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Abstract. The iGenda framework is a cognitive assistant that helps
care-receivers and caregivers in the management of their agendas. One
of the problems detected in systems of this kind is the lack of user engage-
ment. This engagement can be improved through the application of per-
suasion techniques in order to convince users to act in a specific way.
According to this, this paper presents a new architecture that will allow
the system to select and recommend activities that potentially best suits
to the users’ interests based on argumentation techniques.

1 Introduction

Ambient Assisted Living (AAL) is a subset area of Ambient Intelligence that is
aimed to provide intelligent environments to elderly or disabled people. These
people have certain needs (different from user to user) that have to be addressed
distinctly from common people. Even though it is expected that intelligent envi-
ronments conform to users, they are still constricted to the physical restrictions,
sensors, and actuators that the environments possesses.

Due to medical and socio-economical advances, the life expectancy has been
increasing over the last few years, i.e., in Portugal the life expectancy has
increased 10% from 2004 to 2014, being in 2014 85 years old the mean age for
both sexes [8]. In 1981 the ratio between the people between 15 and 64 years old
was 5.5 and in 2011 is only 3.5, meaning that there has been a reduction of the
people that are able to financially support elderly people [8]. Furthermore, the
elderly population is left alone by their relatives during large periods of time,
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which gives rise to lack of socialisation and general help [3]. One solution may be
the inclusion of technological devices that bring together the elderlies’ relatives
and other people, like friends.

The issue with the current applications directed to the elderly people is that
they are not truly designed to the elderly, as most require intensive learning
and more than advanced basic knowledge. Despite the shown interest, most
abandon the application if they are not forced to use it, thus it is obvious that
there is a need for appealing and understandable visual interfaces that engage
the users. Also, people tend to trust the information that is presented by dig-
ital systems even if it is not true or incomplete, and when people realise that
they were tricked they stop using the system [13]. Most recommender systems,
for instance, tend to keep the information simple and hide the process behind
the recommendation. However, several studies showed that when the control is
given to the users (even if limited), and when the system can provide justifica-
tions, people tend to trust recommendations more [4,14]. Therefore, intelligent
decision-support systems that can give understandable justifications for med-
ical diagnosis and health-care recommendations have gained success in recent
years. Recent work has investigated the role of argumentation theory in medical
diagnosis and health care. In [2], authors present ongoing research on testing
the effectiveness and usability of argumentation schemes, a well-known con-
cept of argumentation theory, to improve the persuasion power of doctors and
to enhance elderly diabetes patient’s self-management abilities in chronic care.
In [11], an argumentation-based approach to aggregate clinical evidence com-
ing from multiple sources (randomised clinical trials, systematic reviews, meta-
analyses, network analyses, etc.) and decide the best treatment is proposed. In
[9], biomedical argumentation schemes are presented as logical programs to be
able to automatically devise arguments from scientific texts. Also, the role of
argumentation schemes to represent fallacious reasoning in public health has
been analysed in [7].

In a previous work, we presented a persuasive module that has been inte-
grated in a cognitive assistant framework, iGenda [5]. The proposed persua-
sive module improves user engagement generating arguments for the selection
of activities that potentially best suits to the users’ interests. These arguments
where based on previous similar cases stored in a case-base database, which
provided a justification only based on the information of the clinical guidelines
used to recommend a specific activity. However, this was a basic argumentation
feature that does not provide a way to generate more elaborated arguments and
to determine the relation among arguments (e.g. specifying clearly how an argu-
ment can receive attacks). Furthermore, it is also important that users perceive
the ‘human-like’ intelligence of the system, which is not only to be able to show
experience-based arguments based on similar cases, but also arguments based on
human common patterns of reasoning. Thus, in this work we investigate the role
of argumentation schemes as knowledge resource to capture the way of reasoning
that physicians and caregivers follow to recommend activities to patients.
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2 The iGenda Framework

The iGenda is an AAL project, more precisely, a cognitive assistant platform [5].
Its aim is to provide assistance to the people in the elderly’s sphere of people,
e.g., family, relatives, health assistants, caregivers. This is achieved through its
platform that manages daily activities that can be performed solo (like activities
of daily living) or accompanied (like family visits or playing group games). The
system provides automatic scheduling and conflicts management of events and
user profiling and management [6]. Furthermore, it promotes active ageing by
recommending activities (through direct scheduling) that impact physical or
psychical aspects to keep the executers active and increase their happiness level.

