section was outlined on the initial screens, 
so that participants cold self-pace their timing.  

2.5 Emphasis on Free/Inbuilt Tools 

Given the audience of the course, an emphasis was placed on presenting free and inbuilt 
tools across platforms as part of the course design. There were multiple reasons for this. 
Having access to easily access solutions meant that educators could try out options 
without the need for expensive technology and resources. It also made these solutions 
more readily available for use with learners. Inbuilt tools were designed to work con-
sistently with main office applications such as word processors, spreadsheets etc.  
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3 Course Content 

3.1 Overview 

The course was subdivided into a welcome and summary section, as well as six content 
areas.  

3.2 Welcome and UDL Sections 

The initial section of the course provided an overview of the entire course, including 
the learning objectives. A pre-course survey was also administered. Content presented 
here included definitions of assistive technology, as well as assessment models. Em-
phasis was placed on the SETT (Student Environment Tasks and Tools) model, by Joy 
Zabala [6], as it was designed for use in educational setting, and was most appropriate 
to this course.  

Following on from the above, the concept of Universal Design for Learning is intro-
duced, as mentioned above. 

Resources, both general to the area of Assistive Technology and specific to UDL 
were proved following the content presentation. 

Both sections included interactive, reflective exercises for participants to apply 
learning. 

3.3 Access 

One of the larger sections of the course focused on access. This included content on 
ergonomic issues for those learners who did not require specialised Assistive Technol-
ogy, along with information on alternative keyboards and mice; mouse alternatives, 
such as eyegaze and head pointing; switches; and speech recognition. Access concerns 
stemming from sensory issues were also addressed. An emphasis was placed on inbuilt 
accessibility features across all operating systems. 

Resources such as web links to free trials and demonstration software were provided, 
so the participants could trial solutions themselves. 

3.4 Language 

Content in the language section followed the outline for the curriculum, as provided by 
the National Council for Curriculum and Assessment. As such, it was subdivided into 
Oral Language, Writing and Reading. In addition, under Oral language, Alternative and 
Augmentative Communication (AAC) was explored. Unique to this course was the ex-
ploration of supports for learners regarding the Irish language curriculum. 

Tools and strategies to support language under each of these headings were explored, 
again placing emphasis on how UDL cold be applied to their inclusion in the classroom.  
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3.5 Maths  

Options regarding numeracy skills were explored. These focused on the strands of the 
curriculum, but also covered how premade classroom materials such as workbooks 
could be adapted.  

3.6 Arts 

The three strands of the Arts curriculum were examined – Visual Arts, Drama, and 
Music. In particular, resources mentioned in the Drama section could be adapted to 
assist in other areas of the curriculum, including interaction in the classroom, and man-
aging behaviour. 

3.7 Physical Education 

Some resources specific to physical education are discussed in this section, but it also 
allows for the use of tools that while may not directly involve the curriculum targets, 
help learners remain on task, interact with peers etc.  

3.8 Summary Section 

A summary section sought to review key point in relation to UDL and the Assistive 
Technology presented throughout the course. A feedback survey was included, and 
links provide to other sources of information and suppliers.  

4 Pilot Study 

Prior to the launch of the course, a pilot study was conducted in March 2022. Partici-
pants were selected from a list of those who had engaged with Enable Ireland’s Assis-
tive Technology Training Service in the past and offered free enrollment.  

4.1 Feedback 

Feedback was received from six of the twenty people who piloted the course. Of these 
six people, four were teachers, and one was a Special Needs Assistant. All engaged in 
supporting current and potential AT users. 

When asked to select from a list of words to describe the course, options elected 
included “Essential,” Interesting” and “Relevant”.  

All would recommend the course to colleagues. 
When asked to rate how useful individual modules were to their individual set of 

circumstances, all the content modules were considered “very useful”. The welcome 
section was considered useful by two participants, and neural by one. The summary 
section was considered useful by one, and all other considered it very useful. In all this 
was a positive response to the content of the course. 

When asked to rate how usable the participants found Moodle, most rated activities 
such as creating an account, enrolling, editing profiles, navigating, interacting with 
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quizzes, and continuing from where they left off as either easy or very easy. One person 
noted downloading a file as difficult. 

When asked to rate statements about the course structure, positive responses were 
received regarding vocabulary used, reflective exercises, learning goals, and the level 
of content presented. One person disagreed that the structure was clear and easy to fol-
low. When asked about having an opportunity to interact and learn from other partici-
pants, two participants were neutral, while four expressed an interest in this.  

4.2 Changes to the Course 

From the feedback received, there were overwhelming positive opinions of the course.  
One of the areas highlighted was the opportunity to interact with other course par-

ticipants. As the course is not presented in real time, but as self-directed learning, one 
way we are looking to address this is through the use of social media. A hashtag was 
developed (#LearningWithAT) for use across multiple platforms, including Facebook, 
Twitter, and Instagram. We are actively encouraging participants to use this to post, 
find related content and interact with peers who have partaken in the course. 

5 Conclusion 

The development of this course sought to fulfill an identified need for more training in 
the Ireland regarding Assistive Technology usage and integration in primary education. 

Positive feedback from the pilot stage, with minimal editing to the course, means 
that it can be launched to educators and others involved or interested in supporting 
learners in the primary education sector in Ireland in May 2022.  
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Primary School Educators’ Involvement in Assistive 
Technology Assessment and Support 

Juliann Bergin  
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Abstract. During the global pandemic, innovative techniques were required to 
assess the assistive technology needs of primary school learners. Prior to the pan-
demic, most students attended a health care setting to be assessed for their edu-
cational technology needs, as funding applications required the recommendations 
of a therapist or similar professional. Learners with sensory difficulties are able 
to access recommendations for assistive technology through the Visiting Teacher 
service, but for those students with physical, intellectual, or neurodevelopmental 
conditions, healthcare professionals are usually involved in the process of assess-
ment, trialing of solutions and making recommendations [1]. Historically, as part 
of  Enable Ireland’s Assistive Technology Assessment Support service, learners 
attended for assessment with parents/guardians, and their primary therapists (Oc-
cupational/Speech and Language Therapists mainly) and while information was 
requested from educational staff, in the majority of cases, they were unable to 
attend appointments, due to the logistics of cover for their positions, time and 
travel. With the widespread use of teleconferencing facilities to reduce contacts, 
and educational staff upskilling in their use of digital technology, an innovative 
way of including teachers and SNAs in assessments, training, and trialing of as-
sistive technology solutions was conceived. Educational staff found it easier to 
attend assessment appointments using remote platforms such as Microsoft 
Teams, as cover for their positions was required for a minimal amount of time 
(45 minutes – 1.5 hours), that could be sourced within the schools’ own resources. 
In some cases, the student was present with the teacher while the assessment was 
conducted, and both the educator and student took a more active part in the as-
sessment process, through the use of discussions, screen sharing to demonstrate 
apps and software, adjusting inbuilt accessibility options in existing technology 
etc. If hardware was recommended for trialing, this was provided after the remote 
session on  loan, and reviewed as to its suitability. This paper examines the feed-
back received from teachers involved in this approach to assistive technology 
assessment, in particular to see if their participation at this initial stage had im-
plications for the integration of the technology recommended into the student’s 
educational experience. It will also look at the training they received in relation 
to software and apps, and their confidence in applying skills into their work with 
the students. 

Keywords: Education, Assessment, Universal Design for Learning 
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1 Background 

During the global pandemic, innovative techniques were required to assess the assistive 
technology needs of primary school learners, as face to face appointments and training 
sessions were no longer possible on a regular basis. 

1.1 Prior to Pandemic 

Historically, learners attended for appointments to look at Assistive Technology solu-
tions in a health care setting. This was due to the fact that in Ireland, most occupational 
Therapists and Speech and Language Therapists are employed in the health care sector, 
with few being employed directly in the educational sector. As funding applications for 
the Assistive Technology Grant [2] require recommendations from a therapist or psy-
chologist, most learners accessed assessment through therapists working in the health 
care sector or in the private sector. This applies to learners who require technology 
supports due to physical or cognitive impairments or through neurodiversity. Learners 
with sensory issues can access recommendations for technology through the Visiting 
Teacher services, which serves learners with visual or hearing difficulties.  

1.2 Engagement with Educators in the Past 

Prior to the pandemic, when a learner was referred to Enable Ireland’s National Assis-
tive Technology Training Service for assessment for technology to support access to 
the curriculum, their primary therapist contacted the school and invited teachers and 
other staff supporting the learner to attend for the appointment. If they were in a posi-
tion, the primary therapist could conduct a school visit to collate concerns in person. In 
most cases, it was not possible for school staff to attend due to issues concerning class 
cover, time, and travel. However, most teachers were open to sharing information about 
progress, areas of difficulty and any other concerns. These were discussed with the 
learner (if appropriate), parents/guardians and the health care team as part of the assess-
ment process, in selecting options for trial, feedback and making recommendations.  

Due to a lack of resources and coordination, it was not possible in all cases for staff 
from the National Assistive Technology Service to attend the school in most cases, 
unless considered a high priority/complex case. 

1.3 Motivation 

With the widespread use of teleconferencing facilities to reduce contacts, and educa-
tional staff upskilling in their usage during the pandemic, an innovative way of includ-
ing teachers, other educational staff and Special needs Assistants (SNAs) in assess-
ments, training, and trialling of assistive technology solutions was conceived.  
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1.4 Use of Teleconferencing Facilities 

Educational staff found it easier to attend assessment appointments using remote plat-
forms such as Microsoft Teams. Cover for their positions was required for a minimal 
amount of time (45 minutes – 1 hour) and could be sourced within the schools’ own 
resources.  

Parents could also attend using teleconferencing facilities.  
In some cases, the student was present with the teacher while the assessment was 

conducted, rather than at home or in the clinic. This allowed for the more immediate 
feedback on the solutions presented, and both the educator and student took a more 
active part in the assessment process, through the use of discussions, screen sharing to 
demonstrate apps and software, adjusting inbuilt accessibility options in existing tech-
nology etc.  

If hardware was recommended for trialling, this was provided after the remote ses-
sion for loan for a period of up to 4 weeks and reviewed as to its suitability. Free ver-
sions of software and apps could be downloaded to the school’s own devices, if avail-
able, or if commercially available options were considered as part of the solution, these 
could be loaned on a device. 

1.5 SETT Framework 

The SETT (Student, Environment, Task and Tools) model for assessment was em-
ployed for assessments, both directly and through teleconferencing options [4].  

1.6 Current Study 

As services are now at a point where face to face sessions are possible, a survey was 
undertaken to see if this temporary change in service delivery could have an impact in 
the longer term. 

Separate to their involvement in individualised assessment, we also sought to ex-
plore teachers’ knowledge of Universal Design for Learning, and how using this ap-
proach may have benefits for all students, including those using assistive technology 
[2]. We also enquired regarding further assistive technology training needs. Sulivan et 
al [3] showed the need for teachers to have access to a person knowledgeable in assis-
tive technology, and we wished to explore if the teachers involved here feel they may 
become that key resource person for their colleagues.  

2 Study Design 

A survey was circulated to a select range of teachers and other support staff who have 
taken part in a remote assessment or episode of support, during the period March 2020 
to January 2022.  



172 

2.1 Survey Distribution 

The survey was distributed via email and remained anonymous. An online survey cre-
ator, Microsoft Forms, was used, and responses were accepted via the online portal and 
post (where preferred by respondents).   

2.2 Participants 

A random group of 20 educators/school staff was selected for the purposes of this sur-
vey. They were all involved in mainstream education settings. Of these 20, the survey 
was rejected by 4 email accounts, possibly due to the recipient having changed jobs/on 
long term leave. Of the remaining 16 participants identified, responses were received 
from 9 recipients.  

2.3 Key Areas of Survey 

As introductory questions, respondents were asked about their role in the education 
setting and their general experience of Assistive Technology. 

Following on from that, specific questions regarding the episode of assessment/sup-
port were posed, including satisfaction with involvement in the process, comparison to 
previous experiences if relevant, peer support, confidence in supporting the learner, 
application of skills gained to other learners, and knowledge of Universal Design for 
Learning [5].  

One key question was regarding their preference for involvement in the assessment 
process in the future.  

The results of these questions will be considered below. 

3 Results 

3.1 Role and Experience of Assistive Technology 

Of the nine respondents, three were class teachers, and five had a role as either a Re-
source or Learning Support teachers. One school principal also responded to the survey.  

Only one respondent had no prior experience of supporting a learner with assistive 
technology needs. Two respondents rated themselves as having extensive experience, 
four with some experience and 2 with little experience. These were self-reported obser-
vations.  

When asked if having another staff member attend the appointment was of benefit, 
4 responded that the question was not applicable in their case i.e. they attended alone 
from the educational setting. However, of the five respondents who did have a peer 
attend, all found it to be to of benefit. 
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3.2 Satisfaction with Involvement in Remote Assessment/Support 
Sessions. 

Interestingly, all nine respondents indicated that they were satisfied with the remote 
assessment/support process, with 7 rating themselves as very satisfied. This however 
needs to be considered with reference to the following question. When asked if the 
respondents felt if they had adequate opportunity to state concerns around the learner’s 
educational progress, and if these were addressed as part of the assessment process, all 
nine respondents reported that they did.  

3.3 Involvement in Face-to-Face Assistive Technology Assessment in 
the Past 

When asked if they had been involved in a direct assessment in the past, as opposed to 
a remote assessment, none of the respondents had the experience. Given that they could 
not compare the experiences may have implications for the interpretations of their re-
sponses.  

3.4 Confidence in Using the Assistive Technology Recommended. 

When asked about their confidence in using the technology recommended for the 
learner, four reported to be very confident in assisting the learner in applying their 
skills, while 5 reported that while they were confident, they would benefit from more 
training/support.  

A question on whether the skills and knowledge gained in support the subject of this 
specific assessment may be of benefit to other learners, six respondents replied in the 
positive, while three were unsure. 

3.5 Experience of Supporting Trials of Equipment 

In six cases, equipment was loaned to the learner for trial in school before making the 
final recommendations. When asked their option of this, six responded that it was ben-
eficial and that they had adequate training to support the learner. In two cases, the rec-
ommendations were changed after the trail period. Five of the six felt they had adequate 
opportunity to feedback on how the trails went. 

3.6 Future Assessment 

Regarding preference in the future of assessment, the majority (5) reported a preference 
for on-site in school assessment. Three expressed a preference for remote sessions, sim-
ilar to what they experienced, while one reported that a clinic session would be their 
preference.   
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3.7 Understanding of Universal Design for Learning and Further 
Training. 

When asked about universal design for learning, one respondent reported they were 
very familiar with the approach and knew how to implement it. 3 felt they had some 
knowledge and skills, while the majority (5) reported having no knowledge of UDL.   

Six respondents reported that they were open to further training in the area of assis-
tive technology, while 3 were unsure.  

4 Interpretation 

Although only a small survey size, some conclusions can be tentatively drawn from the 
information gathered through this survey.  

4.1 Staff Training 

Resource/Learning Support teachers were mainly involved in the response to the sur-
vey, with the majority rating themselves as having some experience in the area of as-
sistive technology. Combined with the question on whether more training in assistive 
technology would be of benefit, we can see a need and interest in developing more 
resources for school staff involved in supporting learners who require technology in 
accessing the curriculum.  

The lack of awareness of the approach of Universal Design for Learning and how 
this can be of benefit to Assistive Technology users, also shows a need for a more 
informed educational staff. This in turn would ensure that the learner is best supported 
in using their technology to access the curriculum.  

4.2 Training and Transfer of Skills 

Some training was provided as part of the assessment and trial process. It was interest-
ing to note that most respondents felt confident in using the technology recommended 
for the learner, although some noted the need for more in-depth training.  

Six respondents noted that skills and knowledge gained could be used with other 
learners, showing a secondary benefit to those not directly involved. This show that the 
reach of assistive technology assessment may extend beyond just the learner directly 
involved in the assessment. 

4.3 Satisfaction with Remote Support 

Although all respondents reported positive experiences with remote support, none had 
experience of a face-to-face assessment, so a direct comparison was not possible. How-
ever, five respondents later in the survey expressed a preference for a school site as-
sessment in the future, showing that the issue is not clear cut. While this may not be 
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possible in all cases, due to resources and logistics, some thought should be given to 
how this can be balanced.  

4.4 Experiences of Trialling Equipment. 

In six cases, technology was loaned directly to the learner to trial before a final recom-
mendation was made. In two cases, this resulted in a change to the initial recommenda-
tions. This shows the importance of trialling equipment to ensure that the best solution 
is put in place and to avoid abandonment of technology and wasted resources. 

4.5 Peer Support 

Although not all the respondents had the experience of having a colleague present for 
the assessment, those that did found it useful. This is one suggestion that could be given 
to school staff ahead of appointments to see if another staff member would be able to 
attend also, to give support to both the learner and their peer.  

5 Conclusions 

Although only a small sample size, information on training needs, on both assistive 
technology and Universal Design for Learning are key to the future planning of remote 
assessment and support. Giving educators the knowledge on how to integrate technol-
ogy into the classroom and to best support its usage will ensure that the technology does 
not create an additional barrier for the learner. 

Having access to peer support, from within the educational setting, appears to be of 
assistance to those who have experience of it. Requesting all staff supporting a learner 
attend the assessment may help achieve the best possible outcome but may not be real-
istic. Having at least two staff members may be possible and should be requested when 
planning appointments.  

Acknowledging educators’ preferences for onsite assessments may need to be ad-
dressed, while working within limited resources. None of the respondents had experi-
ence of direct assessment; however, it was interesting to note that they felt remote as-
sessment adequately met the learner’s and their needs in a different question. More in-
depth questioning may be required to determine the issues that they feel may influence 
their desire to have more face-to-face interactions.  

From an AT service point of view, remote assessments have resulted in more prompt 
appointments, as less time and resources need to be reserved to conduct the session. 
Without travel time on the part of assessors and teaching staff, and extended class cov-
erage for educators, a more effective system was established. This resulted in time ef-
ficiencies and a greater reach of the service. 

Loaning equipment for trial has been shown to be of utmost importance to avoid 
recommendation of Assistive Technology solutions that may not meet the learners 
needs, and possibly resulting in abandonment. Allowing educators, along with families 
and the learners, to provide feedback and adapting recommendations, resulted in 
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technology tools that will meet the learner’s needs. Having access to equipment estab-
lishes an evidence base that can be used for funding applications and ensuring that the 
best fit for the learner’s needs has been put in place. 

Although direct appointments with learners are now possible, with safeguarding con-
ditions, the positive outcomes from having conducted remote assessments during the 
pandemic will influence on future service delivery. It has shown to be an efficient and 
effective way of engaging educators in the assessment process, delivering training and 
providing support, in a way that may not have been possible in the past.  
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Abstract. Τhis paper presents the work performed in the framework of the Euro-
pean co-funded Project ENTELIS+, which aims at developing and implementing 
innovative methods and practices to foster inclusive education and enhancing the 
digital skills and competences of digitally excluded groups, particularly persons 
with disabilities of all ages. The project outputs have been produced in three 
phases. Phase one involved a desk study and consultation process that informed 
the State-of-the art of the project and the baseline knowledge.  Phase two in-
volved the development of the conceptual framework and a common terminology 
based on which the ENTELIS+ training curriculum was designed. In phase three, 
localised training modules were developed, implemented and revised. The pro-
ject also established a design-thinking methodology and digital literacy compe-
tence framework towards capacity building of those supporting people with dis-
abilities in developing digital competencies, including end-users both as trainers 
and as trainees. 

Keywords: Digital Accessibility, Inclusion, Digital Skills, Training.  

1 Introduction and State of the Art 

Numerous policies and legislations – including the UN Convention on the Rights of 
Persons with Disabilities, the European Social Charter, and the Council of Europe Dis-
ability Strategy 2017-2023 – request for persons with disabilities of all ages to receive 
education in an inclusive environment, and to have access to high-quality services en-
abling them to live independently and realise self-determination and citizenship. 
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Internationally, there is consensus that accessibility and assistive technologies (AT) are 
beneficial for the individual, for service providers and for society as a whole. The re-
search literature supports the belief that use of assistive technology plays a vital role in 
enabling people with disabilities to complete daily activities and more fully participate 
in society (e.g. [1-3]). Furthermore, in order to effectively use and fully exploit the 
benefits of assistive technology for inclusion it is essential to foster for the development 
of the pertinent competences. Currently, competence development for the use of assis-
tive technology is intertwined with the discussions on digital competence development 
and endeavors for the empowerment of various groups of citizens in accessing and us-
ing technology and digital applications. 

Arguably, digital competences became a fundamental factor for the effective partic-
ipation of every citizen in Europe and globally, especially under the rapid shift to digi-
talisation and digital transformation in the last five years. The rapid rate of innovation 
in technology brings both opportunities and risks to people with disabilities. While a 
number of tools and applications are now available to support access and accessibility, 
findings from many studies indicate that people with disabilities of all ages face diffi-
culties in their effective use, due to accessibility challenges and lack of sufficient digital 
competencies [4-7]. The result of these challenges, among other factors, leads to a dig-
ital divide and the digital exclusion of many people with disabilities, with a negative 
impact on their participation in education, their employability and career prospects, and 
their participation in social, cultural and political life [5].  

Accessibility has been on the political agenda for more than four decades, however, 
digital assistive technology (ICT-AT) is not properly integrated into the education of 
service providers, caregivers, managers, administrators, educators and policymakers. 
In this framework, the ENTELIS+ project [9], co-funded by the European Commission 
under the Erasmus+ Key Action 3, worked to reduce the digital divide by strengthening 
organisations to collaborate in the development of strategies and policies for digital 
skills development of persons with disabilities of all ages. To this end, the project aimed 
to raise awareness about the importance of accessibility as an enabler for inclusive 
learning and teaching; developing the digital skills of persons with disabilities and older 
persons so that they can participate in the digital society; and enhancing the capacity of 
the key actors in charge of the design and implementation of facilitating frameworks 
(public authorities and service providers). This paper aims to present an overview of 
the key phases of the project development, its main activities and how these have been 
exploited to the project aims. 

2 Methodology 

In order to achieve its objectives and to generate impact not only on partner organisa-
tions, but also at both local and systemic level, the ENTELIS+ project adopted an in-
novative methodological approach that built on methodologies that had proven effec-
tive and impactful in previous projects. Specifically, ENTELIS+ built on the outcomes 
of the European Network for Technology Enhanced Learning in an Inclusive Society 
(ENTELIS) Project (Network) [10], and on the methodological approach of the 
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European Innovation Partnership on Active and Healthy Ageing (EIP on AHA).  All 
partners in the consortium utilised their strong links with local ecosystems around in-
clusive education to support more inclusive educational frameworks, encouraging co-
operation between education institutions, local administrations and civil society organ-
isations. The constant promotion of the values and benefits of inclusive education at the 
local/regional level served as a source of inspiration to further enhance effective col-
laboration with all players of local ecosystems to have policy impact.  

More specifically, the methodological approach of the project included the following 
phases. All three phases involved users and representatives of the various project target 
groups in different ways. 

2.1 Phase 1: Building the Case 

Through desk and field research, baseline knowledge was produced to build a case that 
highlights the importance of providing accessibility digital skills for persons with dis-
abilities and older persons. Three main methods were employed in this phase: resource 
collection tool, consultation questionnaire and training needs survey. The three tools 
were disseminated withing the project partners’ organisations and input was received 
not only from the core team of each partner, but also from other members and benefi-
ciaries of the organisations. Hence, especially the consultation questionnaire, which 
was also publicly disseminated to other pertinent stakeholders, aimed at gaining in-
sights on individuals’ experience in accessbility, opinions on accessibility education 
and digital skills in society, training needs and desires, and identification of potential 
gaps and barriers. The process was not launched as a research survey, but rather as a 
consultation, since the aim was to obtain people’s views as collaborators in the design 
process of the training, which followed, based on the outcomes of Phase 1. 

2.2 Phase 2: Knowledge Brokering & Training 

During this phase, the project conceptual framework was defined, the overall method-
ological approach was agreed and core content for training in different pilots was de-
veloped. To do so, in terms of conceptual framework, the consortium built upon exist-
ing knowledge and concepts defined in previous projects’ experiences, in order to es-
tablish common language and understanding among project partners as well as involved 
stakeholders as users of the project outcomes.  

Additionally, the strategic conceptualisation of the training and training material de-
velopment followed the principle of ‘interconnected development and tailored adop-
tion’. It was based on the assumption that professional standards in local settings can 
be developed in a framework with a universal relevance for European countries, but 
that concrete adoption of the training development can only be successful if the con-
cepts of the programme are open for adaptation in a specific country/region involved. 
A training workshop for expert trainers of pilot partners took place, during which the 
materials in English were discussed and shared, and a focus group with country experts 
took place in order fine-tune the methodology and facilitate localisation, in the next 
phase.  
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2.3 Phase 3: Localisation of Training & Pilot Testing 

Following design-thinking methodology and using the training modules developed in 
Phase 2, specific local plans were next developed for each pilot, developing an ecosys-
tem of local key players following the EIP on AHA methodological approach based on 
local commitments.  During the localisation process on national level, users, as target 
groups of the project outcomes (i.e. persons with disabilities, professionals in service 
provision, educators) were involved either as potential trainers or as part of a second 
round of consultation for providing feedback on the modules content and structure. 
Once the different language versions of the training manual and the 5 training modules 
were ready, they were pilot tested by the consortium and revised accordingly.  

Users were also involved in this stage as piloting consisted of the implementation 
and trial of the training within the partners’ organisations. Persons with disabilities were 
also involved as trainers in some sections of the training. The experiences of trainers as 
well as trainees were captured through the project outcomes evaluation stages, towards 
the end of the project. The tools used for the pilot evaluation and feedback included 
trainer focus groups discussions, trainer log/diary and participant/trainee focus groups. 
The tools were designed in accessible formats and were also available in alternative 
modes, including easy-to-read and symbol supported form. All tools have been local-
ised and adapted to national languages and context. 

3 Results 

The project was designed in such a way that the outcomes of each of the three phases 
built on each other and created a stakeholder cooperation model based on commitments. 
By doing this, the project aimed to empower people with disabilities of all ages through 
accessibility digital skills as a way to overcome the digital divide and open a wide range 
of social, career development and job market opportunities. In brief, outcomes of each 
phase included: 

3.1 Phase 1: Building the Case 

The collection of information for building the case and the State-of-the art of the project 
focused on examining existing resources, publications, practices and key perspectives 
on existing gaps and needs in relation to digital literacy and competence development 
in accessibility. The combination of the three methods provided a comprehensive view 
on opinions, aspects, gaps, barriers and suggestions on key issues related to accessibil-
ity and digital skills for inclusion. The analysis of the resources collected provided a 
basis for the mapping of best practices, which have been analysed in terms of barriers 
and content and structural elements for developing the training curricula and modules. 
The consortium identified as good practices “individual training courses or elements of 
training curricula that, through experience and research have proven reliably to lead to 
the desired result of reaching the target group and improving digital skills and teaching, 
in relation to assistive technology (AT), Accessibility and ICT” (p. 8) [11]. The identi-
fied good practices served as inspiration for the development of the training materials 
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in Phase 2 of the project.  Furthermore, the curricula used in other initiatives provided 
a basic structure on which the ENTELIS+ project could be adapted and personalised. 
In addition to this, the resources were used to complement the training materials that 
were subsequently developed.  

The consultation questionnaire provided an insight of the experiences of various 
stakeholders in accessibility and identified the gaps and the additional needs of increas-
ing awareness and improving the level of knowledge and skills. Particularly, responses 
to the consultation tool informed the consortium that individual experience was not 
significantly represented among stakeholders. The concept and the role of accessibility 
was not clear within organisations, while implementation of digital accessibility is far 
from practice.  Respondents expressed their concerns on the need to improve awareness 
and knowledge for all target groups, especially for understanding legal frameworks and 
obligations, as well as obtaining funding. Particular topics for training were also sug-
gested, and blended forms of learning seemed to be preferred.  

Finally, the training needs survey that was conducted among the project partners 
identified the main target groups (i.e. service providers, people with disabilities, disa-
bled persons organisations, technology designers and local and regional authorities), as 
well as particular training needs in terms of knowledge and digital (accessibility) skills 
and assistive technology in two progression levels (i.e. basic and advanced). The final 
outputs of this phase concluded with guidelines, fact sheets and success factors pub-
lished on the project website. 

3.2 Phase 2: Knowledge Brokering & Training 

The outputs of the work in phase 2 included the definition of the project conceptual 
framework and the training modules. The conceptual framework of the project was de-
fined upon a common vocabulary and glossary, which was built on the basis of the 
existing ENTELIS Glossary and Taxonomy, enriched and revised based on the new 
knowledge and outcomes of the first phase. The first ENTELIS project taxonomy and 
Glossary focused largely on Information and Communication Technology (ICT), learn-
ing events and processes in various educational settings. The ENTELIS+ Glossary has 
built on this approach, providing a stronger focus on accessibility-related terms and 
covering topics such as practices and procedures, tools, design methodologies, policies 
and frameworks and assistive technology (AT).  It includes definitions identified during 
the state-of-the-art research carried out in Phase 1, as well as the consortium’s own 
definitions on specific topics. It also provides additional reference material to accom-
pany the other training materials that were produced.  The Glossary was updated during 
the project whenever new terms or concepts arose in the execution of Phases 2 and 3.  
Its finalised version is available in the Project results page of the ENTELIS+ Website 
[12].   

