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The increasing prevalence of cognitive impairments due to aging populations necessitates
advancements in early detection techniques, which are crucial for timely intervention and
better management of conditions such as dementia and Alzheimer's disease. This thesis
presents a transformative approach to cognitive health diagnostics through the digitization
of the Self-Administered Gerocognitive Exam (SAGE), integrating it into a scalable digital
software solution aimed at enhancing accessibility, ef�ciency, and user experience. By tran-
sitioning from paper-based to digital format, the project addresses signi�cant technological
and usability challenges, ensuring the tool's applicability across diverse user demograph-
ics, particularly older adults. The developed digital SAGE test maintains the integrity and
diagnostic capabilities of its traditional counterpart while introducing functionalities that
leverage modern technology for improved cognitive assessment. Validation of the digital
tool involved comparative studies with the paper-based version, professional feedback from
healthcare experts, and user testing with the target demographic to ensure accuracy, ease
of use, and effectiveness in real-world settings. The �ndings suggest that the digital SAGE
test is not only a viable alternative to the paper version but also enhances user engagement
through an intuitive interface and interactive elements. This research contributes to the �eld
by demonstrating that digital solutions can effectively replace traditional methods, providing
a blueprint for future advancements in the digital healthcare landscape. The digital SAGE



test represents a signi�cant step forward in the early detection and management of cognitive
impairments, potentially reducing the healthcare burden associated with aging populations.
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1 INTRODUCTION

Alzheimer's disease is a speci�c type of dementia, referring to a group of diseases that cause

cognitive decline and affect millions globally. Alzheimer's is a leading cause of dementia,

creating signi�cant health concerns, especially with the growing prevalence due to aging

populations (Alzheimer's Association, 2020.). The integration of cognitive science with

modern technology presents an opportunity to create innovative tools for early detection and

prevention (Park & Ha, 2024.). Digitizing healthcare tools has become increasingly im-

portant, aiming to enhance accessibility, accuracy, and ef�ciency. This thesis focuses on

creating a software tool for the early detection of dementia and Alzheimer's by adapting the

Self-Administered Gerocognitive Exam (SAGE), a widely recognized test for early detec-

tion, from a paper-based format to a digital tablet application. Additionally, this project lays

the groundwork for a future recommending system of serious games aimed at preventing

dementia and Alzheimer's. The primary goal of this thesis is to develop a digital version that

maintains the diagnostic capabilities of the original test while establishing the infrastructure

for future enhancements. One of the most important goals of this project is to have a digi-

tal version that keeps the same diagnostic capabilities of the original paper-version test, and

that has the base structure for future work enhancements. Considering the importance of

dementia and Alzheimer's this is an important approach, both currently and in the long term.

1.1 Background

With more than 50 million people affected worldwide, Alzheimer's disease can be consid-

ered as one of the important public health challenges, and this number is expected to be 3

times more by 2050 (Alzheimer's Association, 2020.). In order to mitigate this issue, sev-

eral approaches have been considered, among them early detection has proven effectiveness

considering it can improve timely intervention, which can slow the progression of the dis-

ease and improve the life quality of patients and their families (Wild et al., 2008.). For early

detection, there are many tools available, and the SAGE test is one of them, proven effec-

tive in early detection with studies that have proven its reliability and validity in identifying

cognitive impairment at early stages (Scharre, S. Chang, et al., 2010.). Health interventions

combined with digital solutions have shown positive results in enhancing patient engage-

ment and providing an accessible way to manage and monitor health conditions remotely, by

usage of apps and online tools. (Torous, Friedman & Keshavan, 2014.).

Despite the positive results of these advancements, the transition from a paper-version of

the SAGE test to a digital format can bring several challenges to the table, such as ensuring

technological robustness, user accessibility, and diagnostic accuracy. These aspects have not

yet being fully explored in previous research, especially the technological constraints and
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feedback from healthcare professionals, that is necessary for a successful digital adaptation.

Furthermore, the understanding of user experience and usability, particularly among older

adults, is limited. These gaps are addressed by this study, focusing on the technological

adaptation process, evaluating the user experience when using the digital SAGE test, and

with user testing of its validity compared to the paper-based version.

The health impact of Alzheimer's disease imposes a large economic burden, just in the

United States Alzheimer's and other dementias cost around $305 billion annually, a �gure

projected to increase to over $1 trillion by 2050 due to the growing prevalence of the disease

(Alzheimer's Association, 2020.). Effective early detection and intervention can mitigate

these costs by delaying the beginning of the disease and further progression of symptoms,

reducing the need for intensive care, and improving patient overall life's.

1.2 Objectives and scope

This project aims to achieve several objectives focused mainly on the digital adaptation of

the SAGE test, which is a key element for early detection of Dementia and Alzheimer's.

The primary goals are toidentify and address technological constraints, gather and in-

corporate feedback from healthcare professionals, evaluate the user experience of the

digital version, and build a valid diagnostic tool that their results can be effectively com-

pared with the traditional paper-based version results. Additionally, the project emphasizes

a comprehensive software engineering approach and sustainability objectives.

Given that the target audience includes older individuals who may have limited experience

with mobile devices, the app's design must be user-friendly, intuitive, and self-explanatory

to prevent frustration or stress. The app also aims to provide a base structure for future

personalized recommendations on cognitive exercises through serious games, tailored to in-

dividual cognitive training and improvement needs, focusing on the prevention of Dementia

and Alzheimer's.

The following section on Methodology will provide a detailed explanation of these objectives

and the research questions guiding this study. This initial section serves as a summary of the

goals and scope, setting the stage for the comprehensive examination of the project.

This thesis scope is the pilot part of a bigger research project. In this scope, the initial phase

is developed, which focuses on the digitization of the SAGE test, creating a valid digital

cognitive assessment version for early detection and setting the groundwork for the future

development of a recommending system for serious games based on user results and the

captured data during this work.
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Figure 1: Full research scope

1.3 Overview of the Methodology and Structure

The methodology involves multiple stages to ensure a comprehensive analysis and develop-

ment process:

1. Develop a Cognitive Assessment Tool:After researching the possible solutions for

cognitive assessment that can be digitized, the Self-Administered Gerocognitive Ex-

amination (SAGE) test will be adapted to a tablet app.

2. Improvement and validation: Gather insights and feedback from doctors and psy-

chologists regarding the digital adaptation of the SAGE test to ensure its validity and

ways of improvement.

3. Gather User Experience insights: Conduct testing sessions with the target user

group, focusing on older adults, to gather feedback on user experience and ways of

improvement.

4. Study about the results:Analysis of the results and data obtained is done according

to the captured information with the app and the observations during user testing, this

study will shed light on how to improve future work on the following research scope.

The thesis is structured as follows: an introduction to the problem and objectives; related
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work and literature review; a detailed methodology; solution design with all software engi-

neering considerations; testing and evaluation phase; and �nally, discussion and conclusions.

1.4 Sustainability

This thesis focuses on social, economic, and environmental sustainability dimensions. Social

sustainability in healthcare involves ensuring that technological advancements are accessi-

ble, user-friendly, and bene�cial to all segments of the population, especially considering

vulnerable populations such as the elderly. By digitizing the SAGE test, this project aims to

make early dementia detection widely available and user-friendly, potentially leading to ear-

lier diagnosis and intervention, which can lead to important improvements in patient's lives

(Zanobini et al., 2024.). The implementation of a module of serious games further enhances

sustainability by providing cognitive exercises that will promote mental health, well-being,

and potentially will delay the progression of cognitive decline, contributing directly to the

user's well-being (Przybylski et al., 2012.).

On the environmental front, the transition from a paper-based to a digital format contributes

on reducing resource consumption and waste, which alights with the global sustainability

goals, especially considering that the healthcare sector is a signi�cant consumer of paper,

and digitization efforts can decrease substantially the environmental footprint of healthcare

services (Sijm-Eeken, Jaspers & Peute, 2023.). With this project it is exempli�ed how a

digital health solution can contribute to environmental sustainability by minimizing resource

consumption and reduce waste.

On the economic end, the goal of preventing dementia and Alzheimer's can signi�cantly

reduce related healthcare costs, effective prevention strategies can mitigate the burden of

healthcare systems by reducing the need for long-term care, and improving the quality of

life for individuals and their families. Thereby lowering the overall economic impact of

these diseases (Wild et al., 2008.).

By addressing the objectives and research questions of this project, it will contribute to valu-

able insights into the digitization of diagnostic tools in healthcare, promoting sustainability

in social, economic, and environmental dimensions.

Alignment with Sustainable Development Goals

This project positively impacts several Sustainable Development Goals (SDGs), as it in-

volves the digitization of the SAGE test to underline and support commitment to sustain-

ability in its many dimensions. The developed innovations are contributing signi�cantly to

SDG 3: Good Health and Well-being by improving the capacity for earlier detection and in-
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tervention relating to dementia, which impacts quality of life and reduces associated health-

care costs. The digital platform transformation relates to SDG 9: Industry, Innovation, and

Infrastructure, through the promotion of innovation toward sustainable industrialization in

healthcare. The fact that such cognitive health tools have high potential makes them highly

relevant to and useful for the most vulnerable populations, which brings back attention to

SDG 10 about reducing inequalities, and more comprehensive lifelong learning aligned with

SDG 4 about quality education. Finally, the environmental impact is taken care of by SDG

12 about responsible consumption and production, through the reduction of paper use and

waste, making it a sustainable practice in the operation of healthcare.

These contributions enhance the project's practical impacts and align its objectives with

global sustainability efforts, demonstrating a commitment to broad-scale health, environ-

mental, and societal betterment.
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2 RELATED WORK

This chapter presents the literature review that was done to acquire the research basis of this

project, and it makes a comparison with related work in which the differences and similarities

of studies in the same area are presented.

2.1 Literature Review

This section presents a comprehensive review of the literature related to Alzheimer's disease

and dementia, focusing on early detection and prevention techniques. Additionally, it evalu-

ates the Self-Administered Gerocognitive Examination (SAGE) test's validity and reliability,

particularly in its digital adaptation, and reviews the broader context of digitizing diagnostic

tools. It is structured to �rst discuss the prevalence and impact of Alzheimer's disease, fol-

lowed by a review of current early detection methods, and �nally, an analysis of diagnostic

tools.