Through its user mobile application, the iGenda is able to interact with their
users and benefit from the sensors of the mobile device, like GPS or accelerom-
eter, which may help iGenda by providing the platform with useful information
about the current location and environment status. The iGenda visual inter-
faces divide into two strands: (i) the care-receivers, directed for the elderly,
friends and relatives; and (ii) the caregivers, directed to health assistants, like
registered nurses and physicians. The care-receivers will receive activities and
perform them, creating a social network with other users, while the caregivers
will attend to their assigned care-receiver’s health status and assure that they
are well and secure.

By using its recommendation module, the iGenda system periodically sched-
ule activities that promote active living, selected from its free time events data-
base. The events go through a filtering system that preselects activities that
match the users medical condition (physical or psychological), the weather condi-
tion, and the available time. In its original version, iGenda gathers the events that
outcome from the filter and uses a biased random function to suggest activities.
However, the potential willingness of the user to accept a specific activity (based
on his/her current social context - i.e. the specific user, the specific caregiver,
their relation, etc. - and the knowledge of similar past experiences) was not taken
into account. Then, the new persuasion module of iGenda enabled the provision
of justification and argumentation about why each activity is recommended.

In this section, we provide an overview of the persuasive module of the iGenda
tool, focusing on its knowledge resources (for a comprehensive explanation of
the persuasive module see [5]) and on the operation of the module. This module
allows the iGenda activities recommender system to collect the users’ input
and justify the recommendation provided in a way that emulates the humans
way of reasoning. Therefore, when iGenda calls the recommendation module
to recommend activities, the system tries to create one argument (or more) to
support each activity and decide which one would be preferred by the user. Then,
an internal argumentation process takes part to decide the activity that is better
supported by its arguments.

2.1 Argumentation Framework

The persuasive module of iGenda implements the agent-based argumentation
framework for agent societies presented in [10,12]. This framework takes into
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account the values that arguments promote (the preferences of the users), the
users’ preference relations (preference orderings over values), and the dependency
relations between agents (the relations that emerge from agent interactions or
are predefined by the system) to evaluate arguments and to decide which ones
defeat others. In our system, agents can play the role of patients, caregivers
(e.g. relatives, personal health assistants, friends), and doctors. In addition, in
our system we have established the following typology of values, which repre-
sent preferences for activities that: are performed still, sitting, standing up, etc.
(Motion Values); are performed indoors with or without movement, outdoors
with or without movement, etc. (Location Values); involve socialise with others,
or not (Social Values); are weather-dependent, or not (Environmental Condi-
tions Values); and have immediate or direct impact on health, or not (Health
Conditions Values).

In this work, we have adapted the knowledge resources of this framework to
cope with the requirements of the iGenda domain: a database of argumentation-
schemes and a case-base with domain-cases.

Argumentation schemes represent stereotyped patterns of common rea-
soning whose instantiation provides an alleged justification for the conclusion
drawn from the scheme. Many authors have proposed different sets of these
argumentation schemes, but the work of Walton [15], who presented a set of
25 different argumentation schemes, has been the most widely used by the AI
community. AI researchers have appreciated the simplicity of Walton’s schemes
and the fact that these argumentation schemes have associated a set of critical
questions (CQs) that represent potential attacks to the conclusion supported by
the scheme. Thus, the schemes can be used to generate arguments that support
each activity, and to guide the argumentation process by determining potential
attacks to these arguments.

