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Abstract— In the last decades, number of people affected by 
cognitive decline is rising significantly. The main cause of this 
problem is believed to be the overall drift of the average 
population age. In general, cognitive impairment varies from 
mild to severe with mild represented as people may begin to 
notice a slight change in their cognitive functions while still be 
able to conduct their daily activities without major limitations; 
on the other hand, severe state of cognitive impairment leads to 
a progressive loss of comprehensive abilities as well as 
evaluating situations. These impairments may be represented by 
losing the ability to talk and write that leads to the inability to 
conduct an independent lifestyle. The decay of intellectual 
functions is associated with a progressive increase of sensory 
impairment (vision and hearing). In this paper we present a tool 
to help and support people who suffer from both mild age-
related cognitive decline and sensory impairment. We developed 
an augmented reality home-made App designed for smart 
glasses. This App would be a useful tool to provide more 
independence to patients during actual daily living activities and 
it will be able to notify users about a potentially dangerous 
situations, by providing cues in real time. In this way, elderly 
people, will be able continue their life at home for a longer time 
before having the need to move into an assisting living facility. 
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I. INTRODUCTION 
 Sensory (visual and hearing) and cognitive impairments 

are highly prevalent among elderly people (65+ years old) 
[1], this is due to the fact that, with aging, degenerative 
processes of organs physiology occur [2]. Moreover, the 
number of world population is growing and at the same time 
the balance is shifting to a higher percentage of older people 
[3]. Because of increasing in life expectancy [4], the 
prevalence is expected to increase over the upcoming decades 
[1]. 

Hearing impairment (HI) are one of the most frequent 
sensory deficits among human population [5]. In 2012, World 
Health Organization (WHO) estimated that there are 360 
million people around the world with hearing impairment 
(5.3% of the world’s population) of which about a third are 
over 65 years old [6]. However, the statistics is not well 
defined, in part due to the employment of different 
classification systems.  

Fig. 1. Evolution of patients’ number affected by dementia from 2015 to 
2050. The countries are ranked in 4 classes based on their income (low, 
lower middle, upper middle and high). 

Age-related hearing loss (ARHL) is primarily related to a 
functional loss of sensory and neural elements [2] with 
consequences in both cognitive and psychosocial spheres [7]. 

Visual impairment (VI) has a great importance for quality 
of life, socioeconomics, public health of societies and 
countries [8]. Approximately one over-65-person out of three 
are affected by visual-reducing eye disease [9]. In 2019, 
WHO has reported that at least 2.2 billion people worldwide 
have a visual impairment or blindness [10]. 

All around the world, about 46 million people suffer from 
dementia. This number is expected to increase to 131.5 
million by 2050, mainly due to population aging [4] (Fig. 1). 
People with cognitive impairment are reported as being three 
times more hospitalized compared to individuals who are 
hospitalized for other conditions [11]. In addition, in many 
developed countries, healthcare costs have overtaken those 
related to cardiovascular diseases and cancer [12]. In general, 
cognitive decay starts with aging-related issues followed by 
a transition into a mild cognitive impairment status, leading 
ultimately to dementia. Mild cognitive impairment does not 
substantially affect daily function, whereas dementia causes 
cognitive changes that are potentially severe enough to affect 
daily function [13]. 

A worse quality of life is related to the above-mentioned 
targeted people [1]. In fact, people affected by these 
impairments depend on others and have difficulties 
conducting their daily life activities. 



Fig. 2. Distribution of home care structures for patients with hearing and/or 
visual sensory and/or cognitive impairments. In this sample, 20.3% had 
none of these [1]. 

It was been demonstrated that an increased risk of cognitive 
decline and dementia is linked to age-related HIs [14] or VIs 
[15]. To date, however, research has mainly focused on single 
impairment (e.g., hearing, vision or cognitive impairment) 
and only few studies took into account their combined effects 
on the health of older people [1]. People affected by more 
than one of the previously mentioned disturbs (Fig. 2) are 
considered as vulnerable group who are at increased risk for 
unmet social, environmental, psychological and medical 
needs. 

A. ICT tools 
Elderly people should train their cognitive and motor 

skills on a daily basis. In fact, the risk of dementia increases 
with a lower participation in leisure activities carried out by 
the person [16]. Previous studies highlighted that a periodic 
physical and social activity helped maintaining neuronal 
plasticity and increasing brain activity among elderly people 
(e.g., [17]). One of the best ways to maintain neuronal 
functionality of elderly people for the longest period possible 
is to mitigate the degeneration by stimulating cognitive and 
physical functions [18]. The employment of Information and 
Communication Technologies (ICTs) in this area allows, in 
principle, to overcome these disadvantages [19]. As an 
application example of ICT tools, researchers evaluated the 
effectiveness of Serious Games as a training tool for 
cognitive abilities, obtaining satisfactory results in terms of 
cognitive and attention skills, reaction times, and a sense of 
well-being while playing computer games (e.g., [19]).  

