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Abstract. Reminiscence therapy is a treatment of dementia that miti-
gates the unstable psychological states of a person with dementia, through
conversations between patient and caregiver that evoke past experiences
focusing on the patient’s long-term memory. It is recommended that a
person with dementia receive this type of therapy constantly. In this
work, we propose the design of a dialog model that generates person-
alized conversations between a conversational system and patients with
Alzheimer’s disease, with the aim to assist their caregivers in providing
this type of therapy. The proposed model will be capable of getting a
semantic interpretation about what the user is saying, identifying the
type of dialog, also it will use information from the patient’s life history
and lifestyle to generate the conversations. During the dialog between
the system and the patient, the model searches for relevant information
related to the patient’s history through the use of ontologies to enrich
and develop a further conversation.

Keywords. Dialog model, dementia, conversational systems, reminis-
cence therapy.

1 Introduction

Dementia is a neurodegenerative and progressive condition characterized by
alterations in cognitive processes, behavior, mood, and the ability to perform
everyday activities [7]. Alzheimer’s disease (AD) is the most common type of
dementia in the world and is also one of the main reasons for disability in
elderly people after the age of 65, generating dependence on those who suffer
this affection. By the year 2010, there were 35.5 million people with dementia
worldwide and it is predicted that by 2030 this number will increase to 65.7
million and 115.4 million by 2050 [17]. Therefore, the social cost of dementia is
already enormous.

Following this trend, accelerated growth in the population of older adults is
expected within the next 20 years in Mexico. According to some estimations, it
is expected that during the 2000-2030 period the population in Mexico aged 0
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to 14 will have a decrease of 14%, population aged 15 to 64, present a growth
of 47%, while population aged over 64 will present a disproportionate growth of
300% [4]. Thus, a significant number of Mexican people will be elderly people, for
example, while in 1970 there were 5 to 7 older adults versus 100 young people,
it is estimated that by 2050 there will be 139 adults aged over 65 versus 100
young people. The analysis of this data is important because it reveals a need
for the transformation of the care requirements for this population group due to
its accelerated rate of growth. A population from which almost one third will
be elderly people with a diverse level of dependence [7], and as we mentioned
above, the main cause of dependency in old age is precisely dementia.

This situation is disturbing because it has been estimated that Mexico is one
of the Latin American countries with the highest prevalence of the AD with 7.3
% [11]. Which means that from the 13 million adults aged over 60 who currently
live in our country, approximately 1.5 million suffer the AD and it is estimated
that by 2050 if not before, the number of Mexicans affected by the AD will
increase more than 3.5 million [7].

Although currently, dementia is not a curable disease, it is needed that
people suffering from some type of dementia such as Alzheimer’s disease can
preserve a good quality of life. In this sense, there are both pharmacological and
non-pharmacological treatments focused on the reduction of the psychological,
behavioral and cognitive impairment symptoms that a person with AD presents.
It is preferable that dementia treatments begin with a non-pharmacological inter-
vention, because of this type of treatments promote the use of different methods
and techniques to provide physical and emotional safety to the patient without
the side effects of pharmacological treatments [8]. Through the implementation
of appropriate environments, stimulating tasks and therapies applied according
to the specific needs of each patient, the effect of this type of intervention can
be maximized [5].

Reminiscence therapy is among this type of intervention, in which a conver-
sation is established between the patient and their caregiver about activities and
experiences from the past, where the patient is guided chronologically through
their life experiences [19]. This type of therapy is based on the patient’s long-term
memory using information on their life history, that is, information that is
familiar to the patient and relatively easy to remember, since during the mild and
moderate phase of the AD the short-term memory is affected mainly. In different
studies, the benefits of subjecting patients with dementia to this type of therapies
have been studied and it was observed that carrying out constantly this type
of conversations supports to enhance the unstable and emotional psychological
states of the patients, increasing their sociability and self-confidence [9,19,6].