2.1.1 Background of the Problem

First, it is important to understand the current research about the main problem, and for that,

there are plenty of research papers and medicine books that address the causes, reasons, and

much more information related to Alzheimer's and Dementia. Yu, 2021 sheds light on the

background information about Alzheimer's disease, providing a comprehensive overview of

its history, impact, and current state of research.

Alzheimer's disease, a speci�c type of dementia, is characterized by progressive cognitive

decline and is a signi�cant public health issue worldwide. According to Yu, every 65 sec-

onds, someone in the United States develops Alzheimer's, and globally, a new case of de-

mentia occurs every three seconds. The prevalence of Alzheimer's is increasing rapidly; in

2019, 5.8 million Americans were living with the disease, a number projected to rise to 13.8

million by 2050. This dramatic rise underscores the desperate need for effective prevention,

early detection, and treatment procedures. Yu's research on the subject stated the cost of

caring for one American with dementia to be around $350,000 in the year 2019 while the

total cost is around $290 billion in the United States and more than $1 trillion worldwide.

A critical challenge in the �eld of Alzheimer's disease is that current prevention and treat-

ment have not shown effectiveness. After enormous research, a cure for the disease has not

been found, with current treatments only looking to alleviate symptoms. This leaves space

for new approaches in early detection and intervention that can slow the course of disease

and improve outcomes for the patient. Realization of the complexity of Alzheimer's and

the wide impact that it has set the base for the current research aimed at digitizing cognitive
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assessments like the SAGE test. This digital transformation targets increased accessibility,

accuracy, and ef�ciency in early detection tools to address some of the critical challenges

pinpointed by Yu. With modern technology in place, this will further improve innova-

tion development of early diagnosis solutions and also help in understanding and managing

Alzheimer's better.

2.1.2 Early Detection and Prevention of Alzheimer's and Dementia

Early detection and prevention of Alzheimer's and dementia are important for the manage-

ment and the possibility of mitigation of the effects of the related diseases. Multiple studies

prove how early interventions can help reduce the prevalence of Alzheimer's and the chances

of effective lifestyle and medical interventions.

This is con�rmed by the National Academies of Sciences, Engineering, and Medicine, 2017

report, “Preventing Cognitive Decline and Dementia,” which states that three important in-

terventions need to be focused on: cognitive training, management of blood pressure for

hypertension, and physical activity. The report highlights the interventions with cognitive

training that are effective mainly in interventions designed to boost memory, reasoning, and

speed of processing. It also brought out the importance of managing high blood pressure,

especially in midlife, for the prevention of any possible cognitive decline. Besides, physical

activity in general has been recognized as having health bene�ts for brain health in multiple

areas, making it quite an important component in reducing the risk of cognitive impairment.

Yang et al., 2021 discuss how early-life interventions of preventive measures reduce the ex-

tent of cognitive impairments in older age. The interventions in the longitudinal cohort con-

sisted of regular physical exercises, programs for cognitive training, dietary modi�cations,

and social engagements. Results demonstrated that these combined interventions reduced the

rate at which cognitive impairment is developed. In this aspect, a critical role for community-

based programs is highlighted, by promoting cognitive health and early sustained engage-

ment in preventive activities that could have long-term protective effects against cognitive

decline.

In the paper of Norton et al., 2014 the impacts of modi�able risk factors on Alzheimer's

prevalence are analyzed. They discovered that approximately a third of Alzheimer's dis-

eases across the globe could, in one way or the other, be attached to such factors as physical

inactivity, smoking, high blood pressure, obesity, diabetes, depression, and low educational

level. The study claims that by targeting these health goals with programs aimed at increas-

ing the awareness of these risk factors and changing them, can contribute signi�cantly to the

percentage of cases of Alzheimer's disease, which can potentially decrease by 2050. There-
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fore brings to mind the potential of lifestyle modi�cation and medical management regarding

the prevention of the disease.

Mendiola-Precoma et al., 2016 assess current therapeutic strategies for Alzheimer's. The

review classi�es therapies according to pharmacological and non-pharmacological interven-

tions, focusing on the limitations and diversity of results among clinical trials. More recent

lines of therapy, such as immunotherapies and gene therapies, are promising and may change

the very course of the disease. With the complex management of Alzheimer's disease, fu-

ture research and innovations have to be merged to frame a holistic treatment strategy that

integrates multi-therapeutic approaches.

The study by Low et al., 2022 is about the relationship between CAIDE risk scores and

progression in cerebral small vessel disease. It concludes that a higher CAIDE score is

potentially associated with higher cerebral small vessel disease progression, which, in turn,

could contribute to cognitive decline. The �ndings further support the utility of the CAIDE

risk score in identifying subjects at high risk for future cognitive impairment and emphasize

the management of cardiovascular risk factors as a means to prevent dementia. This, in turn,

points toward early identi�cation and intervention with at-risk populations to mitigate the

progression of cognitive decline.

Taken together, these studies serve as a base for current work in digitizing cognitive test-

ing, such as that done through the SAGE test. Early detection and intervention have thus

served as salvation in handling Alzheimer's disease and dementia. Technology in the present

modernity, however, can enhance the accessibility, accuracy, and ef�ciency of these tools for

early detection which is central to patient outcome improvement.

2.1.3 Self-Administered Gerocognitive Examination (SAGE) Test

Several tools have been developed considering the importance of early detection and preven-

tion. For this study, the Self-Administered Gerocognitive Examination (SAGE) test will be

brought into focus. Its reliability and validity as a tool for early detection of dementia and

Alzheimer's disease are well-documented through several studies. This section will cover

some of the prominent research papers that demonstrate the ef�ciency of the SAGE test

for early recognition of cognitive impairments and, consequently, Alzheimer's disease and

dementia.

Scharre, S. i. Chang, et al., 2021 conducted a longitudinal effectiveness study of the SAGE

test. The research was conducted with 665 participants who underwent the SAGE test and

then were monitored with full clinical evaluations including neurological exams and neu-

ropsychological batteries. The research discovered a high correlation of SAGE scores to
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standard neuropsychological assessments; at a rate of 95% speci�city, SAGE has 79% sensi-

tivity to the detection of cognitive impairment. This research thus emphasizes the reliability

of SAGE as a self-administered tool that can enable early diagnosis and treatment of demen-

tia by busy clinicians.

In another research done by Scharre, S.-I. Chang, Nagaraja, Yager-Schweller, et al., 2014 the

usefulness of SAGE was established in community settings. More than 1,000 people over 50

years were screened in several events within the community. Internal consistency of SAGE

results and balance between the different cognitive functions, i.e. language, visuospatial,

executive, and memory have been documented. The current study based on a community

has detected 28% of its sample with cognitive impairment, thus validating that SAGE can

be used in detecting early even in diverse and non-clinical populations. In addition to that,

applicability in SAGE has been validated under the large-scale screening of the populations

since it is self-administered and uses very negligible costs or resources.

In Scharre, S.-I. Chang, Nagaraja, Murden, et al., 2017 research is carried out to ascertain

the validity of a digital format of the SAGE test, the eSAGE, and to compare it with its

paper-based version. A total of 66 subjects were examined using both versions of the test.

The results indicated strong concordance between eSAGE and paper SAGE, suggesting that

a digital format could preserve the reliability and validity of the original test. An eSAGE

was also highly accepted by the users and easy to use, hence making this a good option for

more widespread and accessible cognitive screening.

Collectively, these studies supported the reliability and validity of SAGE in the early de-

tection of cognitive impairments, thereby allowing timely diagnosis and intervention. The

SAGE test can be used ef�ciently in clinical and community settings by leveraging both

paper-based and digital formats. This promotes its accessibility and use in the management

of Alzheimer's disease and dementia.

Author(s),
Year

Title Summary Relevance to Thesis
Topic, RQ

Research
Methodology

National
Academies
of Sciences,
Engineering,
and Medicine,
2017

Preventing
Cognitive
Decline and
Dementia

Emphasizes in-
terventions like
cognitive training,
blood pressure
management, and
physical activity to
prevent cognitive
decline.

Highlights the impor-
tance of early inter-
ventions to prevent
dementia.
RQ 1, 2

Literature
review and
expert con-
sensus
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Author(s),
Year

Title Summary Relevance to Thesis
Topic, RQ

Research
Methodology

Norton et al.,
2014

Potential
for Primary
Prevention of
Alzheimer's
Disease: An
Analysis of
Population-
Based Data

Analyzes the im-
pact of modi�able
risk factors on
Alzheimer's preva-
lence and potential
prevention through
lifestyle changes.

Supports the role
of public health
interventions in re-
ducing Alzheimer's
incidence.
RQ 1, 3

Population-
based data
analysis

Mendiola-
Precoma
et al., 2016

Therapies
for Preven-
tion and
Treatment of
Alzheimer's
Disease

Reviews current
and emerging ther-
apeutic strategies
for Alzheimer's
prevention and
treatment.

Emphasizes the need
for comprehensive
treatment plans
combining multiple
approaches.
RQ 1, 3

Literature re-
view

Yang et al.,
2021

Early Pre-
vention of
Cognitive
Impair-
ment in the
Community
Population

Explores the effec-
tiveness of early
preventive measures
like exercise, cog-
nitive training, and
dietary modi�ca-
tions in community
settings.

Demonstrates
the bene�ts of
community-based
programs in prevent-
ing cognitive decline.
RQ 2, 3

Longitudinal
cohort study

Low et al.,
2022

CAIDE
Dementia
Risk Score
Relates to
Severity and
Progression
of Cerebral
Small Ves-
sel Disease
in Healthy
Midlife
Adults

Investigates the
association between
CAIDE risk score
and progression of
cerebral small vessel
disease, a contributor
to cognitive decline.

Supports the use of
risk scores in the
early detection and
management of de-
mentia risk.
RQ 2, 3

Cohort study

Scharre, S. i.
Chang, et al.,
2021

Self-
Administered
Gerocognitive
Examination:
longitudinal
cohort testing
for the early
detection
of dementia
conversion

Validates SAGE's ef-
fectiveness in detect-
ing cognitive impair-
ment over a longitu-
dinal period.

