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Resumo

A população do planeta tem vindo a envelhecer a um ritmo acelerado e devido aos pro-

gressos na área da saúde e da medicina a esperança media da vida está a aumentar. Nestas

condições, surgiu um novo desafio de envelhecer em casa, originando novas necessidades

associadas à manutenção da qualidade de vida.

A vida sedentária na população idosa com pouca atividade na sociedade pode causar

problemas de saúde mental incluindo decĺınio cognitivo ou a demência.

Foi, portanto, proposto a criação de uma aplicação mobile que consiga treinar a memo-

ria do idoso através de exerćıcios baseados no conceito “Life Story Work”, de forma a

combater a deterioração das faculdades como a compreensão e o racioćınio.

O desenvolvimento desta app foi acompanhado por cinco profissionais da área da saúde

e da tecnologia. A validação da aplicação realizou-se através de grupo de utilizadores

representados por pessoas com idades avançadas.

A análise dos dados recolhidos permitiu concluir concluir que o desenvolvimento da

APP Amelia foi muito relevante e apreciada entre os profissionais, cuidadores dos idosos

e para os próprios idosos. Foi inclusivé descrita como uma abordagem mais agradável

do que jogos sérios comuns, por utilizar o passado, o lado pessoal dos utilizadores, para

criar exercicios semelhantes. Este teste permitiu comprovar o preenchimento de um gap

de falta de aplicações no mercado que usem o trabalho de história de vida para realizar

jogos sérios.

Palavras-Chave: App móvel, aplicação móvel, sistemas inteligentes, jogo sério,

Computação Pervasiva, decĺınio cognitivo, deficiência cognitiva, treino de memória, es-

timulação cognitiva.
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Abstract

The planet’s population has been aging at a rapid pace and due to advances in health and

medicine the average life expectancy is increasing. Under these conditions, a new challenge

of aging at home has emerged, giving rise to new needs associated with maintaining quality

of life.

A sedentary life in the elderly population with little activity in society can cause

mental health problems including cognitive decline or dementia.

Therefore, it was proposed the creation of a mobile application that can train the

memory of the elderly through exercises based on the concept ”Life Story Work”, in order

to combat the deterioration of faculties such as comprehension and reasoning.

The development of this app was monitored by five health and technology profession-

als. The app was validated through a user group represented by elderly people.

The analysis of the data collected allowed us to conclude that the development of

the Amelia APP was very relevant and appreciated among professionals, caregivers of

the elderly and for the elderly themselves. It was even described as a more enjoyable

approach than ordinary serious games, because it uses the users’ past, personal side, to

create similar exercises. This test proved to fill a gap of lack of applications on the market

that use life history work to make serious games.

Index Terms: Mobile app, mobile application, intelligent systems,, serious game,

Pervasive Computing, cognitive decline, cognitive Impairment, memory training, cognitive

stimulation.
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CHAPTER 1

Introduction

Currently, the world population is ageing rapidly and it is estimated that the number of

people over 60 years old will increase by up to ten percent [1]. One of the characteristics

of this new generation of elderly people is the concept of ”Aging in Place” [2], which

means, ageing at their home. With the improvement of living conditions, elderly people

have been choosing to spend their final stage in the comfort of their homes.

As aged people, they may have numerous illnesses and disabilities. Using technologi-

cal advances, optimal healthcare support can be provided. Given the scenario of aging at

home, other problems may appear, such as loneliness and cognitive decline. These prob-

lems come not only from age, but also from lack of exercise and social isolation. Knowing

that dementia is aggregated to the previously mentioned factors, there is an urgency to

seek the necessary follow-up to avoid worsening the health status of the elderly [1]. People

diagnosed with dementia, which is a non-curable disease, are helped through treatment

that can ease the symptoms of dementia. Mild cognitive decline and mild cognitive im-

pairment can be treated and in this way allow the individual to never reach dementia

[3].

The quality of life of the elderly, in their housing, depends on maintaining their cog-

nitive and motor skills, and therefore, the way to encourage them to remain autonomous

and decrease institutionalization is by training their memory. This training should be

adjusted in multiple factors (e.g. duration, quantity and difficulty) and also customized

in order to better stimulate users and reduce monotony in the exercises [4].

Current technologies are increasingly developed and capable of fulfilling these require-

ments. Several studies prove that by providing solutions to cognitive decline through

technological systems, we can contribute to a better quality of life for the elderly, high-

lighting mental sanity [5] [1] [6].

1.1. Objectives

The main objective was to develop a prototype mobile application capable of providing

memory training in people with cognitive decline and motivating them in wanting to

improve. The proposal was made by a team composed of professionals from ISCTE-

IUL,BRU Research Center (ISCTE) and Instituto de Telecomunicacoes (IT-IUL).

This team will be responsible for monitoring and evaluating the app throughout the

project, so it was considered relevant to create a demonstration table (Table 1) that

proves their credibility. In this way, the veracity of the criticisms and suggestions made

in Chapter 4 was supported.
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Table 1. Associated Professionals’ Data

The goal of this MSc project involves: 1) the development of a mobile application for

Android that collects information associated with the concept ”Life Story for Memory”;

2) an information system that allows to record personal data (the life story), store a set

of questions for memory training and store the results of cognitive training.

The application will have built-in memory training related to the life story concept

and tools for creating the user’s story. This story will be built through a list of questions

based on the life story work, which in turn will be stored in a remote database. Then

memory training games customized for each user will be created based on each user’s

past. The application will use a scoring system to rate the player’s performance in each

of the games, in order to be able to analyze the results later.

The information system should have an application server and a database, both in the

cloud, so that the application tests can be done in different network zones, i.e., without

the devices and the server being connected to the same network. The database must be

able to store all the information necessary for the proper functioning of the application.

It should receive and send data, via PHP scripts, so that the Java code, in which the

application will be built, can customize the user’s questions and games.

1.2. Structure

This project is organized as follows: the first chapter covers the introduction and

objectives of this dissertation. Then, the second chapter discusses the state of the art. It

begins with a literature review, an analysis of similar applications in the market and ends

with the theoretical concepts needed for the project. Then the development methodology

is presented in the third chapter, and the fourth chapter reports on the entire development

of the application as well as all the steps of the methodology. In the fifth chapter a pilot
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test is done with real users and an analysis of the results obtained. Finally the last chapter

includes the conclusions strength and drawbacks and the future work.
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CHAPTER 2

State of the Art

This chapter was built with the purpose of analyzing and making known the relevant

studies to the subject under study and the existing applications up to the time of the

project’s completion. In this sense, the importance of constant monitoring of the target

audience and the construction and availability of tools that contribute to their cognitive

development was also reinforced.

2.1. Related Work

This project approached 2 distinct areas, Technology and Psychology, it was considered

more appropriate to conduct a literature review before starting the development of the

proposed application. The review methodology used was a Systematic Literature Review

(SLR) based on Kitchenham [7] guidelines and indications.