Some devices and systems are available to help and 
support individuals who are showing hearing issues to access 
the environment. Some devices convey information visually, 
and others enhance auditory information. Many assistive 
technological non-invasive devices are using light or 
vibration to alert users, while others are based on speech-to-
text technology. [20] 

For people with VI several devices have been developed, 
which mostly use haptic or hearing technologies. For 
example, travelling aids, obstacle and object detectors which 
are scanning the environment, or assistive technologies for 
accessible information and communication, such as text-to-
speech (TTS) software or braille conversion technology [20]. 

 

Fig. 3. The commercial HMD used in this study. 

Recently, Virtual Reality (VR) and Augmented Reality 
(AR) technology are becoming an active frontier in digital 
communications. AR, in particular is a useful tool for 
supporting communication in people with disabilities. AR is 
a technology where a user’s view or vision of the real world 
is enhanced or augmented with additional information 
generated from a computer model. The AR interface can 
decrease the cognitive load [21], [22], [23], [24], [25], [26]. 
In fact, elderly people are prone to use mental representations 
to enhance short-term memory [23]. In comparison to VR, 
AR is considered more user friendly, since it does not isolate 
the user from his/her environment. Furthermore, AR 
technology allows to combine cognitive and physical 
exercises. 

For these reasons, we developed an AR marker-based 
Application to assist patients in their ADL – at home and also 
away from home. 

II. MATERIALS AND METHODS 

A. Set-up 
To be run, the App requires only an HMD device, 

earphone and a printed image (marker) which we have 
associated with augmented information (Augmented Object, 
AO) via software. The HMD is equipped with a series of 
integrated sensors, including a camera embedded on its right 
side, and with TTS technology (Fig. 3). In order to program 
the markers to make them recognized by the HMD and 
associate each of them with an AO so that messages will be 
associated (in oral or textual form) to be provided to the user, 
we used Unity 3d, a cross-platform game engine, and a plugin 
provided by the HMD’s manufacturer. 

B. User interface 
When the user wears the HMD, he experiences the 

surrounding real-world environment while the software is 
generating visual elements that are overlaid on the real-life 
visualization [27]. We have set specific markers on the 
physical objects of interest, as suggested by the National 
Institute on Aging (USA) [28]. Each of these markers is 
associated to a particular AO (text, picture, …), which can be 
programmed based on each subject’s preferences and needs. 
When a marker falls within the camera’s field of view, the 
system shows the AO to the user, overlaid on the marker 
position. Furthermore, we decided to show on top of the 
HMD screen the fundamental user contacts (i.e.: police, 
ambulance and caregiver telephone number). Thus, if the user 
needs it, he/she can easily reach the emergency contact (e.g., 
police, ambulance or caregiver). Fig. 4 explains an example 
of programmed marker. The top panel shows the users’ field 
of view when he/she puts on the HMD and the marker is out 



Fig. 4. Top image: the marker is applied on the closet door. Bottom image: 
when the user looks at the marker (the label), an image appears on the 
display representing the contents of the closet, without having to open 
it. 

Fig. 5. Example of auditory prompts provided for people with visual 
impairment. The HMD will read out the message “Alert”. 

Fig. 6. Si-OLED (Silicon - Organic Light-Emitting Diode) display is able 
to show the visual prompts, useful for people affected by hearing 
impairment. 

of the camera’s field of view; on the bottom panel, the camera 
identifies the marker and the associated augmented objects 
are shown. 

The HMDs can send and receive messages in the form of 
images, text, or audio. So, in the case of the HMD identifies 
or receives messages of potential dangerous situations, 
people with visual impairment will receive a message they 
are able to understand (an auditory cue through the earphone, 
Fig. 5), whereas people with auditory impairment will receive 
a visual cue (a text or an icon will appear on the display, Fig 
6Finally, thanks to the camera being always active while the 
application is running, and to a mirroring App free-available 
on PlayStore (“WiFi-Display (miracast)”), which allows to 
share the user’s field of view, the caregiver will be able to 
check at any time the patient’s activity from his/her 
smartphone and therefore being able to quickly identify 
potentially dangerous situations. 

III. CONCLUSION AND FUTURE WORK 
The goal of the present paper was to present a tool able to 

support people with multiple impairments that are considered 
vulnerable with unique needs and challenges. 

The AR-supported home environment can be useful for 
patients support while navigating the home itself. This patient 
empowerment should lead to an improved confidence during 
ADL, a higher degree of physical activity, and could enhance 
the social life.  

Difficulties of older people with learning new skills as 
well as accessing new technological solutions would limit 
their ability to acquire the conceptual knowledge needed to 
interact with a novel interface, in both cognitive and sensory 
diseases. Furthermore, attentional control deficits would also 
disrupt their ability to adopt unfamiliar procedures. 

The proposed system could improve the quality of life of 
targeted people. Major strength points of this tool are briefly: 
no need to learn new information or a high cognitive load 
neither any input device nor button is required to be pressed.  

In conclusion, we are confident that our system could 
meet the criteria of compliance, dignity and usability, with 
the purpose to assess the latter, we plan to carry out an 
experimental study, initially involving elderly healthy 
people. 
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