Establishes the reli-
ability of SAGE for
early diagnosis.
RQ 1, 2

Longitudinal
cohort study
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Author(s),
Year

Title Summary Relevance to Thesis
Topic, RQ

Research
Methodology

Scharre,
S.-I. Chang,
Nagaraja,
Murden, et
al., 2017

Digitally
trans-
lated Self-
Administered
Gerocognitive
Examination
(eSAGE):
relation-
ship with
its validated
paper version,
neuropsy-
chological
evaluations,
and clinical
assessments

Compares the digital
and paper versions
of SAGE, demon-
strating strong
concordance and
user acceptance.

Validates the digital
format of SAGE, en-
hancing its accessi-
bility.
RQ 1, 3

Comparative
study

Scharre, S.-I.
Chang, Na-
garaja, Yager-
Schweller,
et al., 2014

Community
Cognitive
Screen-
ing Using
the Self-
Administered
Gerocognitive
Examination
(SAGE)

Assesses SAGE's
utility in community
settings, show-
ing high internal
consistency and
practicality.

Demonstrates
SAGE's effective-
ness in non-clinical,
community-based
screenings.
RQ 1, 2

Community-
based study

Scharre, S.
Chang, et al.,
2010

SAGE:
A Brief
Cognitive
Assessment
Instrument
for Mild
Cognitive
Impairment
(MCI) and
Early Demen-
tia

Develops and vali-
dates the SAGE test
for early detection of
MCI and dementia,
showing high speci-
�city and sensitivity.

Con�rms the reliabil-
ity and validity of
SAGE for early cog-
nitive assessment.
RQ 1, 3

Validation
study

2.2 Related Work

This section critically discusses the similarities and differences between the current study

and related literature in early detection and prevention of Alzheimer's and dementia, with a

focus on the SAGE test and its digital adaptation. The current study shares many similarities

with most similar studies in that it emphasizes the importance of early detection of cognitive

impairments and the bene�ts of digitizing tools used for cognitive assessment.

According to Scharre, S. i. Chang, et al., 2021, testing the longitudinal cohort of the Self-

Administered Gerocognitive Examination (SAGE), validates effectiveness through these lengths

of time. This foundational study closely aligns with the objectives of this current study: to

test the reliability and validity of the SAGE test. However, the current research takes this
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validation further into the digital format to ensure that the eSAGE test maintains the same

reliability and accuracy as the paper version.

The related study of Scharre, S.-I. Chang, Nagaraja, Murden, et al., 2017 observed the com-

parability of the digital with the traditional paper version. This directly relates to the purpose

of the digitization of the SAGE test and performance evaluation of the same. The current

study builds on this to conduct further validation of the eSAGE test in different populations

and explores additional features from the test results, thus contributing toward a more gener-

alizable and dependable digital tool.

Another relevant study is Scharre, S.-I. Chang, Nagaraja, Yager-Schweller, et al., 2014,

which examines the appropriateness of SAGE within communities and illustrates it to be

effective in non-clinical environments. These results of the present study set the premise for

the broader use of SAGE, which also goes with the aim of the present research: to increase

the reach and usefulness of the SAGE test through digitization. This paper tries to make it

practical to use the SAGE test for a larger section of people, especially those who cannot

easily get health care services.

Furthermore, basic research by Scharre, S. Chang, et al., 2010 also supported the validity

of the SAGE test in early identi�cation of Mild Cognitive Impairment (MCI) and dementia.

This research really hinges upon the early detection of cognitive degeneration. The current

study contributes to the digital transformation of the developed and validated paper-based

SAGE test, ensuring its applicability in modern healthcare contexts with increased access

and ease of use.

While the study shares many similarities with existing research, it also introduces several

unique aspects that contribute to this �eld of research. By digitizing the SAGE test and

incorporating additional features such as serious games for cognitive training, the current

study not only validates the digital format but also explores innovative ways to enhance

cognitive assessment and intervention.

� Digital Adaptation: Unlike most existing studies that focus on paper-based assess-

ments, this research emphasizes the digital transformation of the SAGE test and its

development process. This adaptation aims to increase accessibility, convenience, and

user engagement, particularly for populations with limited access to traditional health-

care services.

� Broader User Experience Evaluation: the reviewed studies do not give special focus

on the overall experience of the user, in this research there will be a module just for

focusing on it.
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� Base structure for Serious Games: apart from the early detection module of my thesis,

it will set the ground for the prevention of Dementia and Alzheimer's, by using the

Serious Games module to give a personalized experience to the user according to the

grade on the test and the results of each aspect of the test.

� Focus on Sustainability: the study considers the sustainability aspects of digital health

interventions, by considering the different sustainability dimensions that can be af-

fected or improved.

� Broad reach and accessibility: including a digitized solution can improve the inclu-

sion of remote and underserved areas, this aspect is crucial for early detection and

intervention.
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3 METHODOLOGY

In this chapter, the focus will be on outlining the research design, objectives, research ques-

tions, and the methods employed to achieve the goals of this study. It will provide a com-

prehensive overview of the approaches and procedures that will be used to investigate the

digitization of the SAGE test and the other aspects of the overall project.

3.1 Objective

Taking in consideration all the aspects reviewed in the last chapters, in this section is possible

to state concrete goals that this research will pursue to accomplish. The primary objectives

of this research are to develop a digital version of the SAGE test that maintains the diag-

nostic capabilities of the original paper-based test and to assess its reliability and validity in

detecting early signs of dementia and Alzheimer's disease. The study also aims to design the

framework and establish the possibility of integrating serious games as a cognitive training

tool. And �nally, sustainable attainment through the digitization of the cognitive assessment

process. The aims of this research are described as follows:

1. Develop a Digital SAGE Test:Development of a digital version of the Self-Administered

Gerocognitive Examination (SAGE) test. This will have to be developed so that it is

user-friendly and uses simple interfaces, taking into consideration that the target audi-

ence will be elderly people who do not have much experience using digital tools. The

development would focus on keeping the core elements, instructions, and structures

similar to those of the paper test but with the inclusion of digital features that make

it usable and accessible. This is going to be directed at modernizing the cognitive

assessment process in order to provide a convenient, remote, and scalable solution.

2. Validate the Digital SAGE Test: tested to guarantee that its digital form is valid and

reliable just like the original paper version, to detect cognitive impairments. It will be

tested through comparative studies by offering the two variants of the test, paper and

digital, to a group of participants. Those results would then be veri�ed for consistency

and accuracy. Besides this, it is possible to have various sessions with professionals in

the medical as well as psychology/therapy �elds to get feedback from them on what

can be improved and what general opinion might be regarding how best to make such

a tool valid and best used for early detection.

3. Evaluate User Experience:evaluates the user experience of the digital SAGE test

developed for this project. This involves gathering feedback from the target user group,

focusing on older adults, to assess their interaction with the digital test. User testing

sessions will be conducted to identify any challenges or barriers faced by users and
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to gather insights on how to improve the interface and overall user experience. As

well a facial recognition tool will be used to detect emotions during the app version

of the test. This objective ensures that the digital test is not only effective but also

user-friendly and accessible to its intended audience.

4. Achieve Sustainability: By analyzing the sustainability impact of transitioning from

a paper-based to a digital cognitive assessment tool, it is clear that a digital solution in

this medical area follows the sustainability goals by using technology for creating sus-

tainability. During this project, the overall goal will be to create a sustainable solution

that contributes on social, environmental, and economical dimensions.

5. Structure for Integrate Serious Games: Considering that this thesis is the initial

part of a bigger research project, it is important to state the base structure for future

integration of a recommendation system of serious games according to the results and

captured data during my scope. This involves developing a scalable structure that

allows for the addition of personalized cognitive training exercises based on user test

results. The integration of serious games aims to provide interactive and engaging

interventions that can enhance cognitive function and potentially delay the progression

of cognitive impairments. This objective sets the foundation for future research and

development in cognitive training and dementia prevention.

The work outlines a solution that shall, in turn, support the �eld of cognitive assessment and

dementia prevention to develop further to propose an accessible, innovative, and sustainable

solution for early detection and future intervention. Detailed below are the research ques-

tions and the elaboration of the research methodology that will be used to help meet these

objectives.

3.2 Research Questions

The research questions are the backbone of this study, guiding the inquiry process to meet

the main set objectives and contributing to the body of knowledge in the �eld of cognitive

assessment and dementia prevention. Each of the research questions is explained for context,

providing a rationale for their inclusion in the study.

1. RQ1: What technological constraints must be addressed when adapting a test

from a paper-based to a digital format?

The �rst research question will aim to identify technological challenges in converting

the SAGE test from a paper-based into a digital format. This involves maintaining

the diagnostic accuracy of the original test in its digital version, addressing user in-

terface design issues, considerations about user experience, and compatibility with

multiple devices. The input of professionals such as medical doctors, psychologists,



26

and therapists will be crucial to make the digital test clinically accurate and useful.

This research question helps in establishing where exactly those speci�c technological

limitations lay, and then obtaining professional insights to implement a reliable and

functioning digital version of the SAGE test.

2. RQ2: What are the key factors affecting user experience and performance in the

digital SAGE test, and how can these be addressed?

The second research question investigates the user experience of the digital SAGE test

among the testing group, particularly focusing on older adults. Real user testing is

essential to ensure that the digital test is accessible, and user-friendly and does not in-

troduce additional cognitive or technical challenges for the users. This question seeks

to evaluate how the testing group interacts with the digital test, identify any usabil-

ity issues or barriers they encounter, and gather feedback on their overall experience.

The use of a facial recognition tool to detect emotions during the test will provide

additional insights into user engagement and satisfaction. The �ndings will inform

necessary improvements to enhance the digital test's user experience.

3. RQ3: How does the validity of the digital SAGE test compare to the traditional

paper-based version?

The third research question concerns comparing the validity of a digital administration

for the SAGE test and a paper-and-pencil version. This would include a real-user test

to make sure the original diagnostic ability of the original test is still there in its digital

form. Studies will be set up where a participant will take the paper and digital forms

of the test and have those results compared to establish accuracy and consistency. This

question aims to �nd out whether the digital SAGE test can be considered to be as

accurate and reliable early detection tool for dementia and Alzheimer's disease as it is

the paper-based version.

