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Resumo

Com o envelhecimento da populagdo, é cada vez mais comum encontrar pessoas com
deméncia. A deméncia é caracterizada pela perda de habilidades emocionais e
cognitivas. Nesta dissertacdo, propomos um novo sistema para estimulacao cognitiva
através de jogos, o MentalSense, onde pessoas em estado demencial podem realizar
alguns exercicios cognitivos para cuidar de um animal de estimacdo, trabalhando no
minimo cinco dominios cognitivos: atencdo, memdria episddica, raciocinio légico,
pensamento abstrato e fungdes executivas. O jogo esta implementado em tablet para
poder ser usado em diversos lugares e situagdes. Foram realizados diversos estudos,
desde questionarios online e entrevistas a cuidadores formais e informais, e seguiu-se
um design participativo com psicélogo e psicomotricista, onde obtivemos informacao
sobre as necessidades desta populacdo e de quem presta cuidados a estes. Realizamos
um estudo piloto, o qual culminou em sugestGes para o melhoramento da aplicacdo
final. O protodtipo final foi testado através de um estudo de caso com dois participantes
acompanhados por um psicélogo, que realizaram varias sessdes com o MentalSense,

com resultados positivos.

Palavras-chave: Tecnologia, Estimulacdao Cognitiva, Deméncia, Jogo, Aplicacdo de Tablet
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Abstract

As the population ages, it is increasingly common to find people with dementia.
Dementia is characterized by the loss of emotional and cognitive abilities. In this
dissertation, we propose a new system for cognitive stimulation through games,
MentalSense, where people with dementia can perform some cognitive exercises to take
care of a pet, working on at least five cognitive domains: attention, episodic memory,
logical reasoning, abstract thinking and executive functions. The game is implemented
on a tablet so it can be used in different places and situations. Several studies were
carried out, from online questionnaires and interviews with formal and informal
caregivers, and a participatory design with a psychologist and psychometrician was
followed, where we obtained information about the needs of this population and those
who provide care to them. We carried out a pilot study, which culminated in suggestions
for improving the final application. The final prototype was tested through a case study
with two participants accompanied by a psychologist, who carried out several sessions

with MentalSense, with positive results.

Keywords: Technology, Cognitive Stimulation, Dementia, Game, Tablet Application
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1. Introduction

Dementia is characterized by the loss of emotional and cognitive abilities. According to
the World Health Organization (WHO), more than 55 million people worldwide suffer
from dementia, with more than 10 million cases appearing every year [1]. Nevertheless,
this number is believed to be underestimated because several patients may not have
been diagnosed due to various factors [2]. Organic dementia is caused by physical
changes or damage to the brain. Different types of organic dementia are Alzheimer’s
disease, vascular dementia, Lewy body dementia, frontotemporal dementia, non-fluent
progressive aphasia, and semantic dementia [3], [4]. Dementia is the seventh leading
cause of death, as well as a major cause of dependence and disability [1]. Although the
disease is not yet fully understood [5], non-organic dementia, also known as functional
or reversible dementia, is different in that it is not primarily associated with physical
brain damage. Instead, it may be caused by factors that are treatable or reversible, such
as: age (over 65 years old); hypertension; diabetes; being overweight or obese; smoking;
alcoholism; sedentarism; social isolation; and depression. Typical symptoms of
dementia are mood disorders, agitation, apathy, aggression, psychosis, hallucinations,
and delusions [3]. Some of the early symptoms are forgetting recent events, misplacing
things, getting lost, being confused, losing track of time, difficulty in doing simple things
or solving problems, and difficulty in making decisions [1].

We first heard about the disease in 1906-07 through Alois Alzheimer, a doctor, and
scientist that dedicated his career to the study of dementia. Alois Alzheimer made this
disease known and characterized it as an incurable disease that just elderly people could
have, but as average life expectancy was reduced, it was rare to see someone with the
disease [6]. As a neuropathologist, Alzheimer said that dementia is an irreversible and
neurodegenerative progressive disease that it is marked by the gradual progression of
the deficit in one or more cognitive domains [7]. Neuropathologically, it is characterized
by neural death in several brain areas, as well as by the appearance of senile plagues
and fibrillar plaits that lead to difficulty in communication between nerve cells [8]. What
is still unknown are the causes that lead people without any kind of familiar bridge with

the disease to develop it, and several factors are being studied such as environmental



factors, biochemical disturbances, and immune processes [9]. Nevertheless, an early
diagnosis is essential in this disease, leading to better control of the individual's entire

cognitive behavior [3], [4].

Currently, an early diagnosis of the disease can be performed with great accuracy,
triangulating different sources of data such as the clinical history, a physical examination,
and a neurological examination [10]. Dementia can be divided into three phases: initial,
advanced, and terminal. In the initial phase, it is possible to observe a marked loss of
memory. At this stage, all memory deficits are more evident, as well as difficulties in basic
orientation in space and time. There are also difficulties in verbal communication,
attention, coordination, and concentration. At this stage, we can also observe changes
in the personality of the individual, who can display, for instance, a less inhibited
behavior with strangers [11], [12]. The advanced phase is when the individual loses part
of his autonomy and has strong limitations in the recognition of places, everyday objects,
faces, smells, and sounds [12]. Poor hygiene habits and behavioral changes such as
agitation, aggressiveness, delusions, and hallucinations are constant and frequent. In the
terminal phase, the one that is considered more complicated for the family is when the
individual shows substantial deterioration of long-term memory and communication as
well as is totally dependent. Many individuals in this phase are bedridden and apathetic

[13]-[15].

Dementia has a large impact on the performance of activities of daily living, as it
continually interferes in all occupational and social activities of the individual [16].
Hence, there should always be a monitoring of the individual's state, the stage of the
disease in which he/she is in, as well as his/her cognitive abilities and the capacity to

perform common tasks [11], [13], [16], [17].

1.1 Motivation

With the aging of the population, it is becoming more common to find people suffering
from dementia [18]. In fact, the main motivation to start working on this topic arose from
a personal experience. My maternal grandmother was diagnosed with dementia after

the age of 80. At the time, we, as informal caregivers, found it very challenging to obtain



support and information to help sustaining the cognitive status of my grandmother,
which declined very rapidly. Hence, more work is needed on the provision of strategies
for cognitive stimulation for individuals with dementia. Particularly, solutions that can be
used remotely by patients at the comfort of their homes. This became more evident after
the COVID-19 pandemic. From interviews with formal and informal caregivers, we found
that after the first confinement, people with dementia who returned to the health
centers, day centers and others, showed a huge decline in their cognitive abilities, even
the ones who could still perform difficult exercises and maintain a coherent
conversation. A number of factors have been identified by formal caregivers (from Lugar
de Memdrias and Alzheimer Portugal) as potential contributors for this situation: 1) little
interest from the family; 2) cognitive exercises done on paper; 3) no time to support the
person with dementia at home; 4) cognitive exercises presented is an unappealing way;
and 5) doing the exercises at home is sometimes seen as an obligation and the person

with dementia feels that the family is in command.

In this context, we present MentalSense, a ludic and didactic cognitive game for people
with dementia. MentalSense is a system for cognitive stimulation that was designed and
developed through participatory design methods with psychologists, psychometricians,
and formal and informal caregivers. The system is implemented on a mobile device, a

tablet, and includes cognitive stimulation exercises to work different cognitive domains.

1.2 Research Questions and Objectives

MentalSense aims at providing cognitive stimulation activities for individuals with
dementia with the support of formal and/or informal caregivers. Our main research

guestions (RQ) are:

RQ1: Can a ludic and didactic cognitive game, used in a tablet, be useful in the

stimulation of people with dementia?

RQ2: Can such a system increase positive emotions in the person with dementia?

To address the above RQs, the objective of this project is the creation of a game for



cognitive stimulation with playful and didactic aspects. This application is to be used by
formal caregivers, such as psychometricians or neuropsychologists in nursing homes, day
care centers, hospitals, health homes, among others, and also by informal caregivers.
The game is to be used on a tablet for easy transportation and use in any setting and in
any situation. For example, it could be used in a possible lockdown as it happened during
the SARS-COV-2 epidemic, when individuals are confined to their homes without any
support and training, what can worsen their state if continuing cognitive stimulation is
lacking. Moreover, with the increased use of technology by the younger population, an
application like MentalSense could promote an increased positive interaction between
the elderly with dementia and younger members of its family. Finally, this is an
affordable technology with the potential to reach more people, particularly those that

do not have access to any type of intervention.

1.3 Thesis contribution

With the development of MentalSense, this project makes the following contributions:

1. Tablet-based ludic and didactic game for cognitive stimulation
This solution was created during a participatory design with psychometricians
and neuropsychologists, for promoting the cognitive stimulation of individuals

with dementia.

2. Portable game with cognitive exercises
It is important that people with dementia can train the cognitive exercises
anytime and anywhere. A tablet-based solution provides portability and ease of

access.

3. User-centered design
The design follows rules based on the specific profiles of people with dementia.

Aspects like color and the amount of visual stimulation were carefully considered.



2. Related Work

Studies about dementia have been reported in different areas since many years ago. In
this section, we review previous studies in several areas related to dementia such as
technology, games, music, software, diagnosis, anxiety, Virtual Reality (VR), augmented
reality, storytelling, arts, mixed-reality, robot, and animal-assisted. The following
databases were used for the search: ResearchGate, Wiley, Sage Pub, ACM Library, NCBI,

Cochrane Library, Science Direct, Oxford Academic, Springer, and Google Scholar.

The incorporation of design and technology in dementia research is a fascinating topic
and a promising opportunity. It has the potential to bring significant changes in society
and affect the lives of many. Regarding technology, Ancient et al. said that older people
are interested in utilizing technology, particularly when it is considered beneficial [19].
Rosenberg et al. underline that people with dementia can utilize well-known
technologies at a competent level [19]. However, technology and its use can be
influenced by the gender of the person with dementia and by caregivers [20]. Another
important aspect is that technology should ideally be used pervasively, in the place
where the person with dementia is. At the time that the individual enters a

hospitalization circuit, it could be too late [21].

