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Abstract. One of the effects of population ageing is the increase in the
proportion of long-term chronic diseases, which require new therapeutical
models that mostly take place at the patients’ home rather than inside a
health care institution. This requires that patients autonomously follow
their prescribed treatment, which can be especially difficult for patients
suffering some kind of cognitive impairment. Information technologies
show potential for supporting medication adherence but the main chal-
lenge is the distributed and highly regulated nature of this scenario,
where there are several tasks involving the coordinated action of a range
of actors. In this paper we propose to use socially intelligent systems
to tackle this challenge. These systems exhibit, understand, and rea-
son about social behaviour, in order to support people in their daily
lives. Such systems present an opportunity when applied to information
technologies for supporting treatment adherence. We explore how con-
cepts of socially intelligent systems, including social practices and social
identities, can be applied to AVICENA, an ongoing project to create
a platform for assisting patients in several daily tasks related to their
healthcare. We first introduce AVICENA, briefly describe our previous
attempts to model the system from an organizational perspective and
an institutional one and discuss some of the limitations found in those
models. Then the core concepts of socially intelligent systems are intro-
duced and we show how they can be applied to create a socially aware
framework for supporting medication adherence.
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1 Introduction

One of the main challenges that national healthcare programs will face in the
near future is population ageing (i.e., the increase of the proportion of old people
within the total population). In the European Union the size of the population
aged between 65 and 80+ years at this moment is 80 million, but studies indicate
that this number may double by 2050 [30]. In the United States of America the
group of older people (aged 60+ years) is estimated to grow from the current
11% to a 22% by 2050 [26]. Moreover this is not just a problem in developed
countries, as population ageing is also present in developing countries and might
have an even bigger impact in those countries.

One of the impacts of population ageing is the epidemiological shift in dis-
ease burden, from acute (short-term, episodic) to chronic (long-term) diseases.
From the patients’ perspective, chronic diseases imply lengthy treatments often
involving the combination of various medications to be taken at different times.
It is undeniable that many patients experience difficulties in following treat-
ment recommendations, and poor adherence to these long-term therapies com-
promises their effectiveness and may even become a cause of death. Adherence
to long-term therapy for chronic illnesses in developed nations averages 50%. In
developing countries, the rates are even lower [32]. Adherence rates are typically
higher in patients with acute conditions, as compared to those with chronic con-
ditions, with adherence dropping most dramatically after the first six months
of therapy and in prophylaxis [24]. Patients’ non-adherence to a therapeutic
regimen may result in negative outcomes for them and may be compounded in
populations with multiple morbidities that require multiple drug therapy. The
elderly exemplifies such population. Adherence may also be affected by access to
medications, which may be restricted by the use of formularies or insurance pro-
grammes. However, non-adherence may represent a greater risk in older people
resulting in poor disease control that may be compounded with multiple mor-
bidity and poly-pharmacy. There are many reasons why patients do not follow
their therapy as prescribed. One of the reasons is that they cannot tolerate the
(long-term) side effects such as loss of hair or constant feeling of tiredness. It may
also be that the high cost of some medicines prohibits acquisition of their med-
ication. Where a condition is asymptomatic (such as hypertension), the patient
may be lulled into thinking that their treatment has worked and that they no
longer require to take their medication or follow their diet; distracted by the
hectic pace of everyday life, perhaps they simply forget to take their pills.

From the national healthcare programs’ perspective, the epidemiological
increase of chronic diseases implies the need of a major shift of the programs,
from the current one centered on rapid response to episodic, acute illnesses
where most of therapies and treatments are managed and delivered inside the
official institutional care setting, into one where most of the medical therapies
for managing chronic diseases (e.g., hypertension, diabetes, depression, Parkin-
son’s disease, etc.) are performed away from the institutional care setting, typ-
ically at home. This distributed approach to daily care requires patients, espe-
cially elderly, to be capable and committed to autonomously taking various
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medications at different time intervals over extended periods of time. This can
easily lead to forgetfulness or confusion when following the prescribed treatment,
especially when the patient is suffering multiple pathologies that require a treat-
ment with a cocktail of drugs. This gets worse when elderly suffer a cognitive
impairment. Medication compliance is a critical component in the success of
any medical treatment and can become a cause of death. Both concordance and
adherence management are of high priority, having a significant effect on the cost
effectiveness of therapy. This is especially important where there are disorders
with high healthcare costs, such as oncological diseases, psychiatric disorders,
HIV, geriatric disorders or dementia. Initiatives attempting to address medicine
non-adherence promote patient involvement in treatment decisions but remain
ineffective with older patients or with patients with cognitive disorders. Inter-
ventions using applied high-technology show potential for supporting medication
adherence in patients with diseases that require poly-pharmacological treatment,
as they could help to reach optimal cooperation between patients and the health-
care professionals.

