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Abstract. This paper will describe work funded by the European Union (Inte-
reg NSR) iAge project which attempts to address the issues surrounding acces-
sibility to mobile devices and services. The project takes the approach of  
combining three approaches directed at allowing greater inclusion in mobile 
technologies for our increasingly aging population. Focus groups sessions are 
used to ascertain the real problems the older generation has with mobile devic-
es. An iterative design process is then used to create assistive applications 
which not only assist the user but give them a purpose to interact with the tech-
nology. Workshops are then used to provide developers and service providers 
with an interactive experience of how the elderly feel when using mobile tech-
nology. Finally the paper describes how the combination of these approaches 
will create a transnational framework of best practice for future developers.  
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1 Introduction 

There is a persistent belief within the technology industry that devoting time and ef-
fort to making products more accessible is impractical as it increases development 
time and cost for little or no tangible reward [1]. Designers and developers tend to 
build applications, whether consciously or not, with themselves in mind as the typical 
target user [2]. This results in any potential accessibility issues only being identified 
after the development process and any measures to address the accessibility being 
retrofitted to the original design.  

The diverse literature on human aging and disability speaks directly to the core 
problem of accessible design. The combination of sensory and cognitive changes, 
together with loss of social and economic status apparent in both groups can work 
against the adoption and uptake of new technologies. This traditional approach is also 
based on the assumption that the physical and cognitive characteristics of users will 
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not change with time and that the technology itself will also remain unchanged [3]. As 
this perpetuates, a vicious circle of exclusion can accrue, where successive genera-
tions of designers design for an increasingly young and able core market exclusively 
focused on latest generation. 

With the development of industry standards and punitive legislation in support of 
accessibility, choosing not to cater for the abilities of users with functional impair-
ments can result in peer reprimand and even prosecution under laws such as Section 
508 in the US [4], the Equality Act in the UK [5] and the EU Equal Treatment Direc-
tive [6]. These legislations in simplest terms state that all users should have equal and 
unrestricted access to public and private services, regardless of any disability they 
may have. The implications of choosing to forgo accessibility when developing IT 
products can reach far beyond the threat of disciplinary action. Last year in Britain 
over ten million people were reported to have disabilities which affected their ability 
to perform everyday tasks [7]. This represents around 16% of the population, a sizable 
portion, to whom ‘standard’ technology may be inaccessible. In the European Union, 
the number of people over 65 years old, relative to those aged between 15 and 64 is 
expected to more than double by 2050 [8]. As the risk of acquiring a disability is 
known to rise with age, it is reasonable to predict that we will witness a dramatic in-
crease in the percentage of this population who suffer from some form of functional 
impairment. 

2 Rise of Mobile Technologies 

Mobile technologies, such as smartphones and tablets, represent the most recent step 
in the evolution of portable information and communication technology. Essentially 
hand held computers, they not only offer the user portable access to standard internet 
based services such as banking and shopping, but through mobile applications (or 
Apps) can be used to perform a vast array of communication, entertainment and assis-
tive functions. Take up of smart phones in the UK has risen from 27% in Q1 2011 to 
39% in Q1 2012 [9]. This dramatic rise in use will not only increase the ubiquity of 
mobile devices but it will also change how society in general accesses services. Al-
ready 40% of the UK adults now view their phone as the most important device for 
accessing the internet [9] and as Fig 1 shows it is predicted that around 2014 the 
number of mobile internet users will overtake the number of users accessing the  
internet from desktop machines.  

