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Abstract
Immersive applications are widely used in educational and training settings across various contexts,
such as museums, classrooms, or industries. They offer interactive and engaging experiences that
help users focus their attention and enhance skills like critical thinking. This paper explores the
potential of designing immersive experiences to complement traditional therapies for individuals with
dementia. This target population presents specific needs due to their medical conditions and technological
profile. For this reason, to develop practical applications, it is essential to collaborate with experts and
patients to understand how to design tailored solutions. We propose an action research methodology
to create immersive experiences to target specific cognitive skills, such as memory, recognition, and
association, especially for people with dementia. We collaborated with psychiatry specialists and
individuals diagnosed with mild cognitive impairment to identify a research opportunity to create two
AR applications: one for tablets and another for smart glasses. The applications are developed as part
of an iterative process to identify significant insights into how patients interact with the devices and
interfaces within clinical settings. Finally, these prototypes underwent testing in a clinical study involving
ten patients diagnosed with mild cognitive impairment, conducted in the presence of their therapists.
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1. Introduction

Neurodegenerative disorders currently affect 15% of the total population of the world, with
a significant increase during the last 30 years and an expectation to at least double this per-
centage during the next two decades [1]. Among the neurodegenerative disorders, dementia
is an umbrella term that includes a wide range of symptoms, like memory loss, difficulties in
concentration, planning, organization, and disorientation regarding time or place [2]. It is not
directly related to aging but to the impact that a disease has on the nerve cells in the brain,
causing one or more symptoms. Consequently, the damages and the evolution of the disease
vary depending on each individual and their prior health condition, identifying three main
stages as early (or mild), middle (or moderate), and late (or severe) [3]. Considering that there
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is no cure for dementia, but different treatments depending on the symptoms and the health
status of the patients. The treatments include administering medications and psychological
therapies and tailoring the care to the specific condition of each individual with the common
objective of guaranteeing a good quality of life as long as possible [2].

In this direction, finding innovative ways to stimulate their brains and practice cognitive skills
is crucial. Various studies have explored the advantages of advanced technologies to support
medical treatments, such as tablets, wearables, and Augmented and Virtual Reality. A significant
consideration when working with individuals affected by neurodegenerative disorders is their
potential difficulty in learning new technologies and interfaces that depend on a great variety
of factors, including age, previous experience with technology, and cultural and economic
situation. Technology should consider these factors and others that could appear later when
the symptoms evolve and there are personal differences among patients.

This paper explores the potential of immersive experiences for supporting people with demen-
tia (PwD) in practicing specific cognitive skills, such as memory, recognition, and association.
In particular, we are interested in augmented reality (AR) as an immersive technology that
allows users to connect with the physical objects around them and avoid disorientation and
dizziness [4, 5]. Other solutions have delved into the benefits of AR for aiding patients in
tasks like object recognition or identifying hazardous situations [6, 7, 8], furnishing therapists
with additional patient data and health status updates [9], and enhancing the interactivity of
cognitive stimulation exercises [10, 11, 12].

We propose an action research methodology for creating AR applications involving therapists
and patients and collecting insights based on their personal experiences concerning dementia.
The action research approach is based on observing a real scenario to identify insights for driving
the research work and defining an iterative process where the involvement of the stakeholders
is crucial to gain insights into their needs [13]. The proposed methodology consists of four
cycles of data collection, design, evaluation, and lessons learned, involving two therapists and
twelve patients.

The therapists helped us detail the practical exercises to propose as part of the immersive
experience and select the patients who could collaborate in testing the prototypes. In the
initial cycle of the methodology, we interviewed the therapists to identify the cognitive skills to
practice: object recognition, memory recall, and creating connections among object attributes.
After, we ran three other cycles involving both therapists and patients to design an early-stage
prototype of four AR exercises to practice the identified cognitive skills: Recognize for object
recognition, Remember for memory recall of individual objects, Play Around for establishing a
connection between attributes like shapes, colors, and sounds, and Simon for memory recall of
sequence of sounds. Based on the results of these sessions, we proposed a final version of the
AR applications.

2. Augmented Reality for Dementia

The number of patients diagnosed with dementia will continue to increase in the coming years
[14] due to population growth, life expectancy improvement, and the lack of effective cures
for most symptoms [15]. Thus, there will be an increasing need to find solutions for caring



for PwD and guaranteeing a good quality of life as long as possible [16]. The evolution of the
symptoms damages the brain’s nerve cells of the patients. Cognitive training is among the
treatments offered to slow down the speedup of these effects [17], improve happiness and rest
(i.e., de-stress), and reduce the usage of medical drugs for stress and depression issues [18], with
a consequent reduction of the caregivers’ workload [8].