Furthermore, the core of the project, the five modules and training curriculum, 
were developed following the principle of ‘interconnected development and tailored 
adoption’. Hence, course curricula and material were developed and made available 
translated and localised in national languages. Localisation was conducted according 
to the needs of partners’ countries (see Phase 3).  
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Particularly, the ENTELIS+ training package [13] includes five training modules, 
two (2) of which are at a basic level and three (3) at a more advanced level:  

• Basic Level: An introduction to accessibility 
• Basic level: Empowerment of People with Disabilities through human rights  
• Advanced level: Assistive Technology (AT) 
• Advanced level: Creation of accessible resources to support teaching and learning 
• Advanced level: Roadmap for professional development in ICT accessibility. 

The training curricula include clearly defined learning outcomes in both basic and ad-
vanced level, suggested activities and learning material. They are designed to be flexi-
ble and easy to adapt, including additional resources and practical examples of acces-
sibility as well as tips for trainers. Table 2 includes the learning objectives of each 
module. 

Table 1. Learning Objectives of ENTELIS+ Training Modules 

Training mod-
ule 

Learning Objectives 

Basic Level: In-
troduction to ac-
cessibility 

• Gain basic understanding of accessibility as a 
concept 

• Gain knowledge on the diverse groups whom 
accessibility can affect on a daily basis 

• Be able to identify basic accessibility issues 
• Identify accessibility tools on devices and soft-

ware 
• Understand the benefits of accessibility for an 

organisation 
• Understand the benefits of accessibility for in-

dividuals and society 
• Understand what inclusive design is 

Basic level: Em-
powerment of 
People with Dis-
abilities through 
human rights 

• Understand the difference between legislation 
and standards 

• Be able to differentiate between the different 
types of legislation 

• Be aware of the rights of People with Disabili-
ties offered through legislation 

• Be aware of the obligations of the public sec-
tor authorities and how one can get involved 

Advanced level: 
Assistive Tech-
nology (AT) 

• Gain an overview of the different types of as-
sistive technologies (AT) available and how 
they are used 

• Gain insights into the existing built-in support 
for accessibility  

• Increase knowledge of where to obtain assis-
tive technology and the different systems that 
operate in Europe 

• Gain awareness regarding the affordability of 
AT and the ability to select the appropriate 
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technology according to the user needs 
• Identify AT for the different target groups 

Advanced level: 
Creation of ac-
cessible re-
sources to sup-
port teaching and 
learning 

• Gain an overview of how to produce accessi-
ble digital content 

• Discover how to create specific accessible 
content in different formats (text, images, 
video, audio, PowerPoint, pdf) 

• Learn how to carry out a quick and easy acces-
sibility check of a website 

• Understand the difference between plain lan-
guage and easy to read 

• Highlight the importance of multimodal com-
munication and “less is more” concepts 

• Be familiarised with co-creation as a tool for 
working with target audiences 

Advanced level: 
Roadmap for 
professional de-
velopment in 
ICT accessibility 

• Learn how to build a plan for professional de-
velopment in ICT accessibility 

• Be able to adapt the training methods and tools 
and make them accessible to target audience 

• Be acquainted with, and adhere to, the princi-
ples of Universal Design and Universal Design 
for Learning 

In addition to the main content and learning objectives of the training curricula, and 
upon feedback from users and potential trainers, additional sections were added in the 
curricula corpus. These involve additional reading lists and resources, accessibility in 
action feature which included accessibility examples, and trainer tip including guid-
ance, highlights and additional information for trainers. In the localisation phase these 
features where also localised and contextualised in each partners language, culture 
and background. 

Furthermore, to support the development of the training curricula and modules, the 
consortium identified the need to support the learning programmes development with 
a competence framework for trainers that support people with disabilities in digital 
competence development. The ENTELIS+ Trainers Competence Framework (ETCF) 
was developed to contextualise the ENTELIS+ training. The methodology and process 
of the development of the ETCF are presented in a different contribution in the ICCHP-
AAATE 2022 conference. 

3.3 Phase 3: Localisation of Training & Pilot Testing 

Following a design-thinking methodology, the core curricula and learning modules of 
the project were further localised and made available in the different language versions. 
The localised versions were pilot tested by the consortium involving different target 
groups as identified in the first phase, in four (4) of the project partners. It is noted that 
trainers across pilot partners varied in terms of background and expertise, and in some 
persons with disabilities were also involved as trainers and facilitators in the training. 
As mentioned above, experiences and feedback from the pilots were collected by both 
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trainers and participants, again in the form of consultation through personal reflections 
(i.e. trainers’ logs) and discussions in focus groups.  

Based on the feedback and experiences of both the trainers and the trainees involved 
in the pilots, as well as the stakeholders involved in the development and localisation 
process, the curricula and learning modules were revised accordingly. Across all four 
national reports, participant feedback regarding the training was overwhelmingly posi-
tive. Participants noted the relevance, appropriateness and usefulness of the training 
content, as well as declared their intent to use the training and content in their work. 
Some national differences in terms of the suggestions and the feedback provided that 
were related to the particular ways the training was offered locally, as well as in relation 
to more localised elements of the trainings were also identified. In terms of the trainers’ 
feedback, this was also generally positive, with trainers expressing some hesitation in-
itially regarding the content but eventually feeling confident in its delivery. Trainers 
also made some remarks regarding the difficulty level of certain modules and the need 
to provide material in an easy-to-read mode.  

In addition, as mentioned above, the training curriculum was developed in two lev-
els: basic and advanced. Upon receiving trainer and trainee feedback, the feeling is that 
an intermediate level of competence development may also be preferable. A broader 
differentiation range could also be beneficial, where content, learning objectives and 
learning outcomes could vary for different individuals, different groups as well as dif-
ferent organisations, with adaptations being made either prior the training or during its 
progress based on flexibility provided. Hence, the variation into three progression lev-
els was reflected in the ENTELIS+ Trainers Competence Framework (ETCF), which 
identified three progression levels, useful for both trainers’ competence development 
as well as those of potential trainees. 

Finally, it is worth mentioning that some external informal piloting also took place 
outside the pilot partners, through dissemination activities and involvement of the gen-
eral public in different settings and languages. Some informal feedback was also col-
lected through this approach, with most important element the need for raising accessi-
bility awareness to the general public and to make a connection with everyone’s every-
day life and activities. The general understanding was mainly that accessibility deems 
essential for all. 

4 Conclusion 

The relevance of the ENTELIS+ project is rooted in policies and legislations requesting 
for persons with disabilities of all ages to be part of an inclusive education system, to 
have equal opportunities and access to high-quality services enabling them to live in-
dependently and contribute to society. Results and benefits of the project address im-
portant policy agendas of the European Union, including the Strategy for the rights of 
person with Disabilities 2021-2030, the Web Accessibility Directive and the European 
Accessibility Act, and of course the UNCRPD. In particular, Member States should 
promote and facilitate training programmes, relating to the accessibility of websites and 
mobile applications for relevant stakeholders and staff of public sector bodies. They 
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should also take the necessary measures to raise awareness of the accessibility require-
ments, of their benefits to users and to owners of websites and mobile applications. The 
elaboration by the ENTELIS+ consortium of a set of globally validated training mate-
rials on the nature of innovation in service provision, on new trends in the digital skills 
of workers, and on contextual shifts in working with people with support needs, and the 
localisation of the developed material in several member states, will raise the number 
of professionals who can receive training and will also foster the provision of cross-
border services and make a more dynamic internal market of inclusive digital services.  

The main outcomes of the project are directly applicable and implementable for ser-
vice providers and other target groups across Europe and internationally. Service pro-
viders can be supported in understanding and defending the importance of strategic 
investments in inclusive measures developing accessibility digital skills for people with 
disabilities and older adults. For educational staff, the project promotes the adoption of 
more positive attitudes towards the inclusion of learners with disabilities of all ages, 
thus stimulating the overall learning environment.  For disabled persons organisations 
and organisations in the accessibility and active ageing sector, the project provides valid 
knowledge and strategies to foster inclusive education in local ecosystems and to de-
velop accessibility digital skills of people at risk of digital exclusion, empowering them 
and contributing to the minimisation of the digital divide. Moreover, thanks to the co-
creation approach adopted in the project, learners with disabilities can be constantly 
involved, thus enhancing their inclusion and full participation in society. Finally, public 
government and policy makers, can increase their awareness of the socio-economic 
benefits of the implementation of inclusive policies, and of the importance of adopting 
inclusive approaches to education. The European networks have and will continue to 
distribute the project results via their membership and extensive networks, thus facili-
tating the transferability and scaling up of the inclusive education innovations resulting 
from ENTELIS+ across the EU educative and research community. 

References 

1. Scherer, M. J., & Glueckauf, R. (2005). Assessing the Benefits of Assistive Technologies 
for Activities and Participation. Rehabilitation Psychology, 50(2), 132–141.  

2. Bühler, C. & Pelka, B. (2014). Empowerment by Digital Media of People with Disabilities: 
Three dimensions of support.  In K. Miesenberger, D. Fels, D.Archambault, P. Peňáz, & W. 
Zagler (Eds.)m Computers Helping People with Special Needs. 14th International Confer-
ence, ICCHP 2014, Proceedings, Part I., pp.17-24  

3. Gilligan J. (2020) Competencies for Educators in Delivering Digital Accessibility in Higher 
Education. In M. Antona & C. Stephanidis (eds) Universal Access in Human-Computer In-
teraction. Applications and Practice. HCII 2020. Lecture Notes in Computer Science, 
12189. Springer. 

4. Van, Isacker, K. et al. (2009). D2.2b User needs and System Requirements Specification, 
ACCESSIBLE FP7 project. Available online at http://www.accessible-eu.org/docu-
ments/ACCESSIBLE_D2.2b.pdf.   

5. Van, Isacker, K. (2010). Status of AT/ICT Usage in Europe, 1st AEGIS International Con-
ference, Seville, Spain, 7-8 October 2010. Available online at: 
https://www.yumpu.com/en/document/view/49623352/download-conference-proceedings  

http://www.accessible-eu.org/documents/ACCESSIBLE_D2.2b.pdf
http://www.accessible-eu.org/documents/ACCESSIBLE_D2.2b.pdf
https://www.yumpu.com/en/document/view/49623352/download-conference-proceedings


186 

6. ViPi Project. Virtual Portal for Interaction and ICT Training for People with Disabilities. 
Available at http://www.vipi-project.eu/  

7. ATLEC Project (2014). Job profile(s) of an ICT-AT trainer, available at: http://atlec-pro-
ject.eu/download/ 

8. Polovko, S., Shatrevichs, V. & Grinberga-Zalite, G. (2021). Analysis of Practical Imple-
mentation of Social Innovation in European Union. In Proceedings of the 2021 International 
Conference “Economic Science ror Rural Development” Jelgava, LLU ESAF, 11-14 May 
2021, pp. 171-180 

9. Entelis+, Accessibility skills for a technology enhanced learning in an inclusive society, 
available at: https://entelisplus.entelis.net/  

10. European Network for Technology Enhanced Learning in and Inclusive Society 
(ENTELIS), available at: https://www.entelis.net/  

11. Entelis+ Consortium (2021). D1.4. Mapping of identified good practices with knowledge 
and training needs. Project Internal Document 

12. Entelis+ Consortium (2021). ENTELIS+ Glossary of terms, available at: https://en-
telisplus.entelis.net/wp-content/uploads/2021/11/D2.1-ENTELIS-Glossary-of-
Terms_November-2021.pdf 

13. Entelis+ Training Materials, available at: https://entelisplus.entelis.net/training-materials/ 

  

http://www.vipi-project.eu/
http://atlec-project.eu/download/
http://atlec-project.eu/download/
https://entelisplus.entelis.net/
https://www.entelis.net/
https://entelisplus.entelis.net/wp-content/uploads/2021/11/D2.1-ENTELIS-Glossary-of-Terms_November-2021.pdf
https://entelisplus.entelis.net/wp-content/uploads/2021/11/D2.1-ENTELIS-Glossary-of-Terms_November-2021.pdf
https://entelisplus.entelis.net/wp-content/uploads/2021/11/D2.1-ENTELIS-Glossary-of-Terms_November-2021.pdf
https://entelisplus.entelis.net/training-materials/


187 

ENTELIS+ Competence framework 
Empowering Educators and Trainers to Bridge the Digital Divide 

Katerina Mavrou1, David Banes2, Sarah Boland3, Ilaria Valoti4, Sofia Cerè4, Klaus 
Miesenberger5, Lorenzo Desideri2, Marina Martins6, and Evert-Jan Hoogerwerf2 

1European University Cyprus 
2Association for the Advancement of Assistive Technology in Europe  

3Saint John of God Community Services Dublin  
4AIAS Bologna Onlus 

5Johannes Kepler University, Linz 
6Centro de Reabilitação Profissional de Gaia, PT 

K.Mavrou@euc.ac.cy 

Abstract. The paper presents the rationale, methodology and process for the de-
velopment of the ENTELIS+ Trainers Competence Framework. The framework 
is an output of the ENTELIS+ project and provides a set of competencies for 
educators, trainers and other stakeholders involved in the education and training 
for the digital literacy of persons with disabilities and older adults. The frame-
work has been developed after the examination and analysis of existing frame-
works and examples of good practices, and it is built in a way anticipated to fill 
in the gap for trainers’ capacity to support digital competencies for persons with 
disabilities. Competencies have been developed in three progression levels, 
across five domains, and they represent indicators for self-evaluation or setting 
learning outcomes in relevant educational/training programmes. 

Keywords: digital competencies, digital literacy, digital divide, (e)accessibility, 
ICT-AT 

1 Introduction 

The discussions around the digital divide for persons with disabilities and older adults 
has been around for more than a decade, and recently became more central, in view of 
digitalization and digital transformation, which is not only a result of the recent pan-
demic situation.  A number of studies on the digital divide concentrate on its different 
dimensions [1], including access to technology and the internet [2], technical and con-
tent accessibility [3], digital literacy and digital competence development [4], socio-
economic, policy and cultural factors [5]. While research interest on disability and dig-
ital inclusion is growing and accessibility and non-discrimination legislation and regu-
lations are becoming stronger, there is not much evidence on the decrease of the digital 
divide for persons with disabilities. The variety of studies and hence the diversity of 
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dimensions reveals the complexity of the conceptualization, but also of the efforts to 
address the digital divide.   

Additionally, digital transformation and the introduction of technology for the digi-
talization of a variety of human activities extends essential potentials for the participa-
tion of persons with disabilities, but also poses new barriers that need to be addressed 
through accessible technologies [6]. European and global policies and initiatives seem 
to establish a framework for action [7] by turning the attention of the various stakehold-
ers to investigate possibilities and develop practices towards the use of technology and 
accessibility for inclusion. Digital empowerment of persons with disabilities is part of 
this wider framework for educational and societal changes [8], while the development 
of competences in assistive technology and accessibility and the call for more training 
becomes an imperative factor for successfully addressing the challenges of the digital 
divide and giving voice to persons with disabilities [9] [10]. Acknowledgement of the 
barriers in relation to digital literacy and digital competence development has led assis-
tive technology and accessibility researchers and professionals to design and develop 
competence frameworks mostly specific to particular groups of users, groups of pro-
fessionals or other target population, or even to particular context of implementation, 
types of technology or set of competences. Nevertheless, and through the methodology 
described in the next section of this paper, it has been identified that addressing the 
competence development needs of a variety of stakeholders in the broader field of ed-
ucation at different levels and services is a challenge. The ENTELIS+ project aimed at 
developing a flexible training curriculum and suggested modules responding as much 
as possible to these variety. Thus, it deemed necessary to also provide a systematic 
description of competencies related to digital education for those working in formal and 
informal education supporting learners with disabilities developing digital skills and 
fill in this gap in the existing frameworks. This paper describes the development of a 
competence framework, namely ENTELIS+ Trainers Competence Framework (ETCF) 
for those supporting the digital inclusion of persons with disabilities and older citizens, 
through the activities of the ENTELIS+ project.  

2 Methodology 

For the development of the ETCF a structured workplan was followed, which consti-
tuted the following methodological approach: (a) review and analysis of existing frame-
works, in order to identify components, structure, aims, formats and possible gaps; (b) 
identify and define the aims of the ETCF based on the analysis of existing frameworks 
as well as on the needs assessment of the ENTELIS+ project and training participants; 
(c) identify and define the structural elements of the ETCF in terms of Levels, Domains 
(Areas) and Types of Competencies. An interdisciplinary approach was implemented 
to this methodology, by the involvement of a broader team of stakeholders each repre-
senting a different discipline in the field of disability and assistive technology services, 
coming from policy, education, rehabilitation, academia, accessibility research and de-
sign, vocational training and supported employment. The broader team provided input 
in the collection and analysis of the existing frameworks, and then a core team worked 
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more closely to the identification and definition of the ETCF components, structure and 
content. The broader team then functioned as an Advisory Board to the finalization of 
the framework. 

3 State of the Art 

The output of the examination and the analysis of the various existing competence 
frameworks proved twofold: (a) identification and definition of the ETCF goals and 
structure, and (b) identification of two basic existing frameworks that seemed more 
relevant and closer to the needs of the project and the goals of the development of a 
new framework.  

A total of eighteen (18) have been identified, each one which was presented and 
analyzed on the ways the address the used of elements providing the structure of a 
competence framework, including level of competence (e.g. novice, expert, etc), areas 
(domains) of competence (e.g. assessment of training needs, accessibility, assistive 
technology (AT), different disabilities, etc.), types of competence (e.g. knowledge, 
skills, attitudes), areas of application (e.g. formal or non-formal education, including 
adult education and target group). The tables of analysis of each one of the 18 frame-
works are available in the relevant ENTELIS+ project deliverable [11]. In terms of 
levels, it was identified that most frameworks distinguish between levels with different 
terminology (e.g. Basic – Average – Advanced, Novice – Intermediate – Expert), they 
vary in numbers of levels adopted (e.g. three, four, eight). Some frameworks such as 
the DigComp2.1 and the KPT are inspired by the European Qualifications Framework 
(EQF). Progression in levels is often defined and described based on Bloom’s taxon-
omy. 

In terms of types of competences, the analysis indicated that frameworks aim at de-
veloping knowledge (i.e. acquisition of information), skills (referring mostly to devel-
opment of practical competence) and sometimes attitudes (i.e. a more personal outcome 
of deeper understanding, appreciation and towards the more affective perspective of 
competencies). These types of competences have been identified across various areas 
(domains) which shift interest among pedagogy and teaching, knowledge and under-
standing of disability in general or particular groups of people with disabilities, tech-
nical and hands-on skills for mastering assistive technology and accessibility accom-
modations and context of application (e.g. education, employment, leisure, communi-
cation etc). 

The analysis of the existing frameworks provided the state-of-the art of competence 
development through current similar to ETCF efforts and facilitated the final decisions 
for the structure of the ETCF. In addition, through the analysis two of the existing com-
petencies framework identified as the most relevant to the aims of the ENTELIS+ pro-
ject and the scope of the ETCF. These are the European DigCompEdu framework [12] 
and the ATLEC competence framework for ICT-AT trainers, previously developed in 
the ATLEC Project [13]. The DigCompEdu was chosen because of its specific focus 
on the digital competencies that educators and teachers need to have to support the 
development of their students' digital skills. The ATLEC framework was chosen 
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because it specifically focuses on the competencies needed for a professional to support 
and train persons with disabilities to become effective AT users. Both frameworks were 
used to provide ideas and re-conceptualization of the Domains (Areas) of Competencies 
relevant for ETCF, as well as the types of competencies to be included, in a way that 
would help the development team to explore and exploit existing knowledge and good 
practices, while also avoid repetitions.  

Adopting the rationale of the DigCompEdu structure, while been informed by the 
analysis of other competencies frameworks, domains of competencies have been de-
fined and re-defined for the purposes of the ETCF. At the same time, the ETCF ele-
ments have been aligned with DigCompEdu in order enable stakeholders involved in 
curriculum development based on DigCompEdu to consider and integrate ETCF com-
petences in relevant activities.  

Building on the current stages in the development of digital competencies frame-
works as well as pertinent previous activities, the ETCF is considered an endeavor that 
specifically brings accessibility and disability issues into the attention of any European 
(and maybe global) efforts for digital education, digital literacy and digital competence 
development. The aspect of digital inclusion and empowerment of persons with disa-
bilities and older adults it is often superficially touched upon, but not truly main-
streamed in most regional and national policies and practices [14].  

4 Results: The ENTELIS+ Trainers Competence 
Framework 

Based on the assessment of the frameworks, the input received from ENTELIS+ project 
partners and the experience of the task force members representing different learning 
environments, the final ETCF resulted in a framework including five (5) domains (ar-
eas) of competencies, for each of which three progression levels have also been defined. 
A long list of competence descriptors was drafted by the team members and mapped 
into the framework, across domains and levels, under different types of competencies.  
Domains of competencies of the ETCF have been defined as following: 

• Assessment of Needs: referring to competences of trainers to identify both barriers 
and opportunities to accessibility and AT use 

• Resource Selection: including selecting, creating, modifying and sharing accessi-
bility and AT resources 

• Inclusive Teaching and Learning: referring to competences in designing learning 
activities by implementing differentiation and UDL to promote participation 

• Creating Inclusive Learning Environments: referring to the process of co-design, 
in organizing and managing the learning environment through the development of 
positive attitudes 

• Promoting Learners’ digital competencies: This domain actually reflects the cor-
responding area of the DigCompEdu that connects the educators’ and trainers’ 
frameworks to the digital competences of the end-users 
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As mentioned above, domains of the ETCF have been inspired, re-defined and aligned 
to the European DigCompEdu framework.  A summary of the competencies domains 
re-definition and alignment is presented in Table 1. 

Table 1. DigCompEdu and ETCF elements alignment 

DigEduComp framework elements ENTELIS+ framework elements 

Educator’s pedagogic 
competencies.  
Together these areas ex-
plain educators’ digital 
pedagogic competence, 
i.e. the digital competen-
cies educators need to 
foster efficient, inclusive 
and innovative teaching 
and learning strategies. 

4. Assessment  
● Assessment strategies 
● Analysing evidence 
● Feedback and planning  

Assessment of Needs and Barriers 
● Identify accessibility and 

AT use barriers 
● Identify opportunities for 

AT use and accessibility 

2. Resources 
● Selecting 
● Creating and modify-

ing 
● Managing, protecting 

and sharing 

Resource selection and use 
● Select 
● Create & Modify 
● Share 

3. Teaching and learning 
● Teaching 
● Guidance 
● Collaborative learning 
● Self-regulated learning 

 

Inclusive teaching and learning 
● Learning Design  
● Differentiation & Flexibil-

ity 
● Participation 

5. Empowering learners 
● Accessibility and in-

clusion 
● Differentiation and 

personalization 
● Actively engaging 

learners 

Creating inclusive environments 
● Co-design 
● Organisation and Manage-

ment 
● Attitudes and Emotions 

Learners’ competencies 
This area details the spe-
cific pedagogic compe-
tencies required to facili-
tate students’ digital 
competence. 

6. Facilitating learners’ digital 
competence 

● Information & media 
literacy 

● Communication 
● Content creation 
● Safety (responsible 

use) 
● Problem-solving 

Promoting learner’s digital compe-
tencies  

● Information & media liter-
acy 

● Communication 
● Content creation 
● Safety (responsible use) 
● Problem-solving 

The three progression Levels defined across domains have been identified as Core, In-
termediate and Advanced, to reflect the wide variety of roles and responsibilities in-
volved in supporting learners with disabilities. Each Level of progression is described 
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through proficiency statements, for each one of the Domains. The proficiency state-
ments aim at providing the general concept of the individual competencies that are an-
ticipated within each Domain, at each Level, as presented in Table 2. 

Table 2. Proficiency Statements Overview per Level of Competencies 

Areas of competen-
cies 

Core level Intermediate level Advanced level 

Assessment of 
Needs and Barriers 
● Identify accessi-

bility and AT use 
barriers 

● Identify opportu-
nities for AT use 
and accessibility 

I understand the im-
portance of digital partic-
ipation for all, and I am 
aware of the physical, 
digital, societal and other 
barriers to digital partici-
pation for persons with 
disabilities 

I can identify acces-
sibility challenges for 
barriers to access and 
accessibility for the use 
of technology by per-
sons with disabilities, 
and I can identify possi-
ble solutions 

I can identify the 
current level of compe-
tencies of the learners in 
the use of assistive tech-
nology and accessibility 
adaptations they may 
need for the use of digi-
tal technologies. 

I can perform a gap 
analysis of the learners’ 
competencies for the use of 
assistive technology and 
implementation of accessi-
bility for digital inclusion 

I can assess training op-
tions and recommend spe-
cific training plans for the 
use of assistive technology 
and implementation of ac-
cessibility for digital inclu-
sion 

Resource selec-
tion and use 
● Select 
● Create & Modify 
● Share 

I am aware of com-
mon/mostly used assis-
tive technology and ac-
cessibility resources 

I can search and 
identify/select assistive 
technology and accessi-
bility resources for the 
particular needs of indi-
vidual learners. 

I can set up and con-
figure common/mostly 
known assistive tech-
nology and accessibility 
resources 

I can compare, evaluate 
and critically select assis-
tive technology and accessi-
bility resources by filtering 
according to various criteria 
to respond to variations of 
possible users' needs. 

I can implement assis-
tive technology and accessi-
bility resources with a broad 
range of users and contextu-
alise, individualise and cus-
tomise them for users. If 
necessary, I can make some 
alterations (modify) and 
new developments (create) 
with existing resources.  

Inclusive teach-
ing and learning 
● Learning Design  
● Differentiation & 

Flexibility 
● Participation 

I am aware of the 
basic principles of differ-
entiation and universal 
design for learning with 
the use of technology 

I integrate assistive 
technology and accessi-
bility requirements in 
learning activities for 
different users’ needs 
and disabilities. 

I design the whole learn-
ing process based on the 
principles and guidelines of 
universal design for learn-
ing with the integration of 
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I put each learner’s 
active use of assistive 
technology and imple-
mentation of accessibil-
ity adaptations at the 
centre of the instruc-
tional process to de-
velop their digital com-
petencies. 

assistive technology and ac-
cessibility. 

I reflect and re-design 
learning for actively engag-
ing learners in using their 
assistive technologies and 
accessibility requirements.  

Creating inclu-
sive environments 
● Co-design 
● Organisation and 

Management 
● Attitudes and 

Emotions 

I am mindful of the 
social and emotional dy-
namics in a learning en-
vironment and their im-
pact on learning. 

I use inclusive lan-
guage and diverse exam-
ples across disabilities, 
cultures, gender. 

I organise the learn-
ing environment (activ-
ities, resources, oppor-
tunities for participa-
tion, collaboration, 
etc.)  to promote inter-
action and respect 
learners' individual 
needs and characteris-
tics. 

I design in collaboration 
with learners and other 
stakeholders (parents/car-
ers/professionals) learning 
experiences for developing 
digital competencies with 
the use of personal assistive 
technologies and imple-
mentation of accessibility 
requirements 

Promoting 
learner’s digital 
competencies  
● Information & 

media literacy 
● Communication 
● Content creation 
● Safety (responsi-

ble use) 
● Problem-solving 

 

I encourage learners 
to use assistive technolo-
gies and look for accessi-
bility requirements when 
accessing information 
and communication in 
digital environments. 

I encourage learners 
to look for solutions for 
technical problems and 
safety issues in the use of 
technology 

I teach learners how 
to use their assistive 
technology and make 
accessibility adapta-
tions, including basic 
technical problems so-
lutions. 

I implement learn-
ing activities in which 
learners use assistive 
technology and imple-
ment accessibility re-
quirements accessing 
information and for 
communication/interac-
tion in well defined dig-
ital environments. 

 
 

  

I enable learners to un-
derstand their needs for as-
sistive technology and ac-
cessibility requirements and 
request relevant adaptations 
when selecting or creating 
content and resources using 
different media. 

I enable learners to un-
derstand risks and threats in 
digital environments (e.g. 
identity theft, fraud, stalk-
ing, phishing) and appropri-
ately react. 

I enable learners to par-
ticipate actively and con-
tribute positively to digital 
media and media discourse, 
using multimedia channels 
for communication and 
identifying discriminatory 
language, practices and pol-
icies in digital and media 
environments.  

Finally, types of competencies identified for ETCF are: Knowledge, which includes 
familiarity with and understanding of information and facts in various levels; Skills, 
which includes more practical application of the knowledge and implementation in dif-
ferent contexts, with different groups of people and across domains; and Attitudes 
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representing a more personal perspective of competence involving acknowledgment, 
emotions and motivation. Individual competencies of the ETCF mapped across do-
mains levels, under the three types of competences are articulated in the form of self-
evaluation statements, under three different types of competencies.  These can serve 
either as self-evaluation indicators for identifying the current situation of own/organi-
zational/institutional capacity in relation to building accessibility and assistive technol-
ogy competences for persons with disabilities, or as indicators for setting learning out-
comes while developing a relevant training program. The aim of this paper is not to 
reproduce the full ETCF but to present the rationale and methodology of its develop-
ment, suggesting how European and other projects can establish strategic partnerships 
and networks which build a capacity for exploiting past and current project outcomes 
for contributing to the European and global efforts towards the digital empowerment of 
persons with disabilities. The full version of the ETCF can be retrieved directly from 
the ENTELIS+ website, as part of the pertinent deliverable [11].   