The most obvious pattern of human reasoning to recommend an activity to
take care of elderlies’ health is because an expert (e.g. a physician or a care-
giver) thinks that it could improve the health of the user (probably following
a well-stablished clinical guideline). This pattern of reasoning is captured by
the Argument From Expert Opinion scheme of Walton’s set. For illustrative
purposes, we provide next an adaptation of this argumentation scheme for the
iGenda application domain (we refer the reader to [15, Chap. 9] for the original
version of the scheme). Note that critical questions 3 and 6 cannot be instanti-
ated as potential attacks by the same nature of this recommendation domain,
since all activities recorded in the iGenda database have a proposer by default
(the doctor, caregiver or at least the system that created the activity).

Major Premise: Expert E (doctor, caregiver or expert system) is an expert
on the area of expertise X where activity A belongs to
Minor Premise: Activity A is proposed by expert E
Conclusion: Activity A should be recommended in the current situation
CQ1: How credible is E as an expert source?
CQ2: Is E an expert on the area of expertise X where activity A belongs to?
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Fig. 1. Structure of a domain-case

CQ3: Did expert E recommend activity A?
CQ4: How personally trusted is E as an expert source?
CQ5: Is A consistent with what other experts have recommended?
CQ6: Is E’s recommendation based on evidence?

Domain-cases represent previous problems and their solutions. The case-
base of domain-cases stores previous experiences and their final outcome in the
form of cases that can be retrieved and used later to select the best activity to rec-
ommend in view of past similar experiences. Domain-cases allow iGenda to gen-
erate basic experience-based arguments, and to store the new knowledge gained
in each process, improving the system’s recommendation skills. Figure 1 shows
an example of the structure of a specific domain-case in our system. This domain-
case is the representation of a set of previous activities that have been successfully
recommended to the same kind of user. Each case has a set of attribute-value
pairs (variables of any value type) that describe the characteristics of the user,
the environmental context where the recommendation was provided, and the list
of activities recommended. The characteristics of a user are a representation of
users with the same attributes. These are their medical status (moderate, severe,
mild, ...), their role (elderly, family, medical, ...), the medical term that defines
them (psychological, physical, both, ...) and whether or not the user is allowed
to go outside his/her house or just the perimeter. Besides the above, these char-
acteristics also define if the user is physically constrained, semi-constrained or
unconstrained and if the user is allowed to practice high intensity activities or
not. The environmental context where the recommendation was provided is use-
ful to be aware of the suitability of an activity regarding the environment. It’s
easy to conclude that an outdoor activity is directly dependent on the weather.
The characteristics that are stored in the environmental context are: the weather,
which is usually only important for outdoor activities, the time range when the
activity was done, the season (there are activities that are more desirable than
others regarding the season), whether the day was a holiday or not and, finally,
if the user is at home or at other residence (hospital, holidays residence, ...).
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Finally, the list of activities include the activity that was recommended (Id), the
proposer of that activity (ProposerId) and a degree of suitability that represents
if the activity was good or not for that case (Suitability).

Arguments that iGenda generates are tuples of the form Arg = {φ, p, 〈SS〉},
where φ is the conclusion of the argument (e.g. the activity to recommend), p is
the value that the argument promotes and 〈SS〉 is a set of elements that justify
the argument (the support set). The support set 〈SS〉 is the set of features
(premises) that represent the context of the domain where the argument has
been put forward (those premises that match the problem to solve and other
extra premises that do not appear in the description of this problem but that
have been also considered to draw the conclusion of the argument) and any
knowledge resource used by the proponent to generate the argument (domain-
cases and argumentation schemes).

2.2 Recommendation Process

The recommendation process starts when iGenda has to schedule a new activity
for the user. Then, the recommendation module is called to retrieve a list of
candidate activities (those that match the requirements of the current situation)
from the activities database. After that, the persuasion module executes the
classical case-based reasoning cycle [1] (the Retrieve, Reuse, Revise, and Retain
phases) to select from this list the best activities to recommend in view of past
similar experiences. The design decisions adopted for each phase of this cycle
were influenced by the proposed domain and the aim of providing flexibility.

The main goal of the retrieval phase is to obtain the set of stored domain-
cases that are similar to the current situation. The module is able to work with
heterogeneous activities with missing information and can also compute the simi-
larity between them and the current context of the recommendation (user, sched-
ule and environment). To implement the retrieval algorithm, we have adapted
and tested several well-known distance measures (e.g. Normalised Euclidean,
Tversky) in order to work with heterogeneous data. The most similar case or
cases are selected by means of a k-nearest neighbour algorithm by using these
distance measures.