The purpose of a SLR is to allow a researcher or thesis student to do a detailed

search, able to gather all the necessary information to answer the questions that are going

to be studied. In order to detect as much relevant literature as possible, the SLR has 3

essential phases that were fulfilled in this phase of the project: 1 ) SLR Planning; 2)SLR

Conducting; 3) SLR Reporting.

Figure 1. SLR phases

However, according to studies conducted, doing a Systematic Literature Review can

also mean bringing issues to the quality of the research [8] [9]. In a study conducted

by Krüger[8], the authors concluded that often simply using a search script in common

databases may not be enough for a perfect study. The reason for this is that databases do

not always work the same way when using the same strings, even if they are adapted. In

addition, during the course of writing the thesis, the need may also arise to do additional

research to clarify doubts and address previously unknown concepts [10]. Therefore, it
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was considered more advisable to do the aforementioned SLR as well as a complementary

research, using Google Scholar and the Snowballing method for the latter.

The hypothesis of considering this review as Multivocal Literature Review (MLR) was

analyzed, which is an extension of the SLR with the right to use grey literature. However,

grey literature is considered to be literature that is not published formally in journal

articles or books (e.g. white papers, videos, websites, blogs) [11] [12] and in the case of

this project all documents were taken from journals or conferences, even those from the

complementary research.

2.1.1. SLR Planning

This project covered two very broad areas, Technology and Psychology, which triggered

the need to conduct a systematic literature review to ensure that all articles and studies

linking both fields are gathered.

The main objective of this review is to understand the different approaches to cognitive

training, in the elderly, through technology and thus to ascertain the extent of studies

where the life story is a major focus. It is also intended to analyze a sample of applications

currently on the market to better understand what already exists and gather the best

features for the development of the application in view.

The SLR research consisted in the elaboration of a string with keywords related to the

subject in question, which was used in four scientific databases. For this, we resorted to

reputable databases with a lot of information in the areas of computer science and health.

- ACM: https://dl.acm.org/.

- IEEE: https://ieeexplore.ieee.org/search/advanced

- Scopus: https://www.scopus.com/

- EBSCO: https://search.ebscohost.com/

To make the search as precise as possible, the extra functionality of the advanced

search engine was used in all the databases mentioned. Other databases were initially

used, but later removed because they did not interpret the string in the same way as the

four chosen. According to Krüger (2020) this kind of problem brings imperfection to the

literature review [8]. Although it may seem redundant to use similar keywords, it was

considered appropriate to use similar words to cover as many articles as possible, since

not all authors use the same terms. The string separated the similar terms by ”OR” and

divided the technology area from psychology by ”AND”.

The word ”dementia” was not used in the keywords because, as mentioned in the

Introduction Chapter, the objective of this work is to create tools that may help those

who are in a transitional phase between perfect health and dementia. In this way, we

tried to reduce the number of articles that addressed symptom relief techniques, thus

increasing the number of results for approaches that effectively treat cognitive decline.

As for the complementary search, we tried to make associations of the word ”Life

Story Work” with both areas previously mentioned.
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Keywords: ”mobile app” OR ”mobile application” OR ”intelligent systems” OR

”mobile application” OR ”serious game” OR ”Pervasive Computing”) AND (”cognitive

decline” OR ”cognitive Impairment” OR ”memory training” OR ”memory training” OR

”cognitive stimulation”).

This string was used in each of the repositories without using any filter and then the

number of articles found was reduced with the help of each of the filters present in Table

2.

Table 2. Inclusion/Extraction Criteria

2.1.2. SLR Conducting

Initially, the search was done on the full text, using only the keywords string mentioned,

and in total 9756 articles were collected, and then each of the inclusion or exclusion criteria

were used sequentially to reduce the sample.

2.1.2.1. Select Studies

IE1 was used to locate the key words in the abstracts of the articles. This ensured

that the words were referenced in the summary of the paper rather than appearing by

coincidence in the full text. However, too many articles were still covered, so we had to

use IE2 to find documents whose main theme was the keywords themselves, since they

belonged in the title.

IE3 was used to exclude articles with languages other than English and Portuguese,

from which only six were removed. The IE4 filter was created to select only articles

published in scientific journals or conferences, however, as it was used so close to the end,

only three documents were eliminated.

After implementing these filters, only 69 articles remained, all of them in English

and Portuguese, with the keywords in the title and published in relevant formats. With

the help of the Mendeley tool it was possible to reduce this number to 21 articles after

removing the duplicate articles (IE5) and those without any kind of character of interest

to the subject being studied (IE6). The scheme in Table 3 better elucidates the whole

filtering process that gave rise to the 21 articles in the SLR.

Regarding the complementary articles, seven documents were added that address the

life story and relate it to technological approaches or cognitive training for people with

mild cognitive impairment.
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Table 3. SLR selected studies

It was also considered relevant to conduct a search for similar applications or applica-

tions with some degree of similarity in order to understand what existed on the market

until then. In this search 9 memory training or life story applications were found.

- CogniFit: https://www.cognifit.com/pt.

- LIFEBIO: https://www.lifebio.org/.

- RemArc: https://www.bbc.co.uk/taster/pilots/remarc.

- Alzminder: alzminder.com.

- Book of You: https://www.bookofyou.co.uk/.

- Dakim: https://www.dakim.com/.

- Storii: https://www.storii.com/.

- MindMate: https://www.mindmate-app.com/.

- House of Memorys: https://www.liverpoolmuseums.org.uk/house-of-memories/my-

house-of-memories-app.

2.1.2.2. Quality Analysis

Initially it was considered important to verify the dates of the articles to understand

the evolution of the studies on cognition and technology, since no filter was used for

publication dates.

Through Figure 2 we can see that in the early 2000s technology and cognition were

not a very recurrent subject. Only after 2017, with the evolution of technologies and the

emergence of social concerns such as aging, did studies begin to increase in a linear way.

It was found that fifty percent of the studies were conducted in the years 2014, 2020, and

2021. It can also be seen that more than half of these articles are journals, as shown in

Figure 3.
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Figure 2. List of Questions

Figure 3. List of Answers

To qualify the journals we used the Scimago Journal & Country Ranks, which ranks

the journals where the articles are published, through parameters such as number of

citations and prestige of the journals that make these citations. Analyzing Figure 4 it is

possible to see that half of the documents found belong to journals of maximized quality

(Q1), while the other half is divided into journals with Q2 and Q3. Note that the journals

not found or without evaluation were classified as NA.

Figure 4. Ranked Newspapers

2.1.3. SLR Reporting

The objective of this review was to analyze the various technological approaches to cog-

nitive training in order to determine the number of studies that involved the life story.

TTable 4 was created to organize the studies by types of technological approaches. Six

approaches were found and as can be seen in the table, only four articles used reminiscence

as a form of cognitive stimulation. This proves the need for further study on this topic.