Validation and further exploitation activities of the ETCF are currently designed 
through Erasmus+ Right to Connect project (started January 2022), as well as through 
its very recent adoption by part of the ENTELIS+ partner countries educational policy 
system (Digital Education Transformation, Ministry of Education, Culture, Sports and 
Youth, Cyprus) [15]. Both these activities have very recently been launched and hence 
there is no evidence of further impact. Nevertheless, the core team of the ETCF as well 
as the Entelis network are following these activities and will be able to report impact 
and exploitation at a later stage. 
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Abstract. This paper aims to raise attention on the socio-material aspects of as-
sistive technologies, wishing to foster collaboration and dialogue among engi-
neering and social science as a way to better design and present assistive tools. It 
uses as an illustrative case the voice technologies for speech-impaired people, 
with particular focus on Google’s project to reunite speech-impaired users with 
their voices using voice cloning technology, an evolution of speech synthesis 
which allows for the reconstruction of the sonic and timbric characteristics of an 
individual person’s voice. The paper argues that assistive technologies in general, 
and voice technologies in the specific, are not only prosthesis, but also sites as 
sites of knowledge production about disability, that is sites where disability is 
defined in the first place. In this perspective the paper invites to consider how, in 
assistive technologies, cultural and social factors are as crucial as material oper-
ations. 

Keywords: Speech Synthesis, Voice Cloning, Socio-material perspective. 

1 Introduction 

Speech synthesis is a key technology in contemporary media landscape, as it is em-
ployed in navigators, Interactive Voice Reponses (IVRs) in customer service hotlines, 
and more recently in virtual assistants such as Siri or Alexa. This technology has also 
an enormous potential in disability assistance: already in the ‘80s scientist Stephen 
Hawking showed how it could be used to ‘give voice’ to people who lost the ability to 
speak because of ALS (Amyotrophic lateral sclerosis), a disease in which the neurons 
that control a person’s voluntary muscles die, eventually leading to a total loss of con-
trol over one’s body. Nowadays a new technique of speech synthesis known as voice 
cloning (Jemine, 2017; Marr, 2019), which allows for the reconstruction of the sonic 
and timbric characteristics of an individual person’s voice, allows to increase the real-
ism of artificial voices and to improve the user experience of speech-impaired people 
who rely on this technology to have their voices back. As highlighted by Alper (2017), 
classic synthetic voices as the one employed in most of the commercial assistive tech-
nologies (such as Proloquo2Go), present three main critical problems: although they 
sound human and gendered, they are very generic as they don’t represent a person’s 
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age, ethnicity and relation with family members. In this way they reduce the possibility 
for a person to feel comfortable with a synthetic voice.  

Voice cloning technology has to potential to overcome those limits. Its peculiarity is 
that it doesn’t sound ‘generic’ as it did with Hawking’s synthetic voice, aiming instead 
to reproduce the features of an embodied and personal voice, the voice of a specific 
person. In short, it uses machine learning to ‘learn’ the profile of a person’s voice and 
then allows to employ that profile in a text-to-speech, in this way customizing a speech 
synthesizer. This means that a speech-impaired person can use a synthetic voice which 
has the sound of his own voice before he lost it. 

Nevertheless, ‘giving back’ to someone his voice is not just a technological opera-
tion, but entails important cultural and social questions. In particular: Can a voice that 
sounds like mine be considered really mine? How does a voice which comes out from 
loudspeakers affects the relation between body and personal identity? And, more in 
general, what does it mean to ‘own’ a voice? 

In this paper I argue that those kind of questions are not simply theoretical concerns, 
but are of primary importance for the design and engineering of voice technologies. In 
order to that I present the illustrative case of Google’s project to reunite speech-im-
paired users with their voices using voice cloning technology. Through this case I show 
how social and cultural aspects are embedded both in material operations of assistive 
technology and in presentations and discourses about it. Accordingly, I propose a socio-
material approach that considers assistive technologies in general, and voice technolo-
gies in the specific, not only as prosthesis, but also as sites of knowledge production 
about disability, that is sites where disability is defined in the first place. I argue that 
this approach can foster collaboration and dialogue among engineering and social sci-
ence as a way to better design and present assistive tools. 

2 Theoretical Framework and Methodology 

In this work I propose a socio-material investigation of assistive technology, focusing 
on voice cloning as exploratory case (Yin, 2005). Following Sterne (2021) and Ernst 
(2018), this approach is based on the analysis of discursive and non-discursive aspects 
of voice cloning technology. Discursive aspects are retrievable in presentations of tech-
nological devices such as advertising, journal articles, movies, press releases and public 
debates. Non-discursive aspects instead regard the set of meanings expressed by the 
non-human agencies of technological devices, such as the way the process voice signal, 
the affordances of their interfaces, the bodily postures they enact. 

This kind of approach is becoming established in media studies (Ellcessor et al., 
2017), and has been influenced by Science and Technology Studies (Bijker et al., 1992) 
and Actor-Network Theory (Latour, 2005). Since the ‘80s, those perspectives have 
highlighted the social dimension of technology not only for what concerns the cultural 
ways human users appropriate and give meaning to artifacts, but also for the agency 
embedded in the artifacts themselves. Adopting and expanding on this assumption, 
studies focused on disability technologies (Ellcessor et al., 2017) have developed a 
techno-social approach addressed to both the evaluation of the assistive potential of 
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such technologies and to the consideration of the technological artifacts as sites where 
knowledge about disability is produced, represented and enacted. 

The validity of such approach has been already suggested by disability studies. In 
this framework, a ‘social model’ of disability has been recognized as alternative or 
complementary to the ‘medical model’ (Siebers, 2008). Unlike the medical approach, 
which seeks to explain, diagnose, treat, and ‘cure’ disability as a pathology, the emerg-
ing field of disability studies considers disability as a social construct, in this way de-
naturalizing it (Williams & Mavin, 2012). The social model of disability aims rather to 
study the social meanings, symbols, and stigmas attached to the concept of disability as 
a component of identity, and how it relates to enforced systems of exclusion and op-
pression. As noted by Mills and Sterne (2017, p. 365), ‘not only do media produce 
disability through their textual representations of disability, they produce disability 
through their very operations, their institutional existences, and their policy and juridi-
cal dimensions’.  

Placing artifacts and technologies at the center of issues of disability, this approach 
to the study of disability has interested scholars in media studies as well (Goggin and 
Newell, 2003; Ellis and Kent, 2011; Ellcessor et al., 2017). Disability, in fact, is all too 
often reconstituted and reconfigured in and through new technologies, both at the nar-
rative and at the operational level. As Ellis and Kent argue (2011), new technology can 
broaden accessibility and inclusion for impaired people through their affordances, but 
those same affordances can also produce new forms of exclusion and disability. In this 
regard, Ellcessor et al. (2017, p. 16) argue that: ‘we need to understand the ways that 
media and information technologies are intertwined with the standardization and regu-
lation of the human body’ and how those processes shape the meaning of ability and 
disability. In their view, this investigation must consider both meaning and materiality, 
since ideas are embodied in and shaped by material conditions and human practice, and 
made endowed with meaning by the discourses that inform them and that they in turn 
inform. Innovations in media technologies thus raise issues of materiality and embodi-
ment which affect also cultural ideas and meanings: how we interact with buttons, dials, 
or gaming consoles; how we plug in earbuds or position ourselves toward screens, lis-
tening devices or speaking devices; how manufacturers imagine the bodies that will 
engage with their creations, and so on. 

Maryil Alper’s (2017) work is probably the first study addressed to speech synthesis 
and communication aids from an interdisciplinary perspective, uniting social, cultural, 
material and organizational issues. Through ethnographic engagement in the life of 
speech-impaired children in American public schools, she explores the links between 
the assistive potential of new communication technologies and the normative and 
‘ableist’ (Siebers, 2010) assumptions embedded in the behaviors promoted by the in-
stitutions through representations, economic policies and organizational models. From 
a perspective inspired by media archeology, Mara Mills (2011) shows how the modern 
concepts of ‘impairment’ and ‘hearing loss’ – as well as the contributions of deaf and 
hard-of-hearing people – were central to the development of telecommunications tech-
nologies and signal processing in the twentieth century. Similarly, Jonathan Sterne’s 
first book (2003) locates the origins of sound reproduction in nineteenth-century sound 
culture, with its peculiar conceptions of hearing, speech, and deafness. 
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Imagines of disability, in fact, are not only represented by media, but are also em-
bedded in technology affordances and operations (Mills & Sterne, 2017). Thus, assis-
tive technologies design could benefit from a media-archeological analysis (Ernst, 
2018) which is addressed to unearth latent ideas and social prejudices about a specific 
disability reproduced at both discursive and non-discursive level and to deconstruct 
them. 

In the next section I will use Google’s project to reunite speech-impaired users with 
their voices using voice cloning technology6 as an illustrative case of a socio-material 
approach to assistive technology. In this direction, I will analyze both the discursive 
level of representations of disability which emerge from the narrations built around 
voice technology (such as the documentary The Age of AI7 where Google’s project is 
presented) and the non-discursive level of material aspects regarding the technological 
operations and affordances (such as the data-driven practices and operations employed 
in voice cloning for speech-impaired people). 

3 Findings 

3.1 Discursive Level 

At the discursive level, speech synthesis is usually presented as ‘giving voice’ to those 
who can’t physically speak. Voice cloning in particular is presented as a technology 
which can give speech-impaired people ‘their own’ voice back. The documentary about 
Google’s project of reuniting speech-impaired people with their voices through voice 
technology goes in this direction. Tim Shaw, a former NFL player who has lost his 
ability to speak after being affected by ALS (Amyotrophic lateral sclerosis), is ‘healed 
through AI’ by Google: collecting voice recordings from Shaw’s interviews on national 
television, Google employed Artificial Intelligence (specifically machine learning) to 
create a synthetic voice profile that imitates Shaw’s way of speaking in a realistic and 
natural-sounding way (Chen et al., 2019). The project’s aim, as underlined by the doc-
umentary commenter, was ‘to get his voice back’, reconstructing his ‘original’ voice.  

In this representation, the meaning of ‘owning’ a voice and the relation between 
voice and identity is assumed as given and unproblematic. Nevertheless, artificial voice 
calls into question cultural categories about voice as a ‘natural’ attribute of human be-
ing. In this case, role of the discourse analysis (Fairclough, 2010) is to unearth the hid-
den cultural assumptions present in the technology presentations and to show how those 
assumptions work as ‘tacit knowledge’ (Polanyi, 1966). Through such analysis it’s pos-
sible to unearth hidden connections between social constructions and cultural-episte-
mological attitudes which drive modern science and technology, of which AI is perhaps 
one of the most prominent outcomes.  

                                                           
6  https://deepmind.com/blog/article/Using-WaveNet-technology-to-reunite-speech-impaired-

users-with-their-original-voices (visited on 30/01/2022) 
7  The documentary is available online at the link: 

https://www.youtube.com/watch?v=V5aZjsWM2wo&ab_channel=YouTubeOriginals (vis-
ited on 30/01/2022) 

https://deepmind.com/blog/article/Using-WaveNet-technology-to-reunite-speech-impaired-users-with-their-original-voices
https://deepmind.com/blog/article/Using-WaveNet-technology-to-reunite-speech-impaired-users-with-their-original-voices
https://www.youtube.com/watch?v=V5aZjsWM2wo&ab_channel=YouTubeOriginals
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The first assumption can be related to what Jacques Derrida (1967/2010) famously 
named the ‘phonocentrism’ dominant in western philosophy. According to Derrida, 
voice has been considered as the immediate expression of the inner self. This view 
relies on a metaphysical understanding of the world and the human subjectivity, ac-
cording to which the true self is not in the body but in the disembodied soul and voice 
would be the sensory expression of the soul. This kind of thought seems assumed also 
in Google’s presentation of its voice cloning technology for disabled people, and ac-
cordingly affects also the resulting definition of disability.   

Google’s narration seems in fact consistent with a certain sort of AI ideology: that 
human beings might be uploaded into new hardware whenever their old hardware wears 
out (Natale and Pasulka, 2019). This misleading claim is grounded on a metaphysical 
understanding of reality, insofar as it assumes the duality of mind and body and the 
superiority of the first over the second. This attitude denies both the social construction 
of disability and the embodied condition of subjectivity and identity, locating subjec-
tivity rather in an abstract and supernatural soul. Being disembodied, this kind of sub-
jectivity is by definition ‘able’, can’t be affected or defined by any impairment, which 
remains by definition an external, bodily flaw. Voice, with its traditional relation to 
metaphysical subjectivity (Derrida, 1967/2010), is the perfect representation of this 
condition. In this perspective, the loss of the voice would be the worst tragedy imagi-
nable, a direct attack to the core of what makes us human. But voice is also considered 
as a bodily thing, a mere interface with the purity of the inner self, which is in fact 
disembodied. As such, the loss of voice doesn’t compromise the supposed ability of the 
inner self. It’s in this perspective that a compensation for the loss of the voice can be in 
the first place imagined and then pursued by medical or technological means. 

Google’s narrative can be ascribed to what Rosemarie Garland Thomson (2001) de-
fines a ‘sentimental rhetoric’, addressing what Oliver (1996) sees as ‘the tragedy 
model’ of disability, which positions disability as a terrible issue for the afflicted indi-
vidual. ‘Every single day is a struggle for me’, Tim Shaw says through his synthetic 
cloned voice, but, using voice cloning technology, he can now ‘get his voice back’. The 
emphasis emerging is that of an individualized medical interpretation of disability as 
biological or functional limitation; the narration leads to an attempt to compensate peo-
ple with impairments, rather than enabling their full inclusion in social life. Technol-
ogy, in particular AI, is seen here as a tool to achieve this compensation and reduce the 
tragic nature of the disability, a tool to ‘fix’ the impaired person, overlooking the social 
conditions in which disability is constructed as such. 

3.2 Non-Discursive Level 

As highlighted by media studies scholars, material operations of technological devices 
are not neutral but embed precise cultural meanings. At this level, voice cloning way to 
treat and process voice signal, as well as the embodiment it enacts for the users, is 
expressive of conceptions of voice and disability.  

Voice cloning employs machine learning algorithms to determine the features of a 
person’s voice profile – those characteristics which differentiate it from that of another 
person – starting from the data of that voice (Marr, 2018). The collection of such voice 
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data becomes crucial to the successful operation of the technology. This entails that 
voice cloning relies on a sort of essentialist epistemology based on the assumption that 
voice is something that can be owned. It assumes that each person owns a voice, her 
own voice, and this voice can be translated into data with little or no loss from the 
“original”, embodied one. This means affirming a quantitative correspondence between 
voice and sound data and between sound data and identity, all of which has practical 
and political consequences such as the possibility to profile people from the measure-
ment of their voice features, ever more included in forensic practices of automatic 
speaker identification (Singh, 2021). 

At the same time, and in contrast with this assumption, voice cloning technology 
seems to take a step beyond the normative and essentialist perspective: as vocal features 
are made to emerge directly from the data, which is a prerogative of machine learning 
algorithms, this technology is not attempting to synthesize a ‘pre-defined’ standard 
voice, but rather to get to the singularity of each voice, in its peculiarities and without 
reference to standards, capturing also the ‘imperfections’ and deviations from the norm 
that make each voice unique. This makes AI look like a promising technology when 
discussing disability, because instead of looking for norms among the variations, it 
opens the technology to the differences which characterize disability as itself ‘a form 
of human variation’ (Siebers, 2008, p. 25) – a material practice that collides with the 
mainstream deceptive narration about AI described in the previous section.  

One consequence of this can be observed in the fact that voice cloning, bypassing 
classic issues with synthetic voice, sidesteps the problem of avoiding gender, race and 
class stereotypes culturally coded into pre-defined voice characters. The fact that fea-
tures of a person’s body can be built into a synthetic voice (indeed, it is these very 
factors which make that voice personal) represents more than mere engineering of the 
human body with rehabilitative aims (Hamraie, 2017, p. 15): it can also be seen as 
another form of technological embodiment. 

4 Discussion 

This paper argues that assistive technology design has to face cultural and philosophical 
issues at both the material level of artifacts operations and at the discursive level of 
presentations and sense-making. As Graham Pullin (2009, p. 158) has argued, ‘not just 
meaning but also identity are conveyed through tone of voice’. This entails that voice 
communicates not only through words but also through its very sound. Voice technol-
ogies, in fact, both when addressed to disabled people and when addressed to generic 
audience, enact specific forms of embodiment. The assumption that a voice which 
doesn’t come from someone’s mouth but from a loudspeaker can still be considered as 
someone’s own voice is something that destabilizes naturalizing ideologies of ‘pres-
ence’ (Derrida, 1967/2010) and universalist conceptions of the body, of the voice and 
of the identity (Sterne, 2021). In this regard, voice cloning seems deconstructing the 
very idea of ‘owing’ a voice in the same moment it pursues it at the narrative level. 
Moreover, in engineering voice, technology not only assumes but defines what a nor-
mal voice is (Mills, 2020), in so doing re-enacting a normative attitude which is in 
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contrast with the aim of customization and personalization proper of assistive technol-
ogy. Even if voice cloning employs machine learning algorithms to determine the fea-
tures of a person’s voice profile that differentiate it from that of another person, it risks 
reproducing a kind of forensic attitude which is inherent speaker identification func-
tions necessary to its functioning (Napolitano, 2020; Singh, 2021).  

Moreover, the collection of such voice data leads to the articulation of socio-material 
practices of voice data collection, such as ‘voice banking’, which must be pre-emptive. 
That is, they must happen before someone experiences significant speech impairment 
(or as soon as one is diagnosed with a degenerative disease). This has implications 
which reach beyond the simple act of speaking, associating voice banking with cultural 
practices related to saving, preventing, leaving traces, making a will (not so far from 
having to decide in advance whether to be an organ donor).  

Based on all of these elements, technologies for disability seem characterized by a 
certain tension: while enhancing agency and access for impaired people, such technol-
ogies often reproduce an ‘ableist’ paradigm (Siebers, 2008) which assumes an original, 
untouched condition of ability and perfection, subsequently corrupted by disability, 
which must be restored through medical intervention and technology. According to this 
interpretation, Google and other tech companies seem to affirm a medical model 
through their representations, producing narratives of personal liberation via technol-
ogy which overlook the social construction of disability. These stories portray technol-
ogy as allowing individuals to ‘overcome’ their disability as an individual limitation, 
and at the same time are intended to be uplifting and inspirational for able-bodied au-
diences, assuming ability as an unquestioned and neutral condition in the first place. 
For this reason these narrations appear implicitly and essentially ableist. One conse-
quence of this understanding of disability as an essentialized individual problem is that 
the (marginalized) subject position of disabled people is not problematized. As Ingunn 
Moser (2006, p. 373) puts it: ‘the mobilization of new technologies works to build an 
order of the normal and turn disabled people into competent normal subjects. However, 
this strategy based on compensation achieves its goals only at a very high price: by 
continuing to reproduce boundaries between abled and disabled, and normal and devi-
ant, which constitute some people as disabled in the first place.’ 

As a consequence, it is of main importance for assistive technology designers, engi-
neers and other professional figures involved to take care of the social meanings em-
bedded into artifacts at both narrative and material level. As Pullin (2009, p. 178) un-
derlines, ‘the design is done together: not by the designer for the individual, but neither 
by the individual using the designer just as a facilitator. It emerges from a dialogue and 
a relationship.’ My proposal is that this dialogue involves also social scientists, in order 
to critically interrogate the cultural assumptions so often reproduced and embedded into 
artifacts, and to frame design into wider social issues. This is a way to avoid that inclu-
sive technologies turn into means of new exclusions and marginalizations. 
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Abstract. Nowadays, it is key to explore the opportunities of integrating Digital 
Mainstream Technologies (DMT) and Assistive Technologies (AT) into Early 
Childhood Education and Care (ECEC), especially for children with disabilities. 
In order to achieve a successful implementation into practice two main stake-
holders, educators and parents, have to be actively involved in this process. Lit-
erature about the insights of parents on implementing technology for their chil-
dren in ECEC is limited. Therefore, the aim of this study is to identify the con-
ceptions and beliefs of educators and parents in inclusive ECEC in four European 
countries (Belgium, Cyprus, Italy, Republic of North Macedonia) in relation to 
the current practice, barriers and opportunities for integrating DMT and AT in 
inclusive ECEC. A total of 76 educators working with children 0-6 years of age 
in inclusive ECEC and 71 parents of children, with and without disabilities, 0-6 
years of age in inclusive ECEC, participated in focus group interviews across the 
four countries. According to them, important barriers to integrate DMT and AT 
in ECEC are the lack of resources such as knowledge, expertise and budget. How-
ever, using DMT and AT as a tool for differentiation or as a support for commu-
nication are one of the many opportunities for using technologies for educational 
purposes and for the inclusion of children with disabilities.  

Keywords: Inclusion, Early Childhood Education and Care, Assistive technol-
ogy, Digital Mainstream Technology, Parents, Educators 
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1 Introduction 

1.1 Inclusion and Technology in Early Childhood Education and Care 

Infants, toddlers and pre-schoolers, with and without disabilities, nowadays grow up in 
an environment where technology is everywhere and use technology on a daily basis 
[1-2]. Although the educational potential of technology, there are also related develop-
mental and health concerns due to excessive technology use, e.g. increased risk for 
obesity and shorter night time sleep duration [1]. However, embedding technology in 
teaching to complement and improve traditional teaching methods can help develop 
certain skills such as collaborative problem solving, cultural awareness and sensitivity, 
critical thinking, and creativity [3].  
According to the UN Convention on the Rights of Persons with Disabilities [4], all 
children with disabilities have the right to education, more specific to an inclusive ed-
ucation system at all levels. Hence, in recent years more children with disabilities are 
included in mainstream education settings, which causes an increased demand for As-
sistive Technologies (AT) to meet their special needs in inclusive education [5]. Inclu-
sive education is frequently not possible without access to fit-for-purpose AT. If AT is 
an enabler for learning, actions for identifying and addressing the unique AT needs of 
each individual child must take place as early as possible. This is to ensure that young 
children interact as much as possible with the world around them and that by the time 
the child goes to school, the use of AT is already an acquired habit and does not create 
an additional barrier. [6] The Convention on the Rights of Persons with Disabilities 
states also that the availability and use of new technologies, including information and 
communication technologies and assistive technologies, should be promoted [4].  

The literature describes various opportunities or benefits (e.g. development of prob-
lem-solving and computational thinking, support collaborative learning and social in-
teraction, enabling participation of children with disabilities) of incorporating Digital 
Mainstream Technologies (DMT) and AT into Early Childhood Education and Care 
(ECEC), but also several barriers (e.g. access to technology, attitudes towards technol-
ogy, concerns about negative impact of technology, digital competences of educators, 
lack of awareness of existing technologies, financial barriers, absence of policies, leg-
islations and/or national programmes) [6-9]. Notwithstanding the barriers, educators in 
ECEC explore the opportunities to integrate DMT and AT into their curriculum [2]. 
Therefore, they need adequate digital competence. For educators, adequate digital com-
petence means knowing when, how and why digital tools should be used. A first im-
portant step is to examine their understandings and experiences of digital tools, but also 
why they are not always capable to use digital tools [10]. Parents are another important 
stakeholder in ECEC but literature on their conceptions and beliefs on integrating tech-
nology in ECEC is limited. 

1.2 Aim 

The aim of this study is to identify the conceptions and beliefs of educators and parents 
in inclusive ECEC in four European countries (Belgium, Cyprus, Italy, Republic of 
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North Macedonia) in relation to the current practice, barriers and opportunities for in-
tegrating DMT and AT in inclusive ECEC. The outcome of this study will also contrib-
ute to the development of the guidelines and the educator training for integrating DMT 
and AT in ECEC, as envisioned in the Erasmus+ SKATE project 
(https://skateerasmus.be/, Project N°2020-1-BE02-KA201-074810). 

2 Method 

This study draws on data from multiple focus group interviews in the four European 
countries with (1) educators (childcare workers, classroom teachers, teacher assistants, 
special educators and paramedics that supports teaching activities) working with chil-
dren 0-6 years of age in inclusive ECEC; and (2) parents of children, with and without 
disabilities, 0-6 years of age in inclusive ECEC. A well-conceived script, including an 
interview guide, was provided for conducting the focus group interviews. In each coun-
try, local standards on ethical approval were respected and informed consents were ob-
tained from all individual participants.  

The first country analysed their own organised focus group interviews in the local 
language by using intelligent verbatim transcription and thematic analysis in 6 steps: 
(1) familiarizing with the data, (2) generating initial codes, using a code list, (3) search-
ing for themes, (4) reviewing themes, (5) defining and naming themes, and (6) produc-
ing the report, using a self-developed template [11]. 

The other countries analysed their focus group interviews following the same themes 
of this thematic analysis by using the summaries of their interviews. The findings were 
translated in English, structured and then merged into an overall report with conclusions 
and discussion based on the results of the four countries. 

3 Results 

3.1 Participants 

A total of 76 educators participated in the focus group interviews across the four Euro-
pean countries. The educators involved had experience with children with different dis-
abilities (e.g. attention-deficit/hyperactivity disorder, speech or language impairment, 
visual impairment, motor disability, intellectual disability, autism spectrum disorder, 
multiple disabilities) in their ECEC setting. Altogether in the four European countries 
71 parents of children without (n = 45) and with all kinds of disabilities, such as motor 
disability, intellectual disability, autism spectrum disorder (n = 26) participated. An 
overview of the participants per country is presented in Table 1. 
  

https://skateerasmus.be/
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Table 1. Overview participants per country 

Role Number of participants per country Total participants 

 Belgium Cyprus Italy 
Republic of 
North  
Macedonia 

 

Educators 21 20 14 21 76 
Parents of children 
without disabilities 

16 11 8 10 45 

Parents of children 
with disabilities 

4 5 6 11 26 

3.2 Perspective of Educators and Parents of Four European Countries 
on Integrating (Assistive) Technology in Inclusive Early Childhood 
Education and Care Settings 

Participants’ views were grouped for both DMT and AT into four main themes: (1) 
conceptions and beliefs, (2) experiences, (3) opportunities, and (4) barriers. 

Digital Mainstream Technology. In relation to DMT, in all four countries DMT are 
used in ECEC for education and/or play or leisure. Most commonly used DMT are 
interactive boards, interactive walls, (smart) TVs, smartphones and (giant) tablets. In 
some countries also computers, laptops, projectors, programmable robots and sound 
systems are used. 

According to educators, DMT can create opportunities if it is used in an appropriate 
way for (1) supporting and encouraging language and speech development, communi-
cation and social relations, (2) learning, for example through educational games, edu-
cational software or multimedia, (3) creating quiet moments or relaxing children, (4) 
stimulating motor skills and exercising pre-reading/writing skills, (5) collaborative 
(movement) learning, (6) children to get familiar with technology, and (7) inclusion as 
a common language for all children, a tool for differentiation and substitute exercises, 
a support or stimulant for communication, a motivation for children, and a facilitator of 
group activities and collaborative learning. In the opinion of parents, DMT can create 
opportunities for (1) learning, e.g. learning and stimulating (foreign) languages, self-
image, (2) exercising motor skills, (3) children to get familiar and learn to work with 
DMT, (4) stimulating children’s curiosity and motivation, (5) children to socialise, to 
experiment and to become creative, (6) relaxing children, (7) remote learning and com-
munication, and (8) inclusion through differentiation, substitute exercises, a common 
language for all children and supported communication.  

A barrier to the use of DMT in inclusive ECEC, according to both educators and 
parents across the four countries is lack of digital knowledge, competences, skills 
and/or training on technology-use. Both educators and parents mention the following 
barriers: (1) lack of digital equipment and/or budget for the acquisition of DMT in 
ECEC, (2) concerns about possible negative impact of digital technologies for young 
children e.g. social interaction, (3) lack of appropriate applications, software and other 
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resources in the local language(s), (4) the vision and values of the school and/or educa-
tor about technology, (5) insufficient (technical) support, (6) lack of collaboration with 
experts and other educators to use technology with children (with disabilities) in ECEC, 
and (7) lack of time on the part of educators to search and implement technology. Par-
ents highlighted also one additional barrier: lack of guidelines for both educators and 
parents.  

Assistive Technology. In relation to AT, in all four countries the general conceptions 
and beliefs of educators and parents about the use of AT in ECEC are positive. Educa-
tors believe that the use of AT helps to achieve inclusive education by promoting inter-
action and making activities more accessible. AT can also be used to create interesting 
activities for all children and specific AT could be used to potentiate children’s abilities 
and autonomy. Parents mentioned that it is important that AT are used in a reasoned 
and inclusive way to train or support specific deficits or in specific classroom activities 
to enhance inclusion of children with disability by a trained educator. AT provide a real 
tool to capture children’s attention, increase their motivation during activities, expand 
their communication skills and prepare them for adulthood. Nevertheless, according to 
both educators and parents, there is limited use of AT in ECEC.  

AT that are mentioned by both educators and parents are: (1) low- and high-tech 
augmentative and alternative communication systems, (2) (educational) software or ap-
plications for children with disabilities, (3) listening picture books, (4) adapted toys, 
and (5) alternative input devices, e.g. joysticks, access switches, trackballs, touch 
screen devices. Educators also highlighted following AT: (1) Vibrating Platform to 
stimulate attention to the presence or absence of sounds, (2) changing colour panels to 
give children feedback about the intensity of sounds in the room, (3) cinema with am-
plified sounds to stimulate inclusive group activities with deaf children, (4) multi-sen-
sory stimulation room, and (5) Cause and Effect Sensory Lightbox and similar – cause-
effect software and hardware.  