As a contribution to the impact of dementia from both a social and an economic point of
view, different technologies have started to be explored as support for patients, caregivers,
relatives, and health professionals to offer innovative solutions to facilitate day-to-day care,
improve the quality of life and mitigate the symptoms [19]. Most solutions have been designed
for smartphones, tablets, Head Mounted Displays (HMDs) for virtual and augmented reality,
and even physical computing [20]. This research focuses on designing immersive experiences,
considering that virtual and augmented reality applications can offer exciting benefits to deal
with dementia but with some relevant differences. Virtual reality aims to create a synthetic
world, isolating the user from reality. It has been used mainly by therapists, caregivers, and
relatives for empathy training [21] and by patients as diagnostic tools and memory training in
spatial and navigation-controlled environments [22]. Its usage seems limited in PwD due to
possible drawbacks such as cyber-sickness and eye fatigue [23]. AR technology deals with these
issues by keeping a view of reality and mixing digital information with the natural world [5].

An example is Dementia Eyes, a tool to simulate vision degeneration as one of the symptoms
of dementia syndrome [24] and make other people realize the difficulties that PwD faces every
day. My Daily Routine allows the caregivers to set a list of reminders that the patients will
receive using an HMD in the form of a great variety of multimedia content, including 3D models
and videos [7]. In [25], AR has been used to add labels to a lifelogging system to stimulate
reminiscences. Boletsis and McCallum designed six AR minigames to interact with ten cubes
associated with a marker [12]. The patient uses a tablet to interact with the cubes and solve
the games. Each game focuses on different cognitive abilities, such as perception, attention,
language processing, and executive functions, such as problem-solving, decision-making, and
flexibility. Another relevant work to our scope is MemHolo, a tool with three activities for
practicing short-term and spatial memory designed in an iterative process that involves experts
in dementia and evaluated with several older adults not diagnosed with dementia syndrome
[11].

We can observe several open issues from the literature that need further consideration. One is
the lack of an actual evaluation with patients in a controlled environment to check their reactions
to the applications and devices used to interact with the digital elements in the scene. Another
is the involvement of therapists and patients to design solutions that fulfill their expectations.
In this paper, we are interested in both directions to explore the benefits of AR for supporting
PwD in practicing different cognitive abilities.

3. Action Research Methodology

The experience of both therapists and patients is crucial for designing solutions that effectively
support cognitive therapies. Therapists should be able to define the skills to practice depending
on the stage and symptoms of the disorder. Patients need to interact with technologies easily



Figure 1: Action Research Methodology in four cycles and four stages for each cycle: data collection,
solution design, participants, and lessons learned

and enjoyably, avoiding frustrations and misunderstandings. In both cases, it is crucial to profile
the specific needs and requirements of each stakeholder interested in the application.

In this paper, we propose a methodology inspired by the action research approach and its
four characteristics [13]: (i) practical nature to address real-world problems; (ii) change to adapt
the solution to the issues pointed out by the problem to solve; (iii) cyclical process to implement
the solution iterating over design and evaluation; (iv) participation of practitioners directly
interested by the problems to solve. The methodology consists of cycling over four phases (see
Figure 1): data collection, design or re-design, participants, and lessons learned.

3.1. First Cycle

As detailed in Figure 1, the activities, the profile, and the number of participants change
depending on the cycle. The first cycle defines the problem to solve and provides all the details
needed to design the solution. To this extent, we interviewed two therapists specializing in
neurodegenerative diseases about the current treatment practices and the cognitive skills trained
during the therapies. They suggested focusing on the memory to recall and recognize objects
and create associations among different attributes of an object. Moreover, they brainstormed
examples of typical exercises for brain training.

This cycle results in the design of early-stage prototypes of four AR applications [26]. The first
is a tablet-based AR application called Recognize for object recognition. The exercise consists of
showing aleatory objects on the tablet along with three buttons, each bearing a distinct label,
where only one corresponds to the correct answer. Users are seated in front of the tablet; the
tablet points to a marker to position the object on the table, and the users have to tap on one
of the buttons. The application provides visual and auditory feedback depending on whether
the answer is correct or incorrect, as well as a final screen with a summary of all the answers.
The second is Remember for memory recall of individual objects. It works like the previous one
but with a slight difference in the logic of the activity. In this case, the application shows two
objects for a limited time and then hides them. The user has to recognize and remember them
by tapping on the buttons with the correct labels.

The other two applications are glasses-based (i.e., Hololens): Play Around for establishing a
connection between attributes like shapes, colors, and sounds, and Simon for memory recall
of sequence of sounds. Both show four cubes in front of the user. In Play Around, the user



can touch any cube and discover which sound is associated with it. In Simon, the user has to
reproduce a sequence of sounds, remembering which sound is associated with each cube and
touching the corresponding cube. In this case, the users can interact by approaching the cubes
with their hands, but they do not have any restriction on the gesture to reproduce.

3.2. Second Cycle

From the second cycle, we focus on designing the AR applications as iterative prototypes and
showing them to the involved participants for their opinions and suggestions. At this stage, we
limited the prototypes to the two tablet-based applications and the glasses-based Play Around.
Before continuing with the development, we wanted feedback about the opportunities of a
device like the Hololens for the patients. As in the previous cycle, we interviewed the two
therapists again to evaluate the interface usability and the device used for the interaction
(e.g., tablet and see-through glasses). As a result, they emphasized the importance of avoiding
frustration and misunderstanding because these feelings could lead the patients to stop being
receptive. One of the suggestions was to review the logic behind the proposed activities and
adapt them to the patient’s cognitive abilities.