With this in mind, it was considered relevant to analyze each approach. Although not

directly related to the focus of this work, they may help to better understand the recep-

tivity of the elderly to technologies, as well as the best methods to stimulate cognition.
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Table 4. Technological Approaches

2.1.3.1. Robots

Robotics was one of the least documented approaches in this review, however, it was

possible to understand that it already performs numerous functions in assisting people

with cognitive impairment. Currently, humanoid robots are used to interact with groups

of elderly people and help them with their daily tasks.

Their success in nursing homes is due to the fact that they are programmable and

therefore allow simulating multiple elderly care scenarios (e.g. taking medication, reading

books, acting as a companion) [13] [14]. It was also clear, that the results depended

on the user’s relationship with the robot, as they preferred to interact with robots with

characteristics as human as possible [15]. On this topic, no other aspects taken from the

literature proved to be relevant to the research at hand.

2.1.3.2. Assessments Apps

There are also Assessment Apps, i.e. mobile applications and web forms that are

dedicated to the early detection of cognitive decline or disorder. Some studies choose to

use simple exercises in the form of serious games [16] [17] [18] while others choose to use

international tests (e.g. Mini Mental State Examination) [19] [20] [21]. It is important

to identify, through these exercises, if a person has memory or reasoning problems, as it

helps prevent them from heading towards a more serious stage such as dementia [21] [22].

It was also proven in a study by Charalambous (2020) that the overwhelming majority

of the applications created do not use input from health professionals, thus proving the

unreliability of their diagnoses[22]. This technological approach did not prove to be very

relevant for the purpose of the study, since it only uses memory detection mechanisms

and does not contribute to its training. On this topic, the use of recognized tests (MMSE)

to characterize the capabilities of the elderly was considered important and was used in

Chapter 5 to evaluate the users of the pilot test of the Amelia application.

2.1.3.3. Virtual Reality

Another of the approaches found, more promising and with better prospects for the

future, was Virtual Reality [23]. This is due to the fact that it is possible to create

personalized realities for the elderly . Health professionals are therefore given freedom to

design all kinds of tests and experiments that otherwise would not be possible due to lack

of resources [17] [24].
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The studies and projects done in this field choose to train memory by performing

simple tasks (e.g. watering plants, searching for objects, or cooking with recipes) [25].

Through the analysis of the documents on virtual reality it was possible to see that the

adhesion of elderly users is very positive [3] [25] [26]. However, it is still necessary the

constant monitoring by younger and more experienced people in technologies. One of the

common aspects in most of these applications is the need to supervise these people during

the exercises, which demonstrates the lack of effectiveness and the importance of making

fully autonomous tools or interfaces.

2.1.3.4. Serious Games Apps

Naturally, Serious Games were the predominant approach in the collection of articles.

This type of game has a different purpose than normal, as the word ”Serious” indicates

that the games are intended for educational purposes rather than entertainment [27]. This

educational approach can be targeted at various areas (e.g. health, education, tourism,

business) and in this case it addressed cognitive training.

Unlike other educational and training products, serious games stand out because they

allow immersion of the user in performing exercises. People feel motivated by the outcome

of their decisions and are captivated to play for long periods of time without losing interest

[27]. If these games are built with cognitive stimulation techniques, it is possible to

make cognitive training more dynamic, interactive and intensive for people with cognitive

decline [27] [6] [28].

2.1.3.5. Assistive Apps

Assistive Tools Apps are applications that aim to remind the user or help him or

her to perform important daily tasks for autonomy. These include 1) reminders to take

medication, 2) instructions on how to turn on the television, and 3) tools to facilitate

contact with a doctor or family member. However, this technology only helps people

with impaired cognitive states and, like the assessments, does not contribute to cognitive

training [29] [5]. Despite this, the literature consulted has shown that making mobile

applications easier to use contributes to a better use of it [16] [29].

2.1.3.6. Life Story Apps

Finally, as can be seen in Table 4 , Life Story literature is scarce. Reminiscence

studies show the importance of drawing on the past to stimulate cognition. This approach

consists of collecting personal information about the user in order to build a complete

repertory of his or her life [30] [31]. Since long-term memory is the last to be affected

during deterioration of cognition [32] [33], the exercise of bringing past memories into the

present helps to promote cognitive training. However, given that this is the most relevant

approach of this project and that there is not much scientific support, a detailed analysis

of 9 applications was made.

Finally, it is important to emphasize that no articles were found in which the two

approaches that are the focus of this study (life story and serious games) were associated.
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This in turn proves the significant relevance of conducting a project aimed at linking these

two cognitive training tools.

2.1.3.7. Application Analysis

Appendix A was created to specify in more detail the characteristics of each of the

nine applications found.

The type of platform for these applications is one of the first important points to

consider. Only mobile and web applications were analyzed to prove that older people

prefer the use of touch screens over mice and computers [25].

As the goal of this project is to develop an application that combines serious games

with life stories to train memory, apps that perform these functions were selected. How-

ever, no apps that combine the two on the same system could be found, so separate

research had to be done. In the table, Alzminder has both functions, but does not link

them. It only performs separate exercises just like the other applications.

One important factor for the applications is their design and visual structure. Most

of them (five out of nine) fail in this aspect. The design is supposed to be as user-

friendly as possible, and since these users are elderly people with poor motor skills, it

is important that the buttons, images and gestures are simple and large. The biggest

problem encountered was the complexity of the tasks and the amount of extra information

and functionality in the applications.

Cognitive reminiscence training needs huge amounts of personal information (videos,

audio, phrases, images) while serious games training is much simpler and more interactive.

The personal nature of the first, however, makes the exercises much more engaging and

interesting since they are personalized and not as monotonous as the serious games.

There was also a high frequency of additional tools that complement these applications

(e.g. suppport features, accessements, stimulation) and contribute to a better use of the

app. The most common was the use of instructions or help in audio format, which allowed

to assist the user without overlaoding information on the screen.

Only two of the apps had accesscments that were used to customize the user expe-

rience. The difficulty of the cognitive games was based on the results of cognitive tests,

however, the tests were not very professional (no international recognition e.g. MMSE).

It is concluded, therefore, that the user characterization is unreliable.

Finally, the use of stimuli in cognitive training was also verified. Only three of them

used this type of resource, by using scores and metrics of progress and evolution. This

way, they were able to better engage users and motivate them to obtain more ambitious

scores in each use [34].

With this, despite the limited documentation of life story applications, it was possible

to better understand the characteristics of these applications. In the end it became clear

that for the development of a complete application it would be necessary:

- Build a simplistic design that avoids unnecessary content.

- Use larger buttons and images.
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- Basic gestures (touch, swipe, scroll).

- Limit functionality to only the most relevant.

- Audio aids

- Provide clear instructions

- Use stimuli that motivate the user.

- Make it as autonomous as possible, to avoid the need for constant support.

2.2. Cognitive decline vs Mild cognitive impairment (MCI)

The aim of the study in question is primarily targeted at the older layer of society and is

intended to train their cognition. Cognition has four stages of severity, the first being no

cognitive loss .