However, for most people with the AD, it is unreasonable to consult a
professional doctor or therapist every day. Also, even for caregivers, the time
and effort spent on the counseling are quite limited since they have many others
supports to do [14]. In this sense, the objective of this work focuses on the
creation of a dialog model capable of generating personalized conversations
between a conversational system and patients with AD, based on information
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about the patient’s life history to support caregivers and therapists to provide
reminiscence therapy constantly with the purpose of mitigating emotional and
psychological symptoms such as anxiety and depression generated by the AD
and help to preserve the quality of life of the patient.

2 Related work

A brief review of the literature is presented, as well as a comparison with
those proposals considered similar to this work, highlighting the constraints and
differences detected with the proposed approach.

It is remarkable to mention that a large number of research proposals fo-
cus on the diagnosis of dementia through the classification of symptoms and
identification of distinctive features for early detection of dementia. Tanaka
et al. [16] proposed a computer avatar with spoken dialog functionalities that
produces spoken queries based on the mini-mental state examination (MMS), the
Wechsler memory scale-revised, and other related neuropsychological questions.
They recorded the interactive data of spoken dialogues and extract different
audiovisual features, then two machine learning algorithms were used achieving
a 0.93 detection performance rate. Chinaei et al. [2] analyzed several linguistics
features that are verbal indicators of confusion in AD like vocabulary richness,
parse tree structures, and acoustic cues. They applied several machine learning
algorithms to identify dialog-relevant confusion from speech with up to 82%
accuracy.

On the other hand, there are approaches that promote the use of assistive
technology to help people with dementia with activities of daily living (ADLs)
[20,13,18,8] and support different kinds of therapy to address psychological,
emotional and behavioral symptoms of dementia [1,3,14,15].

Yasuda et al. [20] developed a remote reminiscence conversation and schedule
prompter system via videophone to improve psychological stability and to assist
individuals with dementia to perform household tasks. They observed that psy-
chological stability of 1 patient persisted for 3 hours after remote conversations.
Futhermore, motivational promter videos were added and they found that the
task completion rate afforded by the revised schedule prompter system was 82%.
This type of proposals are compared against other instructions strategies in [10].
Ruszicz et al. [13] built a mobile robot, call ED, intented to assist with ADLs
through visual monitoring and verbal prompts. They analyzed speech-based
interactions between ED and each of 10 older adults with AD as the latter
complete daily tasks in a simulated home environment. Their analysis reveals
that across the verbal behaviors that indicate confusion, patients with AD are
very likely to simply ignore the robot, which accounts for over 40% of all such
behaviors.

Wolters et al. [18] analysed the interaction between people with dementia
and a simulated intelligent cognitive assistant (ICA) that support people with
dementia who need performing everyday tasks by detecting when problems
occur and providing tailored and context-sensitive assistance. They conducted

ISSN 1870-4069 197 Research in Computing Science 148(3), 2019



Maria J. Somodevilla, Victor Manuel Morales-de-Jesus

three focus groups with people with dementia, carers, and older people without
a diagnosis of dementia. Analysis of the focus data showed that voice and
interaction style should be chosen based on the preferences of the patients and
it is crucial that the user can personalise the ICA themselves.

Similarly, Navarro et al. [8] implemented an assisted cognition system and
analyzed the results on the use an adoption of the system to support occupational
therapy and evaluated the adoption and effectiveness of the system to ameliorate
challenging behaviors and reducing caregiver burden. They conducted an in
situ evaluation with two caregiver-patinent dyads and it was observed that
intervention personalization and touch-based interface encouraged the adoption
of the system, helping reduce challenging behaviors in people with dementia and
caregiver burden.