It is clear that mobile technologies are fundamentally changing the way we interact 
with the world; and whilst this rise in mobile device use is largely evident in the 
younger generation (<40), it is reasonable to assume that this generation will continue 
to use this technology in later life. Many, if not all, of the functional impairments 
faced by this new generation of older technology users will be same as those faced by 
today’s older generation (55+). This does beg the question as to what happens when 
these users become unable to use the devices due to age related functional  
impairments. 
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in the design of the applications themselves [16]. The final application development 
will not be finished until a sufficient number of cycles have been completed, to 
achieve the acceptance of the target users and achieve optimal functionality. This 
process of developing the applications with the target users will not only produce 
more usable systems with more appropriate interfaces [17] but will also give an in-
sight into how applications can be developed to suit and solve these wide ranging 
problems. Transnationally this process can be repeated with target users in different 
countries and the results compiled into a framework defining a best practice in the 
development of applications for users 55+. 

4 Development of Assistive Applications 

Assistive technologies can be described “any device or system that allows an individ-
ual to perform a task that they would otherwise be unable to do, or increases the ease 
and safety with which the task can be performed” [18]. They tend to address the limi-
tations caused by a particular functional impairment: for example, mobility problems 
(wheelchairs), loss of hearing (hearing aids) or loss of sight (screen-reading software). 
By specifically targeting the needs of users with a particular disability, assistive tech-
nologies are able to provide focused solutions that can offer great benefits to the in-
tended users but they are often significantly more expensive and less practical than 
comparable mainstream devices. This high cost can prove to be a prohibitive factor 
for those who need the technology.  

In contrast, appropriated technology is not intended for use as a disability aid, but 
can be re-purposed to perform assistive functions. For example, a pen and paper may 
be used by a person who is non-verbal to communicate by writing or drawing. While 
dedicated assistive devices exist that are specifically designed to facilitate non-verbal 
communication, a pen and paper may be appropriated to serve the same assistive  
purpose. 

Dawe [19] describes how parents of disabled children often choose to appropriate 
popular consumer devices instead of buying dedicated assistive technology. Their 
reasons included the cheaper cost and wider availability of the mainstream devices, 
lower learning curves (assistive devices usually require a greater investment of time 
and effort to set up and use) and the reassurance that the technology would be easier 
and cheaper to replace if lost or broken. 

This stage of the project investigates the possibilities of how mobile technology, 
through custom developed applications, could be used to provide similar assistive 
functionality. Smartphones are relatively inexpensive, widely available and would be 
well positioned for such appropriation [20]. The modern smart phone platform pro-
vides many features, such as touch screen interaction, location awareness, accelero-
meters and communication components that can be utilized by assistive applications.  

A number of assistive applications are being developed to address issues that have 
come directly from the target users themselves. The participants from the focus 
groups in stage one are used heavily throughout this stage to provide feedback on the 
suitability of the app design, usability and accessibility. This ensures that the  
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applications developed fulfill their actual requirements and not those requirements 
perceived by the developers. Two of the applications being developed are introduced 
below. 

4.1 Prescription Medicine Identification App  

A UK wide survey performed in 2009 by the RNIB, showed that 72% of the 600 res-
pondents could not read the health information they were provided with [21,22]. This 
inability to understand the information being provided has in the past resulted in pa-
tients missing appointments, not understanding medical advice given about their 
health condition and more worryingly either under dosing or overdosing of their me-
dication [23] The research also revealed that blind and partially sighted people who 
reported particular difficulty Identifying and using medication frequently relied on 
others to help both identify it and administer it. Clearly this could lead to situations 
where the patient – doctor confidentiality is broken and could be both embarrassing 
and distressing for the patient.  

When a person is required to take medication, labeling on the prescription drug 
plays a vital role. A label provides the patient with the important information so that 
the correct dose of the medication within the container is taken. However, it has been 
argued that “medicines within these containers are becoming ever more diverse, com-
plex and potent.” [24]. These difficulties in using and identifying medication are par-
ticularly evident in the older generation due to deterioration of their cognitive and 
visual ability [25].  It is however this generation that will require the highest levels of 
medication, with 60% of all medicines prescribed in the UK going to those aged 60 
and over [26]. Consequently, it can be stressed that there is a demand for an alterna-
tive method to not only identify their medication but also to understand the directions 
and precautions associated with it.   