In previous work, we presented the COAALAS project (COmpanion for Ambi-
ent Assisted Living on ALIVE SHARE-it platforms) [16], a framework for multi-
agent systems that combines organisational and normative theories with Ambi-
ent Assisted Living (AAL) technologies. The project aims to create a society of
organizational aware devices (typically sensors and actuators) that are able to
adapt to a wide range of AAL situations. COAALAS models the device network
around the user as a society, including the set of behavioural patterns the devices
are expected to follow. COAALAS effectively supports smart assistive tools that
integrate human actors with the surrounding devices, contributing to the state-
of-the-art in semi-autonomous and intelligent devices for the elderly people by
allowing the devices to be both social- and norm-aware.

The mid-term objective of COAALAS was to integrate a wide range of sensors
and actuators in a domotic setting, in order to transparently assist the user in
their daily activities, while keeping all the participants of the healthcare work-
flow involved. The first design and implementation of such a sensor/actuator
is the social electronic reminder for pills [15], which tackles the supply of the
required stock of medicines to a user with difficulties to leave their house, while
supervising that he follows the medical treatment prescribed by his doctor, not
missing any dose due to forgetfulness or taking it at the wrong time due to
confusion.

In this context, Assistive Technologies (AT) have been able to provide suc-
cessful solutions on the support of daily healthcare for elderly people, mainly
focused on the interaction between the patient and the electronic devices. How-
ever, the distributed approach that such kind of healthcare has to follow in the
current socio-economical setting requires more complex AT designs that go fur-
ther than the interaction with a tool and are able to focus on the relationship
between the patient and his social environment, mainly: caregivers, relatives and
health professionals. In this paper we describe how AVICENA, a patient-centric
AT system to support patients in their daily healthcare, may be enhanced into
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a socially aware system that promotes treatment adherence by keeping track of
the patient’s motivations. Next section describes AVICENA. Then in Sect. 3 we
introduce the core concepts of socially intelligent systems that we will use for our
solution. Section 4 shows how these concepts are used to convert AVICENA into
a socially-aware system to support medication adherence. In Sect.5 we discuss
some related work and we end with some final conclusions and future work.

2 AVICENA

AVICENA is an ongoing project that proposes the development of an innovative
m-Health [19] platform and well-tailored personalized services to substantially
improve chronic patients’ medication and treatment adherence. AVICENA offers
the opportunity to solve the patient’s non-adherence to treatments by encourag-
ing self-management of the treatment and promoting the continuity of therapeu-
tic regimen, reducing costs to the patient, the caregivers and the health system.
AVICENA focuses on developing innovative control mechanisms for collabora-
tive, adaptive, dynamic and user centred medical concordance assessment and
management systems at preferred environments and highly cooperative, intuitive
patient/machine/pharmacist/doctor interfaces over a network. The AVICENA
platform (depicted in Fig. 1) includes:

— a Smart pill dispenser that provides the medication at the prescribed
times. It controls missed doses via integrated sensors, controls the drug stock
and contains a reasoning engine offering Smart services,

— AVICENA mobile app, empowering users with the ability to self manage
their treatment, obtaining tailored information and feedback depending on
their medical treatment adherence,

— a new care model involving all the stakeholders in the chronic treatment
process and in the assessment and management of the treatment adherence,

— AVICENA social network connects all the stakeholders in the care process
(i.e., patients, clinicians, caregivers and pharmacists).