In this section, we will discuss assistive technology that enhances the quality of life of
both, users, and caregivers. There are various Assistive Technologies (AT) available to
aid daily activities, such as safer walking devices, telecare, and reminders. It is important
to consider the context in which these technologies will be used, including who will be
using them and when to ensure they are effective in improving daily care activities [22].
When it comes to cognitive stimulation technologies, there is a growing range of
resources available to individuals grappling with dementia. The progress made in
technology development has yielded positive results. Nevertheless, it is imperative to
stress that technology cannot replace the compassion and assistance offered by both,
formal and informal caregivers. Moreover, when designing for dementia, it is crucial to

prioritize accessibility, usability, and user experience. This is especially important when



designing for elderly individuals with dementia. Personalization and user acceptance

should also be taken into consideration [23], [24].

AT has the potential to increase the level of independence of individuals in three ways,
specifically by 1) ensuring that the individual performs the activity safely, 2)
compensating for some losses in terms of behavior, and 3) monitoring and evaluating
the cognitive performance of those using it [25]. Overall, we can say AT is safe because
it helps people with dementia without any risk for them; it helps in the improvement
and stagnation of the disease and is enhancing because it helps in the improvement of
the quality life of these people [26]. As an interesting example, we have a device called
SenseCam, which has been shown positive results such as the reduction of feelings of
depression [27]. The SenseCam (Figure 2 — 1) is a mini camera that the individual puts
on the neck, which captures several images of the individual's daily life, allowing the
individual with dementia to later review his/her day-to-day activities, providing
memories and well-being. This camera can also be an asset for family members, as they

get to know how their loved one's day-to-day life is going [26].

Figure 2 - 1 SenseCam - Microsoft Research.

2.1 Cognitive stimulation in dementia

It is well-established that early cognitive stimulation can be highly beneficial in delaying
the onset of dementia. It is also widely accepted that there are distinct cognitive
differences between younger and older individuals. When discussing individuals with
dementia, these differences are especially pronounced [4]. The process of cognitive

stimulation includes encouraging people to participate in activities and exercises that are



specifically created to boost their cognitive abilities, improve their memory, and
maintain their overall brain health [28]. To maintain brain function for an extended
period, it is essential to provide significant stimulation to the brain. Cognition is basically
“a mental process, related to thinking, through which the individual acquires knowledge,

carries out plans, and solves problems” [29].

In recent years, there has been a significant focus on cognitive development due to
advancements in technology and science [30]. It can be observed that a 70-year-old
individual today possesses cognitive abilities equivalent to that of a 65-year-old person
from three decades ago. This can be attributed to various factors such as culture,
financial status, education, health, and more [4], [31]. Hence, to effectively stimulate
cognition (Figure 2 -2), a combination of strategies and exercises is necessary. This should
involve cooperation between the caregiver and the patient with dementia. It is
important to focus on functions such as memory, logical reasoning, problem-solving, and
executive functions to ensure they are being compensated for [32]. To improve memory,
we can engage in activities that require us to recall and remember information. These
may include reminiscence therapy, memory games, and memory exercises. There are
various ways to improve attention and concentration. One effective method is to assign
tasks that require individuals to focus on specific stimuli or activities such as puzzles,
reading, and guided exercises. To enhance language and communication skills, activities
like storytelling, conversations, word games, and naming objects are beneficial. For
improving executive functioning, exercises targeting planning, decision-making,
problem-solving, and organization skills can be helpful. Additionally, activities that
involve visual processing and spatial skills, such as jigsaw puzzles, matching games, and

drawing, are effective in enhancing visual perception and spatial awareness [28], [33].
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Figure 2 - 2 Stimulation targets.

2.2 Barriers and facilitators when living with dementia.

Dementia can create many challenges that hinder the well-being of individuals. These
difficulties can affect not only those who suffer from the disease but also their loved
ones and caregivers [34]. Caregivers often find it difficult to take care of themselves as
they face physical and mental exhaustion, including problems with osteoporosis, spine,
lumbar, insomnia, depression, insecurities, and fears. Communication difficulties can
also arise depending on the stage of the disease, making it hard for the caregiver to
understand what the individual is feeling. Additionally, housing conditions can create
further barriers, as many homes are not equipped to handle Alzheimer's patients with
mobility issues. Simple tasks like showering, using the toilet, and brushing one's teeth
can become challenging, and falling or getting lost can be a real concern. The lack of
support for this illness can also create barriers [20], [26], [35]. On September 6, 2019, a
new statute declaring the Informal Caregiver was published in the Didrio da Republica,

to acknowledge this role and allow for supports such as the right to rest, psychosocial



support, integration measures in the labor market, and monetary allowances for

caregivers [36], [37].

Dealing with challenges in life can have a negative impact on a person's overall well-
being, which can also affect their relationships with others. When someone is suffering
from an illness, it can create communication barriers with their caregivers or those they
live with. These difficulties can escalate and lead to disruptions in daily routines as new
needs arise that must be addressed[38], [39]. In recent years, there has been a surge in
the availability of facilities that cater to individuals with illnesses. These facilities range
from day centers to specialized homes and provide a much-needed respite for caregivers
who may be overwhelmed by the demands of caring for their loved ones. Moreover,
these facilities offer individuals the opportunity to explore new talents and resources
that they may not have had access to before, due to their previous work and family
commitments. In essence, facilities like these have become an essential component of
care for those with illnesses, providing them with a safe and supportive environment

where they can receive the attention and care they need to thrive.

Caregivers are often faced with a sense of isolation and exclusion from society. To
address this, support groups have been established as a means of assisting caregivers in
coping with the challenges that come with their role. These groups offer a wide range of
counselling services, providing a safe space for caregivers to express their emotions and
avoid mental exhaustion. It is worth noting that the support groups are run by trained
professionals who possess the necessary expertise to help caregivers navigate the
challenges they face. Additionally, these groups offer an opportunity for social
interaction, which can be a source of relief for those feeling overwhelmed. Overall,
support groups are an invaluable resource for caregivers, and they have helped many

individuals cope with the demands of caregiving [40].

2.3 Formal and informal caregivers

A caregiver is someone who provides care, support, and assistance to an individual with

a physical or mental disability. Often, caregivers do not have their own source of income



and may need to work full-time to cover daily expenses. In many cases, caregivers are
family members or close friends who have an emotional connection to the individual
they are caring for. Caring for a loved one in need can be an incredibly demanding and
stressful experience for informal caregivers. The responsibility of being available around
the clock can have a significant impact on their mental and physical health, as well as
their financial stability. Essentially, these caregivers are working a full-time job without
any real time off, which can quickly take a toll on their overall well-being. It is important
that we recognize and support the valuable contributions of these caregivers, and work
to alleviate some of the burdens they face daily. It is highly recommended for those with
dementia to maintain regular communication with their healthcare professionals to
receive the most appropriate care. In some cases, those with dementia may find it
difficult to recognize or cooperate with their caregiver, leading to added stress for both
parties. The caregiver plays a crucial role in assisting with daily tasks and providing
essential care. Establishing a harmonious and empathetic relationship between the
individual under care and their caregiver is of paramount importance in promoting an
atmosphere of tranquillity and equanimity for all parties involved. It is imperative to
prioritize the cultivation of a compassionate and amicable bond to ensure a positive care
experience for everyone. Informal caregivers often perform tasks such as cleaning,
feeding, assisting with dressing, promoting socialization, providing affection, and

supporting medication management [41], [42].

Caregivers are often without a steady source of income and must work full-time to meet
daily expenses. Caregivers can be family members such as children, spouses, siblings, or

close friends who have a deep emotional connection with the person they are caring for.

It is indisputable that informal caregivers who are tasked with caring for individuals with
dementia face a multitude of challenges that can be both psychological and physical in
nature. These challenges can also be compounded by financial difficulties, making the
role of caregiver a truly demanding one. It is therefore imperative that caregivers
maintain regular communication with health professionals to ensure that the patient
receives the best possible care. This is because patients with dementia may not always

recognize their caregivers, and may even resist cooperation, which can exacerbate the
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stress and exhaustion felt by the caregiver. By staying in close contact with health
professionals, caregivers can ensure that the patient's needs are being met as effectively
as possible and that their own well-being is being properly addressed as well. Those who
suffer from dementia often require the aid of informal caregivers to carry out essential
daily activities. For the well-being of both the individual and caregiver, it is essential that
a harmonious and compassionate connection is established between the two parties.
This allows for a peaceful and tranquil atmosphere, which can have a positive impact on

the overall quality of life for both the individual and caregiver([4], [43].

2.4 Games for dementia

Participating in games has proven to be a highly advantageous activity for individuals
affected by dementia. Not only it aids in the enhancement of cognitive function, but it
also promotes social interaction and contributes to overall well-being [44]. The enjoyable
experiences instilled by these engaging activities can foster social connections and
improve mood. In the realm of dementia care, games are utilized in various ways,
including but not limited to reminiscing activities, sensory games, mental stimulation
games, and physical exercise games. These activities are designed to cater to the
different needs and preferences of individuals affected by dementia, ensuring a fulfilling

and engaging experience [23], [45].

Cognitive stimulation games are designed to challenge and stimulate various cognitive
abilities, including memory, attention, and problem-solving skills. These games can be
played on tablets, computers, or through traditional board games. For example, puzzle
games, trivia games, and memory-matching games can help exercise cognitive function.
Studies have shown that cognitive stimulation through games can have positive effects

on cognitive performance in individuals with dementia [32].

We can have different types of games targeted at dementia. For example, reminiscence
games focus on evoking memories and promoting conversation. They often involve
looking at pictures, listening to music, or engaging in activities related to past

experiences. These games can be played in group settings or one-on-one with a
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caregiver. They provide opportunities for individuals with dementia to share stories,
reminisce, and maintain a sense of identity [46]. As another example, games that
incorporate physical activity, such as modified versions of bowling, golf, or Virtual Reality
games, can provide exercise opportunities for individuals with dementia. Physical activity
has been shown to have positive effects on cognition and overall well-being in this
population [47], [48]. Finally, games that encourage social interaction can help combat
social isolation and improve mood in individuals with dementia. Group activities such as
card games, board games, or interactive video games can provide opportunities for social

engagement and foster connections with others [49].

When selecting games for individuals with dementia, it is of utmost importance to
carefully consider the abilities, preferences, and stages of dementia [50]. To ensure that
the games are both appropriate and enjoyable, it is highly recommended that caregivers
and healthcare professionals provide guidance and support throughout the process. This
personalized approach will prove to be invaluable in enhancing the overall gaming

experience for those with dementia.