3.3. Third Cycle

After improving the prototypes, in the third cycle, we involved two patients diagnosed with
early dementia and asked them to interact using the table and the glasses. The fewer participants
allowed us to spend more time interviewing them and letting them use the applications freely.
We proposed two interaction modes for the two tablet applications: touching digital elements
on the screen and telling the object’s name. As part of the lessons learned during this cycle, we
found out that the voice generates several issues related mainly to the difficulties they could
have pronouncing certain words and the fact that they wore a mask covering their mouths.
For these reasons, we finally decided to keep joust touch and gestures as interaction modes.
Another interesting result from this first contact with the patients was their enthusiasm towards
the Hololens. At this stage, we wanted to check whether the glasses could be comfortable for
them before continuing to develop the Simon application, receiving enthusiastic comments.
One of the aspects that the patients highlighted was the possibility of trying on something new
that could represent an incentive for practicing and doing exercises.

3.4. Fourth Cycle

In the last cycle, we tested the improved version of the prototypes and, in particular, the Simon
application. In collaboration with the therapists, we could involve ten patients, seven women
and three men, aged 70-83 years old, attending a routine appointment in a health center in
Madrid [26]. Based on their symptoms, the patients were diagnosed with different stages
of dementia: four in a mild stage, four in a moderate stage, and two in a severe stage. We
interviewed each of them in an individual session accompanied by one of the therapists.

The collected feedback from the evaluation suggests that, in general, the patients enjoyed the
four activities. Still, they preferred to interact with the tablet, considering that it is a device that



most of them are used to. They found the Remember application the most challenging, but after
a few attempts, they gained fluency and improved the number of correct hits.

About the Hololens, nobody objected to putting them on or experienced discomfort while
using the device. The patients enjoyed interacting with the virtual cubes and sounds of the Play
around application and even lost track of time. In most cases, we had to stop them as more
than ten minutes passed. However, the Simon game proved too challenging for some patients.
They found different difficulties, such as recognizing the sound, differentiating it from another,
remembering the association cube to a sound, and the sequence of sounds. Sometimes, they
couldn’t finish the game, leading to frustration. Therapists suggested adding more cues to make
tasks easier and give them more time or attempts. Despite the challenges, participants enjoyed
the experience and found it intuitive, appreciating being still connected to reality thanks to the
see-through glasses.

4. Redesign of AR Experiences for PwD

Analyzing the feedback collected during the methodology, we focused on redesigning the
glasses-based application Simon to offer a more enjoyable and less frustrating experience. The
redesign considered two main aspects: personalization and game logic. Personalization refers
to the possibility of adapting the experience to the patient’s specific needs, thinking they
could have different ways to perceive and react while interacting with the application. We
implemented a control panel for caregivers and therapists for starting the game, positioning the
digital elements in the space, adjusting the difficulty as the number of sounds in the sequence
or the time interval, switching to the Play around application, displaying the game progress and
the scene seen through the Hololens by the patient. The control panel can be used in a desktop
and mobile web browser. In Figure 2, part a shows the options for personalizing the game, and
part b shows the scene that the user sees through the glasses.

Regarding the game logic, we changed the cube for instruments to help the users recognize
the sounds by looking at the instruments that produce them. We added animations around the
instruments that are playing as movements and musical notes (see part c in Figure 2). The upper
part of the scene displays the sequence of the sounds already played and recognized by the user
in case they forget them.

5. Conclusions and Future Works

In this paper, we have explored the challenges of AR technologies for practicing cognitive
capabilities like memory, recognition, and association. As already seen in the literature, AR
offers several benefits that could be exploited for building solutions to deal with the day-to-day
care of patients diagnosed with early dementia [5]. Since dementia is an umbrella term for
a wide range of syndromes, it is crucial to involve experts and patients to understand how
to design a valuable contribution for them. For this reason, we propose an action research
methodology that could be derived from collaboration with therapists and patients’ insights
about the design of AR experiences. We ran four cycles of the methodology, and in each one, we



(a) (b) (c)

Figure 2: (a) Main screen of the control panel to personalize the game (b) User point of view of the
scene visible through the glasses (c) Scene of the Simon game with the animated guitar and cello.

collected data needed for making decisions about how to improve the design of the prototypes
and how to move forward in the following steps.

The result is the development of four AR applications where the interaction occurs using a
tablet and a pair of Hololens. The introduction of the Hololens was one of the most interesting
results of this work. The patients were enthusiastic about using an innovative, efficient device
that was easy to interact with. Most of them got frustrated with the logic behind the proposed
games, which led us to a deep redesign considering the suggestions from the therapists and the
patients. In the future, we plan to run an additional iteration of the methodology to test the
new version of the game.
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