The main goal of AVICENA [15] is to improve individuals’ adherence to
medical treatments. A major application of the system will be the assistance
of elderly individuals with chronic systemic diseases for which complex drug
therapies are prescribed. In fact, several factors may affect adherence to medical
treatments of this individuals, among which memory failures and psychological
frailty play a relevant role. Indeed, cognitive disorders and psychopathological
alterations such as mood fluctuations, anxiety and reduced efficiency of control
mechanisms, are relatively frequent in this clinical population. AVICENA should
directly influence the caregiver-patient efficiency to follow medical prescriptions
by improving both the communication with the other agents of drug therapy
assistance (e.g., physician, pharmacist) and the capacity of the caregiver-patient
system to recognize and cope with factors likely related to reduced compliance.

In previous work [15] we presented an early version of AVICENA’s model
based on the ALIVE [3] framework. In that first stage of the work we focused
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Fig.1. AVICENA architecture

on the organizational model, and the ALIVE framework eased the design of the
social network built around the patient (i.e., patient, doctor, health insurance
company, pharmaceutic, delivery person, domotic house, intelligent medical dis-
penser and medical monitor) through a rich organisational, role-based model
based on OperA [11]. The roles in all the scenarios were clearly defined, includ-
ing their responsibilities and dependencies. But the normative model was still a
simple one, and it was properly extended in [14]. Figure 2 shows some sample
norms. The expected behavioural patterns to be abided by the actors in the
scenario (including both human actors and computational agents) were prop-
erly connected to both constitutive and regulative norms, and an institutional
monitor was set up to be able to infer the institutional state of an AVICENA
setup. As a result we had a rich model which described the system from both
a functional, organizationally-oriented perspective, an institutional perspective.
Expected behaviour for all actors was clearly stated, and for those cases of non-
compliance, violation-handling norms were added. But the patient being obliged
to follow her treatment does not lead to its compliance, and there is no effective
sanction mechanism that can be placed in this scenario that can handle forget-
ful patients or unmotivated ones. Furthermore, in the case of informal caregivers
there is no contract establishing their precise roles and responsibilities, and very
often they play a key role in the daily treatment process, exceeding their respon-
sibilities as relatives by partially or completely taking a caregiver role. Modelling
these informal interactions is the main motivation of the rest of this paper.
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Property Value
Activation Condition A\ isPatient(p) A isTime(t) » isQuestionnarie(q) » Presented(q, p, t)
Deadline wen Answered(q, p)

Expiration Condition A isTime(tt) A hasTimeDifference(t, tt, OneDay)
Maintenance Condition s~ true

Norm ID '=nl

Property Value
Activation Condition A\ isDoctor(d) A isTime(t) A isPatientReport(r) A sentReport(r, d, t)
Deadline wem reviewReport(r, d)

Expiration Condition A isTime(tt) A~ hasTimeDifference(t, tt, ThreeDays)
Maintenance Condition s~ true

Norm ID 1=n2

Property Value
Activation Condition A isMedicationDose(m) a isPatient(p) A isTime(t) A hasDose(m, p, t)
Deadline «= takeDose(m, p)

Expiration Condition A isTime(tt) » hasTimeDifferencel(t, tt, halfHour)
Maintenance Condition «=true

Norm ID '=n3
Property Value

Activation Condition == violated(nl)

Deadline == lowerReputation(p)

Expiration Condition == false

Maintenance Condition «=true

Norm ID 1=sl
Property Value

Activation Condition «em violated(n2)

Deadline A\ isCompetentAuthorityOf(p, d, dd) A notified(dd)

Expiration Condition wen false
Maintenance Condition s~ true

Norm ID =82
Property Value
Activation Condition == violated(n3)
Deadline A isSPD(spd) a isPatient(p) » isMedicationDose(m) » (isCaregiver(c, p)
v isRelative(c, p)) A removeDose(spd, d) A log(m) A postNotify(c, p, m)
Expiration Condition wn false
Maintenance Condition «=true
Norm ID 1583

Fig. 2. Example of norms in AVICENA (source: [14]).