The second one is normal cognitive decline, the name given to the loss of one or more

cognitive abilities such as memory, awareness, comprehension, and reasoning. These

losses come from natural aging. During old age, people tend to distance themselves

socially, exercise less, and not keep abreast of society’s changes, which leads to increased

alienation, forgetfulness, and reasoning failures [1].

The third, mild cognitive impairment lies between the state of dementia and cognitive

decline caused by aging. While decline at older ages is considered normal, cognitive

impairment represents a threat to the health of the elderly, as it is considered the preceding

phase of dementia [17]. The symptoms are slightly more severe than those of aging,

however, they begin to affect the lives of the elderly more because they make it difficult

to make decisions and to remember to take their pills [17] [18] [26].

The last and worst step is dementia, a term used to encompass a set of diseases, the

most popular of which is Alzeimer’s disease, that make it impossible to live an autonomous

and normal life [3].Although information was collected based on articles that address

dementia, this disease was not delved into because it is of a very distinctive character. Not

only does memory training involve completely different specifications (e.g. alternatives to

reading), but also extremely simplistic exercises have to be created due to the decrease in

mental faculties.

2.3. Elderly and Technologies

The older stratum of society is famous for the stereotype of their aversion to new technol-

ogy such as smartphones, computers and tablets. However, several studies have proven

that the elderly have become increasingly receptive to technological innovation, with many

of them participating and complying with positive results in many technological research

(e.g. mobile applications, Virtual Reality) [6] [1].

This is due to the increase of cell phone ownership in the elderly as well as the con-

cern to create more personalized and appropriate systems designed to support elderly

population considering specific problems and disabilities [1].
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2.4. Memory Training

One of the steps to prevent or help people with cognitive decline is to train their memory,

through exercises that keep the brain in constant stimulation, so that it combats cognitive

deterioration. The literature [16] [28] also served to understand that there are many

methods for this purpose such as:

- Grammar exercises: word association exercises, crossword puzzles or word rela-

tionships.

- Reminiscence: doing mental exercises that help the person or patient remember

events from their past such as names of family members or important events

(e.g. marriages, birth of children). Although recent memory is affected, long-

term memory was not, so it can be used to improve cognition [1].

- Puzzles: doing puzzles helps combat mental challenges and consequently im-

proves reasoning

- Daily tasks: performing simple daily tasks (e.g. watering plants, cooking, clean-

ing, or looking for objects) allows seniors to exercise their memory. Although

they are not very complicated tasks, their stagnation increases their difficulty in

performing them.

2.5. Life Story Work

Life history work is a set of activities related to reminiscence (remembering the past).

In this approach, a health professional goes through chronologically all the experiences

of a patient in order to create a repertory of the patient’s life. To do this he uses an

extensive set of questions, which have been properly constructed to cover all kinds of

stories and experiences of the elderly person. The repository created is usually a book or

an album that is constructed from images, videos, texts or audios collected by the patient

themselves or by family members [30] [32].

This type of work can be done on children or the elderly and is intended to help

patients preserve their identity. Elderly people tend to lose their cognitive faculties,

but their memory of past events is still in good condition, so this type of approach is

possible[31]. It also helps professionals to better understand the patient’s interests and

inclinations for better treatment and assistance.

The applications found with embedded life stories have only computerized this kind

of work, turning books into digital books. These have the potential to act as reminders

of people’s lives, resembling the assistive tools in section 2.1.3.5. Exemplifying the asso-

ciation made, just as these applications use reminders to recall the elderly to take pills,

so Life Story applications help people remember the episodes and people in their lives.

For example, the applications LIFEBIO and House of You, collect information about the

user’s past to be later consulted and remembered. The first one asks about 100 questions

that are answered in audio format and then played back. The second, on the other hand,
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allows a similar set of questions to be answered through text, and photos or videos can

be added to support the content of the answer.

15





CHAPTER 3

Artifact Development and Evaluation

For the development of the application in question, the Design Science Research (DSR)

methodology was used. Since this involved the actual creation of a physical artifact and

not the elaboration of a theoretical study, it was necessary to follow the methodology

idealized by Peffers (2007) [35].

As can be seen in image x, this methodology is composed of six stages. The first two

stages have already been performed at the beginning of this study where the problem at

hand was discussed as well as the objectives and the idealized solution.

Then, three phases follow, which together can be iterated multiple times in order

to improve the application through the feedback received in the evaluation phase. The

development and demonstration phases serve, respectively, to produce and present the

features created in each iteration. Unlike a methodology like Waterfall, DSR is agile and

allows for modification of requirements and adaptations during the development process.

Figure 5. DSR methodology with extra phase

To the Peffers model was added a complementary phase considered important for

the project, Pilot Test and Results Analysis (Chapter 4), which was not included in the

iteration. In addition to the demonstrations for the professionals involved, it was decided

to create this step to report the app’s tests with a small sample of real users. The goal

of this stage was to receive feedback, of a finished app, from the users of the application

themselves, since they are the biggest beneficiaries of this project.

Finally, it is necessary to communicate the results of the study by publishing a scientific

paper in a scientific journal or in proceedings of an international conference.
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Before starting the development of the application it was necessary to create a list of

requirements. Although changes can be made, it is important to have an updated task list

to organize the work to be done throughout the project. Table 6 shows all the proposals

made by the professionals connected to the project.

This team is composed of 5 professionals (described in Section 1.1) which made it

complicated to frequently group all the people in meetings, without anyone missing. It

was then decided to divide the team into two distinct parts for more flexibility:

Table 5. Areas supervised by each team

3.1. DSR 1

After a literature review and an analysis of the applications found, it was necessary to

build a list of requirements for this project. These requirements were proposed by both

the author and the professionals associated with the project.Priority levels were used to

ascertain the importance and urgency of meeting some of these requirements.

Table 6. Application Requirements

3.1.1. Architecture

Although one of the project’s proposals was to create an information system with a remote

database, we chose, in a first phase, to use the development computer as a server. To do

this, the WAMP software was installed which, in turn, automatically installed a collection

of important software for this experiment.

WAMP has a package composed by Mysql Apache and PHP. These three pieces will be

fundamental for the initial tests because, together, they allow local development without

the need for an external server.
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Php is a language used in the development of applications that act in the back-end,

that is, unlike Javascript that is processed directly in the client or Browser, php needs

to be interpreted in the server-side. This server is Apache and when it receives a PHP

file, it forwards it to the PHP module so that the script can be interpreted and return an

HTML response. This response, in turn, is sent back to the client by Apache.

However, since these tools do not allow you to save user or account data, Mysql is the

complementary tool capable of doing so. In the php files it is possible to make calls and

request data for the SQL database that after being processed will be returned in readable

structure (HTML) to the client browser.

The architecture in Figure 6 was made to help create the relational database.

Figure 6. Database Architecture

The database was created in phpMyAdmin as it is one of the most common web

application for managing MySQL databases. Unlike other applications (e.g. MySQL

console), this tool allows you to run complex queries, create and delete databases and

export the data in multiple formats in a very simple way. As it is a web browser-based

interface, phpMyAdmin uses the Apache web server installed by Wamp.