2.5 Technology for dementia

The utilization of technology has become crucial in the care and treatment of dementia
[51]. Various types of technology are available to aid in the diagnosis, treatment, and
assistance of individuals with dementia and their caregivers. Detecting early signs of
dementia can be aided by technology. Mobile apps and tests can be utilized to evaluate
cognitive function and identify slight decreases in memory and focus. Wearable devices
such as smartwatches have proven to be valuable tools in monitoring the health and
well-being of individuals with dementia. These devices are equipped with advanced
sensors that can track physical activity, sleep patterns, and heart rate, providing valuable
data for healthcare providers. Additionally, these devices can alert caregivers or
emergency services in case of an emergency, ensuring that individuals with dementia
receive prompt and appropriate care. The use of wearable devices in dementia care
represents a significant step forward in the management of this challenging condition
and can greatly improve the quality of life of those affected. Individuals with dementia

can benefit from a variety of apps and computer programs designed to enhance their
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cognition and memory. These tools may include interactive exercises, puzzles, and
memory games. For individuals with dementia, technology can aid in the simplification
of daily tasks. Electronic devices with programmed reminders and alarms can assist in
recalling when to take medication, complete household chores, or attend medical
appointments. Communication can become more difficult as dementia progresses.
However, there are technologies available to assist with communication, such as
computer-assisted communication apps, voice-activated devices, and social robots.
These tools can help individuals with dementia communicate and engage socially [51]-
[53]. However, it is crucial to emphasize that introducing technology in dementia care
requires careful consideration of each person's individual needs. It is important to have
the support and guidance of caregivers and healthcare professionals to ensure the

proper and safe use of technology [52].

Novel technologies are a breakthrough in supporting diseases such as dementia,
enabling greater comfort for caregivers, whether informal or formal caregivers, thus
creating a reduction in burden for them [54]. These technologies should be included
from an early stage of dementia, to maximize and promote the independence and
quality of life of the population in question [54], [55]. There are several types of systems,
which are an added value for this population, such as night monitoring, which reduces
the risk of falls, GPS systems, which make this population in the early stages of the

disease more independent [54], [56].

There are now increasing resources available for individuals with dementia, specifically
in terms of cognitive stimulation technologies. Nevertheless, when caring for someone
with dementia, it is crucial to utilize various tools and techniques to gradually advance
their exercises. This is essential for enhancing their cognitive abilities, memory retention,
and overall well-being. By gradually increasing the difficulty level of exercises, we can
guarantee that the person we are caring for continues to progress and attain their
maximum potential. With regular practice and unwavering support, we can help our
loved ones maintain their mental abilities and provide them with a sense of purpose and

achievement.
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Before providing care for someone with dementia, it is important to conduct a thorough
assessment of their individual needs and challenges. This assessment should consider
their age, any vision, hearing, or mobility issues they may have, as well as any additional
health conditions or phobias they may be dealing with. It is also important to consider
their personal preferences and gender when providing care [50]. It is particularly crucial
to consider the social and cultural context in which technologies will be utilized [57]. This
includes understanding whether the technology will be used at home, outdoors, in a day
center, and who will be the primary caregiver. Failure to consider these factors can result

in suboptimal outcomes for those in need of assistance.

Nowadays, there are numerous applications for smartphones or tablets that we can use
free of charge through the APP STORE (I0S) and PLAY STORE (Android), which can be
used by patients with dementia to help in their care, to promote the practice of physical
activity and good nutrition, and to support the management of medication [58].

Here we show examples of applications from PLAY STORE:

1. Yo te cuido Alzheimer: with a rate of 4.9 out of 5 and with great comments,
this is an application dedicated to solving doubts and questions that arise in
caregivers and people with Alzheimer's in everyday life. The application was
developed by Lapisoft in collaboration with the Association of Families of

Alzheimer's Patients of A Corufia (AFACO)(Figure 2 —3).

Una util herramienta
para el dia a dia de
cuidadores y enfermos

Toda la informacion Encuentra respuesta
que necesitas en a tus dudas sobre
una practica app comida, salud...

YoTeCuido

Aop Fara Cudadnes y
wectacos o Auheemer

Figure 2 - 3 App "Yo te Cuido".
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2. Memory Exercise for Alzheimer’s: with a rating of 4.8 out of 5, this is an
application for working and developing memory. The application was developed

by Furkan Torun in Istanbul, Turkiye (Figure 2 —4).

Test and improve your memory Observe and memorize which
and your hand-eye skills easily numbers are selected,

HIGH SCORE: LEVEL 11

LEVEL 2

Figure 2 - 4 App "Memory Exercises for Alzheimer".

3. Amyloids: An Arcade game that features a rate of 4.8 out of 5. The game is
named after a toxic protein that is created in the brain during Alzheimer’s, and
the game was created in a way that researchers can get more concrete data for
their studies. The application was developed by a group of UK researchers called

Alzheimer's Research UK (Figure 2 — 5).

Alzheimer's I N FO

Eisearch Amyloid plaque

AMYLOIDS

brain celis. Yo
ove it from the

& QUICK PLAY ‘ e
P> RESUME

aliSTATS
& DONATE

Figure 2 - 5 Arcade Game "Amyloids".

15



We can also mention other types of technologies that support the day-to-day life not
only of the individual with dementia but also the informal caregiver. From these, we
highlight motion sensors for when the individual still has motor flexibility and can walk
normally around the house, helping to understand where in the house the individual is;
articulated beds that support the bed and rise of the same; and location through GPS
[59].

2.6. The use of tablets in Dementia Disease

The use of tablets has shown promise in supporting individuals with dementia. Tablets
can provide a user-friendly interface and a range of applications that can enhance
cognitive function, facilitate communication, and provide entertainment for people with
dementia [60]. Tablets offer various cognitive stimulation apps and games that can
engage individuals with dementia. These apps often target memory, attention, problem-
solving, and language skills. They can be customized to suit the individual's abilities and
preferences, providing interactive and engaging activities to stimulate cognitive function

[61].

Tablets are suitable as adjuvants in different therapies. For example, reminiscence
therapy is commonly used in dementia care to evoke memories and promote
conversation. Tablets can be loaded with photos, videos, and music from the individual's
past, allowing them to reminisce and engage in meaningful discussions. This can help
improve mood, communication, and overall well-being [62]. Regarding communication,
dementia can affect an individual's ability to communicate verbally. Tablets can be
equipped with communication apps that use pictures, symbols, or text-to-speech
capabilities to facilitate communication. They can also provide access to video chat
applications, enabling individuals with dementia to connect with their loved ones,
reducing feelings of social isolation [52], [60]. Tablets can also be used as a visual
reminder system for medication management. Apps can be set up to send reminders for
taking medications, displaying pictures or textual prompts to guide the individual
through the process. This can help improve medication adherence and reduce the risk
of missed doses. Finally, Virtual Reality (VR) applications on tablets can provide

immersive experiences that engage the senses and stimulate cognitive function. VR can
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recreate familiar environments, offer relaxing nature scenes, or provide interactive
games. These experiences can promote relaxation, reduce anxiety, and provide sensory

stimulation for individuals with dementia [63].

In order to ensure optimal usage of tablets in dementia care, it is imperative to
personalize the experience based on the individual's unique capabilities and
preferences. Ongoing support from caregivers or healthcare professionals may also be
necessary to facilitate the process. Additionally, further research is necessary to fully
understand the long-term benefits and potential drawbacks of tablet usage in the

context of dementia care [64]-[66].
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3. Understanding the problem and gathering requirements
3.1 Online Questionnaire to Informal and Formal Caregivers

To carry out this research project, we started by developing questionnaires that were
disseminated through various communication channels to both formal and informal
caregivers. This dissemination of questionnaires aimed to understand who these
informal caregivers were, what the relationship between them and the person they
cared for and, above all, what their need was, what they most needed. As for the formal
caregivers, we were interested in knowing what their professions are, where they mostly
work, as well as their needs in order to meet common needs between them.
Furthermore, we conducted interviews with both categories of caregivers, with the
intention of knowing more about each one, as each caregiver is different, from the

personality to the person they care for, as well as their specific needs.

During February 2020, an online questionnaire was conducted to gather information
from informal caregivers. The following questions were included: 1) What is your age?;
2) What is your relationship with the person with Dementia Disease; 3) Since when are
you an informal caregiver?; 4) What is the stage of the disease of this person?; 5) What
is the age of this person?; 6) What were the changes in your day after becoming an
informal caregiver?; 7) Being an informal caregiver had any impact on your social life?;
8) How do you describe your physical condition after becoming an informal caregiver?;
9) How much time a week do you dedicate to yourself? Why?; 10) Could you describe
any situation you went through after being an informal caregiver?; 11) If you could
choose any type of assistive technology, which one would you choose?; 12) With the
new situation of social distancing due to COVID-19, have you been experiencing more
difficulties in being a caregiver for a patient in a dementia state?; 13) If you would like
to be included in a future part of this study, you can leave your contact details in this
field. This survey was carried out using Google Forms and was disseminated by various

groups on Facebook related to the topic in question in order to reach more people.
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The survey received a total of 75 responses. From these 75 answers, we could conclude

that the age of informal caregivers ranged between 20 and 85 years old, with a mean