According to both educators and parents, AT can create opportunities for (1) all chil-
dren, e.g. practice motor skills with all children, (2) inclusion by supporting children 
with disabilities in all educational activities, supporting and stimulating language and 
speech development of children with communication disabilities, substitute exercises 
and making learning and play activities more accessible so that children with disabili-
ties can interact, do activities with other children and grow along with their peers. In 
addition, educators highlighted following opportunities: AT can (1) support and stimu-
late language and speech development, (2) capture the attention, (3) be adapted to the 
needs of the child, and (4) strengthen the abilities of children with disabilities to help 
them to be more autonomous. Parents additional mentioned that AT: (1) can provide 
additional structure for all children using pictures and pictograms, (2) can motivate 
children, and (3) offers various means and modes of developing children’s different 
competences, directly or indirectly, such as specific skills, attitudes, knowledge, and 
enhance their learning process. 

The barriers to the use of AT in ECEC for both educators and parents are (1) limited 
or absence of available AT and/or budget for the acquisition of AT, (2) lack of aware-
ness, knowledge and training of educators and parents on AT, (3) lack of collaboration 
between educators and AT experts, (4) lack of technical and/or pedagogical support of 
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AT experts in ECEC, (5) lack of time of the educators, e.g. to adapt learning activities 
and materials to individual needs, to learn to use AT, to prepare AT, (6) reluctance to 
use AT, (7) vision of the school or educators on AT, (8) limited portability of AT, and 
(9) lack of an implementation plan and follow-up procedures after the assignment of 
(individual or not) AT to a child or a classroom. Additional barriers mentioned by ed-
ucators are: (1) lack of affordable, appropriate, adaptable software, applications and 
other AT resources in the local language(s), (2) fear of damaging AT, (3) the use of AT 
demands a lot from the educator because pre-schoolers cannot yet work with them in-
dependently, (4) sometimes there is a long wait before AT are used in ECEC, the focus 
is often still on stimulating and practising skills and the demand for AT for skills that 
are not successful is not made, and (5) children evaluation in the preschool years is of 
no importance for the Ministry of Education and it is also time consuming. Parents also 
highlighted some additional barriers to the use of AT in ECEC: (1) educators are not 
familiar with or afraid to introduce AT, (2) parents prefer that preschools provide tan-
gible experience and interaction with other children, and (3) absence of appropriate 
legislation (and policy gaps), especially in relation to inclusive education as well as a 
clear legal framework for AT provision. 

4 Conclusion and Discussion 

This study provides a view on the conceptions and beliefs, current practices, barriers 
and opportunities for integrating Digital Mainstream Technologies and Assistive Tech-
nologies in inclusive ECEC from the perspective of educators and parents across four 
European countries. Based on the focus group interviews, AT is used less than DMT in 
inclusive ECEC. Important barriers to integrate DMT and AT are the lack of resources 
such as knowledge, expertise and budget. However, the educators and parents see many 
opportunities for using DMT and AT for educational purposes and for the inclusion of 
children with disabilities. The use of DMT and AT offers opportunities to enhance the 
communicational, motor and educational skills of all children, with and without disa-
bilities, can strengthen the abilities of children with disabilities and give them the 
chance to grow along with their peers. It is recommended to use DMT and AT in a well-
considered pedagogical way.  

Due to the exploratory nature of the focus group interviews the results may not be 
considered fully representative for the entire population of stakeholders targeted. But 
the fact that similar findings could be noted in the four European countries indicates 
that the same beliefs and concerns are prevalent in different areas of Europe in the same 
way. Furthermore, the inclusion of both educators and parents of children with and 
without disabilities of different ages (0-6 years) in the study in all four countries is a 
strength and certainly because parents, an important stakeholder for successful integra-
tion of technology in ECEC, are often not involved in current literature. 

Despite many opportunities for integrating DMT and AT in inclusive ECEC, we 
must not lose sight on the fact that every situation is different and the centre of the 
process for applying DMT and AT must always be the child. Therefore it is also 



211 

recommended to investigate and reflect on the children’s experiences and behaviour 
during the use of DMT and AT in inclusive ECEC in further research.  
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Abstract. The SEURO Horizon 2020 project is developing ProTransfer, a self-
assessment tool aimed at evaluating the readiness of organizations to transfer (or 
adopt) a digital health solution in their specific context. However, organizations 
vary greatly in structure, culture and stakeholder make-up, a factor to be consid-
ered when designing innovations intended for real-world application. Findings 
are presented from a synchronous collaborative online workshop conducted with 
Living Lab practitioners (n=10), using a Miro virtual whiteboard (VW) to test 
and evaluate elements of the ProTransfer tool. With this workshop format we 
created a pragmatic approach to evaluate initial conceptual ideas of the self-as-
sessment tool with different stakeholders in an interesting and time efficient way 
for all parties. Findings suggest that effective completion of the ProTransfer tool 
requires input from a wide range of stakeholders. This presents a challenge in 
designing the questions and/or statements within the tool to be both sufficiently 
clear and unambiguous for both ease of consideration and to generate compre-
hensive responses. Implications for the design of transferability self-assessment 
tools include consideration of the manner in which end-users of the tool should 
be guided to ensure completing the tool in a collaborative multi-stakeholder pro-
cess. 

Keywords: Digital Health, Participatory design, User centred design, self-as-
sessment tool, transferability model. 

1 Introduction 

1.1 Digital Health Technology Innovations 

Every day, innovative digital health technology innovations (DHTIs) are developed 
across Europe, responding to cross-border needs. Many, though beneficial and measur-
able, may never be incorporated into the mainstream. A range of factors influence the 
likelihood that DHTIs will be effectively implemented into organizational systems [1]. 
The ProACT proof of concept trial [2-4] aimed to develop a web-based digital 
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intervention to support older adults in the self-management of multiple chronic health 
conditions. Part of the ProACT project included an extensive study on the key factors 
necessary to evaluate if an organization or region is prepared to successfully implement 
and scale an innovative, people-centric digital integrated health and social care solution. 
The transferability model presents a first step to systematize existing knowledge and 
experience on transferability of digital tools in the field of ICT (Information Commu-
nication Technology). See Figure 1.  

 
Fig. 1. The Transferability Model 

The ProACT Transferability Model, including the factors categorised as I) Essential 
and II) Relevant, is informing the development of the ProTransfer tool, aimed at helping 
organisations to assess their readiness in implementing, transferring and scaling digital 
health solutions. Outcomes from the use of the tool will generate transferability scores, 
assessing the readiness for a solution transfer under the 4 model headings (see Figure 
1): 

• Solution Specific (characteristics of the digital solution). 
• Organization Specific (organizational settings required to facilitate solution trans-

fer). 
• Process Specific (processes within organizations required to facilitate solution 

transfer). 
• Individual Specific (characteristics of the workers). 
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ProTransfer will also offer recommendations on how to strengthen organizational abil-
ity to address transferability of a digital health solution, based on scores for each of the 
factors. The provided recommendations aim to support the sustainability and scalability 
of existing and/or new solutions across different regions and countries, leveraging the 
potential of digital innovations for more efficient and person-centred care in Europe.   

1.2 ProTransfer Tool and the ENoLLworkshop 

  The term digital health solution (or intervention) is broad in scope: it includes mobile 
health (mHealth), health information technology (HIT), wearable devices, telehealth   
and   telemedicine, and personalized medicine. Digital health technologies can use com-
puting platforms, connectivity, software and sensors for health care and related uses. 
Structured partnerships have been shown to have value, for the effective implementa-
tion of innovations aimed at improving personalized and timely health care [6]. Living 
labs, having evolved from user innovation and open innovation paradigms for new 
product development, emphasize the essential value of including the views and experi-
ences of all stakeholders when designing, developing and implementing innovations in 
services and technologies [7]. This paper presents learnings from a workshop conducted 
at Digital Living Lab Days 21 (DLLD21) (https://openliv-
inglabdays.com/program-2021/), the annual conference of the European 
Network of Living Labs (ENoLL). Living Lab practitioners, experienced in multi-
stakeholder orchestration across a range of health and wellbeing living lab and open 
innovation projects, tested a sample of elements/statements from the proposed Pro-
Transfer tool. This work has informed the development of a transferability self-assess-
ment tool (ProTransfer) to assess organizational preparedness for digital solution trans-
fer, within the SEURO project (https://seuro2020.eu/). 

2 Methods 

The pragmatic workshop design approach aimed to enable evaluation of the initial con-
ceptual design of the implementation tool, with different stakeholders in an interesting 
and time efficient way. The DLLD21 conference presented a suitable opportunity 
where diverse groups of experts on implementation of innovation meet. The workshop 
format was developed with the specific requirements of this conference, which was 
being delivered online due to the COVID-19 pandemic, using a dedicated Miro board.  

2.1 Arrival and Introduction 

Prior to registering for the workshop participants had access to a short video and text 
explaining the workshop goal to present the ProTransfer transferability self-assessment 
tool and stimulate discussion on how to improve the tool. Participants self-selected to 
attend the workshop, experience the tool and provide feedback. At the beginning of the 
workshop participants were invited to write down what they expected to learn in the 
workshop – also providing an opportunity to test how to contribute on a Miro board. 
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Subsequently the facilitators and workshop goal were introduced along with the high-
level concept of the tool: a digital questionnaire with a scoring system to be used itera-
tively before and during DHTI implementation. 

2.2 Preparing- Priming the Experience with the Tool 

Before interacting with the ProTransfer tool, participants were primed with a sample 
DHTI, the ProACT CareApp, and provided some unfinished personas representing the 
expected target users of the tool. Selection and completion of personas occurred within 
three separate facilitated breakout groups labelled: Decision Maker, Technical Imple-
menter, and Front-end Implementer. Participants chose one of three possible roles 
based on the responsibilities outlined for each job title. Once the persona was selected, 
a name and photo image were provided for the persona and participants in the breakout 
room were asked to consider what the chosen persona might think about proposed 
DHTIs and their implementation into the organization. Following the selection of per-
sonas, participants returned to the plenary session and a short overview of the ProACT 
CareApp and ProTransfer tools was provided. The ProACT CareApp was provided as 
an example of a digital health technology innovation (DHTI), for evaluation with Pro-
Transfer, though participants could opt to choose another or their own DHTI. Infor-
mation about the ProACT CareApp sample was provided on the Miro board. 

2.3 Experience and Discussing the Tool 

Returning to breakout rooms, each group then had an opportunity to review up to three 
statements from the ProTransfer tool that would be relevant to their persona categori-
zation. The Decision Maker and Technical Implementer groups were provided solution 
specific, organization specific and process specific statements to consider. The Front-
End Implementer group was provided process, individual, and organization specific 
statements. For all statements, each group was asked to consider (1) the ease of under-
standing of the statement and (2) the appropriateness of the statement for the persona 
represented by the breakout group. After some discussion, the explanatory text for the 
statement was then revealed and further discussion ensued to consider further the re-
sponse to the statement and if the explanatory test provided clarity to the response being 
discussed. Participants were invited to add post-it notes with thoughts or comments to 
the Miro board. The facilitators also added notes to the board reflecting the discussion. 
Following the breakout sessions, a plenary session was conducted where facilitators 
provided feedback from the breakout rooms and the whole group engaged in discussion 
of issues identified. 

3 Results 

Findings are presented from the persona selection process, followed by themes identi-
fied during the tool evaluation breakout sessions and final plenary session. Ten partic-
ipants attended the workshop representing nine living labs across Europe.  Attendees 
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overwhelmingly identified they would like to learn if and how the tool would be useful 
to their organization or members ‘to improve our support activities’. Further, attendees 
wished to understand how the tool might be implemented. In particular to ‘scale up 
innovations’ and implement them. 

3.1 Personas 

The persona chosen by the Decision Maker group was an Innovation Manager from a 
Regional Public Health System, with responsibilities including the selection of tools 
and resources to enhance care across care delivery and design implementation pro-
cesses.  Participants expected this persona would be concerned about the cost, potential 
reimbursement and the potential risks associated with the DHTI implementation. The 
Innovation Manager was also expected to recognize the value of taking the needs of the 
different stakeholders into account, highlighting the digital literacy of patients and care-
givers as a likely hesitation about the potential for successful implementation of the 
intervention. Nonetheless, the Innovation Manager was expected to recognize the po-
tential of the DHTI to empower patients and to support them in being more active with 
their treatment. Greater condition self-management, through use of the DHTI, was fur-
ther expected to be valued as having potential to contribute to increased efficiency and 
faster implementation of health and wellness processes. 

The Technical Implementer group selected the persona of the Chief Technological 
Officer (CTO) at a private Diabetes Clinic with responsibilities including leading im-
plementation of technical innovations in the organization. Participants in this group 
were emphatic that the person(s) responsible for technical implementation must be in-
volved in all discussions, from the first consideration of the DHTI to active implemen-
tation within the system or organization. It was expressed that no DHTI could be suc-
cessfully transferred without the inclusion of the Technical Implementer. A primary 
reason given for the inclusion of the Technical Implementer was that new DHTIs are 
regularly brought into organizations but are often not successfully adopted. Poor adop-
tion results in unmet objectives and often leads to the attempted implementation of an-
other new DHTI. The Technical Implementer was considered likely to be cautious 
about the introduction of new DHTIs because considerable work is required to integrate 
new apps and tools, particularly where the function of different tools may overlap with 
each other. Training is also required for each new tool, however, participants noted 
from their experience that there is often reluctance to engage in training for new digital 
tools that might be soon replaced. 

The Front-End Implementer group selected the personal of a Home Care Organiza-
tion manager with responsibilities including supervising the home care nursing team 
and oversight of client/patient care planning and implementation. Participants high-
lighted the importance of the organization manager having good understanding about 
the type of patients and operators who belong to the structure. Operators are essential 
to be able to transfer a technology within the facility and its various departments. The 
importance of training, understanding the improvement of the service, and above all, 
the timing of implementation of the insertion of technology was noted. 
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3.2 Sample Statements 

Solution specific statements focus on the characteristics of the proposed DHTI in terms 
of the degree to which it can be adapted, tailored, refined or reinvented to meet local or 
regional needs (Adaptability); the ease of use or user satisfaction with DHTIs (Usability 
and Design); the ability to test the solution on a small scale in the organization (Triala-
bility). Three solution-specific, Essential Factor statements were considered during 
breakout sessions.  

The Decision Maker group examined an Adaptability statement: ‘The digital health 
solution can be adapted by my organisation, for meeting the local and regional needs’. 
The Technical Implementer group examined a Usability and Design statement: The 
design of the digital health solution is particularly interesting and attractive for our or-
ganization: a) Due to its usability; b) Due to its ability to be tailored to end-user require-
ments; c) Due to other reasons’.  From the perspective of a CTO, the Technical Imple-
menter group also considered a statement relating to the Essential Factor of Trialability: 
‘The digital health solution can be tested prior to its definitive implementation’. Process 
specific statements focus on the processes required to facilitate the transfer of DHTIs. 
The Front-End Implementer group, using the persona of a Home Care Organization 
manager, considered a statement relating to Engagement Mechanisms: ‘There are en-
gagement mechanisms already defined’. 

3.3 Ease of Understanding 

Participants noted that some statements were not sufficiently intuitive for clear under-
standing. This was due to questions arising about who would be using the tool and how 
terminology would be interpreted: the ‘definition of usability may be different to dif-
ferent people e.g., health administrator versus technical administrator’ and this differ-
ence in interpretation may be pertinent to how the statement would be addressed.  The 
nature of the organization or system, where implementation of the proposed DHTI was 
being considered, was also deemed to impact effective understanding of the statement 
as well as its appropriateness: participants observed that Decision Makers might strug-
gle to evaluate the DHTI effectively using the transferability tool.  

Addition of the explanatory text improved understanding of most statements: ‘ex-
planatory text helps to clarify the purpose of [the] statement’. However, in the case of 
the other statements, participants suggested that the explanatory assertion was unnec-
essary, as it did not provide any additional depth of understanding or guidance for con-
sideration of the main statement. Feedback on the statements noted that it was not al-
ways clear how to ameliorate ideas, although, questions with a greater orientation 
to/about the individual were deemed more easily understood. 

3.4 Appropriateness 

Participants confirmed the appropriateness of all statements, in terms of their relevance 
for inclusion in considering transferability. However, questions arose about how state-
ments might be interpreted, as well as by whom. Participants suggested that the nature 
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of the context might affect the perceived appropriateness of the statement. They ques-
tioned how effectively some Decision Makers would be able to address the first state-
ment, for example where the selected persona was from a regional public health system 
rather than from an ‘organization’. The influence of organizational context was also 
raised where, for example, an organization may not already have all the necessary ca-
pabilities to adapt technologies. On the other hand, it was noted that digital solutions 
being considered, when using the transferability tool, would most likely already be ad-
aptation ready. Therefore, it was proposed the statement might more accurately address 
what ‘specificities of an organization could prevent a good fit with the solution’.  

As with ease of understanding of the statements, appropriateness was also linked to 
the role of the person who would be using the tool. The Technical Implementer group 
agreed that the chosen persona (CTO) ‘may have an idea of how staff adopt and adapt 
to new digital technologies - they may be the interface with staff when new technologies 
[were] introduced’. Furthermore, this person ‘would also have their own experience of 
being a patient to bring to bear on their view of the tool’. However, participants did not 
consider having these experiences as sufficient.  Instead, it was agreed that the CTO 
would not be able to answer these questions alone but would need input from other 
stakeholders. Participants also noted how essential it would be for Front-End Imple-
menters to be involved in completion of the ProTransfer tool. It was suggested that 
some consideration should be given to who would be deemed a Front-End Implementer, 
for this purpose. For example, pharmacists might not be considered relevant Front-End 
Implementers, but the group asserted that pharmacists would provide an important per-
spective on potential transferability of the ProACT CareApp example.  

During discussion of part b) of the second statement (tailoring to end-user require-
ments), it was observed that the CTO persona ‘may be more concerned with [technical] 
system integration’ and, therefore, ‘may not have the skills to answer this question’. It 
was viewed that the ‘technical implementer may have a more technical viewpoint on 
this than any other stakeholder’. However, in addition to context and role, participants 
noted the importance of relevant experience to inform responses to statements pre-
sented in the ProTransfer tool. Competing concerns worthy of consideration included: 
‘the cost of devices and app may be an issue for end-users’ or ‘the number of devices 
and app the end-users and nurse need may be an issue’. Participants concurred that 
reflecting such real-world experiences in transferability evaluations was also essential, 
by testing proposed DHTIs. 

It was expected that the Technical Implementer ‘would be best able to respond to 
this statement if [they] have access to testers’, in particular it was suggested that end-
users should be involved in such testing and that ‘small-scale pilots are important before 
implementing digital solutions’. Indeed, it was the position of the living lab practition-
ers in the group that ‘it would be important for [Technical Implementer] to do this test-
ing (or be involved with it) to inform their decision about how to evaluate this state-
ment’. Notwithstanding the necessity of pilot testing the DHTI, it was recognized that 
conducting such testing is fraught with challenges such as the possibility of needing ‘a 
safety server, outside the system, to test the solution?’ or potentially requiring ‘a con-
fidential contract with the stakeholders. Discussion by participants in the Front-End 
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Implementer group, also raised the question: ‘is the organization already experienced 
with testing or implementing new technical products?’   

4 Discussion and Conclusions 

Major stakeholders of health systems will continue to demand greater value and this 
demand requires continuous improvements in access and in both the objective quality 
of care as well as of patient experiences of that care [8]. The drive to improve care and 
increase value, while maintaining or reducing costs, requires health systems and organ-
izations to remain open to adopting evidence-based innovations. However, healthcare 
organizations and systems risk missing out on effective innovative solutions if they 
maintain a position that the ‘uniqueness’ and complexity of health care provision, or-
ganizations, and systems makes it too difficult to adopt solutions developed outside 
healthcare settings [8]. The ProTransfer tool offers a sequential and comprehensive 
method for evaluating the potential for successful adoption of a digital innovation to 
enhance performance and care delivery that is sensitive to the variable ‘unique’ and 
complex contexts of different health organizations.  

An innovation is defined as ‘an idea, practice, or object that is perceived as new by 
an individual or other unit of adoption’ (p11) [9]. For scholars of innovation diffusion, 
the perceived ‘newness’ of an innovation is a key factor in receptiveness to adopt the 
innovation. As such, the adoption of innovations, including DHTIs, is more than simply 
a technical or logistical matter but it is also a social process. The ProTransfer tool work-
shop reflected this complexity, with participants identifying technical, logistic, linguis-
tic, social structural and systemic factors of relevance to how the transferability evalu-
ation tool might be used. 

Transferability of DHTIs into health systems, whether regional, national or global, 
requires considering who will adopt the intervention, how much they are willing to pay 
and what forces in the marketplace are necessary to sustain the adoption [10]. However, 
these questions are often not asked when innovation implementation is being consid-
ered. The ProTransfer tool includes opportunities for consideration of these questions 
and more. However, as workshop participants highlighted, a challenge when presenting 
the tool to organizations may be in preparing them to include a range of stakeholders 
in completing the tool. What emerged during the workshop helped researchers to better 
formulate some questions and explanatory texts, and also helped to spark a discussion 
on how to compile the self-assessment tool and its length. It also opened a discussion 
on which platform is easier to use, how to structure the questions and the possibility of 
answering the questionnaire by several people at the same time.  

The group discussions on the importance of capturing the varied experiences, of rel-
evant stakeholders affected by the implementation of a new DHTI, highlighted the role 
living labs could play in exploring implementation, due to their expertise in multi-stake-
holder engagement in design, as well as development and testing of innovations and 
solutions. Likewise, in recognition of the potential challenges inherent in small scale 
pilot testing for implementation, which also require multi-stakeholder participation, it 
was noted that living labs are well placed to assist organizations with this process as 
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they are generally experienced in the orchestration of multi-stakeholder projects as well 
as ensuring the perspectives and experiences of all stakeholders are represented. Work-
shop findings should inform the design of transferability self-assessment tools to in-
clude consideration of the way end-users of the tool are guided to ensure completing 
the tool in a collaborative multi-stakeholder process. 
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Abstract. Adherence to inhaled corticosteroids (ICS) is an integral component 
of effective asthma self-management. However, suboptimal adherence is com-
mon and is particularly low for young adults as they become responsible for their 
health amidst an already challenging developmental stage of the lifespan. Digital 
health interventions (DHIs) have shown potential to improve adherence to ICS. 
However, their potential to support adherence behavior within this specific pop-
ulation remains under investigated. Accordingly, the current research aims to in-
vestigate the potential for a commercially available application (app) to support 
medication adherence in young adults living with asthma. Through this process, 
novel insights were gained into the benefits and challenges of conducting re-
search with an existing, commercially available asthma self-management app. 

Keywords: Digital Health, Commercially Available Application, Medication 
Adherence, Self-management. 

1 Background 

Asthma is the most prevalent chronic respiratory condition affecting over 330 million 
people globally [1]. Inhaled corticosteroids (ICS) can effectively control the condition, 
increase lung function, and decrease exacerbations and related healthcare use [2]. How-
ever, despite their established efficacy adherence to ICS remains low. Adhering to this 
medication may be especially challenging for young adults as they become responsible 
for their self-management amidst a dynamic period of psychological development, de-
fined as Emerging Adulthood [3, 4]. Emerging Adulthood occurs from approximately 
age 18-29 years and typically involves greater autonomy, exploration in life directions 
and engagement in health risk behaviors. Simultaneously balancing these developmen-
tal demands impacts young adults’ self-management of asthma including adherence to 
ICS [5, 6], thus warranting appropriate intervention. 
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Smartphones are almost universally owned and highly used among young adult pop-
ulations in several contexts. For example, young adults are the most likely cohort to 
own a smartphone across high and low-middle income countries [7]. As a result, inter-
ventions based around this technology may offer a suitable solution that is accessible 
and scalable with high reach. Recent years have seen an exponential growth in com-
mercially available asthma self-management applications (apps). Apps are constantly 
evolving with a range of increasingly sophisticated technological abilities, and so may 
be the most appropriate to capture the interest and engagement of young adults over 
earlier types of mobile interventions such as text messaging. Recent reviews of availa-
ble asthma self-management apps have demonstrated their positive effect on medica-
tion adherence and asthma control in adolescents [8] and adults [9]. However, their use 
and potential to support adherence in the young adult population specifically has been 
largely under studied to date [9-11]. This research aims to investigate the potential for 
a commercially available app to support medication adherence in young adults living 
with asthma.  

2 Methods 

Two studies were conducted to identify a potentially suitable, commercially available 
asthma app. Firstly, in line with the UK Medical Research Council (MRC) Framework 
for developing and evaluating complex interventions [12-14], a systematic review and 
meta-analysis were conducted to quantify the prevalence of adherence to ICS in young 
adults, and to synthesize the evidence related to the predictors of this behavior [15]. 
This is a fundamental step to identify potential intervention components.  

Secondly, a qualitative interview study was conducted with young adults [16]. The 
predictors of adherence identified in the systematic review and meta-analysis informed 
the interview guide, to explore whether young adults considered these predictors as 
relevant adherence supports, and if so, what are their preferences for DHI features to 
deliver these supports. The preferred type of DHI appeared to be a smartphone app. 
Preferences for adherence supports and features included supporting young adults to 
take responsibility for adherence through a reminder to refill and take their medication, 
along with being provided with three types of information: (1) asthma and ICS educa-
tion through images/videos from healthcare providers, (2) self-monitoring information 
through an adherence chart, symptom and trigger monitoring, and goal setting and re-
wards, and (3) feedback on outcomes of adherence to ICS through visuals of lungs 
before and after a period of adherence and lung function monitoring.  

These preferences were compiled and used to identify the most suitable, commer-
cially available app to support adherence in young adults. Systematic searches using 
search terms ‘asthma’ and ‘inhaler’ were conducted on the Apple App Store and Google 
Play Store in August 2020. All apps retrieved were downloaded and checked for the 
presence of young adults’ preferences by the first author (JM). An asthma app devel-
oped by a research team based in Australia was initially identified as the most suitable 
app on the market. However, a license agreement was required to use this app for 
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research purposes. Due to the challenges encountered with progressing this agreement, 
it was no longer deemed feasible to pursue the use of this app in the current research. 
As a result, the next most suitable app on the market was identified. This was the Asth-
maMD app. Finally, a multi-methods study was conducted to assess the usability, ac-
ceptability and feasibility of AsthmaMD to support adherence in young adults, and to 
determine the feasibility of recruiting and retaining this population to future app trials 
[17]. 

3 Findings 

Through this process, novel insights were gained into the benefits and challenges of 
conducting research with an existing, commercially available asthma self-management 
app. These benefits and challenges are discussed below. 

3.1 Benefits 

Efficient method of developing evidence-based DHIs. Recent years has seen an ex-
ponential growth in commercially available asthma self-management apps. While some 
of these apps include evidence-based, behaviour change techniques (BCTs; 18), their 
quantity of BCTs in addition to overall app quality and maintenance varies markedly 
(19, 20). Therefore, despite their rapid proliferation much work remains to maximise 
the potential success of these DHIs and for them to fully benefit from recent develop-
ments in behavioural science. However, applying behavioural science approaches to 
develop and evaluate DHIs is a lengthy and resource-intensive process. Leveraging ex-
isting apps by applying behavioral science to evaluate and refine them may be most 
efficient and timely to establish evidence-based, relevant digital supports for young 
adults, particularly given the rapid pace of advancements in technology.  

Evaluates a DHI that entered a largely unregulated market. Consideration of the 
quality of certain commercially available self-management DHIs is now particularly 
pertinent as the European Union Medical Device Regulation (EU MDR) 2017/745 be-
came fully applicable in May 2021 (21). According to this, software is considered Med-
ical Device Software (MDSW) if it is intended to be used alone or in combination for 
“diagnosis, prevention, monitoring, prediction, prognosis, treatment, or alleviation of 
disease and which does not achieve its main intended purpose by pharmacological, im-
munological or metabolic means but may be assisted in its function by such means” 
(21). While uncertainty remains around which exact commercially available DHIs this 
regulation applies to, it may include asthma and other chronic disease self-management 
apps, meaning they would now be considered a MDSW and therefore would have to 
comply with the relevant regulations to be commercialized and placed on the European 
market. The MDR requires the manufacturer to demonstrate that general MDR safety 
and performance requirements are met, and that consideration has been given to soft-
ware design and maintenance, risk management, a clinical evaluation plan, data protec-
tion and cybersecurity. As a result, this may lead to the availability of higher-quality 
self-management apps for chronic disease. 
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However, prior to the implementation of the MDR, the mHealth app market was 
largely unregulated amidst a rapid growth in size. A total of 318,000 mHealth apps 
were available in March 2020, with an additional 200 being added every day (22, 23). 
This has led to a myriad of commercially available mHealth apps that are often of un-
certain quality and not evidence based, including asthma apps (24, 25). Furthermore, 
there appears to be a significant grey area around the future of apps that were placed on 
the market before the MDR came into effect, that may not comply with the current 
MDR. Transitional exceptions appear to be granted on a case-by-case basis, depending 
on previous quality approvals attained by the device or software. As a result, it is pos-
sible that currently available apps which should but do not comply with the MDR or 
general quality and evidence-based standards, will remain available for some time. 
Therefore, it is critical to evaluate existing commercially available apps. 