As shown in the image, in the users table the person’s data is registered. Of these

data, only the password and username fields are relevant because it was through them

that the player’s authentication was done.

The questions table is responsible for storing the text of the questions and the id-

TypeGame code (explained in Section 4.3.1). This table also has as foreign key the id of

the table ”answer type”, because each answer is directly associated with an answer theme

(e.g. ages, male names). Two questions can have the same theme.
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The answer type table on the other hand is only used to organize the answers in the

table ”detail answer type” and to specify the theme of the answers.

The detail answer type table was used to record the official answers to the questions.

These answers are used in section 4.3.1 for most cognitive games.

The user question answer table is used to store the life story of each user. Each

person can answer several questions (all different), however they can only have one answer

for each.

Finally, the user game score table was responsible for storing all the scores obtained

by the users. Each person can play multiple times and therefore will get multiple scores

that will be recorded in this table. The possible scores were divided into points for normal

questions and points for memory games.

3.1.2. Development

Next, research was done to find out the best programming languages and development

environments. There are several possible languages such as Python, Java, Kotlin, C#,

however, Java was chosen simply because of the author’s own interest, since none of them

overlap with the others. A hybrid development was not chosen, limiting this project to

be tested only on Android devices and to be developed in Android Studio.

Throughout this project we created multiple php files that were called in the built in

java code. These files performed one of two functions, GET or POST, and were intended

to fetch or publish elements to the database, respectively. In this first iteration two

interfaces were developed.

The first, corresponding to SigUp, allows the user to create his profile with a username,

email and password through a file invoked in java with a POST command. This file was

given the name signup.php and placed in the www folder of Wamp since it is responsible

for generating dynamic content in the world wide web.

The second interface, corresponding to the Login, had a similar construction to the

first, this time with its own php file, login.php, which is responsible for authenticating

the user, previously created, through the username and password.

In this first phase only the table ”users” was built, to test the registration of players

inserted in sigup and authentication of the data entered in the login.

3.1.3. Demonstration

The demonstration phase was used to show the development created so far, which in this

case is the Login and Signup page shown in Figure 7 and Figure 8, respectively.

On the signup page you can add your name, user name, email and password, and at

the end you click on a button that takes you directly to the next page (developed in DSR

2). At the same time, this data is inserted into the users table of the database.

On the login page there are only two fields to be completed and that, in turn, will be

analyzed by the php file to see if they match the data present in the DB.
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Figure 7. Amelia APP: Lo-
gin Page

Figure 8. Amelia APP:
SignUp Page

3.1.4. Evaluation

Since no progress had yet been made on the social part of the project, this phase was

devoted entirely to getting feedback from the IT Team.

Although the registration and authentication components were well built, a criticism

emerged regarding the login process. While most people are used to creating user accounts,

logging in and remembering passwords, the target audience of this application is not.

Given that this project aims to develop an application that is easily accessible, especially

to the elderly, another approach to login is needed.

This approach should allow the user to be able to log in quickly and effectively without

having to type a lot or remember complicated passwords.

Everything else received a positive evaluation and the care to be taken with the con-

struction of the rest of the database was reinforced, since the results and the analysis of

the success of the application depend on the organization of it.

3.2. DSR 2

3.2.1. Development

In the second iteration of the DSR we first started by analyzing the feedback obtained

in the previous evaluation. It was concluded that one of the best ways to fix the log in

problem was to create a new type of authentication.

Instead of entering the username and password, these two words were associated to

a Qr Code and a java code was developed to interpret it. The log in page was therefore

changed to a camera page, where the user only had to point the tablet at a code on a

screen or paper in order to log in. This idea came up on the recommendation of the IT

Team because it was a common practice in previous work with elderly people, in which

they had participated.

Next, before creating the pages with questions and answers about the user’s life it was

necessary to create a list of appropriate questions. The social component team provided

a very relevant document regarding the type of questionnaire used in the life story work.
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However, it was concluded that there would have to be some restructuring of the questions.

In the document, all the questions were open-ended, and this prevented the answers from

being systematized and reused throughout the games. It was understood that the best

way to collect the information and obtain answers was through closed-ended questions,

and in this way the list of questions in Appendix B was created.

After the list was made, the pages ”List of Questions” and ”List of Answers” were

created. Each one with its associated php file to go to the database to fetch or place the

information.

The list pages have a similar design with scroll lists for better access to each question

with a simple swipe. These two pages are the only ones in the application where access

is supposed to be exclusive to caregivers or family members of the elderly, since this is

the most important component of the application. This is because all the games and

interactions of the application will be based on the life story of each user, more precisely

on the answers entered on these pages. For these reasons, it was decided to make the

pages as complete as possible instead of keeping them simplistic, because they are not

meant to be used by elderly people.

The next step was to expand the database by creating the rest of the tables in Figure

6 (from DSR 1).

In the ”questions” table the questions created were placed, in the ”answer type” table

the possible answer themes were entered (for example: names, years, places) because sev-

eral questions can have the same answer type. In the table ”detail answer type” the multi-

ple answers for each theme were put (e.g. for answer type = name, the detail answer type

would be André, João or Gustavo). Finally the last two tables, ”user question answer”

and ”user game score”, were created to record, respectively, all the answers of the ques-

tionnaire and all the scores of the games.

Finally, after building and organizing the necessary structure for the development

of the serious games, the first interactive page for the users was created, entitled Quiz.

In this exercise, each question in the quiz and 4 possible answers were taken from the

database and everything was presented in a very simple way on the screen.

3.2.2. Demonstration

This demo served to show the Android User Interfaces created, as well as the changes

made to the Login page.

The application starts on the new login page, which this time presents only a camera

capable of reading QRcodes. After logging in, the user enters the questions page (Figure

9) which displays a scrollable list, where all the questions entered in the database have

been placed. It shows up the Answers Page (Figure 10) where the helper should, with

the elder’s cooperation, click on one of the possible answers in order to create the user’s

life story. Whenever a question is answered, it is automatically added to the database in

the ”user question answer” table, and the screen returns to the questions page in order

to continue answering.
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Figure 9. Amelia APP: List
of Questions page

Figure 10. Amelia APP:
List of Answers page

At the end of the quiz, the helper must click the play button to start the game. Next,

an activity appears with 1 question and 4 answers (Figure 11), where 3 of them are

randomly false and one is the true answer that corresponds to the one previously saved

in the database. One of the features that was created for this game was an audio button

that allows the user to hear all the text on the screen and thus help the elderly in case of

difficulties or limitations in reading.

Figure 11. Amelia APP: Quiz page
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3.2.3. Evaluation

In this evaluation, both teams participated as there was already social and technological

content to be analyzed. Regarding the questions, the observations can be seen in Appendix

B:

Regarding Quiz it was suggested that there were improvements at the visual level

(become more appealing) however both teams praised the layout and size of the buttons,

as it showed to be accessible for the type of target users.