Casey et al. [1] performed a qualitative study wich describes how people
with dementia and other key stakeholders could help to design a companion
robot (MARIO). In their research they identified elements of importance to end
users that make a companion robot acceptable to them and more likely that they
would engage and interact with it. At the end, a relevant aspect they found is
that people with dementia would like MARIO to have access to their life history,
their interests, and hobbies and use this information to foster conversations and
reminiscence about events that they could remember more easily. Cruz-Sandoval
et al. [3] designed a semi-autonomous agent, called Eva. The agent is capable of
participating in simple conversations with the coordination of a human operator
to be perceived as an engaging speaker. Eva implements non-pharmacological
interventions such as cognitive games and music therapy. They conducted a
preliminary evaluation with a group of caregivers (n=8) obtaining quantitative
and qualitative results that were used to asses the social abilities of the robot.

As was above-mentioned, a person with dementia should receive these inter-
ventions as often as possible. In this sense, virtual agent technology is considered
a good alternative to offer daily dementia counseling even at home. Sakakibara
et al. [14] proposed a method that dynamically generates personalized dialogs
for individual people with dementia. Using the patient’s life history the system
chooses an appropriate conversation. During the conversation, the system finds
new information in linked open data (LOD) relevant to the response and uses it
to develop futher conversation. However, their prototype system only implements
the personalized dialog for the user’s birthplace.

Since language comprehension and production is coparatively well-preserved
in people with mild to moderate AD, proposals using dialog systems or voice
interfaces to support non pharmacological dementia treatments like cognitive
assistance and therapy, have shown be helpful and well adopted. However, in
most analyzed proposals, generic dialogs are used, that is, the same conversation
is used for all patients, so they do not provide the benefits that have been
observed in conversations where the dialog is personalized to each patient as in
reminiscence therapy. In this paper, we propose an approach that aims generate
personalized dialogs to support reminiscence therapy.
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3 Proposed Approach

In this section, we mention our proposal that will be carried out through this
work. Firstly, the process of developing the dialog model is described, and then
how this dialog model will be integrated in a conversational system is showed.

3.1 Dialog model description

The construction of the dialog model considers different stages according to the
particular tasks that need to be performed in each stage. Figure 1 shows the
process for the construction of the dialog model.
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Fig. 1. Development of the dialog model.

Initially, it is necessary that the dialog model will be capable of getting a
semantic interpretation about what the user is saying, this is, that the model will
understand the type of dialog (question, a request of information, affirmation,
etc.), as well as the meaning of what the user said. Therefore, the first thing
that is proposed is a syntactic analysis of the sentences with the objective of
grammatically labeling each word of the sentence. Subsequently, it is intended
to perform a semantic analysis by defining a set of semantic rules according to
the patterns detected within the grammar labels added in the syntactic analysis.

As result from the semantic analysis, it is expected to detect some “semantic
attributes”, this attributes then will be taken to retrieve relevant information
according to the patient’s life history through the use of diverse ontologies such as
DBpedia!. Finally, the generation of the response is carried out using appropriate
dialog templates according to the information retrieved from the ontologies.

Because it is planning that the created model be able to generate a personal-
ized dialog to each patient, it is necessary to have the relevant information of the
patient. Thus, the use of the Center Method is considered, this method consists
in the use of a set of validated forms where information relevant to the family,
life history, and lifestyle of the patient with AD is gathered [12]. The forms
would be filled semiautomatically in the system by the caregiver according to

! https://wiki.dbpedia.org/develop/datasets
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the information of the patient. Then the dialog model can use this information
to generate personalized conversations according to such information.

3.2 Conversational system

As it was above-mentioned, the dialog model will be integrated into a conver-
sational system prototype. The conversational system uses different modules to
perform voice interaction to the user. Figure 2 describes the architecture of the
system. First of all, the system must have an input mechanism for communication
with the user, in this case, the Google Cloud Speech-to-Text API? will be
used within the Automatic Speech Recognition (ASR) module to transcript the
utterances from the user to text. Subsequently, it is necessary to analyze the
text and obtain a semantic interpretation of the information contained in the
received message as it was already mentioned. All this process will be done in
the Natural Language Understanding (NLU) module using a diverse type of
techniques to perform this task. Some of this techniques imply named entity
recognition, speech acts classification, etc.
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Fig. 2. Architecture of the conversational system proposed.