The major target of this research is to develop a solid digital SAGE test that is technological,

suitable, user-friendly, and reliable. These research questions guide the research toward

the objectives in a way that the digital test maintains the same diagnostic possibilities of

the paper-based version but with some added value in terms of usability and technological

integration.

3.3 Research Methods

This section will explain the most relevant features of the research regarding the used method,

data collection procedures, sources, and related information to understand better how the the-

sis project methodology will be able to answer the research questions in a comprehensive and

rigorous approach to achieve the study's goals.
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3.3.1 Research Design

The research methodology used for this thesis relates to Design Science Research (Peffers

et al., 2007.), which considers the steps in previous chapters as the identi�cation of the prob-

lem and potential solution, and in the further chapters the design and development of the

solution, testing, evaluation, and the analysis of the results. Also follows a mixed-methods

research design result analysis, whose approach has the goal of integrating both dimensions

of the quantitative and qualitative paradigm to enable comprehensive assessment of the dig-

ital SAGE test from different technological, user experience, and diagnostic parameters. In

such a design, it is possible to create a robust analysis through triangulation of data using

multiple sources and perspectives. The general phases in the research process are the identi-

�cation of the problem and de�nition of the solution, the design and development phase, the

validation phase, user experience testing, and the data analysis. Each of these phases engages

speci�c methodologies or tools to achieve the desired aims of the research effectively.

1. Identi�cation and de�nition of the problem: This is the initial step of the process,

which focuses on understanding the problem and �nding the research base and data to

start the evaluation of the possible solutions. For this step, multiple research papers,

articles, and related work have been reviewed, with this it was possible to create a

logical background about what can be done to solve the main issue. Once the problem

is de�ned the research questions can be stated to plan a solution that justi�es the study.

2. Design and Development Phase:Focus on the digital adaptation of the SAGE test.

The development of the digital test happens through methodologies designed for soft-

ware creation, using agile and iterative design methods focused on incremental and

continuous feedback. Agile methodologies can proceed incrementally as well and in-

volve the continuous collection of feedback, while iterative design secures changes in

each version based on user and professional input. Nevertheless, the development de-

ploys tools for software development such as Flutter, NestJS, and Angular for develop-

ing the module. Designing user interfaces in Uizard and Whiteboard for prototyping;

and collaboration platforms like GitHub for version control. This phase should, there-

fore, be complemented by feedback from medical experts so that it becomes clinically

relevant and the user experience of the digital test doesn't bring any extra cognitive

constraint. The information about the SAGE test is gathered from various literature

and of�cial guides that are available. Response of healthcare professionals like doc-

tors, psychologists, and therapists is gathered through interviews, group meetings, and

feedback sessions in order to guide the development process.

3. Validation Phase:This step makes sure that the digital test does not lose any reliability

and validity present in the paper version test. Comparative studies are done in which
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the respondents answer both the paper-based and the digital versions of the SAGE

test. A dimensional review is performed, and checking both version's answers against

each other is used to check consistency and accuracy. The sample consists of older

adults with no evident cognitive impairments; this allows for a range of responses that

ensure comprehensive validity. Information is gathered from people responding to

both versions of the test. It also contains professional feedback to check that the digital

version meets the test standards. Statistical comparison is conducted by gathering

scores of both versions and comparing same in order to check for inconsistencies.

4. User Experience Testing Phase:This phase evaluates the overall user experience for

the digital SAGE test. The testing sessions take older adults from a diversity of back-

grounds to ensure accessibility as well as user-friendliness for many types of users.

Feedback collection includes surveys, direct observation, and the use of different user

experience measurement tools. The perceived workload is measured with the NASA

Task Load Index, NASA-TLX, which gives very detailed feedback on the user's ef-

fort and stress levels while using the application. Emotions and feelings are measured

by an emotion recognition AI tool called Kopernica, whose objective is to know how

to improve user engagement and assess the overall experience. On the other hand,

observational data retains real-time interactions and thus helps in the identi�cation of

usability issues and areas of improvement.

5. Data analysis: Once all the results of the testing are gathered, a processing of this

data is done, considering the mixed approach taken for the testing, the sources of in-

formation were treated differently. The qualitative data, like the interviews with the

professionals, observational studies, and feedback from the users resulted in informa-

tion that had to be organized �nding common points on each to state the main ideas

found during this evaluation. For the quantitative data, different tools like Python, Ex-

cel, and Kopernica Dashboard were used to have graphs and organize data in a way

that can be easily understood. With this data, it is possible to answer the research

questions, prove the accomplishment of the objectives, and make a comparison with

the related work.
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4 SOLUTION DESIGN

This chapter presents the technical aspect of the project, starting from the software engineer-

ing process that was done in order to achieve the objectives on an organized and structured

way. Also, to understand better the way the system behaves internally a work�ow is pre-

sented. And taking into consideration the project's full scope, a strategic plan is presented,

to shed some light on the future implementation of personalized Serious games capabilities

and understand what is currently done for that module.

4.1 Software Engineering

This section goes deeper into the technical aspect of the Software Engineering process, start-

ing from the way that the problem will be solved, also a detail of the requirements that will

be considered, the software architecture explanation, and a detailed aspect of the modules

that the system uses.

4.1.1 Problem Solution

The problem addressed in this thesis is the need for an accessible, reliable, and user-friendly

digital tool for the early detection of cognitive impairment, speci�cally dementia and Alzheimer's

disease. The solution involves digitizing the Self-Administered Gerocognitive Examination

(SAGE) test to create a digital version that can be easily used by older adults. The digital

SAGE test will be integrated into a mobile application, ensuring accessibility and conve-

nience for users. This solution also includes the foundation for the integration of serious

games designed to enhance cognitive function based on user test results. And includes an

Admin dashboard for the therapist to have access to the patient's data and modify the grading

of the tests.

4.1.2 Requirements

1. Functional Requirements

� The digital SAGE test must replicate the structure and content of the paper-based

version.

� The app must store and manage user data securely.

� The application should provide a user-friendly interface tailored for older adults.

� The system must provide an admin dashboard for accessing the user performance

and reviewing their tests.
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� The app should include the structure features for administering serious games

based on test results.

2. Non-Functional Requirements

� The application must ensure high availability and reliability.

� Data privacy and security must be maintained.

� The app should be scalable considering future implementations.

� The user interface should be intuitive and easy to navigate.

4.1.3 Software Architecture

Figure 2: Software Architecture

The application is designed using a microservices architecture to ensure scalability and main-

tainability. The key components of the architecture include:

� Frontend Admin Dashboard: Manages the front-end interface for therapists and ad-

ministrators, providing capabilities to access all information about users and tests, as

well as review and modify grades.

� Tablet App: Facilitates direct interaction with users, handling the administration of

the digital SAGE test and serious games. Designed with a user-friendly interface to

accommodate older adults.

� Backend API Gateway: Manages communication between the front-end, back-end
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services, and external online services. It serves as the central hub for data exchange

and has a direct connection with database services.

� SAGE Test Service: Handles all the test grading related capabilities, contains the

logic in Spanish as in English of the right and wrong answers. It connects to the other

modules and external online modules to accomplish the grading. Also, receives the

modi�cations done by the therapist about the grading of the test.

� Serious Games Service: Provides the base structure for developing a recommendation

system for serious games. It currently includes standalone simple serious games that

users can access through the app, aiming to enhance cognitive functions.

� User Management: Facilitates user identi�cation, registration, and overall manage-

ment of user information. Ensures secure handling of personal data and supports fea-

tures like password recovery and pro�le management.

� Image Recognition Service: An external module used for recognizing and analyzing

drawings made by users during the test. It is integral to the grading process, ensuring

an accurate assessment of user responses.

4.1.4 Backend Microservice Modules

Considering the main components explained previously, the individual components of the

backend will be described in detail in this subsection. This microservice solution uses mod-

ules to be developed, deployed, and scaled independently, facilitating a robust and responsive

system. Here are the broader technical aspects of each component.

1. Backend API Gateway:

Figure 3: Backend API with TypeORM for PostgreSQL

It has theAPI Gateway Backendbased onNestJsandTypeORM, which handles

API requests and database queries. The gateway will handle the critical functionality

of managing API requests from both ends: the front end of the admin dashboard and
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the tablet app. Moreover, it makes sure that these requests are routed correctly to the

propermicroservicesto ensure structured communication. In addition, the gateway

handles secure communication and data transfers, quite important especially consid-

ering sensitive personal information. The use of the latest capabilities of NestJs and

TypeORM provides a reliable, scalable, and maintainable architecture with seamless

interaction of many solution components.

2. SAGE Test Module:

Figure 4: SAGE Test Module

The SAGE Test Module is developed using NestJS with TypeScript and maximizes the

modularity and scalability provided by the framework to manage the test's cognitive

logic and functionalities of automated grading. This module is critical in the correct

administration of the digital SAGE Test to appropriately process and score a user's

response.

Part of the responsibility of this module is theintegration with some external APIs

for complex functionalities in grading—like spell-checking or translations. This pro-

vides the capacity for the test to handle a wide variety of user inputs and score accu-

rately, even in different languages.

The module's central functionality falls under the SAGEGrading Service. It will han-

dle the automated grading of the SAGE test employingGoogle Cloud Translate API,

Nodehun Spell Checker API, andNatural Wordnet JS for some questions. This

connects it to other modules like User Management and Image Recognition, ensuring
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full functionality in relation to grading.

TheUpdate Grade Serviceupdates user grades from the Admin dashboard end, and

this will give the ability to therapists to revert back the grade of the scores based on

professional judgment. This service will make the grading process both �exible and

precise, in line with expert health professional advice.

3. User Management:

Figure 5: User Management Module

The User Management Modulewill be created by usingNestJsandToken-Based

Authentication with JWT (JSON Web Tokens)since it is ef�cient for data manage-

ment and secure connections. It will be a major module of the application, handling

user-related functionality.

The main responsibilities arehandling user registration, authentication, and au-

thorization. It manages user pro�les in such a manner that individual information is

stored safely, and it includesrole-based accesscontrol of various application parts

to maintain a secure and organized hierarchy of users. The module will implement

JWT for secure sessionsof the user for safeguarding user data during interactions.