They also consider well implemented the possibility of playing the question and an-

swers via audio, as it is a good solution for users with low levels of literacy [6].

Regarding the application itself, the technology team praised the Qrcode solution but

criticized some aspects related to the lists. The ”List of Questions” did not allow the

user to understand which of the questions had already been answered, and the user had

to remember if he had already answered or not.

As for the ”List of Answers”, there was a missing option to add an answer that was

not already present in the database, and there was also no possibility to edit the answer

if it was wrongly answered!

These problems limited this interface because there were no solutions to change an-

swers or correct mistakes. In this manner the usability of the application was compromised

until a change was made by the developer.

3.3. DSR 3

This cycle was longer and equivalent to two cycles due to the impossibility of grouping

the teams for evaluation phases and, therefore, the work developed was longer and more

extensive.

3.3.1. Development

Again, at the beginning of the cycle, the new functionalities to be added or changed were

analyzed according to the criticisms made in the previous phase.

Priority was given to improving the questions in the database and a new list of ques-

tions was built. As can be seen in Table 7, the number of questions was greatly reduced.

The author and the Social Team came to the conclusion that it was preferable to decrease

the size of the list in order to be able to better customize the games. One of the reasons

that also led to this cut was the length of answers created for each one. Unlike what was

done initially, each question now has a fairly large number of answers to try to cover as

many life stories as possible.
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Table 7. Updated List of Questions

A feature has also been integrated that allows you to add new words to the database in

the ”List of Answers” activity. This feature allows to directly add answers to the database

and therefore had to limit the insertion to only letters and characters in order to prevent

incorrect words in the list of answers.

Regarding gameplay, it was decided to interweave Quiz with memory and comprehen-

sion games, where each one relates to the theme of the previous game. To demonstrate

with a real example, in Quiz the question ”Where was your wedding?” appears, and after

it is answered, the next game will necessarily be about the theme ”wedding sites”, (e.g.

a game where you would have to select pairs of possible wedding sites). Then it will

be a Quiz question again, and then another memory game on the theme of this second

question, and so on.

For this, several types of approaches observed in the literature review were inves-

tigated, from which 4 types of games emerged, explained later in the demonstration.

However, a problem arose with how to distribute the four types of games across the quiz

questions. Some of the questions had answers that were not very relevant to make the

idealized games and, therefore, it was necessary to assign a specific code for each question

(idTypeGame) in the ”questions” table.

This code has a component that indicates whether or not the group of answers as-

sociated with its question is appropriate to make the games. If it is, the java code will

automatically fetch all the answers to that question and use them for the games, if not,

it will build a new and more appropriate list of words which in turn will be used to run

the games.

In order to make the application more interactive and visually appealing, it was decided

to associate the answers with corresponding images, so that it could interact with the user

without always having to use words. The aforementioned code also participates in the

choice of questions that allowed to have images associated with their answers.
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Another important feature of this code, is the ability to bring randomness to the games

played. In the code it is possible to indicate how many of the 4 games are associated with

each question and the Java code randomizes these games every time the app is opened. In

this way, during different uses of the app, for the same question, different types of games

can appear, avoiding repetition of the experiences of the elderly.

Thanks to the positive reviews regarding the audio aid created, it was decided to

expand the concept to the entire application. A button was created for all activities with

audio instructions to help users and can be clicked infinite times. These instructions were

also automated to start as soon as the user enters a new page.

Finally, the server was created, which is a fundamental piece of this project to perform

tests anywhere and with any user. It was decided to use an Amazon Web Services (AWS)

service, the Amazon Elastic Compute Cloud (EC2), to replicate what had already been

created on the development computer.

The intention was to reproduce exactly what was created on the author’s computer

but on a Windows virtual machine, installing wamp, importing the SQL database and

migrating the php files to the new www file. However, since the connections were no

longer local, it was necessary to open a specific port to receive requests coming from the

tablets used in the pilot test in Chapter 5. Otherwise, it would not be possible to get the

data coming from or brought into the database.

Figure 12. Information System

3.3.1.1. Security and Data Protection

Although the core of this project is not concerned with security and data protection,

it was considered important to understand how these aspects work. The transport layer

is responsible for transferring data between two machines, yet anyone can access this

data if no security protocols are implemented. One of these is Transport Layer Security

(TLS), the successor to Secure Sockets Layer (SSL). TLS is used to encrypt sensitive

information that passes between applications (e.g. browser and the web server) and that

we do not want to be caught by others. This encryption is done asymmetrically using
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key pairs (private and public), and therefore it is only possible to access the information

through a digital certificate. Therefore, it is advisable to use a secure version of HTTP

to transport the information, i.e. HTTPS (HTTP encrypted by TLS certificate). Since

this is an academic work, where the core is not security, it was chosen to make only

HTTP connections, however, if there are intentions to bring the application to market it

is advisable to protect the transport layer.

Apart from transport, it is also important to protect access to the data. To do this

it is recommended to use Multi-factor authentication (MFA), which allows access only

after two or more methods have been confirmed. These methods can be knowledge (e.g.

password, PIN), possession (e.g. authentication app, USB) and something only the user

is (e.g. picture of ID badge, fingerprint).

3.3.2. Demonstration

A page was created (Figure 13) where the player is allowed to choose between taking the

quiz or starting the games. It was understood that after taking the first quiz it would

never be necessary to take another one, and therefore the player could simply click on the

play button to start the games.

Figure 13. Amelia APP: Play or answer questionnaire page

The first game created was ”Word Pairs”. A page is presented with 12 cards face down

with words on the other faces. The objective of the game is to find all 6 pairs of equals

words. These words will always be chosen randomly from the list of answers associated

with the previous Quiz question. First you click on one of the cards to see its contents,

then you click on another to try to match it. If you don’t make a match, the cards are

flipped down so that you can play again.

The second game,” Image Pairs”, is similar to the first, but using images as the content

of the cards. In both, whenever a pair is made an incentive system is activated that throws

confetti in order to stimulate the user.
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Figure 14. Amelia APP:
Word Pairs page

Figure 15. Amelia APP:
Image Pairs page

The third game is the ”Different Word” game. Using the same type of list of answers

associated with the question, 16 words are presented on the screen, but one of them does

not belong to the theme of all the others, and that is the one you have to discover. While

the cognitive function of the first two games is memory training, this one tries to stimulate

reasoning and comprehension.

Finally, the ”Sequence” game, forces the user to memorize a set of 3 images when the

”play” button is clicked, so that the user can discover the correct sequence of figures. In

this game it is also allowed to repeat the picture slide show so that the user has another

chance to memorize the pictures before answering. Again, the incentive mechanism is

also present whenever you get the question right, because it is important to maintain the

user’s interest. This exercise trains both retention and attention in the elderly.

All games are started with specific instructions to help users understand the game. If

further attempts are needed to understand what is required, the button with the mega-

phone symbol can always be clicked.