Based on these findings and feedback from the target user groups, an application is 
being developed that will utilize the mobile phone camera to identify the patients 
medication. Medical packets sold over the counter in the UK must have a printed 
barcode which will uniquely identify the product. Similarly prescription medicine will 
have a prescription label as described above, which could be extended to include an 
identifying barcode. This barcode can be read by the mobile phone camera allowing 
the medicine to be identified. The product can then be linked to the patient via a 
unique identifier on the phone. These two IDs can then be used to access a database 
stored online and accessible by the medical practitioner, where a voice recording of 
the prescription and any warnings about doses and drug combinations can be accessed 
(Fig 2).  

Using this identification technique and the audio recording, which could be per-
formed by the patient’s own doctor, allows the patient to reduce their reliance on oth-
ers and gain a higher level of independence in managing their own care. It has the 
added benefit of personalizing medicine, since the nuances of speech provided by a 
familiar person, in a friendly tone can effectively emphasize the correct dosage se-
quence and method far more effectively and naturally than can a piece of text in  
verbose prose.  
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Fig. 2. Diagram showing the structure, main components and data flows of the medicine  
identification app 

4.2 Text Communication App 

The development of this application aims to assess if equivalency of access to text 
messaging can be achieved regardless of the functional ability of the user. This will be 
evaluated from an objective view-point to determine if the same functionality can be 
provided as well as subjectively evaluating how equivalent the overall experience is.  
There have been attempts to quantify how efficient methods of interaction are.  There 
have been studies into the efficiency and appropriateness of mobile interaction  
techniques [27,28]. However these studies are not targeted specifically on the elderly.  

There have also been numerous studies into the creation of assistive mobile appli-
cations for a particular disability [29-31], which could also be applied to age related 
functional impairments. These applications were evaluated to determine how effective 
they were at overcoming a particular disability but not how equivalent their operation 
or user experience was with a standard application performing the same function. 
Usually evaluation procedures include time of target acquisition for physical interac-
tion, the general time taken to complete a task as well as error rates for measures of a 
method of interaction’s suitability. These are valid both under laboratory and field 
conditions [32,33], but do not quite inform of the experience that the user has. Indeed 
more recently the use of touch screens has led to debate about the continued relevance 
of Fitts’ law for post-GUI interaction metaphors such as pinch-zooming and  
scrubbing [34].  

A text messaging application will be developed which attempt to allow the same 
level of user experience for a range of functionally impairments, including deafness or 
auditory impairment, blindness or vision impairment, physical disability relating to 
the arms or hands including dexterity issues and cognitive impairment. To address 
each of these functional impairments the specific needs of the users must be taken 
into account. For blind or visually impaired users it is important that any visual inter-
faces have an equivalent text to speech component and that the interfaces are easily 
navigable by touch without the requirement for a high degree of precision. Voice 
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recognition may also be useful for dictation or issuing commands. For deaf or the 
hard of hearing it will be necessary that all information has a visual and non audible 
means of interaction. Depending on the disabilities which may affect the ability to 
hold a phone or for people with dexterity issues, the ability to perform actions should 
again not require a high degree of precision but also should not require a large range 
of movement. Cognitive issues will require that the functions are made clear what 
they do and help is always available, gestures may be difficult to understand. 

To enable the creation of a high level of equivalency the application will utilize a 
full range of the interaction methods available on the mobile platform. The touch 
screen, accelerometers, audio IO and vibration feedback will all be used to attempt to 
overcome the user’s impairments or range of impairments. The application will be 
tested with focus groups of target users at different stages of development to ascertain 
how well the application is addressing the different functional impairments. Even 
though this process is being applied to a simple text messaging application the results 
of this evaluation will inform how similar interaction techniques can be incorporated 
into any mobile application, to achieve a comparable level of interaction to a  
unimpaired user. 