age of 48.9+12.6 years. Regarding the relationship with the person with dementia, most
of the informal caregivers were sons/daughters (68%), husband/wife (9%), informal
caregivers hired (9%), grandchildren (5%), and brothers (3%). It is an established truth
that women are primarily responsible for caregiving duties and are more frequently
recipients of care. This phenomenon can be attributed to the fact that women tend to
have a longer average lifespan than men [43]. Asking since when these person were
informal caregiver we noticed that the most usual time of being an informal caregiver is
2 years (15%), 8 years (12%), 3 years (11%), 10 and 4 years (9%), 15 and 7 years (7%), 6
and 5 years (5%), 18 years (4%), 14 and 11 years (3%), 40, 12 and 9 years (1%). Regarding
the stage of the disease, we had answers for initial (23%), intermediate (28%) and
advanced (39%). When we ask about the age of the person with dementia disease, we
get the most different answers as 73 years old (9%), 88 years old (7%), 82 and 87 years
old (5%), 76, 90, 80, 68, 83, 89 and 70 years old (4%), 78, 69, 72, 84, 85, 76, 91, 79 and
100 years old (3%) and with 1% of the answers 96, 56, 86, 75, 81, 63, 77 and 93 years
old. When we ask more personal questions like "What has changed in your life after
being an informal caregiver", we can get the most diverse answers as follows for
example: “Everything”, “Time became very short”, “Although it hasn't changed much,
because my mother's type of dementia only affects the dialogue part, | started to contact
my mother many more times a day, either in person or by phone.”, “Completely changed
mine and my family's household because we decided to move to my father's residence
to provide him with maximum support and support because he lived alone.”, “I no
longer have time to take care of my health, my family, the stress and it increased due to
the lack of attention in hospitals and social security”, “It completely changed my life
because | am limited to being 24 hours dependent on my brother's situation because we
live in the same house alone.”, “Absolutely everything! | chose not to have a professional
or social life in favor of having a life dedicated to the person most important to me”,
“My whole life has changed...my routine is to care 24 hours a day...I don't have time for
anything other than care...”, “Routines / sensitivity / increased concern / | can no longer

n u

go out to be with my mother / more careful eating.”, “I can't be away from home for a
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long time, | don't have holidays and my whole life is conditioned by my mother”,
“Namely, greater social isolation and greater distance in the relationship | had/have with
my brothers”, “Yes, | stopped having a personal life, making friends, being able to go to
a café”, “The routine, everything changed... It was an adaptation of new schedules,
tasks”, between others, basically all caregivers complain about a life of greater social
isolation, or even of no longer having a life, of going out, of socializing.

When we asked these informal caregivers about their physical condition, we received
answers such as "worn out", "exhausted", "tired", "very depressed", "I stopped
exercising"”, "huge blood vessels burst in my legs", "back discomfort”, "body pain,
especially shoulders, knees and back", "l lost a lot of weight", with these responses, we
see a caregiver who wears himself out, who is mostly tired. When we asked how much
time these caregivers dedicate to themselves, the answers were little or no time, as they
have no one to leave the people they care for, they do not have a space to rest or relax.
We asked these caregivers to describe any situation they have experienced after being
informal caregivers. We obtained the following answers as an example “After being an
informal caregiver, and appreciating art, | started to value all of my mother's behaviors
without getting into confrontation and laughing with her. Creativity is our best ally for
the situation in context. We are all artists. And when I'm with her, I'm an actor because
| enter her world, | put myself in her place.”, “Sometimes the user does not understand
what situation they are in, and they think they are capable of carrying out tasks that
were once simple and are now complicated. This causes the person in question to have
depressive cycles or aggressive moments, which makes it difficult to treat the person.”,
“Having to go to the hospital urgently and not having anyone to stay with my
grandmother as the group of people around is scarce, however, | managed to get help
from a neighbor for this specific situation”, “It has happened several times, when I'm
with my mother, and we meet someone | know, that | have to be the one to give
meaning to the conversations because they lack the words.”, “Regular absences from
work, need to be medicated for anxiety attacks and depressive symptoms, crying spells
with the desire to leave home altogether”, “So many horrible and incredible things, but
what shocks me the most is society's lack of understanding of a problem they are
fortunate enough not to know about.”, “At first my mother disappeared from the

hairdresser without realizing it, it was a big shock, my mother often doesn't know who |
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am”, “My mother doesn't recognize me or wakes me up at dawn saying | got home at
that time, etc.”, “In times of crisis | was often attacked. You must take it daily said strong

medication”.

Later the same year, in November 2020, we conducted a second online survey. The main
goal of this second survey was to see if during the time people were at home because
COVID-19, the pattern of informal caregivers changed, as well as to obtain new
information with different question as 1) Gender; 2) What stage of Dementia disease
does the person fall into? 3) What is the age range of people with dementia? 4) What is
your relationship with the person with Dementia disease? 5) If your answer was
"FORMAL CAREGIVER", what is your area of work? 6) If your answer was "INFORMAL
CAREGIVER", what is your relationship with the person with dementia? 7) The person
with Dementia disease in question usually: 8) In your opinion, what are the needs of
people with Dementia disease? 9) In your opinion, what are the goals for people with
Dementia disease? 10) Does the person with dementia with whom you have contact
usually use assistive technologies in their daily lives? 11) If you answered "YES" to the
question above, what are they? 12) Do you usually play memory games with the person
with Dementia Disease? 13) If you answered "YES", what genre of games do you use?
14) Do you think that a person with Dementia Disease would adapt well to an activity
that involves interaction with some technology? 14) Do you think that virtual activities
will help improve the day-to-day life and the memory capacity of people with Dementia
Disease? 15) Do you think music would help people with Dementia disease improve? 16)
Do you think that dancing would help in the motor performance of people with

Dementia disease?.

From this questionnaire, we collected 58 answers from informal and formal caregivers.

Regarding the sex of the caregivers 77.6% were female and 22.4% male.

Concerning the age of the person with dementia the respondents were caregiving, it

ranged from 50 to 100 years old (Figure 3 —1).
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Qual é a faixa etdria do pessoa com Demencia?
58 respostas

40 -50
50 - 60 3(5,.2%)
60-70
70-80
80-90

90 - 100

Figure 3 —1 Answer from the questionnaire to caregivers of people with dementia, Question 3) What is the age range of
people with dementia?

In this new questionnaire, we had a more specific question about the relationship with
the person with dementia and we observed that 64.4% of the persons were

sons/daughters (Figure 3 —2).

Se a sua resposta foi "CUIDADOR INFORMAL" qual a sua relagdo com a pessoa com Deméncia?
45 respostas

@ Esposo/a
@® Filho/a

@ Neto/a

@® Primo/a
@ Tio/a

@ Afilhado/a
@ Sobrinho/a
® Genro

12V

Figure 3 - 2 Answer from the questionnaire to caregivers of people with Dementia, Quention 6) If your answer was
"INFORMAL CAREGIVER", what is your relationship with the person with dementia?

Concerning the use of technology, when asking if the person with dementia disease had
contact with technology in daily life, we had 44.8% of the answers with “yes” and 53.4%

with “no” (Figure 3 - 3).
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A pessoa com Deméncia com o qual tem contacto costuma utilizar tecnologias assistivas no seu
dia-a-dia?
58 respostas

Sim 26 (44,8%)

31 (53,4%)

(alguns sim)

sim mas tem que ser estimulada
e com supervisao

Figure 3—3 Answer from the questionnaire to caregivers of people with Dementia, Quention 10) Does the person with
dementia with whom you have contact usually use assistive technologies in their daily lives?

When asked if they could adapt well to an activity that involves technology, on a
response scale from 1 - Would not adapt to 5 - It would adapt very well, we had 44.8%
that answered “Yes” and 53.4% that answered “No”, 1.7% that answered, “some yes”,
and 1.7% that answered, “yes but with stimulation and supervision”. This questionnaire
was open to formal and informal caregivers, so we obtained responses from both, with
72.4% of responses coming from informal caregivers and 27.6% from formal caregivers.
From the formal caregivers, the major of answers was from the technicians (music
therapy, psychometrician, Snoezelen) with 31,3%. When we ask what the person with
dementia usually does during the day, we get answers such as spending the day in a Day
Center (24.1%), Staying at home with the Informal Caregiver (56.9%), Living in a Nursing
Home /Home for the elderly (13.8%). When we asked about their opinion, what are the
needs of people with Dementia, we obtained answers such as Medical Care (53.4%), a
better physical quality (51.7%), A good quality of social and emotional life (79.3% ),
Access to support services (55.2%), Support from a formal/informal caregiver (58.6%).
When asked what the objectives of formal/informal caregivers are for people with
dementia, they respond: Being active and doing things you like (72.4%), achieving an
improvement in aspects related to the disease (51, 7%), Enable them to be independent

in some day-to-day tasks (70.7%).
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These surveys helped us to understand from a more realistic point of view who the
informal/formal caregivers were in that period, it also helped us to think in a more

cohesive way about the focus we wanted to direct when carrying out the application.

3.2. Interviews with Formal and Informal Caregivers

We conducted several interviews with informal caregivers, neuropsychologists, and
psychometricians with the goal understand what the needs of this population are. We
had several meetings with informal and formal caregivers as “NA”, an informal caregiver
and one of the members of ANCI; with the neuropsychologists “GF” and “LN” from
Alzheimer Portugal, where we had an impressive conversation about the disease and
about the Alzheimer Portugal; with Dr2. “PC”, psychometrician “BT” and Music Therapist
“PJ)” from Lugar de Memodrias, where we could discuss ideas and have more information.
Additionally, we had a meeting with “MA”, a psychologist from the Unidade de
Alzheimer da Ribeira Brava, where we could understand the differences between the

population and others.

During an interview with “BT” a psychometrician from Lugar de Memérias, we delved
into the topic of creating cognitive games specifically tailored for elderly individuals who
suffer from dementia. It quickly became evident that these games are not only beneficial
for those who suffer from the condition but also for anyone who is in the process of
aging. The importance of such games cannot be overstated, as they play a crucial role in
maintaining cognitive function and overall mental acuity. It is of utmost importance to
ensure that individuals who are suffering from dementia receive adequate stimulation,
as a lack of such stimulation can have a profound impact on their physical and cognitive
health. It is crucial to provide them with activities and experiences that will engage their
senses and keep their mind active, thereby reducing the risk of further deterioration and
promoting a sense of well-being.

Determining the ideal time to engage in cognitive games varies depending on the
individual. However, “BT” suggests that people are more inclined to participate in such

activities during the morning hours as happens in Lugar de Memdrias. By contrast,
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undertaking cognitive games in the afternoon may prove less effective since individuals

tend to feel more fatigued and disoriented at that time.

As part of the activity plan for users in nursing homes, health homes, and day centers,
cognitive stimulation exercises are consistently included from their admission until their
discharge. These activities can be done individually or in a group, depending on the
person's personality and the stage of their illness. Engaging in these types of activities
can greatly enhance an individual's cognitive abilities. These activities focus on a range
of cognitive skills, such as concentration, numerical processing, retention of information,
communication, motor skills, higher-level thinking, and many others. These are activities
that require understanding the association of words to images, colors, everyday objects
in daily life activities, musical instruments, overhead projector, sticks, bows, buttons,
small colored balls, books sensory, adapted bingos, mimicry, mandalas, letter soups,

works manuals, sentence construction, mathematical calculations, beads.