In addition, encryption will be done on sensitive data to eliminate any chances of

unauthorized access or breaches of information.

4. Image Recognition:



34

Figure 6: Image Recognition Module

The Image Recognition Moduleutilizes OpenCV for Python for advanced image

processing and employsFlask to manage communication with the SAGE Test Module.

This module plays a critical role in analyzing user drawings made during the SAGE

test, providing an automated grading mechanism based on the recognized patterns and

shapes.

The core responsibilities of this module includeanalyzing user drawingsto deter-

mine the accuracy and correctness of the provided images. It ensuresaccurate grad-

ing by recognizing speci�c patterns and shapes within the drawings, thereby facilitat-

ing a consistent and objective assessment process. Furthermore, the moduleintegrates

seamlessly with the backendto analyze and report the accuracy of the images, con-

tributing to the overall grading functionality of the SAGE test.

5. Serious Games Module:

Figure 7: Serious Games Module
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TheSerious Games Moduleis currently implemented as a standalone module within

the app usingFlutter for the development of simple serious games. While this is a

prototype version, it is designed to provide a foundation for future enhancements as

outlined in the project scope.

The primary responsibilities of this module includeproviding a limited prototype of

serious gamesaimed at cognitive training for users. It ensuressmooth integration

with the main app, facilitating a seamless user experience. The module also serves as

abase structure for future improvements, particularly in the prevention of cognitive

problems.

On this scope, the module is designed toprovide the base structurefor future usage

of the collected data to train machine learning models for personalized game recom-

mendations. The current scope aims tocapture data that can be used to develop a

recommendation system, with the goal of tailoring cognitive training plans based on

individual user performance and needs. Additionally, it will consider the results ob-

tained from the SAGE Test Module toadjust game recommendations dynamically

based on the latest test results.

4.1.5 Front End Modules

The front-end modules of the system deal with the different user interactions, for that the

creation of two modules has been considered, on one end the Flutter App for the patients, and

on the other end the Angular Admin Dashboard for the therapists. These modules facilitate

user interaction with the system, both for the patients and the therapists according to their

roles in the system behavior.

1. Flutter App:
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Figure 8: Flutter App Design Preview

� Technology: Developed using Flutter, a cross-platform framework that allows

the creation of a mobile application tested on Android devices. Flutter provides a

high-performance and responsive UI, using Dart as the programming language.

� Responsibilities:

� Administering the digital SAGE test to users in a user-friendly manner.

� Supporting multiple languages, including Spanish and English, for testing

with a diverse group of people.

� Provide two different versions of the SAGE test to avoid the patient memo-

rizing the test.

� Provide access to serious games aimed at cognitive training.
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� Ensuring smooth interaction with backend services for data retrieval and

submission through RESTful APIs.

� User Interface (UI): The design focuses on creating a simple and accessible en-

vironment, speci�cally for older adults. The key elements of the design include:

(a) Large interaction buttons: The interface will contain large buttons, which

are self-explanatory and easy to interact with. It considers that the users

might have problems with �ne motor movements or might have some vision

problem. This reduces errors and improves overall usability.

(b) Clear instructions: along the app, there are clear, concise instructions, which

are well structured and step-by-step, without losing the main content of the

original test, but adapting to the needs of a digital format. This minimizes

misunderstanding, so the user will know precisely how to use the app at

each step, minimizing the possibility of affecting the grade by not having

technological familiarity.

(c) Minimalistic Design: so it doesn't become an overwhelming experience, the

amount of animations, colors, widgets, and visual input is reduced to its

minimum. Reducing this distraction keeps the main functionalities while

allowing the user to focus on the key tasks only, and it helps in retaining

their attention and making navigation easier.

(d) Accessibility Features: contrasting colors were explicitly taken into consid-

eration for the app since they play a huge role in creating an effective and

comfortable interface design. The main palette of colors used is Blue, White,

and Yellow, these colors are used for the contrast they have among them, and

because of the positive emotional feeling that they express. It provides less

eye discomfort and helps to create a pleasant user experience.

� User Experience (UX):The goal of providing an intuitive and positive experi-

ence leads the UX design for older adults following strategies associated with:

(a) Intuitive navigation: it involves simplifying the structure of the app, keeping

a similar main structure, and changing the content of the body, this way the

button to continue, go back and others are always at a similar position at all

the screens. The instructions are clearly de�ned, showing step-by-step what

to do avoiding this way for the users to get lost or frustrated.

(b) Cognitive load reduction: this design has simplicity and clarity as top pri-

orities, understanding that cognitive load can be signi�cant if the user has

not technological familiarity. It has a design in which each screen focuses
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on one task, so it does not give different inputs at the same time, creating a

clear division among the activities they are required to do.

(c) Usability testing and Iterative improvements: during development, a usabil-

ity observation was done, to see what kind of constraints real users �nd

while testing the app, this way multiple changes have been made, such as

removing the validations for date text input, considering that each person

should be able to use the format they feel comfortable with, also removing

the gesture of going back to avoid miscalling it while drawing, and similar

considerations that were found while testing. This gave very useful insight

into what can be done to improve the design and it helped on planning fur-

ther iterations of design. This way it is possible to avoid negative emotions

or confusing impressions.

2. Angular Admin Dashboard:

Figure 9: Admin Dashboard Design Preview
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� Technology:Developed using Angular, a framework for building responsive and

interactive web applications. Angular provides a robust platform for developing

dynamic and scalable applications using TypeScript.

� Responsibilities:

� Allowing access to the therapists to user test results and detailed information

about the user's pro�le.

� Allowing therapists to review and modify the grading of each question, en-

suring accurate and up-to-date overall test scores.

� Managing user data securely and ensuring seamless communication with

backend services via RESTful APIs.

� User Interface (UI) and User Experience (UX):

� Design Principles:The UI design focuses on ef�ciency and ease of use for

therapists. Key elements include a clean layout, intuitive navigation, and

clear data presentation.

� Color Palette: The dashboard uses a professional color scheme with high

contrast to enhance readability and reduce eye strain. Colors like blue, gray,

and white are used to create a calm and focused environment.

� Text and Layout: Information is organized logically, with important data

easily accessible.

� Usability Observation: The dashboard undergoes usability testing with

therapists to ensure it meets their needs. Feedback is continuously integrated

to improve the interface and functionalities.

� Data Management: Facilitates easy management of user data, including

secure storage, retrieval, and updates. The system ensures data integrity and

reliability.

4.2 System Work�ow and Integration

In order to give a clear view of the overall behavior of the entire solution, it is important

to take into consideration all the modules and components explained before, and in this

work�ow representation, an explanation of how everything is working together is presented.

It starts when the patient has the �rst interaction with the app by taking the digital SAGE

test, then it goes through all the data processing and the back-end operations and subsequent

steps to give a better understanding of the solution integration and its work�ow behavior.
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Figure 10: System Work�ow and Integration
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1. User Authentication: The process begins with the user's authentication on the tablet

app, managed by theUser Management Module. This module, developed using NestJs

and JWT (JSON Web Tokens), handles user login, registration, and authentication,

ensuring secure access control.

2. Patient takes the SAGE Test:Once authenticated, the patient proceeds to take the

SAGE test on the tablet app, administered by theSAGE Test Module. This module,

built using Flutter, allows the user to select the language and form of the test.

3. Submitting Test Results: The test results are then sent to the NestJS back-end for

grading.

4. Grading Answers: TheSAGE Test Moduleprocesses and scores user responses, in-

tegrating with external APIs such as Google Cloud Translate API, Nodehun Spell

Checker API, and Natural Wordnet JS for complex grading functionalities. TheGrad-

ing Servicewithin this module automatically grades the test answers. Additionally,

theUpdate Grade Serviceallows therapists to review and modify grades through the

admin dashboard.

5. Grading User Drawings: For questions involving drawings, theImage Recognition

Module, utilizing Flask and OpenCV with Python, analyzes the user's drawings. This

module provides accurate grading based on recognized patterns and shapes, ensuring

comprehensive evaluation of all test aspects.

6. Reviewing Test Results:Therapists access the test results and user information through

theAngular Admin Dashboard, developed using Angular. This web application allows

therapists to review detailed test results, modify the grading of individual questions,

and ensure the overall grade re�ects the most accurate assessment. The dashboard pro-

vides real-time updates, keeping the integrity of the data and the therapists informed

about the latest test results.

7. Providing Cognitive Training: The Serious Games Module, integrated within the

tablet app and developed using Flutter, offers cognitive training exercises and the

base structure for future recommending systems based on the user's test performance.

While currently a standalone module, it is designed to be integrated with future work

involving machine learning models to provide personalized game recommendations

based on the user's cognitive needs.

Backend Communication: Throughout the entire process, theBackend API Gatewayen-

sures smooth communication between the front-end applications and backend services. Im-

plemented using NestJs and TypeORM, it handles API requests, then routes them to appro-

priate microservices, and ensures secure data transfer and communication.
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4.3 Strategic Plan for Serious Games Integration

One of the goals of the whole research conducted at CITIUS is the future integration of

serious games into the overall system and its signi�cance for cognitive health. While the

current scope of this thesis project has laid the foundational structure, the subsequent phases

will use this groundwork to develop machine learning models aimed at using serious games

for the prevention of cognitive impairment and dementia by using the data obtained in this

thesis scope.

Serious games have shown promise in enhancing cognitive function and delaying the onset

of cognitive decline, as noted in various studies. For instance, the incorporation of engag-

ing, interactive games can provide cognitive stimulation that is both enjoyable and bene�cial

(Przybylski et al., 2012.). The future research will use the data gathered from the digital

SAGE test to train machine learning models, which will then personalize serious game rec-

ommendations to each user's cognitive status and measure the difference in the cognitive

status by taking the test again and comparing it with the results of the previous test. This

personalized approach aims to provide targeted cognitive exercises that can help maintain

or improve cognitive function, potentially delaying the onset of dementia and Alzheimer's

disease.