5 Educating Developers and Service Providers 

A major driver in the creation of accessible apps will be to allow the developers to 
understand the impact legally, ethically, economically and socially of not ensuring 
their applications are inclusive. Part of the problem of inclusive design is the inspira-
tional nature of the creative process where personal insights and experience often 
shape the genesis of ideas. James Dyson famously devised his dual-cyclone based on 
frustrations with conventional Hoovers [35]. For inclusive design, the problem is one 
of perspective taking. How can a population of typically young, technologically savvy 
IT developers imagine what the issues are for older user groups [36]. Participatory 
design and observational learning are only part of the solution. Until one has expe-
rienced problems directly, it can be difficult to visualize or empathize with the  
problems faced by diverse user.  

Over several years, the team has developed a first-person perspective, immersive 
experience based workshop to create reflective practice in designers, service providers 
and developers. The ‘Instant Aging’ workshop participants see and feel the world as 
their clients experience it. Beginning with visual sight loss simulation spectacles 
(RNIB) further age-related sensory losses are progressively introduced to the group as 
they undertake simple everyday tasks, to gain an understanding of the isolation and 
frustration an older user actually experiences. The addition of arthritis simulating 
gloves and artificial hearing impairment with earplugs often surprises the participants, 
who may take far longer than anticipated to count change from a transaction, or try 
and send a text message on a phone. These exercises are used to provoke group and 
individual reflection through written responses and group discussions. The expe-
riences are framed in the context of recent advances in the social and emotional con-
sequences of making the transition from sightedness to blindness [22,23] and widely 
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published issues relating to visual impairment (eg [37]). It is the emotional and the 
social connections possible that at once have the potential to exclude or include large 
sections of the population from the possible gains and benefits of mobile technology. 

These sessions allow the developers and more importantly the potential service 
providers an understanding of the emotional experience elderly or disabled uses have 
with mobile technology. It is believed that through similar workshops and age related 
functional impairment simulation that the traditional egocentric perspective of appli-
cation design can be shifted into an empathetic and allocentric one, based in seeing 
and feeling the world in the way the users experience it. 

6 Conclusions 

The physiological apparatus we are born with changes throughout life. The natural 
aging process can be supplemented by additional acquired or inherited conditions. 
Some of these conditions progress so slowly that people are unaware of the changes 
to their sensory input. Others can progress very quickly. These changes are difficult to 
perceive and to accept for those people who experience them; it is even more difficult 
for those who still have not experienced them. Despite extensive publicity of issues 
surrounding accessible design, most of us tend to assume that the world appears eve-
ryone in the same fidelity of sight, sound and touch as it does to us. As has been dis-
cussed this prevents real inclusion being incorporated into mobile application design. 

This project describes a combination of three approaches directed at allowing 
greater inclusion in mobile technologies for our increasingly aging population. The 
focus groups sessions with the target users will inform the developers of the real is-
sues they have and ensure the applications developed here will be fit for purpose. The 
applications developed will not only fulfill a specific purpose for the target users but 
will provide a much needed reason for them to use the technology in the first place. 
An older user who has never used a mobile device before is unlikely to start using it 
for a simple convenience application but would use a application they find enabling or 
empowering. Once they are using the device they will then gain the confidence to use 
it for other purposes. 

The iterative design process with the focus groups session will provide a commen-
tary of how the design of the application is evolving to match the user’s requirements 
and feedback. This will give the researchers an unrivaled opportunity to document the 
effective measures both of the development but also of the communication and feed-
back process. This combined with the initial access problems identified by the target 
users and the current range of legislative material allows the researchers to produce a 
framework for best practice in the development of mobile applications. This frame-
work will detail how mobile applications should be designed with inclusion in mind, 
both from a moral point of view but also detailing particular legislation that must be 
adhered to. 

The impact of age related sensory changes is of great importance to a society inter-
ested in wellbeing and longevity, yet design, particularly electronic design is only 
slowly beginning to practice inclusive design from the start, this project is a transna-
tional step towards making the e-inclusion agenda evidence-based and practically 
guided.  
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