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ABSTRACT

During the last decade, the life span of the world has been incremented year by year,
which comes with a higher probability of suffering from an illness related to aging.
An example of this is dementia or Alzheimer’s disease, which causes a progressive
decline in various cognitive functions. The costs of living with these types of diseases
can destroy a family’s economy if there is no early treatment and detection. This article
will aim to develop a protocol to obtain data from interviewing people with cognitive-
related questions. This data will form a training corpus to help the development of
a neural network that can give a dementia pre-diagnosis. Subsequently, the neural
network can be used to program an adaptive companion voice-bot for people with
dementia. This will focus on the conversation pillar of Humanitude, a care methodo-
logy that can be applied to persons with dementia. The development of this protocol
would lead to the creation of one of the few Spanish-based training corpus available
for detecting dementia. It is an important step toward developing new tools that can
make an early pre-diagnosis or serve as an alternative caregiving solution for peo-
ple with this condition. Furthermore, this project can lead to the creation of different
research whose solutions use Spanish as its main language.
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INTRODUCTION

During the last decade, the human life expectancy of the world has been
incremented year by year, leading to a tendency that may never appear to
cease as people get to live longer lives (Oeppen J, 2002). At this rate, people
born in the 2000s in developed countries will have higher chances to live up to
their 100th birthday (Christensen et al., 2009). Nonetheless, is inevitable to
develop some type of disease that needs a long and expensive treatment, like
diabetes, hypertension, or psychiatric illnesses (Katz, 1992). This may lead to
an unseen scenario where a country will be in the necessity to invest a high
portion of its national budget in public health, due to most of its population
may be older than 65 years with some kind of illness or disease to be treated
(Prince et al., 2015).
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Many chronic diseases and illnesses deteriorate the elderly quality of life,
making longevity almost a malediction and the cause of increasing the cost
of living. An example of this is dementia or Alzheimer’s disease (AD), which
causes a progressive decline in various cognitive functions such as memory,
language attention, or problem-solving, among others (Subramanyam Ralla-
bandi and Seetharaman, 2023). The costs of this illness can represent a year’s
global expense by up to $604 billion US dollars (Wimo et al., 2013). It repre-
sents a big burden to the economies of entire families and countries (‘2020
Alzheimer’s disease facts and figures’, 2020), but an early diagnosis of this
type of illness can delay the degenerative process and reduce the treatment
costs (Association, 2018).

PROJECT BACKGROUND

It is important to understand the different characteristics of linguistics in pati-
ents with dementia, before analyzing the development of a technological tool
that gives an early diagnosis. One type of solution is the development of a
voice bot that can make a pre-diagnosis of a patient with dementia. It is
needed to take into consideration the language, colloquialisms, and cultural
background to correctly fulfill the task (Liang et al., 2022). Although, it is
also vital to take into consideration how it is traditionally diagnosed using
speaking tests. This will create a reference on which the effectiveness of the
algorithm will be measured, and a good starting point to base its training.

Starting with the detection and recognition of dementia, there is no spe-
cific test to successfully diagnose a patient’s cognitive state (Ames, 2020).
Different types of linguistic tests have been proven to give the doctor a good
reference by how the persons express themselves, given the fact that, “lan-
guage and memory functions are closely related since linguistic functioning
requires memory functions” (Szatloczki et al., 2015). The diversity of the
applied tests creates a richer panorama to match the person’s symptoms to
his or her current stage \cite{b15}. For this reason, artificial intelligence algo-
rithms will only be used as another diagnosis tool, that may help doctors
improve the detection process.

In the interest of preventing and giving a premature diagnosis, diverse
types of tools have been used, not only for the detection of dementia
but also for other medical reasons. Voice-bots and chat-bots are the type
of technology that has the versatility to be focused on multiple medical
tasks (Cleres et al., 2021; Daniel and Cabot, 2021; Caldarini, Jaf and
McGarry, 2022). For example, during the covid-19 pandemic, various voice-
bots were developed to function as a companion for people with anxiety
(Mieleszczenko-Kowszewicz et al., 2022). Also, the use of chat-bots as a first
interaction for medical consultation has proven to give good results despite
being in its early stages (Bérubé et al., 2021). Finally, virtual assistants, like
Amazon Alexa or Google Home, have become great companions for elderly
people with dementia (Zubatiy et al., 2021). By using the commands, the
individuals use their cognitive language part of the brain, resulting in a good
therapy to slow down the degenerative process (Zubatiy et al., 2021).
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STATE OF THE ART