The structure created in this thesis includes the integration of the Serious Games Module

within the tablet app. This module is currently operational, offering a limited set of cognitive

training games. This module currently works as a standalone module that contains the logic

and structure that the future work needs to follow to achieve the prevention of cognitive

decline, but is not currently making recommendations or has a way to measure cognitive

improvement or decline over time, so it cannot be considered for its study on this stage.

Considering so, the full potential of this module will be realized in future research phases,

where the captured data from the digital SAGE test will be analyzed to develop personalized

game recommendations. The data collected includes detailed information on each user's

cognitive performance, which will serve as a baseline for future comparisons.

The reason this broader scope could not be achieved within the timeframe of this thesis is due

to the long-time nature of cognitive assessment and prevention. As highlighted by research,

signi�cant changes in cognitive function are typically observed over a period of six months

or more (Wild et al., 2008.). The SAGE test, designed to be administered every six months,

is intended to detect these subtle changes. Given the constraints of the thesis timeline, it was

necessary to divide the project into more manageable phases. The initial phase, completed

in this thesis, focuses on the development and validation of the digital SAGE test, along with

the preliminary integration of the Serious Games Module.
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The subsequent research phase will involve a longitudinal study where users will undergo

repeated SAGE tests and engage with the serious games over an extended period. The data

collected from these sessions will be used to train machine learning models to recognize

patterns and make personalized game recommendations. This approach aims to provide

evidence-based cognitive interventions that can help prevent the progression of cognitive

impairment.

In conclusion, the groundwork laid in this thesis sets the stage for future research that will

leverage machine learning and serious games to create a proactive approach to cognitive

health. By utilizing the digital SAGE test and integrating serious games, the �nal goal is to

develop a comprehensive tool that not only detects early signs of cognitive decline but also

actively works to prevent it. The continuation of this research holds the potential to make

signi�cant contributions to the �eld of cognitive health, offering new avenues for intervention

and support for individuals at risk of dementia and Alzheimer's disease.

Figure 11: Base Structure of the Serious Games module
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5 USER TESTING AND EVALUATION

This chapter is dedicated to explaining the testing and evaluation process employed in this

thesis project. The aim is to ensure that the digital version of the SAGE test is both valid

and reliable and that it provides a satisfactory user experience solving this way the goals

and research questions stated previously. The testing methodologies are designed to gather

comprehensive data from both professionals and users, enabling a clear and useful evaluation

of the digital SAGE test solution.

5.1 Pilot User Testing Methodology

The pilot testing methodology for this study was conducted in collaboration with the CITIUS

research center in Santiago de Compostela, Spain. The primary objective of this pilot testing

was to gather data and professional feedback to validate the digital SAGE test and to assess

the usability and user experience of the test.

5.1.1 Testing Plan

In order to achieve the goals and solve the research questions a plan for testing was created.

The plan follows three main stages chronologically, and it intends to gather all the required

data for completing the study.
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Figure 12: Testing Plan

1. Professional Feedback and Validation: The �rst phase of the pilot testing involved

obtaining feedback and professional opinions gathering. The goal was to validate the

digital version of the SAGE test by comparing its performance and behavior with the

traditional paper-based version. The methodology for this phase included:

� Selection of Professionals: A total of eight professionals were consulted based

on their expertise in cognitive assessment and their familiarity with the SAGE

test or similar. These professionals included 4 medical doctors who specialized

in neuropsychology therapy and use often the MoCA test, being a very similar

test to the one this thesis is working with, they were very capable and up to date

about tests to detect and measure cognitive impairment. Also, two psychologists

working on research and in constant touch with patients with cognitive impair-

ment, and two general medical doctors gave me a different point of view about

different treatments and improvements that can be applied to this solution. This

diverse selection ensured a comprehensive evaluation from different professional

perspectives.
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� Test Administration: the digital version of the SAGE test was presented to the

professionals, and during this presentation, the paper version was compared and

carefully examined to ensure that it replicated all the critical points and instruc-

tions accurately. The professionals were asked to compare the digital and paper

versions, focusing on aspects such as ease of use, clarity of instructions, and

overall accuracy and validity of the test. This step was crucial to ensure that the

digital test maintains the integrity of the original assessment.

� Feedback Collection: was collected through structured interviews, in which while

the professional was examining the app all the possible feedback and opinions

from their interactions were collected. The professionals were provided with de-

tailed insights into the whole solution, showing the Admin Dashboard and the

standalone Serious Games module so they have the full idea about the project.

Finally, they were asked about the strengths and weaknesses of the digital test

and the whole solution itself. The structured approach ensured that feedback was

comprehensive and covered all critical aspects of the digitized test.

� Validation: The feedback was analyzed to identify common themes and areas of

improvement. The validation process ensured that the digital test met the minimal

and required standards for cognitive assessment. This step is essential for re�ning

the test and ensuring its accuracy and reliability.

2. Testing with Users: The second phase of the pilot testing focused on observing and

measuring the user experience of the digital SAGE test among real users. This phase

involved:

� Participant Selection: A diverse group of participants was selected through con-

venience sampling, targeting older adults who are the primary users of the SAGE

test. This method involved selecting participants based on their availability and

willingness to participate, ensuring a range of technological pro�ciency levels

among the group. While convenience sampling can introduce biases due to the

non-fully random selection of participants, measures were taken to mitigate this

issue, by making the recruiter not assist or interfere during the actual test ses-

sions, ensuring that the participant's interactions with the digital SAGE test were

genuine and unassisted. This approach aimed to capture a wide spectrum of user

experiences and potential challenges, providing a comprehensive understanding

of the user experience and effectiveness of the digital SAGE test.

� Test Administration: The participants were asked to complete the digital SAGE

test. The test was administered in a controlled environment to ensure consistency.

This controlled setting allowed for accurate observation and recording of user
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interactions. The interaction with the patients was as brief and minimalist as

possible, trying to detect where the instructions might not be clear enough or

how to improve the self-administering capability of the test. The total amount of

participants during the user testing period was 10 people.

� Observational Study: During the test administration, an observational study was

conducted to monitor the participant's interactions with the digital test. Note-

taking and video capture were used to document the user experience. The video

recordings were focused on capturing the facial expressions of the participants to

analyze their emotions during the test. This method provided a comprehensive

understanding of the user experience, capturing both qualitative and quantitative

data.

� Emotion Analysis: after the test administration, the Kopernica tool was used to

process the video recordings and measure the participant's emotions. This analy-

sis provided insights into the overall emotional response of the users while taking

the digital SAGE test. Understanding the emotional response was critical for as-

sessing the user experience and identifying any areas that might cause frustration

or discomfort.

� Nasa Task Load Index: After completing the digital SAGE test, participants were

asked to provide detailed feedback regarding their perceived workload using the

NASA TLX tool Hart, 2006, which is a widely used self-assessment tool that

measures six dimensions of workload: mental demand, physical demand, tem-

poral demand, performance, effort, and frustration. Participants rated their ex-

perience based on these dimensions, providing quantitative data on the cognitive

and physical demands of the digital test, as well as their subjective experiences

of effort and frustration.

3. Comparison between the App and the Paper version: for the �nal phase of the pilot

testing, a direct comparison between the paper and digital versions of the SAGE test

is performed. This phase includes:

� Participant involvement: Participants were asked to complete both the paper and

digital versions of the SAGE test in 2 different sessions. To minimize the impact

of memorizing the results, the tests were administered more than a week apart,

and used different versions of the test to avoid bias in the second session. Half

of the participants were asked to start with the digitized version of the test, and

the other half with the paper version, by using this methodology it's possible to

state that the comparison was fair and that the results were not in�uenced by test

familiarity. In the end, the number of participants for this section was 5 people.
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� Performance Analysis: the performance of participants on both versions of the

test was analyzed considering the cognitive dimensions that the test grades. The

analysis focused on identifying any signi�cant differences in performance be-

tween the two versions. This step was essential for assessing the validity of the

digital test, and ways to improve it.

� Validity and Reliability Assessment: The data collected from the performance

analysis was used to assess the validity and reliability of the digital SAGE test.

Considering the study background of SAGE test validity and all the information

gathered about it, the goal was to determine whether the digital version provided

comparable results to the paper version, ensuring that it could be used as a valid

tool for cognitive assessment with comparable results as the paper version, and

with that similar accuracy for cognitive measurement capabilities.

With the correct achievement of these phases of pilot testing, it is possible to have a compre-

hensive evaluation of the digital SAGE test, ensuring that it meets the required standards and

meets the goals and objectives stated for this project. The feedback and data collected during

this process are critical for future work and re�ning the digital test, laying the groundwork

for the next scopes and future research objectives.

5.2 Data Analysis and Results

After the analysis of the data collected during the pilot testing phase, the results concerning

the research questions and project objectives can be presented with the organized data pre-

sented in this section. The �ndings from the professional/expert feedback, user experience

observations, and the comparison between the digital and paper versions of the SAGE test

are detailed below.

5.2.1 Professional and Expert Feedback

The feedback gathered during the different sessions with the professionals was very positive.

Their evaluations focused on the technological constraints and served for the validity and

reliability of the digital SAGE test, and their comparison with the traditional paper-based

version.

The structured interviews and overall feedback resulted in the following organized qualitative

results table:
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Question Summary of Responses

What do you think are the pri-

mary constraints in transition-

ing the SAGE test from a paper-

based to a digital format?

� The professionals identi�edminor technological constraints,

related to user interface design in its majority. The main con-

cerns included ensuring the test is intuitive enough for older

adults, with recommendations forlarger buttons, larger texts,

clearer instructions, and simpli�ed navigation to enhance

user experience.

� The importance of the usage of atouchscreen pencilduring

the drawing exercises was stated, especially considering that the

original paper-based test involves observing theuser's motor

skills and hand-eye coordination when using a pen. The act

of drawing with a pen involves important diagnostic clues about

a patient's motor function and cognitive abilities. The recom-

mendation about using amore advanced type of digital pencil

for capturing different information about the user, with different

sensors, while drawing was interesting for consideringfuture

work.

� Some patientsby default are in disagreement with technol-

ogy. Age and level of studies can play a big role when it comes

to familiarity with technology . For some patients might be

never an option to use a digitized version, they can present signs

of discomfort or just lack of attention, which can drasticallyaf-

fect the result of the test.