The Dialog Management module will be in charge of managing the turns of
conversation between the user and the system and determining the actions to
perform during the interaction according to the current state of the dialog. This
module will interact directly with the Dialog Model to interchange semantic
information that can be used to select the patient’s information relevant for the
conversation.

It is necessary to generate a response according to the information provided
by the Dialog Model. The response by the system has to be understood by

2 https://cloud.google.com /speech-to-text/
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the user. Hence, to represent in natural language the response provided by the
Dialog Management module, diverse techniques will be implemented into the
NLG module. Finally, the response will be synthesized through the TTS module
using the IBM Watson Text-to-Speech API? that offers a more natural-sounding
audio.

With the objective to clarify how the system is expected to conduct the
dialog with people with AD, the following example in Figure 3 is given. The
figure describes a particular conversation that could be performed by the system.
First, the system asks the user: “;Ddnde naciste Maria? (Where were you born
Maria?)”. Suppose that the user Maria answers “Yo naci en la ciudad de Puebla
(I was born in Puebla city)”.

(=]
Patient
information

Yo naci en la ciudad de Puebla
\]
Un platillo tipico de Puebla son "Puebla/especialidad:comida”
los chiles en nogada. —] .
Neo.0) [ & Dialog auest Ontologies
- Model response
4 ¢Te gustan los chiles en nogada?) ——
“ "Chiles en nogada”

Si )
Conversational
[Son muy ricos, ;Qué otra comida te gusta? System

-

Fig. 3. Example of a dialog generated by the conversational system.

Then, the dialog model would apply some of the semantic rules established
to extract the named entity of Puebla and to know that Puebla could be a
city or a state. Based on that information a query over different ontologies will
be performed to extract relevant information about Puebla. In this case, the
query retrieved the traditional food of Puebla where a possible result would be
chiles en nogada. Using this information, the model enriches the conversation by
mentioning “Un platillo tipico de Puebla son los chiles en nogada (A typical dish
of Puebla are chiles en nogada)”, and the system would extend the conversation
by asking “sTe gustan los chiles en nogada? (Do you like chiles en nogada?)”,
where the user could affirm “Si (Yes)” and the system would motivate to con-
tinue the conversation by saying “Son muy ricos. ;Qué otra comida te gusta?(It
is delicious. What other kind food do you like too?)”.

3 https://www.ibm.com/watson/services/text-to-speech/
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4 Conclusion

Due to the cognitive impairment that affects people with dementia, in early
stage patients present different types of symptoms, one of the most common is
short-term memory loss. This situation significantly affects their social behavior
towards the people around them and generates unstable psychological states
such as anxiety and depression. However, it has been observed that provid-
ing patients with non-pharmacological treatments such as reminiscence therapy
improve psychological well-being. There are many proposals with the aim of
supporting different kinds of therapy to address the psychological, emotional
and behavioral symptoms of dementia. Most of them are based on an interaction
with the patient through the use of generic dialogs used for all patients, thus the
personalization in the intervention is lost.

In this paper, we propose the creation of a dialog model that could be
integrated into a conversational system that generates individually personalized
dialogs for each patient with AD according to their life history and preferences.
Similarly, the model will enrich the dialogs through the use of ontologies that
allow the extraction of relevant content associated with the information collected
from the user.

In future work, it is initially contemplated to implement diverse natural
language understanding techniques that allow us to realize a semantic analysis
of the patient’s utterances. As well, the selection of useful resources for dynamic
dialog generation in real time by the system. Finally, it is considered to perform
an experimental evaluation to asses the effectiveness and adoption of the system
by people in the early stage of the AD.
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