When focusing on analyzing the way people with dementia speak, it is impor-
tant to remember that linguistics has several areas of study, like phonology,
semantics, naming, syntax, and narrative discourse (Reilly, Troche and Gros-
sman, 2011). By taking into consideration all the areas mentioned before,
only multi-layer neural networks are capable of analyzing all of them with
efficiency (Daniel and Cabot, 2021). Analyzing linguistics (Reilly, Troche and
Grossman, 2011) and acoustics (Pappagari et al., 2021) together, the accuracy
of the pre-diagnosis can be maximized (Luz et al., 2021). Hence, well-
managed training data is vital for the development of a trustworthy neural
network (Tran, Ahamed Khan and Sridevi, 2020). Fortunately, “Dementia-
Bank” contains hundreds of audio recordings and transcripts, intended to be
a starting point to train dementia’s neural networks (Wahlforss and Jonasson,
2020).

Additionally, English Pitt Corpus is a commonly used data set of tran-
scripts and audio files, which standards for data recollection are still used
(Balagopalan et al., 2020). It compiled the information of a diverse group
of participants who were tested in three areas: Cookie, fluency, and recall
(Corey-Bloom and Rafii, 2017). The cookie test, also known as the Cookie
Theft picture, measures the diverse vocabulary and time taken by the indivi-
dual to describe a photo in detail (Appointments et al., 2011); the fluency test
consisted of measuring the ability of the subject to relate words to specific
themes or uses (Stegmann et al., 2022); and finally, the recall test consisted
of telling a small story or sentence to the person, to see how many portions
or details of the story he or she can remember (Liu, Yuan and Tang, 2022).
All three tests gave enough verbal information to correctly identify dementia
based on the results. The AI algorithm can be trained whether is voice or text
recognition since the data set contains both scripts and audio files.

Though this type of intelligent algorithm exists, the programmatic and
correct training to fulfill the goal of giving a pre-diagnosis of dementia is a
challenging task \cite{b51}. Knowledge about linguistics, locally used words,
grammar patterns, and cultural backgrounds, along with others, are funda-
mental to correctly develop such algorithm (Liang et al., 2022). Currently,
there are various projects focused on this matter, which confirms the feasibi-
lity of the development and research in pre-diagnosis algorithms. Because of
this tendency, the focus of this report will be to explore the feasibility of crea-
ting a Spanish-based language algorithm for the detection and pre-diagnosis
of the different stages of dementia.

TOOLS AND TECHNOLOGIES IMPLEMENTED

The existing technologies that were used in this project are an external
microphone, Microsoft Azure, Audacity Software for Windows 10 operating
system, and Dementia Bank Database. These technologies are essential to the
correct implementation of the methodology created, and the success of the
protocol. In the case of the Dementia Bank Database, it will be used to store
and share the audio and transcripts collected by the protocol implementation.
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Meanwhile, the purpose of the other technologies mentioned before will be
described further in the report.

Regarding the tools implemented, the most important one is the protocol
developed and described in this report, but the bank of questions for the inte-
rviews and the transcript format guidelines provided by Dementia Bank were
also used. Firstly, Computerized Language Analysis (CLAN) was the protocol
implemented to correctly format the transcripts collected in the interviews.
This will help to easily study and analyze conversational interactions, langu-
age learning, or language disorders in dementia (MacWhinney, 2017). On the
other hand, the bank of questions and the protocol itself will be thoroughly
described in the next section of the report.

DEVELOPMENT

In synthesis, the proposal will aim to develop a protocol to obtain data
from interviewing people with cognitive-related questions. The protocol will
ensure that the audio and transcripts will be relevant and carefully treated.
The data will form a training corpus with the aim of helping the development
of a neural network that can give dementia pre-diagnosis. This will be the first
step towards the creation of a voicebot that can function as a companion for
people with dementia. Furthermore, taking into consideration the humani-
tude care methodology, this voicebot will be part of the conversational pillar,
by talking with a person with dementia while the same bot is adapting to the
level of conversation. Nevertheless, due to time limitations, this study will
only focus on the first step of the whole development process (Figure 1).