Figure 16. Amelia APP:
Different Word page

Figure 17. Amelia APP:
Sequence page
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3.3.3. Evaluation

In this evaluation the Social Team reviewed the questions and answers and approved them

as final and possible to use in the project. They also praised the cognitive games and the

interactive approach, pointing out only that the best way to test the games would be to

use a sample of target users.

The audio component was also praised, because it further automated the help and

better understand the exercises and allowed a decrease in the need for external support,

making the app more autonomous.

Regarding the IT team, it was observed that the functionalities for editing the answers

in the questionnaire section had not yet been implemented.

It was also noted that the audio continued to play even when leaving the page. It was

also suggested to put colors on the visual simulations to make it more pleasant when the

player gets it right.
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CHAPTER 4

Pilot Testing - Results and Discussion

This chapter has no development or demonstration, despite having evaluation, and for

these reasons was not considered as one of the iterations.

With the support of the Alcoitão school and ISCTE, it was possible to gather a small

sample of volunteers to test the Amelia APP. This sample was composed of eight elderly

people who, each accompanied by a student from the school, performed the exercises

proposed in the application.

For the project, ISCTE provided 4 tablets. It was then decided to divide the volunteers

into two equal groups and each one used the APP for 1 week (two weeks in total). The

tests were performed once a day during those weeks..

4.1. User Analysis

Before collecting and analyzing the results it was necessary to classify the elderly in the

sample, through 3 types of evaluation. An intensive questionnaire was made, present in

the Appendix C , which was solved by each elderly with the help of the student in charge,

to get to the results in the Appendix D. The 3 metrics used were Mini Mental State

Examination(MMSE), Lawton Index and the Barthel Scale.

Table 8. Scales for MMSE, Lawton, Barthel

The MSSE is an exam with a series of questions, which are usually asked by a doctor, to

identify cognitive impairment such as problems in thinking, communicating, or reasoning.

It is used in situations of brain injury and also to detect whether someone has cognition

problems or dementia. The scale of the scores is shown in Table 8.

The Lawton Index is a test that aims to assess an elderly person’s ability to perform

instrumental activities of daily living (e.g. using the telephone, preparing meals, using

medication). It aims to assess the patient’s autonomy to perform the tasks of daily living

and to understand if a follow-up plan is needed.
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The Barthel Scale is similar to the second one because it measures an individual’s

ability to perform several activities of daily living and assigns scores to his or her degree of

dependence. This scale can evaluate and show the ability of individuals with neurological

problems. The scores taken into consideration are shown in Table 8.

It was considered important to analyze the data in Appendix D to better understand

the characteristics of this sample and in this way be able to justify, later, some of the

results of the application tests.

The sample is predominantly female and the average age is around 76. Through the

Appendix D, it is possible to verify that the people with more years of studies (U1,U2,U5)

perform more intellectual jobs while the other five users worked in less or not so mental

stimulating areas of the primary sector (e.g. fishing, agriculture).

For these initial tests, it was decided to select a sample with lower or no cognitive

severity, because the application of the prototype, is still in a very early stage.

A summary table (Table 9) of the previous table (Appendix D) was then created to

better analyze the cognitive states of the people. It can be seen that only 2 of the people

showed results of cognitive decline and only 1 of them showed a state of mild dependence.

All the rest of the sample was positively evaluated without decline or dependence.

Table 9. Synthesis of the users’ characterization

4.2. Results

Next, 19 and 20 Figures were created, showing the daily scores obtained in the applica-

tion’s cognitive exercises. We separated the scores by Quiz points and Memory Game

points. The criteria used for ranking the performance in each game were as shown in

Table 10.

As for the Quiz scores it can be seen that the results do not vary much. Through

the 18 and 19 figures it can be seen that most of the results were between 11 and 10,

with the maximum daily score being equal to 11. Through these results we can prove,

as in the studies of Cabrera [1] and McKeown [31], that for these individuals it was not

complicated to perform reminiscence exercises, since long-term memory is the last to be

affected. The individual exercise scores were also analyzed to try to justify the fact that

U7’s values were closer to 9 points. This elderly person had several days when he got the

same question ”You studied until what year?” wrong. The constant negative scores in
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this exercise may indicate that: 1) the question was complicated by the need to do math;

or 2) it may have been answered wrongly in the questionnaire done with the helper, and

since then, the elderly answered several times ”wrong” however right. As for the results

of the Memory Games, as expected, the results fluctuated greatly between users. Visibly

no very significant developments can be seen, possibly due to the fact that the duration

of the testing was only one week. U7 and U8, had low scores compared to the other users,

but more conclusions were only drawn after a table relating cognitive states to scores was

drawn (Table 11).

Table 10. Quiz points scale

Figure 18. Quiz Scores per
user and day

Figure 19. Memory Games
Score per user and day

Looking at the data in Table 11 several findings can be made. Most users with better

cognitive scores on the MMSE also had quite high scores on the memory games, as is the

case for U1, U2 and U5 (53.42; 52.85;52.85). At the opposite end of the spectrum was

also the case of user U7, who showed cognitive decline on the questionnaire exam and

scored quite low on the application (36.85) as expected. However, not all results were as

expected and the most critical were U6 and U8. Although U6 has a cognitive decline,

his scores (52.85) were very high on the application, and the opposite was also true for
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U8 (38.14). It was decided to further analyze the MMSE questionnaires taken by these

two users to be able to justify these discrepancies in results. U6 made mistakes in two

exercises, the orientation exercise and the evocation exercise (remembering a sequence of

words spoken out loud). Thus, it was expected that he would get weaker scores in the

sequence games, however, since these are random, it is not possible to find out if he got

many of these. Given that a total of 42 questions with a chance of getting ”Sequence” were

practiced over the 7 days, the probability that U6 performed many sequences is high, and

therefore more negative results should appear. It was then concluded that other factors

may have affected the sample, such as: 1) the exercises being more accessible than the

MMSE; 2) the scoring scheme being more beneficial than harmful; 3) the use of some

external support. In U8’s case, the exercises he got wrong on the Mini Mental State

Examination are related to language and perceptibly. According to the feedback present

in the evaluation in section 5.3, it is pertinent to note that the player may have had

difficulties understanding the exercises and that this harmed his scores. Regarding the

Quiz scores, everyone remained consistent and with maximum or almost maximum scores,

which proves that the questions about the past are the easiest for these users. The pilot

test obtained good analysis of the results, however it is important to consider the need

for a test with a larger group of users in the future, so that a more accurate structure of

the metrics of the application scores can be made. It will also allow the progress of the

users to be analyzed, as in this sample the results did not fluctuate much.

Table 11. Comparison table between average points and International
Cognitive Assessments

4.3. Evaluation

In addition to conducting pilot tests, the user group was also asked to complete a feed-

back questionnaire. This last questionnaire aimed to receive criticism needed for future

improvements of the app and to verify if the App had a positive impact on their lives.