Responds to policy and legislation for DHI integration into healthcare. In Europe, 
policymakers are increasingly recognizing the importance of evaluating DHIs. This is 
now an essential prerequisite to their formal integration into healthcare systems. For 
instance, the UK NHSX have developed the Digital Technology Assessment Criteria 
(DTAC) (26) that DHIs must satisfy in order to enter the UK national health and social 
care service. The DTAC aims to build on the Evidence Standards Framework for DHTs 
previously developed by the UK National Institute for Health and Care Excellence (27). 
This framework outlines the evidence standards required for digital health technologies 
to demonstrate effectiveness and value in the UK health and social care system. More-
over, recent digital healthcare legislation in Germany and Belgium (28, 29) outline the 
evidence that must be provided for these technologies to qualify for HCP prescription. 
In sum, these stipulate that digital health technologies must demonstrate patient safety, 
data accuracy and security, usability and acceptability among users and evidence of 
effectiveness through appropriate evaluation. 

3.2 Challenges 

Compliance with Complex Legal Requirements. For potential individual users, com-
mercial apps are freely available to download and use from the app stores. However, 
certain requirements may need to be fulfilled to use these apps for research purposes 
and to comply with relevant intellectual property and copyright law. For example, the 
app developers may require a license agreement to be in place for its use in research 
which often requires a fee. Seeking approval for such license agreements may be a 
lengthy process. For example, if the researchers seeking its use are affiliated with an 
educational institution, review and approval may be needed by the respective institu-
tion’s ‘Technology Transfer Office’ or equivalent. Typically, a number of personnel 
within this office will be required to review such license agreements (e.g. commercial 
executives, business specialists) and subsequently determine if a legal review is also 
required. If so, this legal review can take several months to complete. Following this, 
further iterations of the proposed agreement may be needed to obtain approval and sign-
off from all relevant parties. Moreover, several parties may own/have the rights to the 
app in question, which can further add to the duration of the license agreement process. 



226 

As a result, this can significantly impact research timelines and resources and thus com-
promise the feasibility of pursuing the use of such apps in research.  

Access to Objective User Engagement Data. Accessing users’ back-end app usage 
data may constitute a significant challenge for researchers who are not affiliated with 
the app developers. These researchers would represent an external, third-party seeking 
access to app user data, which would likely raise ethical and data protection concerns 
with the relevant committees and data protection officers that may be difficult or time 
consuming to address. Accessing this data is critical to objectively measure user en-
gagement with DHIs, a prerequisite to their success (30). Without this, researchers may 
need to rely on self-report methods of app use alone.  While these measures can gener-
ate meaningful context to DHI use (31), evidence has shown that smartphone users can 
under or overreport their use of this device (32-34) and their engagement with mHealth 
interventions specifically (35). Therefore, using a combination of objective and subjec-
tive measures may be most appropriate to gain a more complete understanding of user 
engagement. 

Compromise between End Users ‘Wish List’ and Features in Existing DHIs. It may 
not be possible to identify an existing DHI that satisfies all end user preferences for 
behavioral supports and features. As a result, certain preferences may need to be com-
promised and the most suitable app selected (e.g. the app with the highest number of or 
most salient preferences). For example, in this research young adults discussed their 
preference for a goal setting and rewards feature to increase and maintain their adher-
ence behavior. However, AsthmaMD did not include this feature. Perhaps compro-
mised features represent potential additions that can be made to refine the app. This 
may be investigated as part of the evaluation process by asking users if they would 
make any changes/additions to the app following their real-world use of it. 

4 Conclusion 
The benefit of evaluating commercially available self-management apps for asthma and 
other chronic conditions is clear, particularly for those that entered the market before 
regulations governing their quality came into effect. However, this may involve signif-
icant challenges that warrant consideration. These potential benefits and challenges 
highlight the need for increased collaboration between research, industry and policy to 
ensure the highest-quality, evidence-based DHIs become available to support self-man-
agement and adherence in chronic disease populations.  
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Abstract. The transfer and implementation of digital health solutions from one 
setting to another can be challenging. This study functioned as a use case to ex-
amine the transferability of a digital integrated care platform from research to 
practice. In 2019, a healthcare facility in Belgium aimed to advance supported 
self-management and integrated care for patients with Type II diabetes, aged be-
tween 18 and 75 years old. Methodology: The ProACT integrated care platform 
was implemented in a healthcare facility that consisted of a multidisciplinary 
team, monitoring a total of 12 participants with Diabetes Type II for a duration 
of six months. By using a qualitative method, we conducted interviews with dia-
betes educators, held focus groups with healthcare providers and used ethno-
graphic documentation. Findings: The choice of using the ProACT platform was 
a top-down decision made by management and the qualitative data showed that 
the readiness and willingness of the employees to incorporate the platform hin-
dered the implementation. They welcomed the technology, however all employ-
ees noted the additional workload they experienced on top of an already full work 
schedule. As a result, organisation-specific, solution-specific, process-specific 
and individual-specific barriers were identified. Conclusion: The use case on im-
plementing an integrated care platform outside of a research setting, corroborated 
barriers identified in the ProACT transferability framework. This paper will re-
flect on the ProACT transferability framework and highlight the practical chal-
lenges healthcare facilities could face.  

Keywords: Transferability, integrated care platform, digital health. 

1 Introduction 

Technological advancements have led to the development of digital health solutions 
(DHS) for health and well-being management to help patients in monitoring their health 
and wellbeing, supported by healthcare providers (HCP). In 2018, a digital integrated 
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care platform called ProACT was developed through a user-centric approach, with the 
aim to integrate the needs, context and requirements of its users [1]. ProACT was tested 
in a Proof of Concept trial for people with multimorbidity (covering diabetes, chronic 
heart disease, chronic heart failure and chronic obstructive pulmonary disease (COPD)) 
over a 12-month period as part of a Horizon 2020 project [2]. Outcomes of the trial 
showed the platform to be valuable for home-based self-management. Currently, in the 
SEURO8 project the platform development is continued and research is done to further 
assess transferability and effectiveness in different healthcare settings. Earlier, in 2019, 
a healthcare facility in Belgium aimed to advance supported self-management and in-
tegrated care for patients with Type II diabetes, aged between 18 and 75 years old, using 
the digital platform ProACT. With this case study we review the relevance of the factors 
in the Proact transferability framework from research to practice. 

1.1 Implementation frameworks 

Several studies have documented the challenges which can arise when DHS are imple-
mented outside of a research setting [3-6]. With a move towards integrating health and 
wellness technology into a patient’s home, a shift will also be required in the day to day 
work of HCPs using the technology to monitor patients’ health. To get the maximum 
benefit from a DHS, healthcare organisations are required to change or innovate their 
care service toward patients. For this reason, practice and research communities have 
been advocating for more awareness of the implementation challenges that come with 
DHS, particularly those advancing integrated care.  

One of the complexities of implementing an integrated care platform lies in the co-
ordination of multidisciplinary and interdisciplinary collaboration between HCPs and 
patients. Frameworks have been developed, for instance HSPA9, Scirocco Maturity 
model10, The integrated Project Framework11 to address their implementation chal-
lenges. However, they are primarily from a descriptive and theoretical perspective and 
their applicability requires more insight. Due to limited knowledge on the barriers to 
transfer a DHS from one healthcare setting to another, a transferability framework was 
developed as part of the ProACT H2020 project. This framework outlines the factors 
necessary for successful transferability of digital integrated care platforms (such as Pro-
ACT) across health services. Within the framework, key enablers and barriers to im-
plementing digital integrated care solutions are identified. The transferability frame-
work (Fig. 1) consists of four main themes: solution, organisation, process and individ-
ual factors that contribute to understanding the implementation challenges in a new 
setting. A full description of the framework is available elsewhere [7]. 

 

                                                           
8 https://seuro2020.eu/  
9 https://ec.europa.eu/health/health-systems-performance-assessment/priority-areas-hspa_en 
10 https://www.scirocco-project.eu/maturitymodel/ 
11 https://www.projectintegrate.eu.com/ 

https://www.zotero.org/google-docs/?mcw30d
https://www.zotero.org/google-docs/?7afwjV
https://seuro2020.eu/
https://www.zotero.org/google-docs/?PzxlnL
https://ec.europa.eu/health/systems_performance_assessment/priority_areas_en
https://www.scirocco-project.eu/maturitymodel/
https://www.scirocco-project.eu/maturitymodel/
https://www.scirocco-project.eu/maturitymodel/
https://www.projectintegrate.eu.com/
https://www.projectintegrate.eu.com/
https://www.zotero.org/google-docs/?3H8Fn6
https://seuro2020.eu/
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Fig.1. ProACT transferability framework 

2 Methodology 

2.1 Implementation Setting and Set-Up 

The healthcare facility multidisciplinary team included a health coordinator (nurse), 
podologist, physiotherapist and dietician, who monitored 12 Participants with Diabetes 
Type II (PwD) over six months. A researcher from the Belgian Proact team coordinated 
the implementation including, providing training and trial support to the HCPs in using 
the ProACT platform. The health coordinator was appointed as the main study coordi-
nator in the facility. Four diabetes educators (DEs) were recruited to visit the PwD to 
enrol them in the study, train them in using the technology and to be the first point of 
contact for (technical) help and questions. The DE would follow-up by using the DHS 
to look at the PwD self-monitored data and contacting them to provide diabetes related 
education and self-management support. When PwD self-monitored data exceeded 
thresholds, alerts were generated and processed by triage nurses in a separate call cen-
tre, who would then contact the PwD by phone. PwDs were expected by the healthcare 
organisation to perform weekly self-monitoring of their glucose values, blood pressure, 
weight, activity and sleep and to engage in one or more types of care provided by the 
healthcare organisation, such as physiotherapy or nutritional advice.  

2.2 Data Collection and Analysis 

To evaluate the transferability of the ProACT platform into the healthcare facility, we 
used a qualitative approach. We conducted semi-structured interviews with DEs, focus 
groups with HCP before and after ProACT implementation, and used ethnographic 
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documentation of the experiences of the researcher supporting the platform implemen-
tation. The ethnographic documentation was captured in emails, notes and observations 
derived from close collaboration with the health coordinator who was responsible for 
implementing the ProACT platform in the healthcare facility. The (focus group) inter-
views covered topics such as usability, adoption and evaluation of the ProACT platform 
and were audio-recorded, transcribed and coded through an inductive thematic analysis 
by use of MAXQDA software [8]. Subsequently, the qualitative themes derived from 
the analysis were arranged within the categories of the ProACT transferability frame-
work. 

3 Findings 

The ProACT transferability framework aims to delineate the conditions that influence 
a successful implementation of a DHS. Comparing the qualitative data with the Pro-
ACT transferability framework, demonstrated several factors that explain the imple-
mentation challenges experienced during the study. Findings aligned with a number of 
factors are outlined below in the context of the framework. 

3.1 Solution Specific - Level 

We saw Evidence of Potential Benefits. HCPs expressed interest in the DHS and saw 
the value of telemonitoring but there was variation in how HCPS viewed the necessity 
of adopting the ProACT DHS into their work practice. For some, the usefulness of 
ProACT was apparent, ‘instead of seeing patients frequently, I could follow-up on their 
activity patterns and discuss the data with them during a consult' (Physiotherapist), so 
that the consultation was better adjusted to the patient’s current needs. However, others 
felt that the data was not applicable enough for their work or customizable enough to 
make them use the DHS on a regular basis. As a consequence, the adaptability and the 
usability and solution design- essential factors were not addressed sufficiently. 

3.2 Organisation Specific - Level 

Although not an essential factor in the framework, the Available Resources factor ap-
peared as the theme ‘care-cost trade-off’ across all HCPs. The DEs (n=4) expressed 
interest in the study, however all employees noted the burden of the additional workload 
they experienced on top of an already full work schedule. The additional time required 
to become acquainted with the technology and learn the protocols did not fall under the 
regular DE activities and they were not compensated. Although willing to put voluntary 
effort for the project, they concluded it was too time consuming to be trained and sup-
port the PwD in using the devices. The perceived extra effort required to implement the 
technology was considered to have diminished the time for interacting with their pa-
tients and providing diabetes related education.  

Within healthcare organisations all actors are ascribed roles to play, with interde-
pendent patient and HCP roles defined by the organisational culture. This is an essential 
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factor in the framework and is shown to us via the theme ‘user profile’. Concerns were 
expressed about long term engagement of the PwDs. HCPs suggested that a PwD with 
a particular profile would be the ideal candidate for the use of the ProACT system / 
telemonitoring. An ideal user was defined as a PwD who is motivated, has sufficient 
digital literacy to use the technology or is willing to learn, and has (high) disease com-
plexity. HCPs suggested that PwDs with this profile would be best able to provide data 
through self-monitoring and that the HCPs can utilise the data for better care provision. 

3.3 Process Specific – Level 

As expected, several PwDs required additional training and support to enable them to 
use the self-monitoring technology [9]. There were engagement mechanisms (an essen-
tial factor in the framework) within the project to cope with this. Examples of recurring 
problems included data transfer issues, not knowing how to use the devices, and how 
to do problem-solving if a device was not working properly (such as replacing the bat-
teries or reconnecting with Bluetooth). This resulted in additional help desk related vis-
its from the health coordinator visiting the PwD and the introduction of weekly check-
up calls. The health coordinator took initiative and was dedicated to implementing the 
DHS in the organisation. However, the additional tasks required to maintain the en-
gagement of the PwD were not in line with the expected time investment. In addition, 
some technical issues hindered access to the platform, e.g. a firewall that was installed 
at the healthcare organisation. 

3.4 Individual Specific – Level  

Self-efficacy is the only relevant factor in this dimension of the framework. Some DEs 
reported stress related to having the responsibility for the technology. For example, 
during the set-up of the technology at a PwD’s home, the DE felt insecure when there 
was an unexpected iPad installation question ‘I am already quite happy when a few 
installation steps work well, but then I get a follow-up question and I have to make a 
lot of choices, and that type of hindrance I have all the time’ (DE_04). The DE de-
scribed a training situation of a technology set-up at a PwD’s home. ‘I saw how there 
was suddenly an update [ipad or application] and you [referring to researcher] had to 
find a way to sort this out, if I was in that situation I would have panicked and I would 
not have found a solution’ (DE_04). 

4 Discussion 

Following the implementation of the ProACT platform to support PwDs by a multidis-
ciplinary team of HCPs, themes were identified aligning with five factors from across 
the transferability framework. While not all 17 factors were represented in the themes, 
all four transferability levels were represented in the data; solution-specific, organisa-
tion-specific, process-specific and individual-specific factors. 
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The current study analysed the framework and the qualitative data in retrospect. The 
findings indicated value in considering the transferability framework factors prospec-
tive. Therefore, future DHS implementation cases should include specific protocol el-
ements aimed at determining both the benefits of adopting the DHS and which barriers 
need to be identified at what stage of the implementation. For example, in line with the 
trialability suggestions from the framework, the healthcare organisation may have ben-
efited from a longer and slower introduction to the DHS. In such an exploratory phase, 
HCPs could gradually adapt their personal workflow with the implementation of the 
DHS, providing time to experience the benefits of adapting work practices to include 
the DHS. 

The choice of using the ProACT platform was a top-down decision made by man-
agement, both the readiness and willingness of employees to adopt the platform may 
have been presumed. While welcoming the technology, all employees noted the burden 
of the additional workload they experienced. The most significant challenges reported 
were time resources. As a consequence of this deficit, there was limited capacity to 
adapt the technology to the local setting of the healthcare organisation. This may have 
acted as a bottleneck, preventing the ability to overcome the barriers related to adapta-
bility and usability and solution design.  

For HCPs and PwDs alike, adopting a new DHS required developing mastery of 
multiple domains (such as health interpretation and digital technology) as well as new 
ways of negotiating healthcare relationships [10]. The implementation of a DHS could 
change or disrupt existing workflows with PwDs and between other HCPs. In particular 
in the start-up phase, time needs to be allocated to obtain confidence in using the tech-
nology, and explore new workflows. The use of the technology for PwDs was set-up 
by the HCP. This required a level of confidence in using the technology by both the 
PwD and HCP, and was underestimated at the time of deployment. Additional time and 
training may have supported HCPs and PwDs alike in transitioning to use of ProACT.  

The complex ecosystem of a digital integrated care platform requires in-depth un-
derstanding and mapping of the different PwD-HCP and HCP-HCP relationships [11], 
[12]. In the current study the high variety in HCP specialisms resulted in adaptability 
requests of the DHS that could not be foreseen with the technical, time and budget 
constraints. Participatory and collaborative approaches should be deployed to ensure 
adequate adaptability of the DHS and to manage users' expectations. Furthermore, the 
inclusion of multiple stakeholders in the analysis of a DHS implementation pilot may 
offer alternative perspectives on the benefits and barriers experienced. For the framing 
of DHS pilot studies, using an objective tool such as the transferability framework re-
duces the potential for decisions to be based on subjective experiences or preconcep-
tions.  

To conclude, only the main identified factors derived from the data are discussed.  
Other factors may have been present in the use case but were not identified. Given their 
potential importance, and the inter-relationship between factors, further research should 
endeavour to examine all factors as part of the implementation evaluation. 
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gium with the purpose to research the effect and the feasibility of using an integrated 
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Abstract. It is widely accepted that digital health technologies can support the 
self-management of chronic disease, aiding in symptom and lifestyle monitoring 
and management, encouraging behaviour change, and sharing data amongst a 
care network. However, little is understood about how older adults with multiple 
chronic conditions might digitally self-manage. In this paper, we present findings 
from a longitudinal 12-month trial whereby older adults with multimorbidity 
used the ProACT digital health platform to self-manage their conditions. Inter-
views were conducted with participants at four time-points during the trial and 
data were thematically analysed. Findings presented in this article relate to three 
themes, the learning journey of participants, routines and strategies of using the 
technology, and facilitators and barriers to use. This paper demonstrates that 
older adults with multiple chronic conditions are willing and capable of engaging 
in digital self-management, and that this cohort can develop and master the tech-
nical skills necessary for self-management. 

Keywords: Older adults, Digital health, Multimorbidity, Longitudinal study 

1 Introduction  

There is much to celebrate about living longer, including the potential for older people 
to continue contributing to their families, communities and broader society. However, 
ageing also presents challenges, such as higher prevalence rates of chronic disease and 
in particular multimorbidity, the presence of two or more chronic diseases [1]. Preva-
lence rates of multimorbidity are estimated as affecting one in three people globally [2]. 
Self-management is a necessary part of living with any chronic condition. However, 
self-management is demanding, requiring engagement in multiple tasks such as symp-
tom monitoring, adhering to lifestyle recommendations, medication management as 
well as navigating healthcare systems. To ensure older people with multimorbidity can 
maintain active and healthy lives, it is necessary to support them to successfully self-
manage.  
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Digital health technologies hold great promise to support health self-management at 
home, either independently or with support from family or those who care for them [3]. 
In particular, such technologies have the potential to help reduce the burden of self-
management for people managing multimorbidity and to support integration of care 
amongst a person’s care network, including family and health and social care profes-
sionals [4-5]. However, if older adults are to engage with such technologies, they need 
to be designed to be useful and usable. While there are some studies exploring older 
adults’ use of digital health technologies, there are few evaluations that explore longi-
tudinal use, and we are not aware of any that focus on older adults with multimorbidity. 

2 Methodology 

In this paper, we report on findings in relation to use and perceptions of technology 
from older adults with multimorbidity who used the ProACT digital health platform for 
approximately one year. Participants were aged 65 and over and had two or more of the 
conditions diabetes, chronic obstructive pulmonary disorder (COPD), chronic heart dis-
ease (CHD) and chronic heart failure (CHF). A total of 120 participants were recruited 
across Ireland and Belgium, 93 of whom completed the study. Participants were pro-
vided with a suite of digital devices for monitoring symptoms (e.g., blood glucometer, 
pulse oximeter, blood pressure monitor), dependent on their conditions, as well as a 
weight scales and an activity watch measuring steps and sleep. Participants were also 
provided with an iPad with the ProACT CareApp through which they could view their 
data over time, self-report on health and wellbeing (e.g. breathlessness, mood), view 
personalised education, set activity goals, and share their data with a care network.  

The full trial protocol can be found in [6], while further detail on the platform, in-
cluding its co-design with older adults with multimorbidity and their care networks can 
be found in [4]. Training on the devices and CareApp was split across two home visits 
at the start of the trial, to avoid overloading participants with information. During the 
first visit, training was provided on using the devices, while the second visit focused on 
the CareApp. A paper-based training manual was provided to all participants, contain-
ing detailed instructions for each device, troubleshooting instructions and detail on each 
CareApp feature. Online training materials and videos on how to use the devices and 
CareApp were also available within the CareApp education section.  

Interviews were conducted at four timepoints throughout the trial, T1 (technology 
deployment) to T4 (trial end). The same interview protocols were used in both Ireland 
and Belgium. All interview data was transcribed verbatim and a qualitative thematic 
analysis was conducted, with multiple meetings between the teams in Ireland and Bel-
gium to reach consensus on the themes and sub-themes. While a number of themes 
emerged relating to various aspects of the users’ experiences during the trial, this paper 
focuses on findings in relation to their experiences with the ProACT technology, 
namely the CareApp and devices. 
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3 Findings 

In total, 120 PwMs consented to take part, 60 in Ireland and 60 in Belgium. In Ireland, 
the average age of PwMs was 74.23 years (range 65-92 years) and 60% were male. In 
Belgium, the average age of PwMs was 73.61 years (range 60-91 years) and the partic-
ipants were predominantly male (72%). In Ireland, eight participants withdrew, primar-
ily due to ill health, while three passed away and in Belgium, 16 participants withdrew, 
with difficulties with the technology being cited as the main reason for withdrawal [4]. 
Three main themes emerged in relation to participant experiences of using the technol-
ogy. Each of these themes, and related sub-themes, are presented below.  

3.1 The Learning Journey 

Training Requirements. At T2, three or four months into the trial, there were some 
participants in Ireland who were still struggling to understand particular aspects of the 
technology and a need for further training was identified as an important issue. It was 
apparent that many participants were not using all parts of the ProACT CareApp, or 
even aware of particular features. Researcher: “[demonstrating health tips section] So 
these are all videos and information about diabetes.” Participant: “Oh yes! That’s very 
good now I never saw that before!” (P058, M, 71, Diabetes+CHD, IE, T2). With an-
other participant, the researcher was demonstrating how to see the answers to daily 
questions: “Oh, that’s good, that is very good now, yes… I’m glad you brought that to 
my attention because I don’t know why I closed my eyes to that, I don’t know why” 
(P003, M, 72, COPD+CHD, IE, T2). 

Many participants discussed how they used the paper-based training manual created 
by the ProACT team, to learn how to use the platform: “I kept referring to my manual 
until I got the hang of [the ProACT platform]” (P045, F, 74, F, Diabetes+COPD, IE, 
T2). Other participants reported using trial and error to learn how to use the platform 
rather than the ProACT manual: “For training, I found trial and error was the best way” 
(P015, M, 82, Diabetes+CHD, IE, T2). 

The Belgian participants did mention at T2 that they did not use all the parts of the 
CareApp. P65 said that he had used some parts a couple of times: “Uh the tips yes, I 
have watched them but I am not going to watch these every week” (P65, M, 70, Diabe-
tes+CVD+COPD, BE, T2), However, during the interviews no additional training was 
given or requested. Overall, the participants seemed to be comfortable with the tech-
nology. The majority of participants in Belgium had some prior experience with using 
health monitoring devices, whilst only a small number of Irish participants mentioned 
prior experience, and this was mostly with blood glucometers.  

Mastering the Technology. At T2, participants were keen to discuss their experiences 
learning the system. For novice technology users, there was a steep learning curve. 
Learning how to interact with the iPad, for example, was challenging for users who had 
never used a touchscreen device before, and users discussed how core simple gestures 
such as how to tap was challenging: “Absolute novice...And as I said, initially, I could 
not get any of them. Couldn’t get them, no matter what I did. And I'd tap it and she’d 
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[researcher] say tap it again, I'd tap it again. That’s my problem with it... The first day, 
I got my son to come down to help me to get the tapping right, and then all of a sudden 
it came right and that was it, yes” (P011, M, 81, Diabetes+COPD, IE, T2); “I didn't 
even know how to turn it on” (P018, F, 73, Diabetes+CHD, IE, T2). 

While a need for training was identified for certain aspects of the technology, some 
participants also demonstrated familiarity and understanding of the devices and appli-
cations and were more confident to troubleshoot themselves when things went wrong. 
For example, P009 had the following strategy to cope with Siri voice assistant automat-
ically opening: “I find the only way of getting rid of [Siri opening unprompted] is to 
actually turn off the iPad altogether and then wait a few minutes and turn it on again” 
(P009, M, 71, COPD+CHD+Diabetes, IE, T2). Another participant expressed how she 
had become much faster at using the technology as she became more familiar with it: 
“I have it down to a fine point whereas before it could take me nearly twenty minutes 
to get around everything. I can do it in under five!” (P045, F, 74, Diabetes+COPD, IE, 
T2). 

By T3, participants had been using the devices for an average of 10 months and 
described a growing mastery and confidence with the system: “Well I thought in the 
beginning that it might be too much, I was trying to take on too much technically. But 
then I conquered it… So I just stuck at it, no, I don’t find it difficult at all now” (P034, 
M, 67, COPD+CHF, IE, T3); “It’s, I’d say a comfort feeling now using it. The surprise 
was the beginning. Getting to know and understand the different bits and what was 
expected of me. And once I got to terms with that, I had no problems with it, as time 
went on” (P045, F, 74, Diabetes+COPD, IE, T3).  

Few Belgian participants reflected on learning or adjusting to using the CareApp or 
the associated devices. For many, the devices did not offer a new experience, as they 
had their own devices already. Nevertheless, some of the participants did talk about 
how they were surprised by their learning curve. P93 for example, said that using the 
platform at the start of the trial was challenging, but now he was surprised that he “was 
relatively good at handling the devices, at least that is what I think” (P93, M, 65, Dia-
betes+CHD, BE, T2); P95 said that the blood pressure monitor was the hardest to learn 
but “I practiced it until I got it. That is the way you learn best” (P95, F, 85, 
COPD+CHF+CHD, BE, T2).  

Overcoming Fear. At T1, a small number of participants in Ireland expressed a fear of 
the technology. There were worries about potentially damaging the technology, about 
making a mistake (such as wiping data from the iPad) and general anxiety about using 
the technology correctly. A very small number of participants expressed a concern that 
they would worry over their readings, both symptoms and wellbeing data, whilst three 
participants were concerned about where their data would be stored and who it would 
be shared with. By T2, participants spoke about overcoming a fear of technology in 
order to be able to use the system: “In the beginning, I'd be a little bit apprehensive 
about going through it because if I lose the screen, I'd be afraid I couldn’t get it back 
again and that, and I've overcome that a little bit. [Researcher] would have said to me 
it’s alright to play around with it a little bit, and I suppose you do gain a little bit of 
confidence” (P041, M, 69, Diabetes+CHD, IE, T2).  
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3.2 Routines and Strategies of Use 

At T2, it was clear that the majority of participants had adopted the ProACT platform 
to measure their health and wellbeing parameters. Participants shared their experiences 
noting how using ProACT became part of their self-management routine, with many 
using the platform in the morning: “First thing in the morning, I do the weight and then 
it depends on how quickly it responds… So I would say about a quarter of an hour I 
spend” (P002, F, 85, CHF+CHD, IE, T2); “It is becoming a habit; I wake up and the 
first thing I do is blood pressure and all the rest. Then I can put it all in the cupboard, 
then my coffee, yeah it is a habit” (P115, F, 73, CHF+CHD, BE, T3).  

T2 interviews highlighted varying levels of engagement with the platform. For some 
it was a daily discipline: “It’s the first thing I do every morning, more or less” (P040, 
M, 67, Diabetes+CHD, IE, T2); “Well in the mornings I weigh myself… as soon as I 
wake... Then before breakfast I take my blood pressure. I regularly check the steps, it 
is important to get enough activity. And during the day not all the time, but sometimes 
when I think about it, I will go to the ProACT (app) and complete the (self-report) 
questions” (P81, M, 68, CHD+CHF, BE, T2). Other participants interacted less often 
for different reasons, including not wanting to focus on self-management tasks too 
much, or only feeling it was necessary to monitor if feeling unwell: “I said I would do 
this, the system because I can keep an eye on important things to do with my heart and 
my blood pressure and my activity. All those things are important, but only the way 
I’m doing it. You know I wouldn’t want to spend a half an hour a day pouring over and 
saying ‘how many steps more did I walk today than yesterday?’” (P001, F, 76, 
COPD+CHD, IE, T2); “If I feel unwell. Then I will check my blood pressure [re-
searcher: and what happens then?] Then I would know… if it is too high and I would 
lay down a bit” (P61, M, 70, Diabetes+COPD+CHD+CHF, BE, T2). 

While talking about routines, it became evident that several of the participants used 
additional means of recording the results of their monitoring besides the ProACT plat-
form. For example, P117 (F, 79, CHD+COPD, BE, T2) stated that she also writes all 
the measurements down and P61 (M, 70, Diabetes+COPD+CHD+CHF, BE, T2) and 
P103 (F, 79, CHF+Diabetes+CHD, BE, T2) added the numbers into an excel file. The 
participants did not explain why they did this even after additional prompting. Due to 
our holistic knowledge of our participants, it is possible to hypothesise about the rea-
sons that these additional means are used. In some cases, it may have been out of a 
previous habit (as participants were often previously instructed to do this by their GP 
or specialist), to make the readings more tangible, or also it may be that they did not 
trust the digital means.  