In the reuse phase, for each activity selected by the recommendation module,
the persuasion module looks at the set of retrieved cases if there are any whose
activities list include the current activity under consideration. This would mean
that the system has gained previous knowledge from a similar past recommenda-
tion experience and hence, the persuasion module can generate experience-based
arguments that support the recommendation of a specific activity. In addition,
a minimum suitability threshold is set to only take into account those previous
cases that represent successful recommendation experiences (i.e. the activity rec-
ommended was enjoyable and useful for the user). If different cases can support
the same activity or several different activities can be supported by the domain-
cases retrieved, the experience-based arguments generated can be weighted by
using the activities suitability degree.
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Table 1. Argumentation scheme instantiation

Argument from expert opinion

Elements of
the scheme

Related data

Major premise Proposer, area of expertise, activity proposed

Minor premise Activity proposed

CQ1 Proposer reputation lower than a threshold or less preferably
(computed from all recommendations provided by this proposer)

CQ2 Proposer area of expertise does not exactly match the required in
this situation

CQ4 Trust degree between the user and the proposer lower than a
threshold or less preferably (computed from previous interactions
between them)

CQ5 Other different proposers that recommend different activities for
this same situation (computed either from the iGenda database
and/or from the retrieved domain-cases)

Regardless of whether the system has been able to generate experience-based
arguments or not, the persuasion module tries to generate scheme-based argu-
ments for each of the activities selected by the recommendation module. To do
this, the module queries the iGenda database, which includes different tables to
store information about patients, activities, doctors, caregivers, etc., and tries to
retrieve the pieces of information that support the instantiation of the specific
pattern of reasoning that each argumentation-scheme represents. Furthermore,
any relevant data stored in the domain-cases retrieved can be also used to instan-
tiate argumentation schemes. Table 1 shows these related data for the Argument
From Expert Opinion example scheme. Thus, if any scheme can be instanti-
ated, the module generates new scheme-based arguments to support the activity
under consideration. Also, if a scheme is instantiated, the system also tries to
retrieve data to instantiate their associated critical questions. In this way, attack
arguments to the argument generated from the scheme can be also created.

Once all possible support and attack arguments have been generated to sup-
port each potential activity to recommend, an argument evaluation process is
started to decide which of arguments hold or which are rebutted. The formal
specification of this process is out of the scope of this paper and we refer the
reader to [5,10] for details. Finally, the system recommends the activity that it
is deemed to be more suitable and persuasive for the user, which is that activ-
ity supported by more arguments and/or with higher weights (in the case of
experience-based arguments). At the end of the recommendation process, when
an activity is scheduled, the user must indicate to the system whether the activ-
ity proposed was actually performed and his/her degree of satisfaction with it.
Then, the retention phase is executed, and the system can learn from the recom-
mendation experience and store the degree of suitability of its recommendations.
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To do this: (i) the system receives an input about the activity recommended;
(ii) if the system was able to retrieve a domain-case that matches the current
situation and the activity was in the list of activities associated with this case,
the suitability degree of this activity is increased; (iii) otherwise, the activity
is added to the list or, if no matching cases were found, a new domain-case is
created to store the new knowledge acquired by iGenda.

3 Conclusions

Cognitive assistants try to enhance the user’s well-being and quality of life man-
aging his/her agenda, reminding appointments and events and becoming a con-
stant helper. One of the main problems with applications of this kind is that
users typically abandon the application if they are not engaged in some way to
use it. This paper has presented an extension of the persuasive module included
into the iGenda framework to improve user engagement through the generation
of arguments for the selection of activities. As a future work, we want to test the
complete iGenda framework in a real world scenario, with the new introduced
features to support the activities recommendation. Moreover, the collected data
about the users’ experience would be useful to improve the iGenda framework
and include new argumentation schemes to have a more powerful justification
to the activities recommendations.
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