3 Socially Intelligent Systems

The goal of the actors in the AVICENA [15] scenario is for the patient to follow
the treatment as accurately as possible while maintaining as much autonomy
as possible. The second part of the goal is more interesting, because it leads
to important social requirements. If the patient should be as autonomous as
possible then the course of action should be driven mainly by internal motiva-
tions and not by contracts, obligations and prohibitions. Motivations differ from
norms in the sense they are not enforced by external factors, but internalized
by the agent, typically via social influences. Therefore, the agent (e.g., patient)
will pursue his goals (e.g., follow the treatment) not because he has the obliga-
tion to follow, but because he is motivated to do it. Ideally, we would like the
patient to have an internal motivation and capabilities to follow the necessary
treatment with the support of caregivers whenever needed. In order to get to
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this situation we need models that go beyond the functional goals of following
the treatment and that also take into account social aspects of the actors. In
particular we need the motives (achievement, affiliation, power and avoidance),
values (leading to preferences for types of situations), social relations (power,
trust, status, responsibility, etc.), social identity (image that one wants to give,
leading to coherent behavior around values and practices, norms and roles) and
social practices (indicating standard packages of social and functional behavior
combinations and interpretations of interactions that lead to both functional as
well as social goals). These social aspects are introduced in [10]. In this document
we will motivate the use of all these aspects in the AVICENA inspired scenario,
discuss some of their background and their use in the scenario.

3.1 Motives

As we already indicated above the goal of AVICENA is not just that the patient
gets her treatment, which could be achieved by having a person or system take
care of reminding the patient or even forcing the patient to follow the treatment.
However, the autonomy of the patient requires the careful consideration of social
aspects that surround the treatment. In [9] we argued that agents can only
become truly social when we take into consideration all basic types of motives as
defined by McLelland [23]. Besides the achievement motive, which can be thought
to drive the traditional functional goals achievement (i.e. trying to achieve a state
of the world) he distinguished the affiliation, power and avoidance motives.

The affiliation motive underlies the need of people for (positive) social con-
tact. This motive can be used (or abused) when a patient is not very mobile
and is dependent on other people to come by for most social contacts. In that
case a professional caregiver or family member that comes by to ensure that the
patient follows the treatment (takes a pill or performs an exercise) also can fulfil
the affiliation need of the patient as long as the person shows enough personal
interest in the patient.

The power motive is NOT about gaining social power over other people. It is
actually meant to designate the drive people have to master capabilities and thus
processes. E.g. sportsmen practising skills and enjoying doing so comes from this
motive. This motive can lead to the will to autonomously perform some actions
related to a treatment. E.g. performing exercises that need physical or mental
skills.

The avoidance motive drives people to avoid unwanted situations. This plays
a role in treatments when medicines might have negative side-effects or it is
unknown how they will affect a patient. This uncertainty might lead a patient
to avoid taking the medicines.

3.2 Social Identity

The second important aspect that needs to be taken into account is the social
identity of a person. In short, the social identity of a person determines what
other people expect from someone in certain contexts. The social identity consists
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of three elements: the perceived physical appearance, the identification with a
stereotype and membership of social groups.

The first element relates to what a person believes are his capabilities and
thus what he believes other people expect him to do. I.e. if you are old you don’t
have to stand up for other people in public transport; if you consider yourself
athletic you will take initiative when physical tasks have to be done for a group;
if you consider yourself to be handicapped or ill (e.g. with heart failure) you
might avoid going up stairs or taking a walk.

The second element of a social identity indicates an ideal image (or proto-
type) that one strives to mirror. Thus one compares himself with the expected
behaviour of the ideal identity and also uses the expected behaviour to guide
one’s own behaviour. Thus if one believes that an ideal husband takes care of all
broken appliances in the family home then the man will try to fix all of them or
try to learn how to do this. He will consider himself bad if he fails in such tasks
(even if they are not realistic). So, if a patient sees himself as a basically healthy
person and healthy persons do not need assistance with any daily activity, the
patient might refuse the support (even though he “knows” that he needs the
support for the activity). This second element can be modelled with two parts;
the first is the set of values that a person attaches to the ideal and that he there-
fore tries to uphold and the second is a set of social practices that he considers to
be appropriate given this ideal. The social practices come again with their own
set of norms and default behaviours and roles. In the next section we discuss the
social practices in more detail.