In the Lugar de Memdrias, a Day Center for people with Dementia Disease, users
participate in sessions individually or in groups. Group cognitive stimulation sessions are
mostly performed by the Psychologist; however, all technicians perform group and
individual sessions with users. In the area of music therapy and occupational therapy
individual and group, sessions have a duration of one hour. In Psychomotricity,
individual sessions vary between 30 to 45 minutes and group sessions vary between one

hour and one hour and a half.

“BT”, refers that technologies are an interesting and useful tool for populations with
dementia, as they are visually appealing, allow to increase the user’s self-esteem, since
most of them are not familiar with the use of these instruments, and still allow anyone

and everyone, even without literacy, to manage to perform the proposed tasks.

We asked about the usability of a tablet in Lugar de Membdrias, and it was answered that
they already use the tablet and with success. Everyone can perform activities effectively
on them. It was added that any user with dementia can use the tablet if the activities

meet the preferences.

25



The psychometrician “BT” still referred that all exercises are important, however, those
that involve everyday objects are fundamental for every user with dementia. The
approaches used are those of naming, categorizing, associating, and identification of the

different types of therapy available at Lugar de Memdrias.

During the interview, we spoke about reminiscence and highlighted that it is important
and inevitable in the exercise’s cognitive performance. In the area of Psychomotricity, is
often resort to images from the old days and compare them with recent images, with
respect to means of transport, kitchen objects, toilet, television, telephone, gardening
utensils, public figures, clothing, professions, music, culinary recipes or photographs of

users and their families.

With the confinement in the pandemic situation because of the SARS-COV-2, we listen
to cases of people with Dementia Disease that regressed at a cognitive level, in this day
center, all users without exception lost some skills at both the motor and cognitive levels.
After the reassessment of users in June 2020, when the center reopened, all suffered a
reduction in the quotations of the applied scales. It is suspected that such is due to the
lack of stimulation and the absence of the routines that they had when they went to the

Day Center.

We spoke about the idea of this project is to bring to the home of people with the
disease, and with the help of the family, a cognitive game, where they can play, and train
the cognitive sense without knowing that they are training, to what the psychometrician
answer would be very useful, as their work in the day center would be more complete if
all family members performed some of their proposed tasks in, they reach the house.

And even for the family members themselves, it would be beneficial, since the user

would end up being less time stopped and in turn calmer and busier.

Interviews are truly an asset, as they help us understand each service, person and

situation in greater detail. Since we denote the differences between informal caregivers

and services that provide care by formal caregivers.
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3.2.1. Interviews with dementia population

During interviews with the dementia population, it is often more effective to use closed
guestions that can be answered with "yes" or "no" for several reasons. Individuals who
have dementia often experience a range of cognitive impairments that can make it
difficult for them to understand and respond to open-ended questions that require a
more complex or detailed response. Closed questions, on the other hand, simplify the
cognitive demands of the interaction and provide a more structured and manageable
format for individuals with dementia to respond to. Open questions can sometimes lead
to confusion or anxiety in individuals with dementia because they may struggle to find
the right words or context for their responses. Closed questions reduce this cognitive
burden and help individuals feel more at ease. Using closed-ended questions when
communicating with someone who has dementia can be highly beneficial. By phrasing
questions in a clear and specific manner, individuals with dementia are better able to
comprehend and process the information being conveyed. This approach can ultimately
result in more precise and significant responses. Nevertheless, while closed-ended
questions can be advantageous, it is important to maintain a balance. Open-ended
guestions can also be valuable in specific circumstances. For instance, they can foster
dialogue, prompt individuals to share personal anecdotes, or provide an opportunity for

them to articulate their sentiments and viewpoints.

3.3. Observation with Informal Caregivers

We performed observation in two different private homes. In the first observation
session we addressed the case of C1, an 85-year-old lady with a dementia state in the
initial phase. This lady was still showing a good degree of autonomy with her daily tasks.
The observation took 4 hours (in her house and the café). We observed a calm
personality with some punctual changes when frustrated or when the daughter told her
to do something; a lady that still cooked and cleaned, with a good cognitive and motor
functionality, but that when tired or performing the same task for a long period, got
easily lost. This family lost a member two weeks before the observation. In an initial

conversation with C1, she referred that event, but in the middle of the observation
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session, she started asking about the time the deceased person would arrive. She did

not remember about his death.

In the second session, we observed C2, a 93-year-old lady that was completely
dependent on her daughter. The husband of C2 was 96 years old and could not provide
extended support to his wife because of his age. Hence, the daughter moved to their
house and was responsible for most of the tasks. C2 had dementia disease in an
advanced stage, could not talk and eat properly (she had a nasogastric tube to eat, where
the daughter gives the food with a syringe) and could not walk. It was a 2 and half hours

observation session, where were never saw the informal caregiver take a rest.

It was very important to have this opportunity to observe and spend a little time with
informal caregivers, often with the feeling that they were left abandoned, tired and
exhausted from caring for someone with Dementia every day. What we realized is that
there is a gap, perhaps in terms of resources, where information does not reach
everyone. When we spoke to these informal caregivers, they mentioned their difficulties,
from not having time to take care of themselves or even their homes as a whole, as the
people they care for are not alone, to having to resolve issues outside of their homes
and they had to take them too, they had no way of entertaining them in a way that would
leave them relaxed and at ease. These caregivers were looking for something that could
be used as a form of entertainment for these people, that would be an asset on a physical

and mental level, and that would be easy to transport.

3.4 Participatory Design

We did a participatory design study (Figure 3 — 4) that was accomplished with the
psychometrician “BT” and the neuropsychologist “LN”, from where we could take
valuable insights. The objective of carrying out a Participatory Design with formal
caregivers, in this case neuropsychologists and psychometrician, was to understand how
at a visual level we should create our application, in order to follow the needs and

parameters relating to people in this population. This small study was carried out in two
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individual sessions with the formal caregivers in question, where we discussed ideas and

exercises examples.

The cognitive stimulation of a person with Dementia Disease must be the most worked
because it is the area that is more damaged. After the lockdown, they noticed that the
people with dementia disease that stayed at home lost a part of their cognitive skills,
because of the little interest from the familiars, maybe because of the way that the

cognitive exercises were given.

For a tablet application, we should have in mind the use of solid colors and not too dark,
light, and clean backgrounds. It is not nice for people with dementia to have many visual
stimulations, as they start to stay confused, restless, and anxious. Not often able to work
the cognitive part. The images on the screen should be realistic and have a measure of
at least 8x6 centimeters. Sometimes, and depending always on the person and the stage
of the disease, if the image is not realistic, they cannot understand what it is. For the
buttons of the cognitive game, we should use a diameter of 3 centimeters for circles and
3x3 centimeters for squares. About the words to apply during the game, we should not

use formal words, as they cannot understand them.

The cognitive exercises that we can add can be associated with words and images, for
instance, we can put an image of the sun, and the words wind, rain, and sun, and the
people with dementia have to say which one it is. We can use the hangman game, putting
the letters of the beginning, middle, and final. As well use exercises that they can train
the house divisions, the flowers, types of food, countries, the seasons of the year, types
of clothes, the family members (degrees of kinship), the body parts, the vegetables, fruit,

and festive seasons.

If we want to add music, we must go back to their Epoque and check first in general
which type of music they like the most, for instance, the singers Amalia Rodrigues, Zeca
Afonso, Carlos Paido, Paulo de Carvalho. We can create cognitive exercises by adding the
lyrics with some missing words where they must choose the right one or as well play the

music and they must discover what the singer is.
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About festive seasons, we can create exercises with recipes, images of the seasons, and
proverbs that they must complete it or discover the word that is missing.

If we want to add mathematics, we can use exercises where they can add or subtract
money, for the ones who are still independent in this part and still use money. And
complex accounts that for them are, for instance, 25+75=99/121+69=190 or

7x7=49/9x8=72.

We should not use any punctuation, time, or add any pressure so that they cannot be
frustrated or comparisons during group sessions. We should always give rewards with
sounds like claps and fireworks, and use sentences such as “Great, you did it! Or

III

“Amazing, you are the best!” if they managed to solve all the exercises, or “Wow, you've
made it this far. Let's try again” and “You are the greatest! We were able to solve a lot of
exercises. Let's try again?” for when people with Dementia Disease are unable to solve

the exercises.

The participatory design with both formal caregivers was very important to understand
the real needs of a person with dementia. The truth is that even if caregivers monitor
the entire use of the application, it becomes difficult when it is not well received by our
target audience, whether because of very small images, very complex questions, sounds
that create frustration, among other points that make these users lose all interest in the
application.

From this point onwards, whole visual research began, as well as sketches of what was
intended, where we began to shape our application. In the image below (Figure 3 - 4),
we can visualize a summary of what was extracted from the entire participatory design,

which was divided into four key points, namely Technology, Design, Game Features.
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Design Toolbox

Technology

- Tablet application

- Portable

- Usable everywhere

- No need for print if send it to home

- Usable because elder people are not used to it
- Create a connection between the younger and
elder people

- Database where we can check the evolution
from each user.

- As future work, the updates will be done
directly in the application

Design

- Real images

- Images with 8 cm x 6 cm

- Buttons with 3 cm x 3cm or 3 cm of diameter
- Light background

- Light color (soft/pastel colors)

- Easy sentences

- Screen composition without too many visual
stimulations, because causes stress

Game

- Ludic and didactic

- Easy to understand

- Give a challenge 1n a certain way

- Funny and motivational

- Use of hints during the game to help the user

Features

Cognitive exercises:

- Words and images association

- Hangman Game using almost all the letters of
the word (i.e., B N_A)

- Inverted cards

- Not too much information

- Themes: House divisions, Flowers, Food,
Seasons, Countries, Clothes, Family kinship,
Body parts, vegetables, Fruit, Festive days

- Music (instrumental, vocal)

- Festive Seasons (music, recipes, images)

- Count of vowels in a word

- Complex and simple accounts (i.e., 24+27=/
121+69)

Figure 3 -4 Design Toolbox created with formal caregivers.
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3.5 Personas

Personas are fictional characters or representations that are created to embody specific
user types or audience segments. They are widely used in various fields, to better
understand and address the needs, goals, behaviours, and preferences of different
groups of people. Personas help teams and individuals develop a deeper empathy for
their target users, allowing them to design products, services, or experiences that are
more relevant and user centric. We developed two personas that represent potential

typical users of our application.