RESEARCH PROPOSAL DESCRIPTION

What this research is looking for is the creation of a vast corpus with
clean data, that can be used to train deep learning algorithms. The
algorithms will be able to make a pre-diagnosis of dementia using Spa-
nish as its main language. This will represent the creation of the first
Spanish-speaking corpus, for training, within “Dementia Bank”. The cor-
pus will aim to stipulate the training bases as the Pitt corpus has done
for the English speakers community. There are currently only two corpora

Figure 1: Humanitude project diagram.
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in Spanish published on “Dementia Bank”, however, their data cannot
be used nor can help the training of a neural network due to its own
nature.

In addition, although the creation of the corpus is the main objective, in the
long term, the creation of a voice companion who can adapt his conversation
depending on the state of dementia of the person with whom he speaks would
be sought, which is the ultimate goal. This would make patients feel accom-
panied and constantly force their brains to work, which could slow down its
degenerative process.

RESEARCH PROPOSAL PROCEDURE

1) Target population: As the Pitt corpus, the target population will be per-
sons between the ages of 60 to 75 years old. Given the fact that the first
visible symptoms are seen around this age (Abbott, 2011), is easier to
find volunteers that match the necessities of the project. The necessities
and requirements for the participants’ selection process will be discus-
sed in this section. Nevertheless, as our ultimate goal is the creation of
a companion voice-bot, the final user will be elderly people older than
60 years. For this reason, the data collected will need to be representa-
tive of the final user population to correctly train the algorithms. The
number of persons needed will be 400 people between 60 and 75 years
old, divided by: 200 dementia-diagnosed persons, 150 cognitively heal-
thy people, and 50 persons with an inconclusive dementia diagnosis.
This number was selected because it is needed to have a huge amount of
distinct data to train a neural network (Dudek-Dyduch, Tadeusiewicz
and Horzyk, 2009). Also, with this amount of data, is easier to edit it
to make more versions of it by changing the tone, rhythm, volume, etc
(Kavzoglu, 2009).

2) Implemented tools: Now, talking about the tools that will be used to
collect and build the corpus, the resources required are going to be as
simple as a computer, a microphone, and a Microsoft Azure Account.
It is also important to mention that the protocol (Annex A) will be the
most important and main tool to be used. Regarding the computer, a
laptop with a windows operating system will be enough to save and
record the audio obtained from the interviews. By taking into conside-
ration another audio-related corpus (Gaugler et al., 2016), the minimum
requirement from the microphone will be an analog to digital conver-
ter of 24 bits and 48 kHz (Singh and Pati, 2018). These specifications
will lead to a clear voice recording and an easier way to process or edit
the audio if necessary (Sahidullah et al., 2016) with the help of “Auda-
city” (Open source software). Finally, the Microsoft Azure account will
be used to convert the audio to text using the “Azure: speech-to-text”
service. It is important to establish that this service is not free and the
costs will depend on the amount of use.

3) Data recollection method: Firstly, in order for a person to be con-
sidered to participate in the study, they need to fulfill the following
requirements:
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a) Cognitive healthy group: Any gender, age between 60 and 75 years,
consent contract signed, and more than 24 points in the Mini-Mental State
Examination (MMSE), previously applied by an expert (De Beaman et al.,
2004).

b) Dementia-diagnosed group: Any gender, age between 60 and 75 years,
consent contract signed, either by them, a legal guardian, or a relative, and
dementia diagnosis report signed by a medical specialized professional.

c) Inconclusive dementia diagnosis: Any gender, Age between 60 and 75
years, consent contract signed, and less than 23 points in the Mini-Mental
State Examination (MMSE), previously applied by an expert (De Beaman
et al., 2004).