3.3 Facilitators and Barriers to Use 

Support. In relation to using the technology, participants had two forms of support that 
acted as a facilitator to use – those in their care network and the research teams. While 
most participants were capable of using the devices and CareApp independently, a 
small number relied on support from their care network (usually an informal or formal 
carer). For example, some participants found the devices physically difficult to use by 
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themselves; P105 (F, 76, CHD + Diabetes+ COPD, BE, T1) mentioned she was not 
able to move the blood pressure monitor easily over her own arm. Some participants 
waited until their carer was present to help them to take measurements and view read-
ings: “[formal carer] and [informal carer] showed me, but I couldn't use anything else. 
She told me to use ProACT and to get different things up, but I couldn't do that… Yes, 
[formal carer] comes from 10 to 11...It only takes her a couple of minutes [to use Pro-
ACT], she's really quick, she's great” (P018, 73, F, Diabetes+CHD, IE, T2). 

Technical support was provided for the duration of the trial through a helpdesk in 
each country, staffed by the research team. Details of the types of issues experienced 
by participants included devices not working as expected, hardware and software up-
dates and participants forgetting how to use devices. More detail on the issues experi-
enced in Ireland have been published elsewhere [7]. During interviews, participants 
expressed their appreciation of this service: “If you wanted anything you just had to 
ring them. And they were there straight away, you know, leave a message and they’d 
get back on to us” (P018, 73, F, Diabetes+CHD, IE, T3); “I pressed something that 
knocked everything off or something and she was able to talk me through...Oh god yeah 
and she was very patient with me, she must have spent nearly an hour with me trying 
to talk me through it” (P043, 77, F, COPD+CHD, IE, T4). 

Usability. Usability was both a facilitator and a barrier to engaging with ProACT dur-
ing the trial. Most usability issues related to use of the hardware, including the moni-
toring devices and the iPad. Throughout the trial, participants experienced specific tech-
nological issues with devices, which were a source of frustration, in particular the blood 
pressure monitor and the glucometer: “I just stopped taking the blood pressure meas-
urements at all. Because all the equipment wasn’t working properly. In that it wasn’t 
connecting to the iPad. And just to check it out, there was one morning I timed it and it 
was only after spending half an hour connecting the thing on the screen” (P009, M, 71, 
COPD+CHD+Diabetes, IE, T3). The persistent issues experienced by some users with 
the blood pressure monitor may be attributed to the device owner change (from With-
ings to NokiaHealth at the beginning of the trial), which caused calibration issues for 
larger or smaller arm sizes.  

While the blood pressure monitor was the device that caused the most frustration for 
participants, they reported that other devices were also challenging to use. For example, 
participants reported challenges using the iPad: “[The technology is] manageable but 
still the tablet is a bit much for me” (P058, M, 71, Diabetes+CHD, IE, T2); “Except my 
ineptness with the iPad. I’m just not very good with it. That’s the only challenge” (P001, 
F, 76, COPD + CHD, IE, T2). “My frustration with some of those is that, and this 
happens me frequently, I get into something and I can’t get it off the screen. I don't 
know how to do it and then of course I press buttons and everything and it still comes 
back up on the screen, but I'm getting a little bit better at that” (P041, M, 69, Diabe-
tes+CHD, IE, T2). 

There were also many users who did not report experiencing any issues with the 
devices: “Everything links in quickly enough... And I don’t have a problem, there's no 
delay or whatever in it. The watch is linking all the time so it's not a problem. It's 
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straightforward. I think the equipment is excellent” (P012, M, 67, Diabetes+CHD, IE, 
T3); “The scales I find really good” (P63, M, 76, Diabetes+CHD, BE, T2).  

In relation to the ProACT CareApp, few usability issues were mentioned by partici-
pants. Feedback tended to focus on the features, including which ones were used, when 
and for what purpose: “The app itself I think is very good. And I think it’s helpful to 
get people to focus on a small number of things. That are key to their, you know their 
health. To also have a system that was easy to use, it is easy to use” (P015, M, 82, M, 
Diabetes+CHD, IE, T3). 

Reliability of Monitoring Devices. Several participants had comments about the out-
come of the measured values from the devices. Participants seemed to have concerns 
and questions about the reliability of the data. For instance, some participants com-
mented that the watch didn’t detect sleep correctly “At times, it [tablet] showed that I 
had an afternoon nap, while I did not have an afternoon nap” (P111, M, 76, Diabe-
tes+CHD+COPD, BE, T3). Another concern was that some participants noticed a dif-
ference between the devices used by the ProACT system in comparison to the devices 
used at home or by their healthcare professionals. For instance, P65 stated: “When I 
was there [GP], then I did a measure, and that gave a difference, the blood pressure 
device of the system [ProACT] gave 170 and I think at the GP had 130” (P65, M, 70, 
Diabetes+CHD, BE, T3). P103 (F, 79, Diabetes+CHD+CHF, T2) who had mobility 
issues stated that her limited steps did not always register. The perceived reliability 
concerns resulted in some using ProACT less: “Because of the fact that it does not show 
correct values, then I say I do not see the use of using it [blood pressure device and 
iGluco devices] anymore” (P91, M, 80, CVD+CHF+Diabetes, BE, T3). Over time, par-
ticipants adapted to the use of the devices and adopted them into their daily lives: “If 
you have been working with it for a while, then everything will happen by itself” (P81, 
M, 68, CHD+CHF, |BE, T3).  

Perceived Benefits. Throughout the interviews, participants discussed the various ben-
efits of using the ProACT platform, which may have acted as a facilitator or motivation 
to continue using the technology. Perceived benefits included improved self-manage-
ment and control of symptoms: “If I see that there are moments that my blood pressure 
is higher, then I try to adjust my diet and my activity” (P62, M, 75, CVD+COPD, BE, 
T4); “I certainly am getting better readings than the first weeks that we took here. Be-
cause I’m doing the activity.” (P004, M, 84, CHF+CHD, IE, T3); improved health and 
wellbeing outcomes: “No, [my health is] better I think. Well I’m not in any pain and I 
want to go out more often. And I feel much better” (P016, F, 73, Diabetes+CHD, IE, 
T3); increased confidence and reassurance: “You can follow-up better, you will get the 
feeling, okay, if there is something wrong, then I will notice it on time” (P101, M, 72, 
CHF+CHD, BE, T4); “ProACT... helps you to focus and having been in the hospital it 
gave me the confidence to talk to the consultant and say look I think this machine is 
pumping too much oxygen into me” (P043, 77, F, COPD+CHD, IE,T4). 

In addition to using the iPad to engage with the ProACT devices and CareApp, many 
participants also spoke of how they saw the trial as an opportunity to learn how to use 
other applications on the iPad: “I hope to use an iPad and communicate with people. I 
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would love to use Skype, I would love to use Facebook” (P011, M, 81, Diabe-
tes+COPD, T1). P011 later reported that he set up email and Facebook accounts, while 
P027 reported using YouTube to find exercises she could do to improve her strength 
and flexibility: “Yeah and then of course the exercise. Since somebody said I can put 
YouTube on [the iPad], I think it was my granddaughter. You know so I try you know 
they say this is for seniors. I tried and like a duck to water, just love it… I go to YouTube 
and do the sitting exercise for seniors, like I manage to do them all you know” (P027, 
F, 79, Diabetes+CHD, IE, T3). Participants also reported setting up Skype and using 
many other apps, including radio apps, weather apps and news apps.  

4 Discussion  

While there have been some studies on the attitudes of older adults and those with mul-
tiple conditions to digital self-management [5], [8], actual evaluations of usage and ex-
perience with such technologies are limited. The study presented in this paper addresses 
this gap, highlighting that older adults with multiple chronic conditions are willing and 
capable of engaging in digital self-management, and that this cohort can develop and 
master the technical skills necessary for self-management. This paper also provides in-
sights into the experiences and attitudes towards digital health technology use, patterns 
of usage and the supports required to assist usage.   

Digital health technologies are widely heralded as the solution to address the chal-
lenges anticipated as a result of ageing populations, to support the shift from clinician-
centric to patient-centric care, and to improve health and wellbeing outcomes [3]. Yet, 
societal adoption of such technologies, particularly by older adults, has been low and a 
number of barriers to uptake still exist [9]. There are several barriers, including a lack 
of focus on user-centred design, which can result in technology that is neither useful 
nor usable. The findings in this paper indicate that the vast majority of technology is-
sues experienced by participants related to the hardware devices used in the trial, in-
cluding the health and wellbeing monitoring devices and the iPad. The CareApp, which 
was co-designed with older adults with multimorbidity, appeared to cause fewer issues, 
though repeated training was necessary for many participants. Despite the technical 
issues with devices, including concerns about the reliability of data, the majority of 
participants (77.5%; n=93 of 120) persevered with using them, remaining engaged with 
the trial for the full period. Findings in relation to engagement and possible reasons for 
engagement have been published elsewhere [4]. However, significant support was re-
quired from the research teams to achieve this continued engagement [7], while some 
relied on their care network for help with the technology. If digital health technologies 
are to be more easily and widely adopted by older adults, issues around their usability, 
reliability and robustness need to be addressed. 

Considerations are also required about how best to provide training and technical 
support, particularly at early stages of deployment. Even though some participants 
demonstrated confidence with the technology at T2, this was far more widespread at 
T3 with learning developing into mastery and confidence for more participants as they 
developed clear strategies and individual patterns of use, which was maintained at T4. 
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Participants in Ireland spoke about putting effort into learning the platform. This sup-
ports other research indicating that older adults are willing to put time and effort into 
learning how to use technology, if they perceive value [10]. Designers of technology 
for older adults should also consider different strategies to support engagement. While 
initial training was spread over two sessions, and training materials provided covered 
all features, some participants were not aware of certain features within the CareApp at 
T2. This may have been as a result of not exploring or being afraid to explore. Prompts 
and nudges could be delivered through the CareApp as reminders or encouragement. 
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Abstract. Digital technologies for health and social care have potential to support 
older adults’ activities, quality of life, and autonomy. Technology acceptance is 
a commonly identified outcome in studies, but is conceptualized in numerous 
ways, which may influence measurement and conclusions. We wish to under-
stand how technology acceptance is conceptualized and measured in older adults’ 
health and social care. We will undertake an umbrella review to generate a rele-
vant overview, by systematically searching databases (e.g., PubMed, Embase, 
PsycINFO, CINAHL, Cochrane, IEEE Xplore, Social Sciences Full Text, Econ-
Lit, Global Index Medicus) for systematic reviews and meta-analyses published 
since 2016. Inclusion criteria are: Population—older adults (aged 65+, or 40+ for 
adults with intellectual disability); Intervention—digital health and social care 
technology; Comparison—all comparators; Outcomes—technology acceptance; 
Study type—systematic reviews or meta-analyses. Independently, two reviewers 
will screen titles and abstracts, included full-texts, extract data, and appraise 
study methodological quality/risk of bias. We will present a narrative overview 
summarizing included reviews’ characteristics, findings, limitations, and quality. 
This umbrella review will support a renewed understanding of technology ac-
ceptance as a concept and its measurement in this area, highlighting areas for 
future research and synthesis. 

Keywords: older adults, digital health, technology acceptance. 

1 Introduction  

Global population growth and ageing[1], concomitant increases in chronic illness and 
disability, rising dependency ratios[2], and trends toward community-based and inte-
grated care have contributed to demand for health and social care technologies. Such 
technologies have the potential to support older adults to maintain (or improve) mobil-
ity, communication, medical self-management, activity levels, community 

https://link.springer.com/chapter/10.1007/978-3-030-60114-0_19#auth-Richard-Lombard_Vance
https://link.springer.com/chapter/10.1007/978-3-030-60114-0_19#auth-Richard-Lombard_Vance
https://link.springer.com/chapter/10.1007/978-3-030-60114-0_19#auth-Richard-Lombard_Vance
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participation, quality of life, autonomy, ageing-in-place, and overall capabilities, 
thereby preventing/delaying institutionalization[3]. Such technologies may also help 
states and providers to provide cost-effective care. Accordingly, there has been a recent, 
rapid proliferation of health and social care technologies, with myriad technologies—
from wearables to social robots—deployed in countless populations, settings, and 
health or social care use cases.  

Technology acceptance has been identified as a key outcome across studies of digital 
health and social care technologies and has been understood and conceptualized in a 
variety of ways[4], including, for example, the technology acceptance model[5], diffu-
sion of innovations[6], unified theory of acceptance and use (UTAUT)[7–9], among 
others. Despite the concentration of research, development, and investment, there is 
evidence of continued non-use and abandonment of care technologies[10].  

The diversity of older adults deserves considerable emphasis[11]. They range widely 
in age itself[12]. They may or may not experience substantial declines in physical or 
cognitive health or incident disability. They may be of any gender or ethnic background 
and may experience intersectional inequalities and exclusion[13]. They may have dif-
ferent levels of comfort with technology, and different social supports or financial 
means to afford technology. 

We wish to understand, in the context of the rapid proliferation of technologies, how 
technology acceptance has been conceptualized in the domain of older adults’ health 
and social care and how it is being measured. Considering diversity, we wish to under-
stand what relationships sub-groups of older adults have to technologies vis-à-vis ac-
ceptance. We view an umbrella review[14]—a systematic review and overview of ex-
isting systematic reviews—as the appropriate method to summarize information in this 
complex and rapidly evolving area.  

2 Method 

2.1 Review Questions  

A protocol for this review was registered on the PROSPERO register[15]. Our review 
questions are as follows:  

1. How has health and social care technology acceptance been conceptualized and 
measured in digital health for older adults? a) What models of technology acceptance 
are used in digital health and social care for older adults? b) How has technology 
acceptance been measured among older adults?  

2. What relationship does digital health and social care technology acceptance for older 
adults have with: a) specific models or model components of acceptance, b) different 
models of measurement of acceptance, c) specific sub-populations or demographics 
of older adults, and d) specific digital technologies? 
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2.2 Search Strategy 

To prevent redundant efforts, we will search for relevant ongoing or completed um-
brella reviews, in databases dedicated to protocol registrations, systematic reviews, and 
umbrella reviews (e.g., Prospero, JBI, Cochrane, Campbell).  

PubMed, Embase, PsycINFO, CINAHL, Cochrane Library, IEEE Xplore, Social 
Sciences Full Text, EconLit, and Global Index Medicus will be searched. We will 
search reference lists of included studies, and for relevant grey literature using online 
databases (e.g., Google Scholar). We will first implement the search in PubMed, and 
then replicate it as closely as possible across the other databases. Search terms will be 
identified in extant literature, database subject headings, and pilot searches.  

Using PICOS (Population, Intervention, Comparison, Outcome, Study Type) to 
search databases, we will search for titles and/or abstracts containing keyword combi-
nations aligned with PICOS categories: 1) population: older adults; 2) intervention: 
digital health/digital technologies for health and social care; 3) outcome: technology 
acceptance, and; 4) study type: systematic reviews/evidence syntheses. Terms from 
each category must be present in the title and/or abstract, i.e., 1 AND 2 AND 3 AND 
4. (We will not specify anything in a comparison category as it does not pertain to our 
review questions,).We will also search subject headings (e.g., PubMed’s medical sub-
ject headings (MeSH)) to capture studies with differing terminology and in diverse re-
search fields. See Table 1 for detailed search strategy. 

Table 1. Original, PubMed Search Strategy 

Field  PICOS Domain  Search Terms (all [Title/Abstract], except where 
stated) 

1  Population  Older adults  (Older adults OR Older adult OR older people 
OR older peoples OR older population OR older 
person OR older persons OR elder* OR geriatric* 
OR aging OR ageing OR senior* OR aged 65 OR 
65+ OR over 65 OR age related OR old age OR ma-
ture adult OR oldest old OR aged adult OR Late 
Life OR Retire* OR "End of life" OR OAP OR 
OAPs OR Pensioner* OR geront* OR 
"Aged"[Mesh] OR "Aged, 80 and over"[MeSH] OR 
"Frail Elderly"[MeSH])  

2  Intervention  Digital health  
(or digital  
social care) / 
connected 
health  

(digital health OR digital medicine OR digital 
care OR health technol* OR medical technol* OR 
care technol* OR welfare technol* OR wellbeing 
technol* OR telemedicine OR telehealth OR tel-
ecare OR telemonitoring OR telerehab* OR eHealth 
OR e-Health OR eMedicine OR mHealth OR m-
Health OR mobile health OR "technology enabled 
care" OR connected health OR connected medicine 
OR connected care OR device* OR install* OR in-
novation* OR gerotech* OR gerontech* OR elec-
tronic health OR tele-cure OR tele-conf* OR cyber* 
OR robot* OR online therapy OR e-learning OR 
smart home OR wearable* OR sensor* OR sensing 
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OR assistive technol* OR games OR gaming OR 
IoT OR "Telemedicine"[Mesh] OR "Digital tech-
nology"[Mesh] OR "Self-Help Devices"[Mesh] OR 
"virtual reality" OR "augmented reality" OR "artifi-
cial intelligence" OR "virtual reality"[Mesh] OR 
"augmented reality"[Mesh] OR "artificial intelli-
gence"[Mesh])  

3  Outcome  Technology ac-
ceptance  

(accept* OR approv* OR reject* OR usage OR 
"use" OR nonuse OR utilization OR utilisation OR 
underutilization OR underutilisation OR attitude* 
OR adopt* OR abandon* OR diffusion OR adhere* 
OR compliance OR comply OR assimil* OR 
"TAM" OR UTAUT OR "Patient Acceptance of 
Health Care"[MeSH] OR "Diffusion of Innova-
tion"[Mesh])  

4  Study design  Systematic  
reviews  

("systematic review" OR “systematic literature 
review” OR "meta-analy*" OR "meta analy*" OR 
"evidence synthesis" OR "umbrella review" OR 
overview OR "meta-review" OR "meta review" OR 
overview OR "Systematic Review" [Publication 
Type] OR "Meta-Analysis" [Publication Type])  

5 Final search strategy: 1 AND 2 AND 3 AND 4 

We will use an English-language search protocol, but no language restrictions will be 
applied. Screening and data extraction will be limited to studies in English. We will 
provide a reference list of studies that we exclude at full-text screening for not having 
an English-language full text. We judge a five-year search window to be appropriate, 
considering the recency of interest in digital health, swift evolution of digital health 
technologies, and high likelihood that extant reviews capture studies from well beyond 
our five-year window. We will search for studies published between 2016-01-01 and 
2021-07-22. We will conduct quality appraisal of included studies.  

2.3 Participants  

We define older adults as people aged 65 or older, with the exception of those with 
intellectual disability (ID). Given that this group often experience lower life expec-
tancy, a lower threshold of age 40 or older will be applied to this sub-population, to 
broaden inclusivity. We will not exclude participants based on their living setting or 
where they might use health and social care technologies. Included: Adults aged 65+, 
or adults with ID aged 40+. Excluded: Children and adults aged 64 and younger, or 
adults with ID aged 39 or younger.  

2.4 Intervention  

Digital health or social care technologies include information and communication tech-
nologies used to support health or social care, including (but not limited to) technolo-
gies in the areas of eHealth, mobile health (mHealth), wearable devices, telehealth or 
telemedicine, and health information technology, where older adults themselves use, 



249 

wear, or interface with those technologies. We will not restrict the deployment settings, 
as technologies may be deployed in a wide range of settings and in the community and 
everyday living. We will exclude technologies that 1) do not have a digital component, 
and/or 2) are not applied in a health and social care context, and/or 3) are not used, 
worn, or interacted with by the older adults themselves.  

2.5 Study Type 

In an umbrella review, only systematic reviews and/or meta-analyses are included. We 
will include reviews that systematically review technology acceptance in relation to 
digital health or social care technology for older adults, where older adults are the pop-
ulation of the systematic review. Technology acceptance in such reviews may be ex-
plicitly considered as an outcome or as a predictor or moderator of other outcomes. 
Quantitative and qualitative conceptualizations and measures of technology acceptance 
are included. We will exclude studies in which older adults cannot be separated from 
other age groups for analyses. We will exclude studies that do not employ digital health 
or social care technologies. 

2.6 Outcomes  

Technology acceptance is the primary outcome. We use a broad definition encompass-
ing older adults' adoption of, actual use of, intention to use, approval of, rejection or 
abandonment of, or satisfaction with technology, or the diffusion of technology among 
older adults. We will include adherence where adherence refers acceptance or use of 
specific technologies themselves and not to the non-technological medical, health, or 
psychosocial active components of an intervention. We will include studies of older 
adults’ experience of, or attitudes toward, technologies where these relate to the dimen-
sions of acceptance outlined above. Acceptance may be measured quantitatively or de-
scribed in qualitative terms. 

2.7 Study Selection Method  

Title and abstract screening will be conducted with Rayyan reviewing software[16]. 
Study titles and abstracts will be independently reviewed for eligibility and inclusion 
by two reviewers. Reviewers will not have access to each other's decisions. Where re-
viewers disagree, decisions will be discussed, and where consensus is not reached, dis-
agreement will be resolved by a third reviewer. Full-text screening will be recorded 
with spreadsheet software (Excel). Two, independent reviewers, unaware of each 
other’s decisions will review full texts, with disagreements resolved by a third party.  

2.8 Data Extraction Method 

Using JBI umbrella review guidelines[17] data extraction will include: author/year; ob-
jective(s); participants (characteristics/total number); setting/context; 
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interventions/phenomena of interest; number of databases/sources searched; date range 
of included studies; number of studies; type of studies; study country of origin ; ap-
praisal instrument and rating; type of review/method of analysis; outcomes (including 
definition and measurement of technology acceptance); results/findings (including any 
relationship of acceptance with specific models or model components of acceptance, or 
different modes of measurement of acceptance, or specific sub-populations or de-
mographics of older adults, or specific digital technologies); and comments. We will 
contact authors for evidently unreported data. Two researchers will independently ex-
tract data from included studies and extracted data will be compared for completeness 
and agreement. A third researcher will resolve disagreements.  

Quality Appraisal Method. We will appraise study quality with the AMSTAR 2 qual-
ity appraisal tool[18], supplemented with the following items from Aromataris and col-
leagues' checklist: 'Were recommendations for policy and/or practice supported by the 
reported data?', and 'Were the specific directives for new research appropriate?' [14].  

Analytic Method. We will generate summary overviews of how technology ac-
ceptance has been conceptualized and measured in older adults for digital health and 
social care technologies. We will generate an overview of levels of acceptance, and the 
relationship between acceptance and conceptualization and measurement, different 
technologies, and sub-populations. In line with JBI guidelines[17], we will summarize, 
but refrain from re-synthesizing, results of included reviews. Wherever possible, we 
will summarize findings by demographic characteristics, including gender, age (older 
adults and oldest old, for example), and impairment status (e.g., cognitive impairment; 
physical impairment; multimorbidity). We will also summarize results by health and 
social care technology type (e.g., wearables, social robots, telehealth, etc.), by concep-
tualization of technology acceptance, and by measurement method.  

3 Discussion 

This protocol sets out the design and methods a priori for the conduct of our umbrella 
review. We anticipate that this approach will support meaningful summary and com-
parison of existing systematic reviews of older adults’ technology acceptance as it re-
lates to health and social care technologies.  

This umbrella review will permit a broad-based understanding of acceptance across 
a wide range of technologies for health and social care. It will generate knowledge of 
the conceptualizations of technology acceptance that are prevalent in this space, as well 
as how technology acceptance is measured. Older adults are diverse, and this method 
will provide an overview of any difference in levels of technology acceptance, not 
merely across the wide landscape of different technologies, but also across different 
subgroups of older adults, who may have divergent needs or experiences of technology.  

These elements of our design and method are key strengths in the context of the rapid 
evolution of technology in health and social care, the oft-experienced problems with or 
barriers to the adoption, sustained use, sustainability, scale-up, reach and spread of 
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digital health[10], the ageing populations wherein the majority of technologies are or 
will soon be employed, and the cost of technology development and implementation.  

4 Ethics 

As this is secondary research, reviewing existing research material, we did not require 
institutional review board approval. This research is funded by the European Union’s 
Horizon 2020 research and innovation program under grant agreement No 857159. 
The authors declare that they have no known conflicts of interest.  
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Abstract. In the SHAPES project, which is funded by the European Commission 
under the Horizon 2020 Programme (GA 857159), research was developed aim-
ing at understanding the factors that impact on the adoption, upscaling and trans-
fer of person-centred technology in integrated care programmes across Europe. 
Seventeen experiences of technology adoption in care providing organisations 
were analysed, which resulted in a list of over 150 factors that have impacted on 
the success or failure of the technology uptake process. The factors were grouped 
in domains which, in turn, were clustered based on their importance in different 
phases of the technology adoption process. The resulting framework model, the 
4-Wheel Framework Model, together with a self-assessment tool to identify crit-
ical factors can provide guidance to organisations that plan to make a step to-
wards the digitalisation of their person-centred services. The factors were further 
prioritised by a mixed panel of different stakeholders which led to a core list of 
four factors and sets of recommendations for their consideration in the deploy-
ment of person-centred digital solutions in care environments. 

Keywords: Person-centred Technology, Integrated Care, Digital health 

1 Introduction 

1.1 Towards New Models of Integrated Care 

Health and care systems require reforms and innovative solutions to become more re-
silient, accessible, and effective in providing quality care to European citizens. Due to 
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ageing populations, economic pressures, and the recent global pandemic, the need to 
improve and adapt the health and care systems to new contexts, operational needs and 
contingent situations has significantly increased.  

Both, the development of people-centred integrated care programmes [1] and the use 
of new technologies [2], are identified by the global community as key strategies to 
cope with the challenges faced by health and care systems to meet current and future 
demands for quality care in a flexible and economically sustainable way. Healthcare 
organisations thus need to be transformed to absorb innovative technologies and deliver 
more flexible and personalised services to citizens [3]. 

The widespread expectation is that digital solutions can radically change the way 
health and care services are delivered to patients. If designed purposefully and imple-
mented in a cost-effective though not cost-cutting way they might increase the well-
being of millions of citizens, some of whom, without those solutions, risk to remain 
without services for geographical or social-economic reasons. 

According to the European Commission [4], digitalisation in health and care can 
achieve the following: 

─ support the reform of health systems and their transition to new care models, centred 
on people’s needs and enable a shift from hospital-centred systems to more commu-
nity-based and integrated care structures; 

─ help to promote health and prevent disease, including in the workplace;  
─ support the continuity of care across borders, an important aspect for those who 

spend time abroad for business or leisure purposes. 

1.2 Challenges 

Despite substantial experience with integrated care models and digital solutions for 
healthcare systems at different levels of implementation, that aim to go beyond the tra-
ditional delivery systems and to cope with the challenges listed above, tangible results 
are still scarce. In particular, technology implementation projects are at high risk of 
failure, not only in their implementation phase [5], but also in their scaling-up and trans-
fer.  

A study concluded in 2018 by AAATE, EASPD and AIAS Bologna could not find 
examples of the transfer of digital platforms supporting integrated care from one region 
to another in Europe. [6] 

1.3 The SHAPES Project 

The Smart & Healthy Ageing through People Engaging in Supportive Systems 
(SHAPES) Innovation Action is funded by the European Commission under the Hori-
zon 2020 Programme (GA 857159). SHAPES intends to build, pilot and deploy a large-
scale, EU-standardised open platform. The integration of a broad range of technologi-
cal, organisational, clinical, educational and societal solutions seeks to facilitate long-
term healthy and active ageing and the maintenance of a high-quality standard of life. 
Mediated by technology, in-home and local community environments interact with 
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health and care (H&C) networks contributing to the reduction of overall H&C costs, as 
well as hospitalisation and institutional care rates.  

Technological innovation is a fundamental drive for the evolution of integrated care. 
This is because it lays the basis for a communication infrastructure enabling end users 
(patients, informal as well as professional carers) and others involved in the care eco-
system to collect and share data in an autonomous way and to manage decision making 
processes differently.  

Work undertaken in the framework of the SHAPES project aimed at gaining the 
knowledge necessary to identify factors of potential success and failure in the deploy-
ment, scaling-up and transfer of digital solutions supporting integrated care pro-
grammes. 

2 The Complex Process of Person-Centred Technology 
Adoption in Integrated Care 

2.1 Existing Models 

The implementation, scaling-up and transfer of solutions supporting integrated care is 
a complex process. Different models and frameworks have tried to bring together fac-
tors that have to be considered, or that describe complexity in technology uptake in 
integrated care, such as the NASSS framework [5], the ProACT transferability model 
[6], the Momentum Blueprint [7].  

2.2 Tracing Impacting Factors in Technology Adoption 

Original field research was conducted by a group of researchers within SHAPES to 
identify the factors that will facilitate or hinder the successful deployment of technol-
ogy in integrated care programmes. The scope of this work was to learn from existing 
experiences, especially those of care organisations that are using on a daily basis digital 
person-centred technology in the way they deliver their services. They have gone 
through a process of technology adoption in their care models and much can be learned 
from their experience. 

The following 5 criteria were identified to selected cases.  

─ Person-centred solutions 
─ Part of operational service delivery models 
─ Connecting different actors in a care ecosystem 
─ Non-exclusively focussed on short term medical treatment 
─ Evaluated from the perspective of different stakeholders 

It was extremely difficult to find cases responding to all 5 criteria. For that reason some 
experiences were included that had gone through a pilot phase but that were not yet 
fully deployed in an existing care service. In the end, 17 suitable organisations were 
identified and their managers were interviewed with a semi-structured interview sched-
ule.  
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As a result: 

─ More than 163 enabling factors or barriers were identified; 
─ More than 45 reported lessons were collected; 
─ More than 45 recommendations were collected. 