Licia Pereira

Informal Caregiver

Age . 58
Occupation : Retired Teacher
Locations . Funchal

—— Personality Traits —

Empathetic, patient,
creative, nurturing,
determined

Bio

Licia Pereira is a 58-year-old retired teacher who lives with her husband in Funchal. Her
father, Carlos, was diagnosed with mid-stage Dementia disease six months ago. Licia is
deeply committed to providing the best care for her father and has taken on the role of
his primary caregiver.

Goals

1) Create a supportive and stimulating environment for her father's cognitive well-being.
2) Learn effective techniques for engaging Carlos in meaningful activities that promote
cognitive function.

3) Find ways to manage challenging behaviors and communication difficulties.

4) Balance caregiving duties with her own self-care and maintaining her social life.

5) Preserve her father's dignity and quality of life as his condition progresses.

Challenges

1) Adjusting to the changes in her father's behavior and memory loss has been emo-
tionally taxing for Licia.

2) Finding activities that align with her father's interests and abilities can be chal-
lenging.

3) Licia often feels isolated as caregiving responsibilities limit her social interactions
and her activities.

Key Needs

1) Practical guidance on planning and implementing cognitive stimulation activities
at home.

2) Strategies for managing stress and seeking respect to prevent burnout.

3) Connection with support groups or online communities for caregivers.

4) Resources for understanding the progression of Dementia disease and adapting

care strategies accordingly. A

Figure 3 -5 Persona 1, Licia Pereira.
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Dr. Marco Marques

Neuropsychologist

Age - 40

Occupation . Neuropsychologyst

Locations : Funchal
Personality Traits

Analytical, compassionate,
innovative, detail-oriented,
dedicated to research-driven care.

Bio

Dr. Marco Marques is a 40-year-old neuropsychologist with a specialization in geriatric
care. He works at a leading research hospital and is dedicated to improving the cogni-
tive health and quality of life of older adults, particularly those with dementia. Dr.
Marco is involved in clinical research and the development of cognitive stimulation

interventions.

Goals
1) Develop evidence-based cognitive stimulation programs tailored to the unique

needs of dementia patients.
2) Stay updated with the latest research and developments in the field of cognitive

interventions.
3) Collaborate with interdisciplinary teams to provide comprehensive care for demen-

tia patients.

4) Advocate for the integration of cognitive stimulation into standard dementia care
protocols.
5) Contribute to the training and education of fellow healthcare professionals.

Challenges

1) Balancing her clinical practice, research, and administrative responsibilities is

demanding.
2) Navigating ethical considerations when working with vulnerable dementia patients

and their families.
3) Ensuring that cognitive stimulation interventions are culturally sensitive and

accessible to diverse populations.

Key Needs

1) Access to the latest research findings, clinical studies, and best practices in cognitive
stimulation.

2) Tools and technologies for designing and monitoring personalized cognitive stimula-
tion programs.

3) Collaboration platforms to coordinate efforts with other healthcare professionals and
researchers.

4) Opportunities for professional development and presenting her work at conferences.

Figure 3 —6 Persona 2, Dr. Marco Marques.
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Creating personas for healthcare professionals is typically defined with specific
goals because these professionals need clear guidance and training in providing
consistent and effective care. Healthcare professionals, including doctors, nurses,
psychologists, neuropsychologists, and caregivers, benefit from clear personas
because it helps them understand their roles, responsibilities, and the specific
needs of the patients they are caring for. These personas guide professionals in
delivering standardized care protocols. In a healthcare setting, consistency in care
is crucial to ensure patient safety and quality of care. Standardized personas for
healthcare professionals help in achieving this consistency. In contrast, creating
personas for patients is a more nuanced process. Each person with dementia is
unique, and their needs, preferences, and experiences can vary greatly. When
providing care for dementia patients, it is essential to take an individualized
approach. Dementia patients come from diverse backgrounds, have different life
experiences, and may have varying levels of cognitive ability. Creating a one-size-

fits-all persona for them is not practical.

In the context of our application, we found it imperative to focus on creating
personas for formal caregivers rather than for individuals with dementia. This
approach allowed us to gain a better understanding of the needs, preferences, and
challenges faced by the caregivers who are responsible for providing care and
support to people with dementia. By creating detailed personas for formal
caregivers, we can develop tailored solutions that consider their unique
circumstances and improve the overall quality of care provided to individuals with

dementia.
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4 Development of MentalSense: A Ludic and Didactic Game for people with
Dementia

The implementation of the solution in this project is a result of thorough research,

incorporating state-of-the-art techniques, interviews, observations, questionnaires, and

participatory design studies. The collective input from these efforts has been

instrumental in developing a comprehensive and effective solution.

When designing for individuals with cognitive limitations, such as dementia, it is
imperative to take into account their deficits in attention, perception, memory, and
problem-solving, as these can significantly impact their interaction with technology. It is
crucial to consider these limitations when designing technology that will be used by this
population, as it can greatly improve their ability to use and benefit from the technology.
Therefore, it is essential to incorporate design features that are tailored to the specific
needs of this population, such as simplifying interfaces, reducing cognitive load, and
providing clear and concise instructions. By doing so, we can ensure that technology is
accessible and usable by all individuals, regardless of their cognitive abilities[67]. Hence,
the following elements should be considered: 1) Eliminating what causes stress and
frustration, creating a simple design, and reducing the complexity of the software; 2) All
the tools needed on the screen, without having the need to investigate the application;
3) Use of large icons, buttons, and images; 4) Familiar names and simple sentences; 5)
Use of descriptive texts to help the way they use the application; 6) Use of appropriate

graphics; and 7) Use of light and soft colors [68].

4.1 Brainstorming Process

Brainstorming is a widely recognized technique that is employed to generate creative
solutions to problems. This involves the generation of a large number of ideas within a
short period of time, which allows for the exploration of various perspectives and
potential solutions. The main objective of brainstorming is to encourage free thinking
and suspend judgment during the idea-generation phase, thereby allowing participants

to come up with innovative and unique solutions. By setting aside criticism and allowing
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ideas to flow freely, a range of diverse ideas can be generated, which can then be
evaluated and refined to select the best solution. Brainstorming is, therefore, an effective
means of generating a variety of ideas that can be assessed, resulting in the selection of
the most suitable solution. Nine brainstorming (figure 4 — 4) sessions were held, some
of the sessions using research at the time and others with the support of formal and

informal caregivers. Some of the ideas that emerged were:

1. Using a bracelet (an element that is not very evasive to the patient) with
sensors, which would be connected to an application and which, through
graphics, would show the level of colors and waves as the Dementia Patient
is (anxious, afraid, happy, sad...).

2. Also with the bracelet, the patient, depending on his emotional state, would
listen to music that would provide calmness and serenity. In order to help the
informal caregiver to modify the emotional state of the patient.

3. Using atracking system. This need was referred by “NA”, an informal caregiver
and member from ANCI — Associacao Nacional de Cuidadores Informais. She
told us that this solution is needed in Portugal.

4. The need of memorandos. Placement of a device with reminders in the
homes of people with Dementia, activated with sensors and connected to an
application controlled by the informal caregiver, who, when passing by, would
refer to their name, such as: "Hello Ana.", with information regarding the
calendar and what the person should do that day.

5. The use of Playtronica device which is a creative platform that combines
music and technology to create interactive experiences. It allows people to
explore music and sound in a hands-on and playful way. Playtronica offers
various interactive devices and tools that enable users to turn everyday
objects into musical instruments or create music through physical interaction.
Playtron (Figure 4 — 1), which is a device that we can connect to 16 objects
with alligator clips, picking different sounds for each (Figure 4 — 2; Figure 4 —

3).
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Figure 4 - 1 Playtron Device.

A key goal of the therapeutic approach is to help people and groups who are impacted

by Dementia Disease to produce sound using everyday objects within a calm and

peaceful setting. Additionally, the approach aims to incorporate a tactile element to

further enhance the sensory experience. By providing a variety of objects and materials

that can be touched and manipulated, individuals with Dementia can engage in a

stimulating and rewarding activity that promotes relaxation, creativity, and social

interaction. The use of sound and tactile sensations has been shown to have a positive

impact on those with Dementia, as it can improve their mood, reduce agitation, and

enhance their overall sense of well-being.
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~

Figure 4 — 2 /3 Setup for the Playtron experience.

When we reached out to Playtronica with the idea for our study, they were quick to offer

their Playtron device for us to use. The device proved to be an integral component in our



research, allowing us to understand what we were looking for. We are grateful for
Playtronica's prompt response and willingness to support our work with their
technology. Since after a more in-depth study of the subject and a meeting with the
music therapist from “Lugar de Memdrias”, and after her and the director of the space
tried the Playtron, we reached the conclusion that the idea would not be the best due
to the loss of interest of the users. The sounds created were not captivating and the

objects used, or that could be used, were not of interest to all users, due to the different

and special needs of each one.

Figure 4 — 4 Brainstorming.

4.2 Moodboard

A moodboard is a visual tool used to capture and convey the overall mood, atmosphere,
and aesthetic of a concept, project, or design. It is a collage or collection of images,
textures, colors, patterns, and typography that represents the desired look and feel of

the subject matter.
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Figure 4 - 5 Moodboard for MentalSense design

Moodboards are commonly used in various creative fields such as graphic design,
fashion design, interior design, advertising, and marketing. They serve as a source of
inspiration and a visual reference for designers, clients, or collaborators to ensure a

shared understanding of the desired visual direction.

The moodboard (Figure 4 — 5) was created at an early stage of the project, where images
were chosen that inspired us to start the entire design of the project, this being a visual

basis for the project.

4.3 Color Study

Itis important to take into account the specific needs and sensitivities of individuals with
dementia when choosing colors for their environment or designs [69]. It is crucial to
understand that each individual with dementia can have different color preferences and
responses. Therefore, it's necessary to observe and assess the specific needs and
reactions of the individuals in question [50]. Consulting with healthcare professionals or
specialists in dementia care can provide further guidance tailored to the specific needs

of the individuals we are working with.
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As mentioned by the psychometrician in the participatory design and following the state-
of-the-art, we should use solid colors and not too dark, light, and soft ones. Taking that

as a base, for the application we used the colors shown in Figure 4 — 6.