Once the volunteer requirements are reviewed and approved, they will be
informed about the purpose of the interview and will be asked to sign the
informed consent. Subsequently, a room or a closed place will be adapted to
be able to carry out the interview, by locating a table with chairs for all the
participants and preparing the recording and computing instruments. Once
the room and the instrumentation are ready the patient’s interview will begin,
which will be carried out by a health professional. There will be a protocol
supervisor which labor is to supervise that the questions used are the same as
established and that the recording devices work correctly. At any point, the
patient, legal guardian, or relative may request to interrupt or terminate the
interview for any of the volunteer’s health or comfort. If the interview is ter-
minated, the recorded audio will be deleted, so that person’s data will not be
taken into consideration for the total amount group’s population to be inte-
rviewed. On the other hand, if the interview is completed, it will be clarified
again how their answers will be used and the session will end. Furthermore,
the audio will be analyzed to determine their validity, as well as the transcript
made in Azure speech-to-text service. In the case that the audio does not meet
the minimum standards, the file will be discarded, and the interview will not
be taken into account for the total proposed population count.

ANALYSIS AND RESULTS DISCUSSION

After completing the protocol and all the documents related to it, some areas
can be improved before putting it to the test. One of them is the translation
and adaptation of a cognitive test is a key factor for the correct behavior and
success of the protocol. In the beginning, there was no intention of following
a format or a set of rules to translate the questions of the Pitt corpus. Neverth-
eless, the advice of an expert was to research existing translation protocols.
The “PISA translation and adaptation guidelines” (Contractors, 2021) are
the international standard regarding this matter, but, unfortunately, due to
the time limit that exists to finish this project, the correct translation was left
as a future implementation. The correct adaptation and translation are vital,
so the answers received in Spanish give the same information as if they were
answered in English. For now, the direct translation done by the head resea-
rcher can be used for the first real implementations, but for the collection of
the real data, the correct adaptation and translation must be the number one
priority.
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Figure 2: Protocol recollection data process.

Also, as mentioned before in the possible setbacks, the recruitment pro-
cess of possible candidates may be a difficult problem to solve. Furthermore,
because of the literal translation of the questions, the data collected could
not be functional as a training dataset. It is important to establish that the
questions proved to be useful in English, but some parameters may be lost
by applying them in Spanish. This can only be noticed once the corpus is
completed, so the translation and adaptation are highly recommended before
starting the interview process. Further, there can exist some biased respon-
ses if the adaptation guidelines are not fully taken into account (Contractors,
2021).

Finally, the real data discussion will be done when the protocol can be
put to the test, and it receives feedback. The validated volunteers will form
part of the first interviews, which will be vital to evaluate the protocol’s first
interactions. It is important to remember that the data collection and protocol
implementation can be alterable to fill unexpected requirements. If necessary,
adjustments may be implemented as a first iteration fix, so acting accordingly
to the data collected and the possible feedback of the participants is a high
priority.

CONTRIBUTIONS AND CONCLUSION

The development of this project is a crucial step towards developing new tools
that can make an early pre-diagnosis or serve as an alternative caregiving
solution for people living with dementia. As previously mentioned in this
report, there exist some projects that have the same goal, but they are in the
very early stages. Also, the solutions that were tested and whose results are
promising, are only available to English speakers. Even though English is one
of the most spoken languages around the world, Spanish is also an important
language with millions of speakers (Garcia-Montero et al., 2022) that will be
left apart by these technological advances.

Moreover, this protocol represents an important advance in making one
of the few Latin-American-Spanish-based, if not only one, training corpus
available. At the moment, there are only two other corpora uploaded on
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Dementia Bank, but their purpose is only to have a registry of some conver-
sations with people that live with dementia. In addition, these corpora are
not in Latin Spanish which is useless for the people of Latin America that
have different expressions and cultural backgrounds. This new corpus will
serve as the Latin-Spanish version of the Pitt corpus, which could be used
in a future iteration of this research or by other researchers around the
globe.

Furthermore, this project can lead to the creation of different research
whose solutions use Spanish as its main language. With the impulse of
the Spanish-speaking scientific community, the advances made in any sci-
entific field will also be available for Spanish speakers. This will mean
that the benefits that come with the research field would be at the
reach of a different sector of the global population. By including a more
diverse research field in terms of language, that may come with diffe-
rent cultural backgrounds, more ideas can be put on how to solve today’s
problems.

In conclusion, this protocol is the first brick in the building of an enormous
project that can help people that live with dementia and the people around
them. This first step is the most important, because, without a good training
dataset, the development of deep learning algorithms could be full of errors
and time wasted. Hence, if this research fulfills the expected results, could
mean a huge advance for the Spanish-speaking community.
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