The third element of the social identity of a person is his group membership.
If a person is part of a social group he will adopt the social practices of this group
and uphold its values. In how far he does this depends on his role in this group.
The captain of a basketball team is more likely to follow the social practices of
the team than a substitute. Membership and status of a group can in themselves
also be goals of a person. Thus being a good family member can entice a patient
to accept advice of another family member.

3.3 Social Practices

The final aspect of social agents that we will include in our models is that of
social practices. In our every-day life most of our behaviour is governed by social
practices. They are a kind of standardized way in which we conduct all kinds of
interactions. They combine standard physical behaviours with standard social
interpretations of this behaviour. E.g. greeting a person in The Netherlands at
work with a handshake shows respect and an understanding that the meeting is
formal. Someone that you see every day or who you consider to be a peer/friend
you will greet by just saying “Hi”. Thus there is both a standard physical action
as well as standard social meaning attached to a social practice. The fact that
these are combined makes them convenient in a complex world as it avoids
to have to reason about both physical and social aspects separately. The rea-
son that they work is exactly because they are standard. Thus their usefulness
derives from their use rather than some intrinsic value of the actions themselves.
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The existing theory on social practices is rather sparse (but see [27,31] for some
background) and not geared towards the use of them in operational contexts.
However we use this social science theory as starting point. They have proposed a
representation of social practices based on three broad categories [18]: materials,
meanings and competences.

— Material: covers all physical aspects of the performance of a practice, including
the human body (relates to physical aspects of a situation).

— Meaning: refers to the issues which are considered to be relevant with respect
to that material, i.e. understandings, beliefs and emotions (relates to social
aspects of a situation).

— Competence: refers to skills and knowledge which are required to perform the
practice (relates to the notion of deliberation about a situation).

Based on these ideas, we developed a model to represent social practices that can
be used in social deliberation by intelligent systems. Obviously, as is the case
with e.g. the representation and use of norms, other representations of social
practices are possible, given the many dimensions of the use of social practices.
Our proposal, depicted in Fig. 3, is especially suitable for use in agent reasoning.
The components of this representation model are as follows:

Abstract Social Practice - Visiting a relative Abstract Social Practice - Visit of caregiver
Physical Context Physical Context
Resources | Drinks, chairs, tables Resources | medicines, AVICENA tools,
Places |Geometric position of all objects Places | Geometric position of all objects
Actors |al, a2 Actors |al,a2
Social Context Social Context
Social interpretation |family loved, father respected Social interpretation | Patient in bad health, caregiver trusted,
Roles | Father(a1), Daughter(a2) Roles | Patient (al), Non-professionalCaregiver(a2)
Norms | Father should be autonomous Norms | Patient should comply to treatment
Father should respect Daughter and Caregiver must support patient and
Daughter respect Father respect autonomy of patient
One should tell family about problems Doctor is obliged to try to keep patient alive
Activities give advice, give news, chit chat, drink,... Activities Take medicine, give advice, comfort
patient,...
Plan patterns Inform about nev~{s befo{e drink . Plan patterns Comfort patient before give medicine
If problem then give advice before leaving N L .
X " Give medicine before leaving
Drink before leaving
Meani Sh
Meaning Show love and respect eaning ow care
Competences « Domain knowledge and skills: know Competences ' Dorg.a!n knowledge and skills: know
references family medicines
P N ¥ * Coordination skills : know when to
+ Coordination skills : know when to . " . .
3 N " N B consult Choice/deliberation skills:
drink Choice/deliberation skills: . 3
X : * When patient health is bad consult
* When problems give advice d
. octor
* When patient refuses medicine start

enquiring why
When doctor advices caregiver needs to
be able to explain advice

Fig. 3. Abstract social practices
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— Physical Context describes elements from the physical environment that can
be sensed:

e Resources are objects that play a role in the practice such as medicines,
wheel chair, water, table and bed in the scenario.

e Places indicates where all objects and actors are located relatively to each
other, in space or time.

e Actors are all people and autonomous systems involved, that have capa-
bility to reason and (inter)act.