Thistle
#D9BCDA
#B1677D
Fo
#D8D6F6
Double Spanish
White
#EDD6C1
Rose Gold
#FOC6CT
Blue Angel
#BFC%H
Tropical Blue
#BFDBF7
Powder Blue
#BAE3E1
Wild Rice
#F1DF8A
Burly Wood
#DAB886
Magic Mint
#BOEBCD
Coriander
#B0oD797

Figure 4—6 Colors used in the application.

4.4 Typeface

Quicksand is a popular sans-serif font that is known for its clean, modern, and versatile
design (Figure 4 — 7). It was created by Andrew Paglinawan and is often used in various
design projects, including websites, print materials, user interfaces, and more.
Quicksand's characteristics make it a popular choice for conveying a sense of simplicity,
elegance, and readability. Quicksand has a minimalistic and straightforward style,
making it suitable for both headings and body text. It comes in multiple weights (Light,
Regular, Medium, Bold) and italics, allowing for flexibility in design. The font's clean lines

and open letterforms contribute to its high legibility, even at smaller sizes. Quicksand is
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available as an open-source font, which means you can use it freely for personal and
commercial projects without purchasing a license. We can find and download the
Quicksand font from various online font repositories such as Google Fonts, Font Squirrel,

or GitHub.

B Google Fonts Fonts Icons Knowledge FAQ $ ) a

Google Fonts > Quicksand B specimen 3E Type tester 4% Glyphs B About & license &, Download family

Styles
Type here to preview text 49px v el

jght 300

Whereas recognition of the inherent dignity
Whereas recognition of the inherent dignity

Whereas recognition of the inherent dignity

t SemiBold 600 &

Whereas recognition of the inherent dignity

Whereas recognition of the inherent dignity

Figure 4 — 7 Quicksand family font.

4.5 Story of the game

Storytelling in games is a dynamic and immersive way to engage players. It combines
traditional narrative elements with interactivity, allowing gamers to become active
participants in the story. Through character development and decision-making, games
can evoke strong emotional responses from players, creating a more profound
connection to the narrative. Storytelling in games for dementia is a fascinating and
promising area of game development, where interactive narratives are harnessed to
benefit individuals suffering from dementia or cognitive impairments. These games
utilize various techniques and strategies to provide therapeutic, engaging, and
supportive experiences for both patients and caregivers. In these games aims to trigger

emotional responses and memories. By presenting relatable and emotional narratives,
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games can help individuals connect with their past and evoke positive emotions, which

can be particularly valuable for individuals with dementia.

One of the therapeutic approaches that has been shown to be effective when working
with people with dementia is using a story. In this case, we are using a story of a missing
dog, that has to return home. Dogs can play a significant and positive role in the lives of
people with dementia. A dog often leads to increased emotional well-being. Dogs can
offer comfort, reduce anxiety, and provide a source of unconditional love and support.
This technique involves discussing a hypothetical situation where a dog has gone
missing, and the group is tasked with finding the dog. This exercise can help stimulate
cognitive function, promote memory recall, and provide a sense of purpose and
accomplishment to those involved. Additionally, it can serve as a topic of conversation
and social interaction, which can be beneficial for individuals with dementia who may
struggle with communication and socialization. Moreover, the story of a missing dog can
tap into the emotional connections and memories of individuals with dementia. Many
people have had positive experiences with pets, and this story can evoke feelings of
empathy and concern, fostering emotional engagement. Simple and relatable stories are
often easier for individuals with dementia to understand and follow. The story of a
missing dog is straightforward and does not involve complex plotlines or multiple
characters. The story can serve as a conversation starter. Caregivers, family members, or
healthcare professionals can use the story to initiate conversations and connect with the
person with dementia. Finally, engaging in the story can provide a distraction from any
anxiety, confusion, or distress that individuals with dementia might be experiencing. It
can redirect their attention to a more positive and engaging topic.

It is important to note that using the story of a missing dog is just one example of a
therapeutic approach. The choice of story or method should be individualized to the
person's preferences and cognitive abilities or to the population that we are working

with.
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4.6 Wireframes and firsts screens design

Wireframes play a crucial role in the design process, particularly in user experience (UX)
and user interface (Ul) design. They act as the fundamental blueprint for a digital product
by outlining its layout, structure, and functionality before the actual design and
development work begins. Wireframes serve as architectural sketches that guide
designers, developers, and stakeholders through the initial stages of a project. In the
following image (Figure 4 -8), we can find the wireframe made prior to the design of the

application.
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Figure 4 — 8 Application Wireframe.
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After finishing the wireframe, we switched to the Adobe lllustrator program to start
designing the application's screens, based on the participatory design and the state-of-
the-art. As described in point 3.4 of this dissertation, following the participatory design,
brainstorming, and initial sketches, the plan was to develop a cognitive stimulation app
for individuals with dementia. This app should be designed to be used in formal settings.
The initial idea was to create a game with levels as we can see in the figure bellow (Figure
4-9), in which users would have to answer several questions correctly until they reached
the last level. To do this, users would play with a dog, this being one of the most common

pets.

. Bcossense.

COGSENSE. .

COGSENSE.
COGSENSE.

JOGAR REGRAS SOBRE

ANIMAIS

Figure 4 - 9 Initial Design in Adobe Illustrator.

In order to provide a clear visualization of the application's flow, a pre-programmed
design study has been created and passed to Unity. The design study includes various

elements that allow for a comprehensive understanding of the application's structure.
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Figure 4-14 provides a visual representation of the design study, showcasing its
complexity and functionality. By using this design studly, it is possible to gain insights into

the various stages of the application and ensure that it operates smoothly and efficiently.

(f‘ i MENTALSENSE

i -

s === ]
MENTALSENSE

—— =

Figure 4 - 10 First Design Study programmed in Unity.

To gain insight into the application's visual aesthetics and layout, it is highly
recommended to refer to Figure 4-11, which showcases the latest version of the design
that is currently being finalized. The design was implemented in the pilot study as
discussed in section 4.11 and serves as a concrete representation of the application's

look and feel, including its color scheme, exercise regime, layout, and overall visual
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appeal. By examining this design, we can gain a better understanding of the application's

intended user experience.
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Figure 4 - 11 Design Study used for the Pilot Study.
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4.7 Flowchart

The image displayed below (Figure 4 — 12) illustrates a detailed flowchart of the
MentalSense application, which provides an overview of the navigation process. This
flowchart showcases every step that a user can take while using the application, allowing
for a better understanding of the application's functionalities. By studying this flowchart,
users can navigate through the application with ease and better comprehend the various

features available to them.

Go Back to the
menu

Go Back to the
menu

Home Page

No

Did you choose the Exercise

Notebook Menu?

Did you choose the
Game menu ?

}

Go Back to the
menu

Figure 4 — 12 MentalSense flowchart.
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4.8 Unity and Game Creator Plugin

Unity is a powerful and popular game engine that is widely used for developing both 2D
and 3D games across various platforms, including PC, consoles, mobile devices, and
VR/AR devices. It provides a comprehensive suite of tools for game development,
including graphics rendering, physics simulation, animation, scripting, and more. Unity
allows developers to create immersive and interactive experiences, making it a go-to

choice for game developers of all skill levels.

One notable aspect of Unity is its extensibility through plugins and extensions, which can
enhance its functionality and streamline the game development process. While Unity
itself offers a wide range of built-in features, developers often turn to third-party plugins
to further optimize their workflows and achieve specific goals. These plugins can cover
various aspects of game development, from asset management and optimization to Al

behavior and special effects.

One of the plugins, the "Game Creator" plugin, the one that was used to create the
application, is designed to simplify game development within Unity. It is a visual scripting
tool that allows developers to create gameplay mechanics and interactions without
writing extensive lines of code. With Game Creator, users can create game logic,
character behaviors, quests, and more using a node-based interface, often referred to as
visual scripting or node-based scripting. Game creator plugins are particularly beneficial
for indie developers, hobbyists, and those new to game development, as they offer an
entry point into the world of game design and programming without requiring in-depth
knowledge of programming languages. Game creator plugins typically offer a visual
scripting interface, where developers can create gameplay mechanics and interactions
by connecting nodes or blocks representing actions, events, and conditions. This
approach eliminates the need for traditional coding, making game development more

accessible.

Many game creator plugins include libraries of assets such as characters, animations,

environments, and sound effects. These assets can be easily incorporated into games,
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saving time and effort in asset creation. Popular examples of game creator plugins
include Bolt for Unity and Blueprints for Unreal Engine. These plugins have empowered
countless individuals to bring their game ideas to life and contribute to the diversity of

the gaming industry.

4.8.1 Tablet app in Unity

Creating a tablet app with game creator tools in Unity involves combining the capabilities
of the Unity engine with a visual scripting or game creator toolset to design and develop
interactive experiences for tablet devices. In the ever-evolving landscape of digital
technology, tablet apps have emerged as powerful tools that seamlessly blend utility,
entertainment, and creativity. Leveraging the capabilities of Unity, a robust game
development engine, developers have unlocked a realm of possibilities for crafting
engaging and immersive tablet applications that captivate users across diverse
demographics. Unity's versatile framework serves as an ideal canvas for tablet app
creation, allowing developers to shape interactive experiences that range from

educational wonders to captivating games and innovative utilities.

Here are some examples of programming done using Game Creator, in Unity. We created

four scenes to create the application (Figure 4 — 13).

AME > SCENES

2999

Figure 4 - 13 Scenes in Unity.

In the Scene Landing (Figure 4 — 14/15), we created a trigger with the following Actions:
1) Wait with the 0.5 time, and Load Scene, where we placed the name of the scene that

we wanted to appear in the value, as shown in the images below.
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= Hierarchy
+v «
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) Main Camera
D Directional Light
) Canvas
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@ Fundo
@ Rawimage
@ Start-POS-Trigger

@ Trigger
7 Actions - menu

0 Inspector =]

@ v Actions - menu Static v
v

Tag Untagged v Layer Default ~
J Transform o
Position X0
Rotation X O

Scale X1

== + Actions

= @ - Wait 0.5 seconds
Time to wait (s) 0.5
= < - Load scene Nivell
Scene Name Value

Nivell
Mode Single
Async

Add Action

Runin Background v
Destroy After Finishin

Add Component

Figure 4 — 14/15 Trigger from Landing Page.