� Having an email account or the need to remember a password

can be adif�culty for the elderly, especially considering this

domain.
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What do you think are the pri-

mary bene�ts in transitioning the

SAGE test from a paper-based to

a digital format?

� By having a digitized version of the test,accessing the answers

and patient information is easierthan checking the paper ver-

sion, as well it creates a solution forremote accessingand be-

ing able to create morecomplex pro�les about the patients

that can help with organization and data integrity over time. It is

considered a dif�cult task to keep track of the results of the users

for the paper-based test, but having a digital solutioncentralizes

the task.

� Some other procedures and analyses can be done with all the

captureddata, which can help to improve the medical service in

more than the cognitive impairment aspect.

� It can provide aremote solution for people living in communi-

ties withdif�cult access to medical centers.

� Having access toserious gamescan make a difference in cogni-

tive impairment, especially if it is related to the test results. By

organizing the information of thetest results special treatment

with more complex machinery can be provided in the medical

centers to act in addition to the tablet module for serious games.

What do you think is the biggest

dif�culty for the patient?
� The biggest dif�culty for patients would beadapting to the dig-

ital format , especially for those with limited experience using

tablets. However, they noted that with auser-friendly interface

and proper guidance, this dif�culty could be mitigated.

� When is about elderly interactions, they will bemore comfort-

able with paper, since it is a tool they have been using for a

longer time, still it is very dif�cult to state when a person, in re-

ality, will rather the paper version or the App version. So draw-

ings with the touchscreen pencil for example will be moretricky

to understandhow to make it properly.

� Accessing bythemselvesto this solution can be dif�cult, they

might need the help of a family member or therapist to set up the

app.
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What is the biggest difference you

can notice that might affect the

validity of the test? � While the core diagnostic capabilities were maintained,minor

discrepanciesin test administration could affect validity. For

example, differences inhow instructions are perceivedor the

ease of marking answers might in�uence outcomes. These is-

sues can be addressed with careful design adjustments.

� For the people that havedif�culties with technology it could

give wrong results, just grading negatively the familiarity and

dif�culties of technology usagemore than the real cognitive

impairment problems.

Is there a way in which this test

can be improved?
� Suggestions for improvement included enhancing theclarity of

instructions, increasing the font size for better readability, and

incorporating interactive elements to engage users. They also

recommended ongoing feedback collection to continuously re-

�ne the test based on user experiences. And recommended the

possibility of creating apersonalized design according to the

user's technological capabilities.

What is your biggest concern

about this digitized solution?
� The primary concern was ensuring that the digital test remains

accessible to all users, particularly older adults who may have

varying levels of technological pro�ciency.

� There was also a concern about ensuring datasecurity and pri-

vacy, especially considering that this is very delicate personal

information.

Do you consider that this is a solu-

tion that you might use instead of

the regular paper-based version? � All professionals agreed that with minor improvements, the dig-

ital SAGE test could be aviable alternative to the paper-based

version. They appreciated thepotential for easier data man-

agement and analysis.

� They will have to consideraccess to technological devicescon-

sidering that a tablet is needed for the test, and not all medical

centers provide such devices intended for this purpose. But in

general, they liked the solution.

Table 2: Summary of Professional and Expert Feedback
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With each of the sessions, important information was gathered that served to improve the

app and taking in consideration different ways to analyse the problem and provide a more

robust solution. Also, it sheds some light on the implications of creating a valid, accessible

and user-friendly assessment tool.

Answer to RQ-1: What technological constraints must be addressed when adapting a

test from a paper-based to a digital format?

The transition from a paper-based to a digital format for the SAGE test introduces several

technological constraints that need to be carefully managed to ensure the digital version is

both effective and user-friendly. The primary concern identi�ed by professionals isensuring

that the digital interface is intuitive and accessible, particularly for older adults, using

larger buttons and text, providing clearer instructions, and simplifying navigation can be

key tominimizing the mental load on users and enhancing their overall experience and

performance.

A signi�cant aspect of the paper-based SAGE test involves observing motor skills and hand-

eye coordination through drawing tasks. Professionals emphasized the importance of repli-

cating this in the digital format by using atouchscreen pencil. This tool helpsmaintain the

integrity of these diagnostic elements and provides a more accurate assessment of a patient's

cognitive abilities. Also, consider that the digital test can be challenging for elderly patients,

especially those with limited experience with technology. It would be an improvement to

haveguided tutorials and help mechanisms to support the usersso the measurement is

more speci�c about cognitive impairment and less of a technological familiarity test. This

will improve the user engagement and their experience overall, improving the chances of the

users to really use the app without much trouble.

User identi�cation can bring a constraint , considering that some users can forget their

usernames and passwords, simplifying the authentication process by incorporating alterna-

tive methods such asbiometric veri�cation can enhance accessibility. Allowing caregivers

to manage accounts on behalf of patients is another suggested improvement. Also,data en-

cryption and compliance with healthcare data protection regulations are vital for this kind

of solution.

Even though the main focus of the research was to �nd out the constraints, the professionals

recognized signi�cant bene�ts in digitizing the SAGE test. These include easier access to

patient data as one of the most interesting features. The inclusion of remote access capabil-

ities and the integration of serious games highlighted the digital test's potential to enhance

diagnostic capabilities and patient care.
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5.2.2 User Experience and Observational Study

The user experience of the digital SAGE test was in part evaluated through observational

studies, emotion analysis using the Kopernica face recognition tools, and NASA Task Load

Index for quantitative feedback. These methods provided comprehensive insights into how

users interact with the digital test, their emotional responses, and their overall experience.

1. Observational Study: During the user test sessions, participants were observed to
understand how they navigated and interacted with the digital SAGE test. Most par-
ticipants found the interface intuitive and were able to complete the test with minimal
guidance. But also, at some moments confusion and discomfort were observed, mainly
because of unfamiliarity with technology. During the test, a structured observational
study was done, in which different aspects were measured, �nd in the following table
the most relevant �ndings of the most interesting patient session observations during
this study:

Age Education

Level

Time

(min:sec)

Discovered

Issues

Amount of

Interven-

tions

Grade Relevant Observation

95 University 18:26 4 3 16/22 While performing the

test the gestures for

“back” on the tablet

were activated, which

caused a problem during

the drawing stages.

85 University 15:22 2 1 20/22 While the user thinks

and doesn't interact with

the tablet it turns off.

52 High School 7:22 0 0 9/22 Lack of interest, did not

want to read carefully

the questions or answer

properly.

74 High School 17:11 0 1 17/22 No issues were detected.

Just required instructions

for a question.

59 University 12:31 1 6 17/22 Confused about the ini-

tial steps of the test.

Asked a lot of questions

during the test.

66 School 19:32 3 6 9/22 Had many issues when

handling technology,

and had detected cogni-

tive problems.

Table 3: Observational Study Summarized
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The observational study revealed several key insights. Participants withhigher edu-

cation levelsgenerally hadfewer issuesand required fewer interventions, suggesting

that familiarity with technology and higher cognitive reserves may play a role

in the ease of using digital assessments. For example, the 95-year-old participant,

despite having a university education, faced signi�cant issues due to unintended acti-

vation of the tablet's gesture controls, highlighting the need for careful interface design

to prevent such occurrences, in this case, it was very dif�cult to explain to the patient

how the touch screen works, and the results were affected by putting the palm on the

screen while drawing.

Conversely, participants with lower education levels or existing cognitive impairments,

such as the 66-year-old participant with only school-level education, encountered more

dif�culties and required more interventions. This underscores the importance of pro-

viding additional support and guidance for users less familiar with technology.

Interestingly, some participants, regardless of age or education, expressed alack of

interest or engagement, whichimpacted their performance. The 52-year-old high

school graduate, for instance, showed a lack of interest, affecting the test outcome.

This indicates that motivation and engagement are critical factors for the effective use

of digital cognitive assessments.

Overall, while the digital SAGE test was generally well-received, these observations

highlight speci�c areas for improvement, such as enhancing user interface design, pro-

viding better user support, and considering user engagement strategies. These �ndings

address the evaluation of user experience, indicating that while the digital SAGE test

is largely effective, user experience can vary signi�cantly based on individual differ-

ences in education, cognitive status, and familiarity with technology.

2. Emotion Analysis: The emotional responses of the participants during the digital

SAGE test were analyzed using the Kopernica tool. This tool captured and analyzed

facial expressions to detect the emotional states of users throughout the test. Key

emotions monitored included interest, frustration, anger, sadness, and others. In order

to use the tool properly it was required to create smaller chunks of the whole video,

depending on the duration of the video it was either 2 or 3 parts for each recorded

session.
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Patient Chunk Interest (%) Frustration (%) Avg. Interest (%) Avg. Frustration (%)

P1 1 78 33 79.00 33.00

2 80 33

P2 1 68 33 66.00 34.00

2 64 35

P3 1 72 29 73.50 25.00

2 75 21

1 75 13

P4 2 76 13 73.67 13.00

3 70 11

1 36 36

P5 2 39 45 41.00 13.67

3 36 42

TOTAL avg. 66.3 23.73

For the analysis it was decided to measure mainly Interest and Frustration as the most

important variables, considering that interest is a positive emotion, closely related to

being calm, pleased, and focused on the task, and as well it was also decided to con-

sider Frustration as its counterpart, since it is related to being stressed, upset or ner-

vous. Find in the next �gures a comparison of this data, and the full results of the

emotion capture with Kopernica.

Figure 13: Kopernica Emotion Analysis Average Results
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Figure 14: Kopernica Patient Emotion Analysis
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The analysis that Kopernica is providing is very similar to Russell's circumplex model

(Scandar, 2019.), which provides a visual representation of the emotions the patient

showed during the testing. It indicated that the majority of participants experienced

predominantly positive emotions, in comparison with negative emotions such as

frustration and related, which were generally low but present for some participants.

Instances of frustration or stress can primarily be linked to navigation issues or unfa-

miliarity with the technology, suggesting areas for improvement in the user interface.

Overall, the emotion analysis revealed that while the digital SAGE test generally

elicited positive or neutral emotional responses, there were identi�able areas where

user experience could be enhanced. These insights contribute to addressing the sec-

ond research question by demonstrating the effectiveness of the digital test in providing

a satisfactory user experience while also highlighting areas for further re�nement.