Some enabling factors were quite similar one to another, which is not surprising. Others 
were contradictory, for example those mentioning the importance of mixed public/pri-
vate funding compared to those mentioning the importance of public funding only, thus 
highlighting the impact of the health context where the experience was developed. This 
led to the conclusion that context awareness is important and that it is more appropriate 
to consider them just impacting factors that have to be considered in person-centred 
technology adoption in integrated care. Not doing so might increase the risk of failure 
of the adoption process. 

By focussing on the technology adoption process, it was possible to group all re-
trieved factors in either one of the domains listed in Table 1. 

The thus obtained domains of factors have a different impact according to the stages 
of development, implementation, and consolidation of the solution, or, using more ap-
propriate terms, the conceptualisation, contextualisation, implementation, and evalua-
tion stage.  

Table 1. Overview of domains and stages in technology adoption 
Stage Domains of impacting factors  

Conceptualisation 
In this “imaginary” stage a possible solution to 
existing needs is imagined and theorised. 

Target groups and needs 
Policy  
Values, vision, and goals 

Contextualisation 
In this “feasibility” stage a possible solution is 
assessed according to its compatibility with ex-
isting local health and care systems, cultures 
and practices and its financial sustainability. 

Service context 
Health and social care systems 
Economic 

Implementation 
In this “realisation” stage a feasible solution is 
made into reality and technology is embedded in 
a service flow.  

Human factors 
Technology 
Solution design 
Information and communication 
Process management 

Evaluation  
In this “evaluative” stage the solution outcomes 
are measured, and plans are made for adapta-
tion, scaling-up or transfer of the solution and 
its results. 

Outcomes  
Impact 

2.3 The 4-Wheel Framework Model 

A consideration can be made regarding the relationship between stages in the technol-
ogy adoption process and the domains of impacting factors. Solution design processes, 
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and even more person-centred design processes, are cyclical in nature. This means the 
assessment of the impact of the factors in each domain will have to be repeated. This is 
made visual in the 4-Wheel Framework model (Figure 1). Based on the outcomes of 
the technology adoption process, adaptations of further development can be expected 
(e.g., new deployments, scaling-up and/or transfer). In both cases, new adoption or ad-
aptation, the four wheels will start a new cycle, as evidenced in Figure 1.  

 
Fig. 1. The 4-Wheel Framework Model 

2.4 Prioritising Core Factors 

As a next step a survey asking a community of experts (19 participants) to evaluate the 
importance of each factor was developed. An overall score was generated for each fac-
tor and the three highest scoring factors were presented to a consensus building seminar 
to be further reduced to a core factor for each stage.  

The following factors were considered the most important ones:  

─ The solution should match the needs and interests of the beneficiary group across all 
care domains. 

─ The solution design should be functional from the perspective of the end-user. 
─ The solution should promote healthier lifestyles. 
─ The solution should increase the efficiency in care.  
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Building upon input from the participants in the consensus building process, recom-
mendations were developed for each of the core factors.  

2.5 Next steps: Towards the Development of Tools 

At the end of the consensus building process, the full list of factors was reviewed and 
finalized. The list of relevant factors to consider in the different stages of adopting, up-
scaling or transferring technology-based persons-centred solutions in integrated care 
can be used as a basis for the development of a useful tool providing guidance to care 
managers and innovators in the process from conceptualization to evaluation of tech-
nology-based solutions in care pathways. For the different stages the assessment criteria 
to be applied to the factors would be slightly different as indicated in Table 2.  

Table 2. Assessment criteria to be applied to impacting factors for the different stages. 
Stage  Assessment 

criteria 
Scale  

Conceptualisation  Factors are 
considered 

Not con-
sidered 

Partially 
considered 

Fully con-
sidered 

Not rele-
vant 

Contextualisation  Factors are 
analysed 

Not ana-
lysed 

Partially 
analysed 

Fully ana-
lysed 

Not rele-
vant 

Implementation Factors are 
managed 

Not man-
aged 

Partially 
managed 

Fully man-
aged 

Not rele-
vant 

Evaluation Factors are 
assessed 

Not as-
sessed 

Partially 
assessed 

Fully as-
sessed 

Not rele-
vant 

A second tool could be made for developers seeking to enhance the transferability of 
the solutions that they are developing. There are factors that have core relevance for 
those aiming at transferring a solution that is developed elsewhere in a different politi-
cal and social environment with a different culture and organisation of care. The prob-
lems and the needs might be the same, but the answers to those needs might not be. For 
developers of person-centred technology-based solutions it is important to consider 
right from the start of their development work which factors are particularly relevant to 
consider in such a transfer process. Addressing them appropriately will turn these fac-
tors into facilitators for transfer instead of barriers. An example is the early considera-
tion of language as well as accessibility options for the solutions at stake (e.g. different 
alphabets, font size options, etc.)i. Such critical factors might inform the development 
of a specific checklist for developers to enhance wider uptake of their solutions across 
Europe and worldwide.  
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Abstract. This contribution aims to present information obligation as an im-
portant balancing tool in the context of Active and Assisted Living (AAL). The 
importance of being informed is emphasised in economics, social life, and law. 
In the context of AAL, there is a potential informational imbalance, which has 
three aspects: 1. The market position of the consumer. 2. Processing of personal 
data. 3. Understanding of technologies. Those imbalances may influence the per-
ception of AAL and its acceptance by people. An information obligation may be 
a proper tool to solve the problem of informational imbalance. Therefore, two 
key European legal acts, the General Data Protection Regulation and the AI Act, 
proposed in 2021, establish various information obligations. Those obligations 
must be carried out effectively. The three most crucial consequences of the acts 
are as follows: 1. In case of a legal dispute concerning the information obligation, 
the burden of proof is on the provider of the product. 2. Providers of the AAL 
systems should deliver information in an intelligible way. 3. The form in which 
information is given shall be harmonised to enhance the comparability of prod-
ucts. This does not have to be done by legal regulation, but can be implemented 
by the industry itself (in a form of technical standards or a code of best practices). 
Experiences from the field of European banking and investment law may be used 
to effectively fulfil information obligation in the context of AAL. In the conclu-
sions, practical consequences of the role of information obligation will be dis-
cussed. The reflection takes stock of three aspects of information obligation as a 
balancing tool: 1. Its importance. 2. Its sufficiency. 3. The most needed improve-
ments. 

Keywords: Active and Assisted Living, information obligation, data protection, 
EU law 

1 Introduction 

Access to the proper information in the context of Active and Assisted Living (AAL) 
is not only a matter of ethics and values, but also a crucial requirement of users, guar-
anteed by law. Potential users of AAL need to have access to information allowing 
them to understand the system, and how it can impact them. Lack of such information 
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may make them feel vulnerable in relation to providers of AAL. One of the possible 
tools to answer that problem is information obligation. 

The current contribution aims, firstly, to highlight the importance of information ob-
ligation in the fields of law, society, and economics. Secondly, potential informational 
imbalances in the context of AAL will be identified. In the third step, information ob-
ligation in General Data Protection Regulation (GDPR) [1] and the Artificial Intelli-
gence Act (AI Act), [2] two European legal acts crucial for the AAL, will be described. 
Special attention will be given to the requirement of effectiveness and its consequences. 
In the following step, possible inspirations from European banking law will be pre-
sented.  

While it is widely recognised that information obligation is an essential facet of con-
sumer protection, information obligation has not been analysed as a balancing tool. The 
proposed perspective aims to present providers and users of AAL as partners whose 
relationship should be balanced. Such a balance has multiple dimensions, but the infor-
mational dimension is a vital one. The conclusions of this paper should allow us to 
answer whether information obligation is an important balancing tool, if it is sufficient 
as a mechanism, and what the most needed amendments are in that regard.  

2 The Relevance of Information Obligation in Economics, 
Society, and Law 

Information obligation is paramount not only because of its position in the law but also 
because of its vital economic and social role. Before analysing the legal significance 
and framework of information obligation, it is beneficial to consider it from the per-
spective of economic theories, as well as that of social life. 

One of the main foundations of classic economics, especially its liberal stream, is 
the notion of a well-informed and reasonable buyer. [3] That buyer is aware of different 
prices, features of products, and how they will benefit from choices, so they buy the 
best quality for the lowest price. Liberal market theories are based on the idea of such 
a rational consumer and consequently represent idealised models of reality. One way 
to support the well-functioning of the whole market is to provide proper information to 
buyers (information paradigm). [4] For those reasons, information obligation is crucial 
from an economic point of view, as it allows clients to make informed decisions. [5] 

Social and user acceptance of technology requires accurate information, which is 
supported by information obligation. When people do not understand how a system 
works, they are less willing to accept and use it. [6] As the potential risk is unknown, 
one cannot accurately assess if the benefits outweigh the risks, or at least balance them 
out.[7] Those risks may take various forms, such as an improperly functioning system 
or the stress associated with it, damage to the property, or physical harm. As AAL sys-
tems process personal data, many people express their privacy concerns, and consider 
it a serious risk. [8] People are not aware of their liability, legal rights, and obligations, 
because many technologies are new. All those sources of distrust towards innovations 
may be mitigated and even answered by proper information.  
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A crucial legal principle is that people make decisions, and they bear responsibility 
for them. In civil law, a lack of information may make an act void. In criminal law, 
insufficient or incorrect information, when justifiable, may absolve a person of guilt. In 
consumer protection law, one of the main obligations of a seller is to provide proper 
information, and to mislead a consumer through false, incomplete, or improperly given 
information is one of the most common offences. In the field of EU data protection and 
IT law, information obligation is one of the cornerstones of user protection. Data and 
information are more and more often recognised as assets, which shall be legally pro-
tected, and towards which multiple rights apply. [9] If law develops in that direction, 
more attention will have to be paid to the problem of distribution of control over data, 
and access to information.  

3 Information Imbalance in the Context of AAL 

The problem of informational imbalance occurs in the context of AAL. This problem 
was not researched yet, and further investigation is needed to provide a comprehensive 
analysis. For this paper, three aspects of the relationship between providers and users 
of AAL will be considered. Firstly, it is a classic relationship between consumers and 
providers. Secondly, the personal data of users is processed, so in their relations with 
providers they are data subjects, and providers are data controllers. [10] Thirdly, it may 
be argued that to some extent users of AAL are caretakers or at least people whose life 
quality depends significantly on the solutions they are using. [11]  

AAL providers offer products that aim to support the quality of life. [12] Users may 
be considered consumers, as they are natural persons who acquire AAL solutions for 
purposes that are outside of their professional life. Therefore, all informational imbal-
ances between consumers and sellers, well researched in the scholarship, occurs. 
[13,14] Providers of AAL have significantly more information about the market situa-
tion as a whole, than particular users. One of the reasons is that providers are companies 
that employ multiple people whose work may be diversified. Some employees may 
work exclusively on market analysis. Users, who are individuals, often senior ones, do 
not have access to that much market information, nor the ability to process that data. 
Moreover, providers obtain data on their own by analysing incoming inquiries, con-
sumer preferences, and sells. Depending on applied technologies, providers may have 
access also to data about users’ behaviour.  

All AAL solutions largely deal with personal data. [11] Very often it is sensitive 
data, related to one’s health condition and family life. Processing that data is considered 
by many people as privacy intrusive. [15] AAL users do not process any personal data 
of the providers, except for some contact details. The imbalance of knowledge results 
in the imbalance of power, and makes data subjects vulnerable. [16]  

Support for the quality of life is the main goal of AAL systems, which may be per-
ceived by many as caregiving. Indeed, if some products increase the level of independ-
ence or help to maintain health, it means that without it the user will be in a worse 
situation. The logic of the functioning of the AAL and applied technologies are quite 
advanced and sophisticated. [17] It is safe to assume that a significant majority of 
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potential users will not be able to understand the products offered to them. That makes 
them less willing to use AAL, as their information needs are not answered. [18] At the 
same time, providers, as collectives with various experts on board, have a full under-
standing of their products. 

All mentioned imbalances impact users' position, perception of AAL, and its ac-
ceptance by people. Providers have significantly more market information, they process 
the personal data of users, and know how the technology works. That unbalanced power 
raises the risk of abuse. That is especially vital from the perspective of the EU compe-
tition and single market regulations. [19] Many ethical questions may be asked as well. 
[11] For the further development of AAL, and its acceptance by the users, it is necessary 
to identify and implement effective balancing tools.  

4 Information Obligation as a Balancing Tool in the EU 
Law 

Information obligation is one of the possible tools to answer the problem of informa-
tional imbalance. The imbalance between users and providers of AAL systems comes 
from the different amounts of information each party has, especially when it comes to 
market data, processing of personal data, and the understanding of technology. In two 
relevant EU legal acts, GDPR and AI Act, there are multiple information obligations. 
While GDPR is focused mostly on the context of personal data, and AI Act on the 
understanding of technology by users, they both address all three mentioned aspects of 
informational imbalance. 

4.1 GDPR 

General Data Protection Regulation applies to those computer systems which process 
personal data. Processing is defined in the GDPR as any operation or set of operations 
that are performed on personal data, in a particular collection, recording, structuring, 
storage (art. 4(2)). All AAL technologies are potentially covered by this regulation. [11]  

Under the GDPR, the information obligation may be summarised as a duty to inform 
users that their data will be processed, how and for how long, and what rights they have 
in that regard (art. 13 and 14). They address mostly the problem of imbalance that arises 
from the processing of personal data by empowering data subjects in knowledge about 
what is happening with their data. GDPR grants rights that allow data subjects to keep 
some control over their data: access to data, rectification or erasure, or restriction of 
processing of personal data. It is worth noticing that also the imbalance connected with 
an understanding of technology is addressed by the obligation to disclose whether au-
tomated decision-making is involved, what is the logic of the process and its relevance 
for users (art. 13-14).  

Informed consent is one of the legal provisions for the lawful processing of personal 
data (art. 4(11), 6(1)(a)). The provider must deliver all information needed to make a 
decision. The content of this rule in the law is not precise but can be deducted from the 
aim of this norm. The aim is to enable a consumer to understand what they are deciding 
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and what are the consequences. In the context of AAL, it means not only the processing 
of personal data but also the functioning of the technology. 

4.2 AI Act 

The proposed AI Act set up two similar obligations: transparency of the AI system, and 
information obligation. The obligation of transparency requires that users can interpret 
the system’s output and use it appropriately (art. 13(1)). Users shall be also informed 
that they are dealing with the AI system (art. 52), who is the provider of the system and 
their contact details, and about the basics characteristic of the system, including human 
oversight measures (art. 13(3)). The conformity of the AI system with the EU rules 
shall be communicated by the CE marking (art. 49). 

Information obligation under the AI Act is focused on the characteristic of a product. 
The purpose of that is to provide users with data essential for understanding the system. 
Informational requirements were designed to answer the most common concerns ex-
pressed by the people in the research used during the preparatory works. [20] The con-
tent of the information obligation under the AI Act addresses partially the imbalance 
connected with the market position of consumers by implementing well-known CE 
marking. 

5 The Requirement of Effectiveness 

It may be argued that information obligation must be carried out effectively. Firstly, it 
is a consequence of the teleological analysis of information obligation, which aim is to 
make consumers informed. Secondly, it is expressed in the law that information obli-
gation requires communication to be comprehensive and understandable. For that rea-
son, both GDPR and AI Act establish requirements for content, form, and language. 
The clear goal of that rules is to ensure that information obligation will be effective. 
Out of many theoretical and practical consequences of the requirement of effectiveness, 
three which are the most vital for providing informational balance will be pointed out.  

5.1 Burden of Proof 

In a case of a legal dispute concerning the information obligation in the context of con-
sent, the burden of proof is on the provider of the product. Consent, which is one of the 
central concepts of GDPR, [21] is void if it is not informed. The explicit consent for 
processing for specified purposes is one of just a few conditions that derogate the gen-
eral prohibition of processing special categories of personal data, which include data 
concerning health, genetic and biometric data, racial or ethnic origin (art. 9(1) and 
9(2)(a)). All those types of data may be crucial for the effective work of AAL systems. 
The burden of proof in the matter of consent is extended to prove that the information 
obligation was fulfilled. [22]  

Putting the burden of proof on the provider may contribute to informational balance. 
[23] Firstly, it can be an additional incentive for providers of AAL systems to comply 
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with information obligation rules. Secondly, it strengthens consumer protection and 
gives users a better procedural position in a potential trial.  

5.2 Intelligibility 

Providers of AAL systems should take care not only to deliver proper information but 
also to deliver it in an intelligible way. That intelligibility has three aspects: language, 
lengths, and structure. Simplification and avoidance of technical terms can make the 
document more understandable for an average consumer, but it goes with the lack of 
some information, and using somehow metaphorical language. [24] Consumers prefer 
shorter documents, and they tend to lose focus after a few lines if they know that the 
document is long. [25] A clear structure, similar for various products, makes infor-
mation easier to be processed and used by consumers. [26] Moreover, it may be of great 
benefit to provide some information in a form of graphics or numeral labels. Consumers 
point out them as the easiest to understand, and they stated that they almost always 
“read” graphic or numeric labels, while many parts of text are skipped. [24] However, 
there is a risk that too simplified information will be no longer accurate. [24]  

5.3 Harmonised Forms 

The form in which information is given shall be harmonised to enhance the compara-
bility of products. To compare things, it is necessary to have their analogous features 
known. In mathematics and natural sciences, it is also a matter of units. Comparison of 
two values expressed in different units is possible but requires knowing what the rela-
tionship between units is. In the context of the information obligation, it is vital to de-
liver users information presented in the form that makes it easier to compare two prod-
ucts. It can be achieved by the standardisation of forms by providers. In that endeavour, 
they may seek the support of scientists, and draw inspiration from other industries, with 
a long tradition of information obligation regulations.  

6 Possible Inspirations from EU Banking Law 

Still evolving regulations of information obligation in the financial sector may be a 
source of inspiration for regulating similar matters in the area of computer systems, 
including AAL. The first European act regulating that issue was the Prospectus Di-
rective of 1989. [27] The main aim of the prospectus is to deliver a potential investor 
“necessary information” to make “an informed assessment” (art. 6(1)), and, in conclu-
sion, an informed decision. A prospectus contains information about assets and liabili-
ties, profits and losses, rights attached to the securities, and disclosure of the financial 
situation of the issuer. That rich and detailed content was criticised, as it provides more 
information than the consumer expects and can read, resulting in a rational ignorance – 
a person decides that reading the document is more costly than a potential benefit. [28] 
To answer those problems, a simplified prospectus was introduced. [29] It accompanies 
a full prospectus and is a kind of a summary. However, the simplified prospectus has 
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been criticised because it was often too lengthy, [30] and hardly comparable due to the 
different format. [31] 

A simplified prospectus was replaced with Key Investor Information Document 
(KIID). [32] While the content is like the previous document, KIID has three important 
novelties. Firstly, all KIIDs must have the same structure, which should help consumers 
to compare products. Secondly, it is required to use “clear, succinct and comprehensi-
ble”, and “non-technical language” (art. 78(5)). Thirdly, it introduces a synthetic risk 
and reward indicator, that expresses the riskiness, given on a numeric scale from 1 to 
7, and is supplemented by a narrative explanation (art. 8-9). 

In 2014, one type of informational document for the whole group of products was 
introduced Key Information Document (KID), [33] to improve the quality of investor 
information, [34] and by that to improve the comparability of financial products. [33] 
The Regulation covers multiple types of “packaged”, complex, financial products based 
on their features, regardless of their form of construction. The focus is not on the legal 
or economic similarities, but on the perception of consumers, whether they consider 
products as similar or not. [35] KID should be drawn up as a short document of a max-
imum of three sides of A4-sized paper when printed, written in a way that promotes 
comparability (art. 6 (4)). The order of information is also regulated (art.8 (3)). More-
over, KID shall be “be clearly expressed and written in a language and a style that 
communicates in a way that facilitates the understanding of the information” (art. 6 
(4)(c)). Those rules have been inspired by the research over KIID, [36] and elaborate 
consumer testing studies. [24] Rules regulating KID reflect consumers’ preference for 
short documents with clearly divided sections that include narrative explanations, and 
examples of potential benefits and loss.  

It is hardly possible to already evaluate the effectiveness of KID as it fully replaced 
KIID only on the 1st of January 2022. However, KID illustrates three key factors of the 
effectiveness of information obligation: 

1. Products that may be considered by consumers as similar, substitutional, shall be 
regulated together, regardless of their technical specification (horizontal approach). 

2. An informational document shall be brief, and should have clear, standardised order.  
3. Employed language must be understandable for consumers by avoiding technical 

jargon, and providing examples.  

7 Conclusions  

Information obligation is a valuable tool for consumer protection and supporting infor-
mational balance. Because of rules established in the GDPR, providers of AAL that 
process personal data have to provide users with comprehensive information. It is safe 
to assume that not all producers would do that without that regulation. Because the 
information has to be provided effectively, it is in the interest of producers to find the 
best forms and tools to deliver information.  

Information obligation in its existing form is not a sufficient balancing mechanism. 
The main reason behind this insufficiency is the inability of individuals to use the de-
livered information. It may be accompanied by rational ignorance when an individual 
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is overwhelmed by the amount of information presented in an unintelligible way. One 
potential solution to this problem is to focus more on the form of informational docu-
ments. Experience from the field of European financial law suggests paying more at-
tention to the language and structure, as well as to the harmonisation of documents, 
which facilitates comparability. Numerical labels and graphical information are pre-
ferred by consumers, as they are easier to read and understand. However, this approach 
may lead to oversimplification, raising the question of a trade-off between comprehen-
siveness and intelligibility.  

Further research is required into the content and form of the information obligation. 
Interdisciplinary studies may help us propose labels or graphic forms that will be ac-
companied by text documents. Such innovations do not require changes in the law but 
can be introduced by the industry itself. Cooperation between providers of AAL sys-
tems and scientists can produce effective solutions, introduced in the form of guide-
lines, codes of best practices, or technical standards. Nevertheless, research on infor-
mation obligation and its effectiveness also ought to be considered by lawmakers. Reg-
ulations inspired by the aforementioned research should be included not only in the 
proposed AI Act but also in future amendments to the GDPR, and other relevant acts. 
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Abstract. Neuromuscular disorders and other health conditions can lead to im-
paired upper extremity function, with severe consequences for independent daily 
functioning, autonomy, self-esteem and quality of life. Dynamic arm supports 
and robotic arms are assistive devices that can support persons with limited upper 
extremity function in various activities of daily living. To obtain a good match 
between user and assistive technology and to achieve optimal outcomes with re-
spect to effectiveness, it is essential that the provision process runs smoothly. To 
inform the development of the optimized provision process, challenges in the 
current process were investigated from an end-user perspective. Semi-structured 
interviews were conducted with adult dynamic arm support and robotic arm us-
ers. The interview aimed to identify users’ experiences with the provision pro-
cess, and in particular regarding their awareness of this type of assistive technol-
ogy, the information provided about the assistive technology and training. Chal-
lenges identified in the interviews included: 1) The need to involve experienced 
occupational therapists in the selection and decision making process. 2) Partici-
pants were unaware that this type of assistive technology existed and accidentally 
came across their dynamic arm support or robotic arm. 3) Referral is guided by 
previous experiences with a certain assistive technology supplier rather than by 
the needed functionalities of the device. 4) Too little attention was paid to training 
or helping participants to get used to their AT. 5) Communication between parties 
involved in the procurement process and technical assembly is often inadequate. 

Keywords: dynamic arm support, robotic arm, provision process, qualitative 
research 

1 Introduction 

Various (neuro)muscular disorders and other health conditions can lead to impaired 
upper extremity function, with severe consequences for independent daily functioning 
[1-2], autonomy, self-esteem and quality of life [3-4]. Dynamic arm supports and ro-
botic arms are assistive technology (AT) that can support persons with limited upper 
extremity function in various (self-care) activities of daily living (ADL) such as eating, 
drinking, brushing teeth and using a computer [5-6]. 
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In 2021, a variety of 17 dynamic arm supports and three robotic arms were commer-
cially available from three different suppliers in The Netherlands. Dutch health insur-
ance companies reimburse dynamic arm supports and robotic arms under the Health 
Care Insurance Act (Section 1.4 AT devices, Articles 2.6 and 2.12). Previous studies 
among users with different diagnoses showed great variation in effects. A review com-
paring task performance with and without dynamic arm support showed a significant 
improvement [7]. Other studies showed that dynamic arm supports and robotic arms 
are not used to their full potential [1,8- 9]. In a study conducted among users who got 
their device reimbursed, in half of the cases, clients experienced a moderate benefit on 
the ability to perform ADL with their (reimbursed) dynamic arm support. Another 
group of users (5/19) did not experience an increased ability to perform ADL with their 
arm support at all. Although several factors were considered contributing to the lack of 
benefit, a suboptimal service delivery process was regarded as a major point to tackle 
[9]. 

A number of bottlenecks have been identified in the process of providing dynamic 
arm supports and robotic arms by conducting interviews with end- users [10-11]. These 
are for instance related to a lack of awareness regarding this type of AT, clients do not 
feel sufficiently involved in the selection process, there was no provision of training in 
most cases, AT cannot be tested in real life ADL or for a longer period of time, diffi-
culties in getting the selected AT reimbursed due to reimbursement regulations [10], 
insufficient knowledge of care professionals about the (range of) AT devices, delivery 
time was too long, and cooperation between client, professionals and providers ham-
pered [10-11]. 

Based on the outcomes of previous studies it was concluded that in order to achieve 
optimal outcomes with respect to effectiveness of AT devices, it is essential that the 
provision process runs smoothly, resulting in an optimal match between the individual 
clients’ needs and abilities, the physical and social context, and AT devices [12-13]. 

Optimization of the provision process will follow all steps of the generic Dutch qual-
ity framework for the provision of AT [14]. As a result, roles and responsibilities of all 
stakeholders will be described in a protocol, divided into seven steps from “identifying 
a problem” to “evaluation”. The protocol was developed in six interdisciplinary co-
creation sessions (January 2020-March 2021) together with all stakeholders involved 
in the provision process (clients, occupational therapists, rehabilitation physician, sup-
pliers, insurers). To inform the development of the optimized provision process, chal-
lenges and causes of these challenges were investigated from the perspective of end-
users. 

2 Methods 

Semi-structured interviews were conducted with adult dynamic arm support or robotic 
arm users. Participants were recruited through convenience sampling, in project part-
ners’ networks. Informed consent was collected prior to the interviews. The interview 
aimed to identify users’ experiences with the provision process, and in particular re-
garding their awareness of this type of AT, the information provided about the AT, and 
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training. These themes were chosen as in depth information on these themes was lack-
ing. The interviews were audio- recorded and subsequently transcribed. Data were an-
alysed using a directed content analysis [15], based on the seven steps of the generic 
Dutch quality framework for the provision of AT [14]. 

3 Results 

In total six dynamic arm support and robotic arm users participated in the interviews. 
Participants comprised two men and four women. All participants had been using their 
actual or a prior version of their AT for several years. Participants’ experiences and 
identified challenges regarding the different steps of the provision process with a focus 
on the awareness and information with respect to this type of AT and training are de-
scribed in the following paragraphs. 

3.1 Identifying a Problem 

All but one participant became aware of the existence of the robotic arm or dynamic 
arm support through other users. This included friends, other contacts and wheelchair 
hockey. It was agreed upon that word of mouth advertising is important. One participant 
was told about the dynamic arm support by the occupational therapist (OT) or rehabil-
itation physician. 

In general, participants believe that OTs and rehabilitation physicians know that 
these type of AT exists. However, participants agreed that there were differences in 
knowledge of therapists and physicians regarding dynamic arm supports and robotic 
arms. In general, several participants believe that professionals in primary care lack 
knowledge because they do not come across patients in need of this type of AT suffi-
ciently to support in selecting the most appropriate type of AT. 

3.2 Selecting and Trying Out 

Four participants mentioned how a specific company was selected for a test session at 
home. They indicate that they were referred to a specific company by their 
OT/physician. This seemed to be related to the fact that these professionals did not see 
differences in types of dynamic arm supports and robotic arms between companies, that 
the OT has one established company with whom devices are tried out first, or partici-
pants already used AT from a specific company. 

“I believe quite often rehabilitation centers have one preferred supplier and there-
fore they do not explore the possibilities of other suppliers and AT” (no. 3). However, 
apart from one, every participant had a test session at home (two with more than one 
company). Most of them tried several devices. Try out sessions are organized by plac-
ing, in most cases, a wheelchair next to the dynamic arm support or robotic arm to be 
tested on a tripod. Two persons acknowledge that it is impossible to fix such an AT to 
a wheelchair for a try-out, but using a device in such way differs widely from using it 
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in real life. Additionally, it is mentioned that a try-out period which lasts (in general) 
about 1,5 hour is insufficient to determine whether a device is useful is daily life. 

3.3 Deciding 

In general, participants indicate that the suppliers are very well able to inform clients 
about the possibilities of their robotic arms and dynamic arm supports. Two participants 
referred to their role in the decision process and think that their opinion was taken into 
account sufficiently. Regarding the available types of dynamic arm supports and robotic 
arms, two participants indicated that they would have liked to receive more information 
regarding the possibilities from their OT or supplier. Two participants were informed 
about the available types of dynamic arm supports and robotic arms through fairs they 
visited. Participants preferred an active role of the OT or physiotherapist. Reasons in-
clude support in finding (other) potential solutions for a specific task such as eating, 
and that your OT is familiar with your disease and situation. However, not in all cases 
an OT was present at try out or was able to provide sufficient information. 