The scene Nivell (Figure 4 — 16/17), is where we have the application menu segment
where we find the game with the animal as well as the notebooks by themselves and the

about menu.

= Hierarchy
+ -
< Nivell

_actividades

\

CADERNOS SOBRE
DE EXERCICIOS

Figure 4 — 16/17 Activities Menu.
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In these images we can see the menu of the application (Figure 4 — 18) as well the
segment of the application in the game part (Figure 4 — 19). Basically, we put all the
objects inactive, using the actions set active/inactive to create the applications, as we

can see in the image bellow in the inspector area.

4

\

CADERNOS
DE EXERCICIOS

Q 8
Figure 4 — 18 Game Object change with Set active/inactive.

SO VOCE ME PODE AJUDAR
A VOLTAR A CASA!

PARA ISSO TEM DE
COMPLETAR OS

EXERCICIOS ATE O NiVEL 12!

VAMOS A ISSO !

4 b

B

Figure 4 - 19 Active Game Object (Screen).

In Figure 4 - 19, we have an example of how it looks in Unity's hierarchy when we follow
the application when we click on Game, and pass the text part, that is, Animal History
and Animal History (3), all the previous ones are colorless, because these are inactive,

and the screen we are on at the moment, the one that is active, is white.
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The following images (Figure 4 — 20 and Figure 4 — 21) are the transition from one Game

Object to another. In this case, when we click in the 1 we go to the first activity book in

the Game.

2 Actions

Figure 4 - 20 Action to book 1.

+v
Q Nivell*
© Main Car

| CADERNO 1

1 2 3 4

ADIVINHA | ASSINALA |0 QUE ESTA | QUAIS SAO
AS LETRAS | NA IMAGEM? | OS NOMES
PROPRIOS?

5: 6. 7 8.
SELECIONA SOMAS QUALE DESCOBRE
A COR A HORA AS
CORRETA MARCADA? |DIFERENCAS

Figure 4 —21 Screen Book 1.

One of the exercises in the book, is to click in more than one button, in this case consist
of clicking in all the letters A (Figure 4 - 22). Here, we created one inviable button above
all the “A”, that when we click, appears a circle in color. It also created a variable, with
the Type: Number and the Value: 0, that we use in a condition, as we can see in the
following image. This condition has a Clause If that says, if the Variable is equal 7 (number
of letters “A” in this exercise), we wait 2 seconds, and this game object (screen) set
inactive. The following game object (next screen) set active as we can see in the following

image (Figure 4 — 22).
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CIRREEEREN

Figure 4 — 22 Example of condition.

This form of conditions and clauses (Figure 4 — 23/24) was used in the other exercises
where we had to click on more than one button to answer the question, as we can see

as an example in the following images.

ONDE SE COMPRAY

SELECIONE A RESPOSTA CERTA A CADA PERGUNTA

WOE SE COMPRATL

SELECIONE A RESPOSTA CEATA A CADA PEAGUNTA

Onde compramen s pia? Papera  Posorie

R

Figure 4 — 23/24 Example of conditio.n

Using sounds for the application users to hear was something we wanted to insert, so
we created a button inserting an audio that can be visualized in numerous exercises of
the application (Figure 4 — 25). In this case, the audio only starts when the person clicks
on the button, and when the right answer is given, it turns off, as we can see in Figure 4

- 26.
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CLIQUE NO BOTAO DE SOM PARA
OUVIR A MUSICA E IDENTIFICAR O CANTOR

CARLOS DO CARMO AMALIA RODRIGUES Add Action

Add Component

CLIQUE NO BOTAO DE SOM PARA @
OUVIR A MUSICA E IDENTIFICAR O CANTOR

“x + Stop Music (0.85)

& - Wait 2 seconds

* Setactive

v
* Setinactive obj

[

Add Action

Figure 4 - 26 Example Inspector with audio when the answer is correct.

To be able to develop the exercises, several global variables were created, so that we

could use them under the conditions (Figure 4 — 27).

Game Creator Pr
etach Documenta

Edit Tags

Variables —
* Cubo (save)

Number
0
Nothing
* letraA (save)
let
Number

» Contas (save)

Number

Nothing

Figure 4 — 27 List of variables.
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The decision to choose between a tablet and a computer for people with dementia was
based on several factors. Firstly, it depends on the cognitive and physical abilities of the
individual. Secondly, their specific needs and preferences should also be taken into
consideration. For instance, if the person has limited mobility or visual impairments, a
tablet with a touch screen might be a better option. Additionally, the type of activities
the person will be performing on the device should also be considered. Ultimately, the
decision should be made based on the unique needs and abilities of the individual with
dementia.

Tablets are typically smaller, lighter, and more portable than PCs, making them easier for
individuals with dementia to handle and use. Many individuals with dementia find
touchscreen interfaces more intuitive and less complex than traditional mouse and
keyboard interactions. Tablets are designed with touchscreens, making them user-
friendly for this population. Tablets are often simpler and have more user-friendly
interfaces, which can reduce confusion and frustration for people with dementia.
Caregivers or family members can remotely monitor and assist individuals with dementia

using tablets, ensuring their safety and well-being.

4.9 Pilot Study

Upon completion of the primary functional prototype, we proceeded to conduct a pilot
study to solicit feedback from potential users, which included both formal and informal
caregivers. Our objective was to identify potential usability issues and implement
improvements to the application based on the feedback provided. This pilot study was
conducted at Centro Dia - Lugar de Membdrias 1 e 2, Casa de Saude S3o Jodo de Deus and

Unidade de Alzheimer da Ribeira Brava.

The present study enlisted the participation of twenty-four formal caregivers, comprising
psychologists, neuropsychologists, music therapists, nurses, therapists, and physical
education teachers, all of whom had prior experience with the application under
investigation. User tests were conducted following a predetermined script on a day when
participants had the most availability. Written informed consent was obtained from all

participants prior to the commencement of the study. To anonymize the participants
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who took part in the tests, the letter "P" was used as an identifier, followed by the
number "1,2,3,..." to separate the tests. Participants were given a document with

instructions on what to do in the test, which had four tasks. After they did these tasks,

they had to answer the System Usability Scale (SUS, Annex 9.2).
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Figure 4 — 28/35 Images from the Pilot Studly.

4.9.1. Results of the Pilot Study

From the SUS questionnaire made in this pilot study, we obtained the following scores

per user (Figure 4 — 36).

Participant Task 1 Task 2 Task 3 Task 4 Average
P1, Psychologist 100 100 100 100 100
P2, Psychologist 92,5 95 90 90 91,975
P3, Psychologist 92,5 97,5 92,5 92,5 93,75
P4, Music Therapist 90 87,5 85 82,5 86,25
P5, Occupational Therapist 100 85 100 95 95

P6, Sociocultural Animator 92,5 82,5 92,5 85 88,125
P7, Occupational Assistant 87,5 85 90 80 85,625
P8, Occupational Therapist 95 100 100 100 98,75
P9, Sociocultural Animator 75 72,5 87,5 80 78,75
P10, Psychologist 97,5 90 95 95 91,875
P11, Psychologist 92,5 82,5 92,5 85 88,125
P12, Nurse 85 90 92,5 92,5 90
P13, Neuropsychologist 90 90 92,5 92,5 91,25
P14, Psychologist 85 85 85 85 85
P15, Occupational Therapist 50 50 50 50 50
P16, Psychologist 47,5 47,5 47,5 47,5 47,5
P17, Nurse 62,5 62,5 62,5 62,5 62,5
P18, Nurse 87,5 57,5 87,5 57,5 72,5
P19, Social Worker 37,5 25 40 57,5 72,5
P20, Psychologist 92,5 82,5 85 85 86,25
P21, Nurse 95 97,5 95 95 95,625
P22, Monitor 50 50 52,5 52,5 51,25
P23, Monitor 95 95 95 95 95
P24, Monitor 95 100 95 95 96,25

Figure 4 — 36 Score per user from the SUS questionnaire
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Based on the evaluation of scores from the twenty-four users involved in the pilot test
of the application, the average score was 85.5. The use of the SUS in the test was crucial
in providing a comprehensive overview of the application's performance, rather than

just pinpointing specific issues.

When we asked for any suggestions on what to modify to improve the application, we
got answers such as "In my opinion, the letters in the "choose the letters" game could
be more visible (font size or weight)", "Shorter texts", "Avoid using the computer's
touchpad", "Use the image of books in the books section", "Put a return arrow on all
exercises", "Overall the exercises are fine", "Use different colors in each exercise
book/level", "Make it more visually attractive in terms of colors", "If you use text, don't

put too much information"”, "Uses "you" inadvertently"”, "Reduce text in introduction".

4.10. The use of the System Usability Scale

The System Usability Scale (SUS) is one of the commonly used surveys to assess the
usability of a wide range of systems, including applications, websites, and software. It is
a versatile and widely accepted tool for evaluating the overall usability of a system from
the user's perspective. SUS has a long history of use and has been validated in numerous
studies across different domains. It is considered a reliable tool for assessing usability
and user satisfaction. SUS is a relatively short and straightforward questionnaire,
consisting of ten items that are quick for users to complete (Annex 9.2). This is especially
valuable when working with individuals who may have cognitive impairments as people

with dementia, as it minimizes respondent burden.

SUS can be adapted to evaluate the usability of various types of systems, including
applications for people with dementia. It provides a standardized and comparable
measure across different applications and contexts. SUS results are easy to interpret, as
they provide a single usability score that is expressed on a scale from 0 to 100, with

higher scores indicating better usability.
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In the context of applications for people with dementia, it is important to consider the
unique needs and challenges of this user group, and the evaluation methods should be
tailored to account for these factors. This might include conducting user testing,
observing how individuals with dementia interact with the application, and seeking
feedback from caregivers and healthcare professionals in addition to using surveys like

SUS.

When addressing the experience of a person with a dementia disease, filling out a
guestionnaire with the formal caregiver communicating with the person with dementia
is a common approach in research and clinical practice. This method allows for gathering
valuable information about the person's experiences, preferences, and abilities while
considering their cognitive impairments. The caregiver is an essential source of
information, as they s