3. Workload Assessment:The NASA Task Load Index (NASA-TLX) was employed to

assess the perceived workload of participants during the digital SAGE test. This tool

measures six dimensions of workload: mental demand, physical demand, temporal

demand, performance, effort, and frustration. Each participant rated these dimensions

on a scale from -10 (low) to 10 (high), with 0 being neutral.

ID Mental

Demand

Physical

Demand

Temporal

Demand

Performance Effort Frustration Average

Workload

P1 3 0 0 -6 -10 -10 -3.83

P2 -10 -10 -10 0 -6 0 -6.00

P3 0 2 0 0 3 3 1.33

P4 7 6 6 7 7 10 7.17

P5 -7 -9 -4 -4 -4 -6 -5.67

P6 6 -6 0 0 -7 -10 -2.83

P7 -3 -3 -3 -2 0 -6 -2.83

P8 0 0 0 -10 0 0 -1.60

P9 -1 -1 -1 -7 -7 -7 -4.00

P10 -6 -6 0 5 2 -7 -2.00

Table 4: NASA TLX Workload Assessment Results

The NASA TLX assessments revealeddiverse workload experiencesamong partici-

pants. Overall, the digital SAGE test was perceived as moderately demanding across

most dimensions, with the highest ratings observed in mental demand and effort. This

indicates that participants found the test cognitively engaging, which aligns with the

test's objective of assessing cognitive function.
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Participants reported higher overall workloads, particularly in mental demand and ef-

fort, suggesting that these users found the test more challenging. This could be at-

tributed to a combination of factors, including unfamiliarity with digital devices and

age-related cognitive decline. Other participants reported lower overall workloads, in-

dicating that they found the test less demanding and were more comfortable with the

digital format.

The physical demand scores were uniformly low across all participants, re�ecting the

minimal physical effort required to interact with the tablet. Temporal demand varied,

with some participants feeling pressured by the time constraints, while others did not

perceive time as a signi�cant factor.

Performance ratings were generally high, indicating that participants felt they per-

formed well on the digital test. However, higher frustration scores were noted in par-

ticipants who encountered technical issues or had dif�culty navigating the interface.

The following �gures provide visual representations of the NASA TLX data analysis:
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Figure 15: NASA TLX Workload Dimensions for All Participants

The �rst �gure shows a radar chart with each participant's workload dimensions, high-

lighting the differences in their perceived workloads across the six dimensions. The

green and red shading indicates negative (low) and positive (high) values respectively,

making it easier to identify which dimensions were moredemandingfor each partic-

ipant.
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Figure 16: Average NASA TLX Workload Dimensions

The second �gure provides a bar chart of the average scores across all participants

for each workload dimension. This chart clearly shows that theaverage scoresfall

into the“Slightly Low” range for almost all dimensions, indicating that the overall

workload was manageable.
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Figure 17: Correlation Matrix of NASA TLX Dimensions

The third �gure presents a correlation matrix of the NASA TLX dimensions. The Pear-

son correlation coef�cient (r) shows strong correlations between several dimensions,

particularly betweenMental Demand, Physical Demand, andTemporal Demand.

This suggests that participants who found one of these dimensions demanding were

likely to �nd the others demanding as well. Similarly, there is a strong correlation

betweenEffort , andFrustration , indicating that the participant's effort was closely

tied to their frustration levels.

In summary, the NASA TLX feedback provides valuable insights into the perceived

workload of users, highlighting the mental and effort demands of the digital SAGE
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test. These �ndings suggest that while the test is generally well-received, further re-

�nements in user interface design and instructional clarity could enhance the overall

user experience. This detailed analysis contributes to addressing the second research

question by quantifying user experience and identifying areas for improvement.

Answer RQ-2: What are the key factors affecting user experience and performance in

the digital SAGE test, and how can these be addressed?

The comprehensive analysis of the digital SAGE test's impact on user experience, as ex-

plored through observational studies, emotion analysis, and workload assessment using the

NASA TLX, provides substantial insights into the user experience.

The observational study highlighted that users withhigher education levelsgenerally nav-

igated the digital test with fewer issues, indicating thatfamiliarity with technology and

cognitive training are signi�cant factors in user experience. Conversely, users withless

technological familiarity or existing cognitive impairmentsrequired moreinterventions,

suggesting the need for enhanced support and intuitive design.

Emotion analysis using the Kopernica tool revealed that the digital testpredominantly gen-

eratedpositive or neutral emotional responsesfrom participants. However, it also identi-

�ed moments offrustration andsadnesslinked to navigation issuesor complex instruc-

tions. This suggests that while the digital SAGE test is generally effective, there are clear

opportunities forimproving user instructions and interface designto mitigate negative

emotions.

The workload assessment through NASA TLX provided quantitative feedback on the per-

ceived mental, physical, and temporal demands, as well as performance, effort, and frustra-

tion levels. The analysis showed that the digital SAGE test was perceived as low demand

overall, with mental demand and effort being the most signi�cant factors.Participant's

performance feelings were closely tied to their effort and frustration levels. And shows

that the test overall ismentally demanding in correlation with physical and temporal

demand, which makes us conclude that there's room for improvement on clear instructions

and user-friendly design to reduce cognitive load and frustration.

Overall, this detailed examination of user experience reveals that while the digital SAGE

test is well-received and effective in its cognitive assessment goal, there are areas for im-

provement. Enhancing the user interface, providing better support for users less familiar

with technology, and re�ning instructions can signi�cantly improve the overall user expe-

rience. These �ndings directly address the second research question by demonstrating the
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test's impact on user experience and identifying actionable areas for enhancement.

5.2.3 SAGE Test: Digital App vs. Paper Version

The SAGE (Self-Administered Gerocognitive Examination) test was used to compare the

digital and paper versions in terms of validity and reliability. A smaller number of partici-

pants took both versions of the test in two sessions, with half starting with the digital version

and the other half with the paper version, then switching formats in the second session. Each

version was evaluated using the SAGE scoring criteria which includes orientation, naming,

similarities, calculation, construction, verbal �uency, executive function, and memory. A

total of 5 participants were tested this way.

Analysis and Comparison The comparison of digital and paper-based SAGE test scores

demonstrates substantial equivalence across most cognitive domains. Each participant's per-

formance on digital and paper formats was closely matched for most of the participants, still,

some considerations need to be taken when adapting the digitized version to the paper ver-

sion. In order to shed light on the most con�icted areas, an analysis is presented in detail

of the most relevant differences spotted during this comparison, with a special focus on the

drawing parts, being the ones showing more differences. The other aspects of the test throw

very similar results which didn't allow much interesting content for a visual comparison.

Cognitive Domains Analysis

1. Orientation: This domain assesses awareness of time, date, and place, which are

essential for daily functioning. De�cits in orientation can indicate early cognitive de-

cline, commonly seen in dementia. Accurate orientation re�ects intact memory and

awareness abilities. Scores were consistent across formats, with minor variations at-

tributed to participant's familiarity with digital interfaces. Both formats effectively

assess temporal awareness.

2. Naming: Evaluates the ability to recognize and name objects. This tests language

centers in the brain, particularly the temporal and parietal lobes. Impairments in nam-

ing are often seen in conditions affecting language, such as aphasia. High accuracy in

naming objects across both formats, indicating strong reliability. Minor discrepancies

were negligible and likely due to the difference in visual presentation between paper

and digital screens.

3. Similarities: Tests abstract thinking by comparing how similar or different certain

objects or concepts are. This measures higher-order cognitive functions managed by

the frontal lobes, including reasoning and abstract thought. Both versions showed a

strong correlation in participants' ability to identify abstract similarities, con�rming
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the robustness of the digital format for abstract thinking assessment, but in some cases

differs as well, it cannot be measured with all guaranties but a possibility can be that

the digital version provides more visual inputs that limit the brain capacities to fully

concentrate on the task and provide an abstract correct answer.

4. Calculation: Minor differences were noted, with slightly lower scores on the digital

test potentially due to input method differences. However, overall calculation skills

were reliably measured. Also, an observational fact is that some participants during

the paper version test had the freedom of using the blank spaces of the paper to write

the calculations they were doing, and by so improving their chances of getting the right

answer, this is not possible to do on the digital version, since all the �ow of the app

goes on a linear way and the input of the calculation questions it is only a text �eld.

5. Memory: Consistent recall abilities were observed across both formats, highlighting

the digital version's capability to effectively measure memory functions. Still, the re-

sults are varied on this aspect, so it can be an attention-related issue, while performing

the test it was noticeable that some participants didn't read carefully the questions, so if

there is the button to continue available without applying much effort, it is most likely

some of them will press it without reading the instructions properly, that is something

that might happen less during the paper version, especially considering that there is no

immediate visual reward, as there is during the app version.

6. Construction Drawing tasks showed some variance, with the digital version occasion-

ally scoring lower due to dif�culties with touch interface precision. This indicates a

need for improved digital drawing tools. In some cases there was the issue of under-

standing how a touch screen works, and that the only thing that should be touching the

screen is the digital pencil, and not the palm, other �ngers, or other parts of the hand.

7. Verbal Fluency Comparable scores on both formats suggest that verbal �uency is

effectively measured digitally, with minimal impact from the testing medium. Apart

from a couple of orthographic errors, which are not considered as an error for this test,

there's no difference in this domain.

8. Executive Skills Problem-solving and trail-making tasks were performed similarly

across both formats, but in this section is where the instructions were an issue, and the

results from the paper version and the app version differ not for a cognitive impairment

reason, but for the instructions or for the design.

During this evaluation and analysis, there was no logical comparison point about most of

the mistakes that the patients had during either the paper version or the app version, also

considering that the results of both tests in most of the areas are the same. But the most

interesting cases that we can make a comparison about are the drawing exercises during the



65

test and how they differ from the paper version to the app.

Figure 18: SAGE Test: App vs. Paper Results Comparison

Taking into consideration the statistical analysis, a short example will be presented here to

understand better how the drawing exercises can be more con�ictive on the digitized version,

we will compare the results of patients number 1 and number 5 separately, both had issues

while using the digitized version on this part of the test, but they did it correctly during the

paper version.

� Patient 1:
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