3.4 Procurement Procedure 

Once decided which AT to obtain, health insurance companies need to approve the 
application. Subsequently, in order to attach the robotic arm or dynamic arm support 
on a wheelchair these companies need to cooperate with each other. The opinion of the 
participants is that this is a time consuming process in which communication between 
parties involved often hampers (apart from one who indicates that application was ap-
proved within a few weeks). The fact that it often takes a while is because of additional 
questions that insurance companies need to be answered, technical difficulties in at-
taching such AT on wheelchairs (including legal responsibilities) and communication 
issues. 

Suppliers are believed to be well aware of the procedures, which is experienced as 
supportive by two participants. However, three participants indicated that the process 
of applying for such an AT is complex, resembles like a cobweb. It is important to 
provide the correct information in order to avoid a rejection. 

“I have a paid job, and another job, which is my handicap” (no 4). 
The way this type of AT is financed in the Netherlands makes it difficult for people 

living in an organization and receiving intramural care as these (expensive) devices 
need to be financed by the institutions from the same budget as personal care is. More-
over, participants indicate that people won’t receive the AT of their choice because of 
contracts between AT companies and health insurance companies. 

3.5 Delivery and Instruction of the Assistive Product 

Most participants received a verbal instruction regarding how to control the AT and a 
(digital) manual. Training was not provided in the majority of the cases. Those who 
were trained to use their robotic arm or dynamic arm support said that training primarily 
focused on how to control the arm support or robotic arm. Most participants learned 
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how to use their AT by doing. They indicated that learning by doing is fine and that it 
takes time to learn how to use the AT. One participant said that it is important to get 
used to the device, as it is easy to return to old habits (i.e. drinking again with a straw 
instead of without). One participant mentioned that she broke her robotic arm gripper 
because she was unaware of the limits of the device. Two participants explained that 
they would have liked to train with the AT, as it is still difficult to use it for eating. 

It was suggested that experiences and tricks of experienced users could inform the 
training, or training could organized by doing games with the AT. Two other partici-
pants thought that they did not need training themselves, but that training would be 
good for some clients. Training could be provided by the OT (with expertise in this type 
of AT) or by the supplier according to the participants. The social environment could 
support the AT user in getting used to the device by not taking over activities when they 
notice they can do it faster for them. 

3.6 Using the Device 

With respect to use of such AT in daily life, there are different experiences with needed 
reparations. Some participants for example could use loan AT, others did not receive 
an alternative solution and needed to be supported with eating by others for three weeks. 

3.7 Challenges 

In summary, challenges identified in the interviews were related to: 1) The need to 
involve experienced occupational therapists in the selection and decision making pro-
cess. 2) Participants were unaware that this type of assistive technology existed and 
accidentally came across their dynamic arm support or robotic arm. 

3) Referral is guided by previous experiences with a certain assistive technology 
supplier rather than by the needed functionalities of the device. 4) Too little attention 
was paid to training or helping participants to get used to their AT. 

5) Communication between parties involved in the procurement process and tech-
nical assembly is often inadequate. 

4 Discussion 

These interviews gave insight into the perspectives and experiences of end-users re-
garding the provision process of dynamic arm supports and robotic arms. In particular 
regarding information provision, creating awareness and training. The results are in line 
with the outcomes of previous studies in which bottlenecks were identified [9,11]. 

It was remarkable that all but one participants became aware that this type of AT 
exists through other users. This could be partly explained by the fact that all participants 
included were experienced users who had been using their robotic arm or dynamic arm 
support for several years, and at that time knowledge of this type of AT was less wide-
spread. However, as a relatively high number of OTs has little knowledge of this AT it 
is to be expected that the number of clients that can benefit from such AT is much 
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higher than the current number of provisions in the Netherlands. It therefore is sug-
gested to increase attention paid to this type of AT. This could be through education of 
health care professionals and information materials for end-users (i.e. objective infor-
mation or providing a platform to share user experiences). 

It became clear that many health care professionals (i.e. OT) have insufficient 
knowledge regarding the available AT and their possibilities in order to be supportive 
in the selection and decision process. This also includes knowledge on how and what 
type of AT could be used for certain problematic ADL. Reasons for this was that most 
OTs do not treat enough patients with this to have sufficient expertise. A potential so-
lution could be to involve only experienced OTs in the provision process of dynamic 
arm support and robotic arms. 

A weakness of this study might be that participants were recruited through the pro-
cess of convenience sampling, through the network of the stakeholders involved in the 
OMARM study. It therefore is expected that this group of participants is a group of 
highly experienced users who are very able to express their needs and whishes with 
respect to AT in front of care professionals and suppliers, which might not be repre-
sentative for all dynamic arm support and robotic arm users. 

The identified challenges were taken into account when developing a protocol for 
the optimal provision process of dynamic arm supports and robotic arms. Additionally, 
these challenges led to the development of several tools among which are tools to in-
crease the amount and objectivity of available information. 
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Abstract. In this contribution, the participatory design process for a service robot 
to assist people in old age or with disabilities is presented. In order to provide the 
platform with an attractive and accepted embodiment, a three-stage approach 
with potential users is envisaged. This article reports the results of phase 1. Three 
models with different head and body shapes were evaluated by a younger and an 
older age group. They were exposed to 3D models they saw in the room through 
augmented reality glasses. A mixed methods design was chosen: Respondents 
were asked about each of the models by using open questions in a questionnaire. 
Additionally, they had to rate the robot in a semantic profile. The potential users 
preferred a design with a rounded body and an implied face. Tendencies could be 
seen towards different results in the age groups concerning colour and human 
likeness. Most people in the younger age group voted for a model with a less 
humanlike face, while in the older age group a high proportion also chose a model 
with a human face on a monitor. Changes such as a friendlier expression, a lower 
height of the robot and a rounder shape of the body seem to be necessary. Involv-
ing potential user groups in the process proves useful, as it provides deeper in-
sight into their needs. Augmented reality evaluation promises to be a time and 
material saving method, but further research is needed to validate procedures and 
results. 

Keywords: Assistive Robot, Robot Design, Embodiment, Participatory Ap-
proach, Acceptance 

1 Introduction 

People in older age or with disabilities can benefit from digital technologies and robotic 
systems to stay self-determined and live more independently. The acceptance of a robot 
depends on its functionality, but also on its appearance as it evokes emotions in users 
(Hwang et al., 2013; Otterbacher & Talias, 2017) and reflects roles (De Grad & 
Allouch, 2015; Esposito et al., 2019).  

In the following, the participatory design process for a service robot developed at 
Frankfurt University of Applied Sciences in Germany (Nauth et al., 2016) is presented. 
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The platform ROSWITHA (Robot System WITH Autonomy) aims to navigate in peo-
ple’s flat and to fetch and bring objects, such as a glass of water. In order to provide it 
with an attractive and accepted embodiment, a three-stage participatory approach with 
potential users is envisaged. In phase 1 and 2, based on a literature research, differently 
developed versions are realised as 3D models in augmented reality, which are evaluated 
by respondents from a younger and an older group. Finally, a physical prototype will 
be created (see Fig. 1). This article reports the results of phase 1. 

 
Fig. 1. Design and evaluation process: In the first and second evaluation phase, initially three and 
then two models are discussed after the potential user groups have seen them in augmented real-
ity. In phase 3, they will evaluate a physical prototype (M1-5 = Model 1-5; picture ROSWITHA: 
J. Umansky, graphic: J. Sehrt). 

2 Methods 

2.1 Design Process  

Three designs were created based on a systematic literature review of people's prefer-
ences relating to the appearance of robots, the dimensions and technical requirements 
of the platform and the desired design elements. The objective of the exterior shape was 
that the robot should make an attentive, friendly, competent, but also reserved impres-
sion, so that it would not be perceived as intrusive in people’s homes. 

In phase 1, different head and body shapes were evaluated. For the head design, a 
neutral humanoid head, a playful cartoon-like head, and a head with a human-like face 
in a monitor were chosen. The bodies varied from angular to conical to round (see Fig. 
2).   
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Fig.2. The three options for the first evaluation phase  

2.2 Potential Users 

A younger and an older age group were selected as there were indications of possible 
differences regarding their preferred robot appearances in the literature (Prakash & 
Rogers, 2015; Tu et al., 2020). The younger group consisted of 16 students (8 female, 
8 male) between 23 and 52 years (M = 29.19; SD = 7.20) from subjects with a health 
or social, architectural or IT background. The older group was recruited through senior 
citizens' advisory boards and offers in city districts. It consisted of 14 persons (8 female, 
6 male) aged 69-87 years (M = 77.36; SD =4.98).    

2.3 Procedure 

The potential users were exposed to the 3D models they saw in the room through aug-
mented reality glasses during appointments at the university, urban premises or in their 
home environment. A mixed method design was chosen: Respondents were asked about 
each of the models by means of open questions in a questionnaire, which were qualita-
tively evaluated. In the first and second question they were asked about their first im-
pression and what feelings the robot evoked in them. After that, they had to rate the 
robot in a semantic profile on 7 characteristics which were chosen by the research team 
because they were intended to reflect the design characteristics of the robot in a range 
between -3 and 3. The items were: clumsy – elegant, incompetent – competent, striking 
– discreet, scattered – attentive, intrusive – withdrawn, unfriendly – friendly, unreliable 
– reliable. The last question for each model was about the changes the respondents 
would make. 

In a more general part, the potential users should first rate to what extent they could 
imagine using such a robot in their home on a 4-point Likert-scale from very hard to 
imagine to very well to imagine and to name potential obstacles. Then they were asked 
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to specify the tasks for which they would like to use such a robot. Finally, they chose 
their preferred model of the three drafts and decided a colour out of green, blue and 
orange.  

The answers to the open questions were categorized according to main topics, those 
from selection options were analysed quantitatively. Results are reported descriptively 
below. Due to the small number of persons, the median was calculated for the semantic 
profiles, since the mean value would have been stronger influenced by individual re-
sults.  

3 Results 

A strong majority of the younger group (12 out of 16) voted for the second model (see 
Fig. 2), as did a much narrower majority (6 out of 14) of the older group. This was 
followed by model 3 (two persons in the younger group and four persons in the older 
group) and finally 1 (one person among the younger, two persons among the older). 
Two persons in the older group and one person in the younger group indicated "none". 
Among the younger group of potential users, a clear majority (11/16) chose the colour 
green, among the older group orange (9/14).  

The change requests of the younger group of potential users were mainly related to 
the face and body. For model 1, one person stated that the face and two persons that the 
body should be more human. For model 1 and 2, one respondent each wished for a less 
human face, and for model 2, two people wished for a less childlike face. For model 3, 
five people said they favoured a more abstract or robotic face. A friendlier facial ex-
pression was desired for all three designs. More rounded shapes were favoured for the 
corpus as well as a change of wheels. The round shelf on the front of model 2 was rather 
rejected, as was the flat colouring in model 3. 

In addition to the face and body, the older group also had many comments about the 
size and controls. The size of approx. 1.50 m was rated as too high several times, and a 
screen as a control element at the front as well as more interaction options were desired. 
Four persons of the older group stated that model 1 should be more human (three of 
them the face) and one for model 3. Two persons noted this for model 2, one of them 
specifically for the face. A full face with a mouth was also desired by three persons and 
a friendlier look by two. However, two favoured a non-human appearance for model 3. 
Members of the group also preferred a rounder body and hiding the undercarriage. 

The semantic profiles of the younger group showed medians in the neutral to slightly 
positive range (0 to 1 out of 3) for all traits recorded. Model 2 was rated median 2 as 
friendlier than the others, and model 3 was rated median -1 as more conspicuous than 
the others. The older group rated model 1 and 2 as clumsier (-0.5) and more conspicu-
ous (-1,5) than the average and model 3 as more conspicuous (-1), the other values were 
in the neutral to slightly positive range. 

When asked about the intended use for such a robot, a majority in both groups an-
swered for household tasks and for fetching and bringing objects. The younger group 
could imagine the use of such a robot better (see Fig. 3) than the older group (see Fig. 



282 

4). Ten persons stated that they could imagine using it very well or well, and four poorly 
or very poorly. Two persons were undecided and voted between well and poorly.  

 
Fig.3. Response to the question of how well younger people could imagine using the robot 

Half of the older group could well imagine the use of such a robot, the other half poorly 
or very poorly. 

 
Fig.4. Response to the question of how well older people could imagine using the robot 

4 Discussion 

As the number of potential users was not representative, the results cannot be general-
ised, nevertheless often-mentioned features to improve face and body can be carried 
over to the next design phase, in which specific parts of the robot shall be further 
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developed. The results indicate to continue the work with models 2 and 3 which in-
cludes one design with a physical face on the head and one with a face on a monitor. 
Reducing the height of the robot and providing a rounder shape for the corpus also 
seems necessary to be more responsive to the needs of potential user groups. 

As in Prakash & Rogers (2015) and Tu et al. (2020) there could also be seen tenden-
cies towards different results in the age groups concerning human likeness. Most people 
in the younger age group voted for model 2 which has a less humanlike face than model 
3 for which also a high proportion in the older age group voted. This was also the case 
when asked about future design changes with persons in the older age group preferring 
more humanlike designs in all conditions and a more diverse picture in the younger age 
group. Especially, model 3 with the humanlike face was rejected by more younger than 
older persons. This aspect will have to be considered in further development stages as 
well as the characteristics identified by the potential users in the semantic profile. How-
ever, since the scales were difficult to complete for some people in the older group, a 
more narrative approach should be adopted in future surveys to identify people’s per-
ceptions. 

The use of augmented reality allows to see the models in real size in the existing 
room. It is seen as an innovative and flexible tool for product design (Sahin & Togay, 
2016) and for imaging the equipment of rooms (Joshi et al., 2020). It also can be con-
sidered ecologically sustainable, since several prototypes do not have to be physically 
produced in each evaluation round. Despite the potential, use is currently not wide-
spread (Bottani & Vignali, 2019). However, experience with the older group of poten-
tial users in particular showed that good personal support is necessary so that the test 
persons can see the model in an appropriate way and also use the three-dimensionality 
for their evaluation, for example by moving around in the room. 

5 Conclusion  

The phase 1 evaluation of the initial options for a possible embodiment of the assistive 
robot ROSWITHA revealed useful aspects for the further design process. Involving 
potential users in the process proves to help designing products that are closer to peo-
ple's lives and ultimately lead to greater acceptance. Therefore, the design process will 
be continued in a participatory way. 

Evaluation in augmented reality promises to be a time- and material-saving method, 
which offers the possibility to get a realistic image of the model e.g. at home. However, 
further research is needed, especially with older target groups, in order to validate pro-
cedures and to verify the results. 
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Abstract. There is increasing interest in social robots as assistive technologies to 
support a wide range of potential user groups.  Nevertheless, the widespread use 
of robots has been challenged in terms of their efficacy and benefits as well as 
the ethics of employing robots in social roles. For instance, it has been suggested 
that robots are incapable of being truly social and therefore that any use of social 
robots as assistive technology is intrinsically deceptive.  This contribution ad-
dresses this controversy, building on a relational view of human-robot interac-
tion, which asserts that sociality has less to do with the essential natures of the 
human and robot actors involved, and more to do with the patterns and conse-
quences of their interaction. From this starting position we consider and explore 
four design principles for social robots and compare/contrast these with the view 
of design “transparency” that robots should behave to reveal their true machine 
nature. 

Keywords: Social Robots, Robot Ethics, Deception, Relational Ethics. 

1 Introduction 

Social robots are increasingly used for assistive applications across the lifespan with 
populations across the entire spectrum of vulnerability [1-3]. Examples include as dis-
traction devices for children undergoing painful procedures, as communication aids in 
children with autism, as mental health interventions in adults and children, and as in-
terventions to reduce agitation in older adults living with dementia. Until recently, so-
cial robots were seen as somewhat futuristic and largely existed in the realm of research. 
However, the Covid-19 pandemic has substantially accelerated their use in a wide range 
of contexts from education to healthcare as part of a drive to maintain social connect-
edness while limiting close physical contact. As such, questions surrounding the ethics 
of social robots and the nature and morality of human-robot relationships are more 
pressing than ever, with important implications for how social robots are designed and 
employed in real-world settings. Here we consider different approaches to human-robot 
relationships, describe the key components of a relational approach, and propose four 
evidence-based design principles for the ethical design of social robots. 
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2 The Relational Approach in Robot Ethics 

The relational view in robot ethics argues for a move away from essentialist (or sub-
stantialist) notions of what is a human, what is a robot, and what it means for them to 
have a relationship. Instead the relational view proposes that what matters are the pat-
terns and consequences of social interactions between humans and robots [4-6], includ-
ing their meaning and significance to the people involved, and their wider impact on 
social and relationship contexts [3].  This view can be seen as an alternative to more 
essentialist conceptions that seek to define what is (and what is not) a human (or a 
robot) in terms of fundamental character or attributes irrespective of context (see [7]). 
Essentialist views can be attractive ways to frame and explore certain ethical questions 
as they chime with many of our intuitions (for instance that all humans share a common 
“nature”) and language (which emphasizes objects acting on each other as opposed to 
systems with multiple interacting elements), however, they can be criticized on meta-
physical grounds [8], for supporting outdated ideas of the human that can be exclusion-
ary [9], and for failing to recognize the changing nature of our humanity, including 
through our interactions with our technologies [10, 11].  The relational view in tech-
nology ethics, on the other hand, is part of a broader interactivist turn in the social, 
cognitive and information sciences (e.g. [8, 12, 13]) that sees the units involved in a 
social transaction (e.g. humans and robots) as deriving ‘‘their meaning, significance, 
and identity from the (changing) functional roles they play within that transaction” ([8] 
p. 287). 

While the debate between relational and essentialist views continues, we consider 
that it is useful to explore and set out some of the implications of the relational view for 
the design of assistive technologies, particularly, those such as robots, and other social 
AIs (e.g. smart speakers), that purport to have some social function, and whose benefits 
are considered to arise, at least in part, through their sociality. 

The possibility that a robot could be deemed to be social is hotly contested. For in-
stance, Sparrow [14] has argued than robots (and similar devices) are incapable of so-
ciality, and that to present them as otherwise is intrinsically deceptive and morally de-
plorable.  Reflecting on similar views, has led some authors to propose that, to be ethi-
cal, robots should be designed such that their machine nature is transparent. To enable 
this transparency, it is suggested that the user should be reminded, occasionally, if not 
continuously, that the device is a machine controlled by algorithms rather than a “gen-
uine” social actor [15, 16]. 

Central to this debate is the question of what it means to be deceptive. We follow 
Danaher [17] who defines deception as involving “the use of signals or representations 
to convey a misleading or false impression” (p. 118). In robotics, deception is most 
often held to be about portraying a misleading impression about qualities that humans 
have, and that robots do not (or in principle could not) have. We might summarize these 
as anthropomorphic qualities, or more specifically, a sub-class of anthropomorphic 
qualities that are deemed controversial, most often psychological phenomena such as 
emotions, intentions, and self-awareness (in contrast, physical features such as having 
a head, two arms and two legs, are rarely considered deceptive or problematic).  If 
robots exhibit qualities or functionalities that are viewed as deceptive, the further 
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question is whether this is, indeed, unethical.  Broadly speaking, we see three general 
positions set out in table 1. The first two are broadly similar only differing in what they 
see as the solution to the ethical “problem” of social robotics. We identify with the third 
of these positions (of which there are multiple versions), which begins from a more 
nuanced view on the nature of deception in robotics. 

Table 1. Views on deception and ethics in social robotics. 

Are social ro-
bots decep-
tive? 

Is this unethical? What should we do about 
it? 

Example authors 

Yes Yes 
Avoid building or using 
them altogether 

Sparrow [14]; 
Turkle [18] 

Yes Yes 
Design it out, or minimize it 
through transparency 

Boden et al. [19]; 
Wortham & The-
odorou [16] 

Not neces-
sarily 

Depends on the nature 
of the deception 

Design to avoid damaging 
forms of deception 

Shim & Arkin 
[20]; Sorell & 
Draper [21]; Dan-
aher [6, 17, 22]; 
Prescott & 
Robillard [3, 7, 
23] 

Determining whether social robots are deceptive by nature requires reflection on our 
understanding of sociality.  To rule out the possibility that an artefact could ever be 
social seems exclusionary given that we do not yet have a clear understanding of human 
sociality or how it is generated [7]. Moreover, embodied cognitive science is forcing a 
rethink about the nature of sociality as something that arises not in individuals but in 
the interactions that occur between them [12]. Applied to robots, this suggests that they 
need not have self-understanding, or intrinsic social competencies or properties to be 
authentically social [24]. 

Nevertheless, we might agree that present-day robots are not social in the same way 
that people are.  If so, is it possible to defend the deliberate creation of an impression 
of human-like sociality (as, for example, artificial personal assistants strive to do)?  A 
key idea here is that the tendency to anthropomorphize objects and devices occurs 
widely and pre-dates robotics and artificial intelligence [25, 26].  For example, we an-
thropomorphize dolls, cars, even trees and mountains. 

A related point is that we may be able to distinguish different forms of deception, 
and that some of these may not be unethical.  For example, anthropomorphism, has 
been described as being “honest” where it exploits people’s tendency to view artefacts 
as social actors, and does so overtly and for their benefit, using anthropomorphic fea-
tures to provide a more engaging or effective interaction (for example, to provide nav-
igation instructions in a vehicle, or to promote the effectiveness of a therapy) [27]. 
However, anthropomorphism can be seen as “dishonest” where it is used to deliberately 
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misdirect attention or conceal a robot capability. For example, to pretend that the robot 
is unable to see a person because its artificial eyes appear closed even while continuing 
to observe them with a covert camera [27, 28]. 

Danaher [17] has argued that some forms of honest anthropomorphism are not un-
ethical even though they may be deceptive. Analyzing different forms of deception em-
ployed by robots, Danaher describes an “ethical behaviorist” approach, according to 
which judgements about whether a robot’s anthropomorphic behavior is permissible 
should be based on superficial observables—including the robot’s appearance, utter-
ances and actions—and not on any presumptions about the presence or absence of hu-
man-equivalent robot inner states. This is termed “superficial state deception”. As Dan-
aher puts it: 

“According to ethical behaviorism, if a robot appears to have certain capacity (or 
intention or emotion) as a result of its superficial behavior and appearances, then you 
are warranted (possibly mandated) in believing that this capacity is genuine. In other 
words, if a robot appears to love you, or care for you, or have certain intentions towards 
you, you ought, ceteris paribus, to respond as if this is genuinely the case. […] simu-
lated feeling can be genuine feeling, not fake or dishonest feeling. Consequently, if 
ethical behaviorism is true, then superficial state deception is not, properly speaking, a 
form of deception at all.” (p. 122-3). 

Danaher’s position can be likened to a strong version of the relational perspective 
(e.g. [24]), that is, that what manners is that the robot’s behavior, over the duration of 
its interactions, is consistent with its social utterances and expressions.  This is a 
stronger constraint than you might at first imagine as explored further below. 

3 Design Principles for Social Robots 

Based on the above, and from a relational standpoint, we believe it should be possible 
to define design principles for ethical social robots. As an initial effort, we propose the 
following: 

1. Promote contextual integrity: This principle advocates co-design of robot social 
capabilities for the role that the robot will fulfil and alignment of the robot’s behavior 
and capabilities with expectations and norms.  Nissenbaum [29] introduced the no-
tion of “contextual integrity” in the context of a framework for the design of soci-
otechnical systems, applying it particularly to concerns around information privacy; 
however, the idea has broad generality.  Its application to robotics has been discussed 
further by Kaminski et al [27].  The key idea is that the capabilities and behavior of 
a robot should be judged in terms of their appropriateness to the context in which it 
is used.  For example, if we encounter a social robot that is waiting tables in a res-
taurant, we might reasonably expect that it would enter the room unannounced, ob-
serve where people are sitting and approach them safely, monitor ongoing conver-
sation and diner behavior for an appropriate point at which to intercede with and 
offer of service and so-on.  The same robot, but in a home setting, might be required 
to observe quite different social etiquette, for example, never entering certain rooms, 
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asking before entering others, not using cameras or microphones at certain times of 
the day, or in some situations, unless specifically directed to do so. 

2. Develop honest anthropomorphism: This principle requires that we evaluate the 
benefits and risks of anthropomorphic features and make decisions on their permis-
sibility accordingly. “Superficial state deception” can be acceptable if consistent 
with expectations and norms; “hidden state deception”, such as where the robot con-
ceals a covert feature that might violate contextual integrity, is unacceptable.  Ethical 
behaviorism requires that the robot’s actions are consistent with its utterances.  Thus, 
if a robot declares that it “cares about you a great deal and wants to be of help” then 
its subsequent behavior should not be to avoid or ignore the user .  Whilst it is easy 
to program a robot to make these kinds of supportive declarations it is much more 
difficult to make its behavior consistent with them.  For instance, to be genuinely 
helpful, the robot must be able to recognize individuals consistently, perhaps remem-
bering past encounters, and be able to monitor and anticipate the person’s needs, at 
least to some degree.  Few, if any social robots, are capable of this level of helpful 
behavior at present [30].  On ethical behaviorism grounds, we might consider that 
the robot’s statement that it “cares” and “wants” to help as problematic to the extent 
that it raises expectations about its wider behavior that cannot be met, however, a 
future, more care-capable robot might more reasonably make such statements. As a 
further example of honest anthropomorphism we suggest that robots could have the 
ability of robots to track and recognize human emotions, and to modulate their own 
emotional expressions to be aligned with those of their human interlocutor [31].  
People seek interactions in which their sense of self is respected and valued on an 
emotional level, alignment with artificial emotions could help to create this experi-
ence; moreover, AI technologies for emotion recognition are at the point of this be-
ing technologically feasible [31]. 

3. Clearly signal the robot capacities: The requirement to avoid hidden state decep-
tion suggests the importance of clear signaling. Here anthropomorphism can have 
some direct benefits, for example, if the robot’s only cameras are mounted forward-
facing on its head, and can be covered by opaque eyelids, then closing the eyelids, 
or turning the head away, will be sufficient to communicate that the robot can no 
longer observe you.  This is an intuitive and easy-to-read signal that matches our 
experience and expectations from interactions with people and pet animals. On the 
other hand, if the robot has other cameras, in anthropomorphically unexpected places 
(e.g. a rear-facing camera on a humanoid), then their presence/use should be very 
clearly signaled—for example, it has become conventional for cameras on comput-
ers to illuminate a small pilot light when they are operating. Dynamic feedback—
emitting signals when the context changes—is likely to be important. For example, 
a home robot might usefully signal a switch from standby mode to awake/monitoring 
mode to alert users that its sensors have become operational.  

4. Note that honest signaling is not the same as “transparency”, at least as that term has 
been used by Wortham [16] and others to imply transparency about the internal pro-
cesses of the robot that underlie its decision-making etc.  Signaling is here intended 
to avoid hidden-state deception and is not about revealing the robot’s machine na-
ture.  Of course, if the robot is asked about its internal processes it should answer 
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honestly (to the extent that it is capable), as to do otherwise would contravene 
broader principles around truth-telling and deception (See Danaher [17] for further 
discussion on this). 

5. Be especially careful when designing for vulnerable users and/or for “thick” 
relationships (i.e. longer-term interactions with deeper psychological involvement). 
In assessing the potential benefits and risks, the relational approach emphasizes the 
need to consider the role of the robot within the wider network of the user’s inter-
personal relationships.  Social robots are currently developed and implemented in 
populations typically considered vulnerable, such as children with autism or with 
mental health conditions, and older adults living with dementia.  These populations 
may be less able to make sophisticated judgments about meaning and intentions in 
social interactions. Ethical risks can be addressed through appropriate consent pro-
cedures involving family and carers, monitoring, and through careful co-creation of 
robot capabilities in order that these are aligned with the values of end-users.  Where 
there is deeper psychological involvement there is also more risk of harm, but also 
the potential of greater benefit from providing robots with richer set of social capa-
bilities. 

4 Conclusion 

In this paper we have sought to outline some considerations for the design of future 
social robots based on a relational ethics approach.  We have sought to distinguish this 
from approaches predicated on a more essentialist (or substantialist) view that empha-
sizes ontological differences between human machines. Some of the latter approaches 
have argued that sociality in robots is wrong in principle, and that anthropomorphic 
features such as the ability to convey emotional signals are deceptive.  Against this, we 
have argued that sociality can be a desirable and valued capability and that anthropo-
morphic features should be evaluated according to their risks and benefits.  Benefits 
include ease-of-use and intelligibility for people.  For instance, in persons living with 
Alzheimer’s disease, there is evidence that emotional processing is more resistant to 
decline than cognitive processing [32].  In seeking to eliminate aspects of interaction 
that carry emotional connotations, there is a risk that this could make otherwise bene-
ficial technologies less engaging and therefore reduce adoption.  More broadly, the re-
lational approach emphasizes the need to consider the social setting and relationship 
context in which a robot is deployed, and the alignment of its behavior with prevailing 
norms.  This argues for a pragmatic and inclusive approach to the design of assistive 
social robots, that involves potentials users and other stakeholders, in evaluating when 
and how social capabilities and anthropomorphic features can be safely and beneficially 
deployed. 
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