The questions in the questionnaire, Appendix E, were made in order to better structure

the criticism for a better understanding of the feedback. In Appendix F, we can see that

there are some observations regarding the size of the buttons and letters and regarding

the phrasing of the game instructions, particularly the ”Sequence” ”Different Words.
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Several people also felt that the duration of the exercises was pleasant, with only one

being negative, and the regularity with which they preferred to play rivaled a lot between

”playing every day” and ”only twice a week”. As for autonomy, everyone found it easy

to use the application by themselves, but only after some time of getting used to it. In

relation to new or different features, the creation of more games and more stimulation

tools was proposed, such as, for example, other stimuli like confetti or the presentation of

performance at the end of the app.

As for the Amelia APP itself, the reviews were very positive where they reinforced

the interest in continuing to use this app because they are not exclusively dedicated to

memory training and have a personal life history component. However, in order to be

even more personal they found it necessary to add more questions and images related to

the users.
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CHAPTER 5

Conclusions

The project aimed and created the Amelia mobile APP that provide memory training to

the elderly, based on life story work, and also an informational system to support it.

There were 3 DSRs for the development, from which it was possible to obtain con-

structive feedback for the elaboration of a complete application, capable of stimulating

cognition with a set of quizzes and serious games.

At the end of the project, an application for Android OS was created with tools

adjusted for a greater autonomy of the elderly. This application has a system of questions

to create the user’s life story and a set of interactive games. The application allows users

to play infinite times and records all the results in a cloud database.

Feedback regarding the functionality of the application, was obtained through multiple

validations. All reviews and opinions were crucial in the construction of the application

because it allowed to receive feedback. It was given from professionals related to health

and technology , as well as from the users themselves who will use this app in the future.

Through this evaluation it was possible to conclude that the development of the Amelia

APP was very relevant and appreciated among professionals , caregivers of the elderly and

for the elderly themselves. It has even been described as a more enjoyable approach than

ordinary serious games, because it uses the users’ past, personal side, to create similar

exercises.

Some features were also praised, such as the audio instructions, as they allowed seniors

with low or no literacy to interact with the application in the same way. In addition

to reducing the need for external support, they also praised the ability to relive their

experiences every time they played.

Despite some exceptions, the results of the pilot test were able to prove that the

worst results were associated with people who scored worse on international exams (e.g.

MMSE). Although the effectiveness of the memory games was not proven (due to lack of

time), it could still confirm the similarity in the tests.

In summary, it was successfully create an application that tried to fulfilled an existing

gap in cognitive training approaches and was used as a first experiment for the association

of reminiscence with cognitive training through serious games.

5.1. Limitations

One of the main limitations of this project was the amount of users and the testing

time. More time and more people were needed to draw better conclusions regarding the

progress created by the application. However, since this was a pilot test to receive the
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first real reviews regarding the application, very valid and important information was also

collected.

Regarding the operating system, this application was developed for android which

limits the number of devices on which it can be tested (e.g. noiphones, no computers). If

this work is continued by someone else who has ambitions to improve the application, it

will have to be transformed into a hybrid language.

5.2. Future Work

Regarding future work, it should be mentioned that there are some changes to be made

in the architecture of the information system. If there is interest in bringing an improved

version of this application to the market, it is necessary to pay attention to some issues

related to security and data protection. In section 3.3.1.1 the necessary detail can be

found to better understand the steps to be taken.

During the project it was decided to give the users a paper with the Qr Code for their

login. However, as future work it is advised to create a system that builds a Qr Code and

sends it to the email after the user’s sign up.

According to the users’ suggestions it is possible to suggest the creation of more

interactive games and the collection of more personal content for the customization of

these games (e.g. videos, audios, photos).

As for the system for assigning points for the application’s games, it would be advisable

to do a large-scale test to find out the most common values and thus assign an improved

scale. This way, the results obtained can be more precise and the conclusions more viable.

This application can also be improved if an assessment is made and difficulty levels are

created for the games, based on these assessments. This would help avoid the monotony

of the exercises, which makes progress impossible.

5.3. Academic Contribution

To conclude the project it was also necessary to complete the last step described in Peffers’

model. To this end, the results were communicated at EPE 2022, 12th International

Conference and Exposition on Electrical and Power Engineering, under the title ”Memory

Training Interface for Elderly based on Mobile App”. Supporting documents can be found

in Appendix G, Appendix H, Appendix I and Appendix J .
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[13] Barbara Carillon, Brune Dirian-Angeli, Gabrièle Breda, Samuel Benveniste, and François Deparis.

Design of new generation of serious games for patientswith moderate cognitive impairment. Multi

Conference on Computer Science and Information Systems, MCCSIS 2019 - Proceedings of the

International Conference on e-Health 2019, pages 245–249, 2019.

39



[14] Nur Atheera Mohd Hassan, Aslina Baharum, Zaidatol Haslinda Abdullah Sani, Kent Chau, and

Noorsidi Aizuddin Mat Noor. Reducing cognitive impairment among dementia users through mobile

application. Pertanika Journal of Science and Technology, 29:863–883, 2021.

[15] Christina Moro, Shayne Lin, Goldie Nejat, and Alex Mihailidis. Social robots and seniors: A com-

parative study on the influence of dynamic social features on human–robot interaction. International

Journal of Social Robotics, 11:5–24, 1 2019. fala de coisas como a confiacan no robot ou coisas como

um sorriso ou paalavras de entusiamos ajudam os velhotes a sentirem-se bem.

[16] Nadia Akma Ahmad Zaki, Tengku Siti Meriam Tengku Wook, and Kartini Ahmad. Analysis and

classification of serious games for cognitive stimulation. IEEE, 2015.

[17] Sum Yuet Joyce Lau and Harry Agius. A framework and immersive serious game for mild cognitive

impairment. Multimedia Tools and Applications, 80:31183–31237, 8 2021.

[18] Christos Karapapas and Christos Goumopoulos. Mild cognitive impairment detection using machine

learning models trained on data collected from serious games. Applied Sciences (Switzerland), 11, 9

2021.

[19] Claudia I. Mart́ınez-Alcalá, Alejandra Rosales-Lagarde, Esmeralda Hernández-Alonso, Roberto

Melchor-Agustin, Erika E. Rodriguez-Torres, and Benjamı́n A. Itzá-Ortiz. A mobile app (ibeni)

with a neuropsychological basis for cognitive stimulation for elderly adults: Pilot and validation

study. JMIR Research Protocols, 7, 8 2018.

[20] Stelios Zygouris, Paraskevi Iliadou, Eftychia Lazarou, DImitrios Giakoumis, Konstantinos Votis,

Anastasios Alexiadis, Andreas Triantafyllidis, Sofia Segkouli, DImitrios Tzovaras, Thrasyvoulos Tsi-

atsos, Sotirios Papagianopoulos, and Magda Tsolaki. Detection of mild cognitive impairment in

an at-risk group of older adults: Can a novel self-administered serious game-based screening test

improve diagnostic accuracy? Journal of Alzheimer’s Disease, 78:405–412, 2020.

[21] Sonia Valladares-Rodriguez, Manuel J. Fernández-Iglesias, Luis Anido-Rifón, David Facal, and
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