— Social Context contains:

e Social Interpretation determines the social context in which the practice
is used.

e Roles describe the competencies and expectations about a certain type
of actors.

e Norms describe the rules of (expected) behaviour within the practice.

— Activities indicate the normal activities that are expected within the practice.
Not all activities need to be performed. They are meant as potential courses
of action.

— Plan Patterns describe usual patterns of actions defined by the landmarks
that are expected to occur.

— Meaning refers to the social meaning of the activities that are (or can be)
performed in the practice. Thus they indicate social effects of actions

— Competences indicate the type of capabilities the agent should have to per-
form the activities within this practice.

Looking at the characteristics of social practices as given in Fig.3 one can
notice some resemblance to the aspects that also play a role in agent organiza-
tion models (see e.g. [11]). This list can be seen as an analogue of the connection
between imposed and emerging norms. Both organizations and social practices
give a kind of structure to the interactions between agents. However, organiza-
tions provide an imposed (top-down) structure, while the social practices form a
structure that arises from the bottom up. Thus where organizational interaction
patterns indicate minimal patterns that agents should comply with, the patterns
in a social practice indicate minimal patterns that can and are usually used by
the agents.

3.4 Social Intelligent Systems

As we argued above socially intelligent agents should use motives, social identity
and social practices. Although we will not develop a complete agent architecture
for socially intelligent agents in this paper, we sketched some preliminary ideas
in [12] where we combine the different aspects. What is important to mention
here is that social practices provide a number of triggers that can be checked
in the environment such as the time of day, the location, people and available
objects. Those physical elements determine whether a social practice is relevant.
If so, it can be started and used as a template context in which the agent finds
the possible actions, roles, norms and expectations to follow. If any of the parts
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is not filled in or gives rise to choices the agent will get into its deliberation cycle
in order to fill in the choices.

The social identity of an agent plays a major role in two ways. The different
parts of the social identity of an agent all correspond to a set of social practices
that are normally shared within a group or are seen as ideal behaviour according
to a stereotype identity. Thus when a person is in a context where a social identity
part is prominent (e.g. family membership when being at home with all family)
he will check the social practices pertaining to this social identity.

The second way the social identity plays a role is that when a person identifies
a certain social practice to be relevant he will choose his own role in that practice
depending on what he expects his social identity will dictate. Thus a family
member of the patient with no medical expertise might prefer to play the family
role in the practice rather than the caregiver role, because he is not sure whether
he will have all competences that would be needed for that role.

Where social practices tie into the reactive side of the agent, being triggered
by some elements of the environment, the motives can drive the agent to seek
out particular situations that would possibly fulfil that motive. Thus if the need
of affiliation is high the agent can try to connect to his friends or family and
this move might then lead him to a situation in which he can apply a social
practice. In our scenario this can be seen when a family member goes visit a
patient and when arriving at the patient noticing that he needs to take his
medicine. This situation causes a conflict between family member and caregiver
social identities. Whether the family member then takes up the role of caregiver
or as family member depends on the experiences in this situation. If the patient
gets very irritated and does not take the medicine when advised, the family
member might try more subtle ways to attract the attention of the patient to
the medicine and act more as family than caregiver.

4 SAwlICENA

To motivate how concepts of socially intelligent systems can be applied to AVI-
CENA we introduce a representative scenario. Jordi is a 75 year old widower from
Barcelona who has three children. The younger one (Barbara) lives in Barcelona,
the middle one (Ana) in Amsterdam and the older one (Patricia) in Paris. Jordi
is enrolled in the AVICEN A platform, so he has an electronic pill dispenser
for supporting his treatment adherence. Jordi’s daughters are responsible for
re-filling the pill dispenser when new medication doses are required and taking
the patient to the doctor for regular health checks and treatment updates. Jordi
spends time with his three daughters visiting them for fourth months each in
their respective cities BOCN, AMS and PAR where he has a doctor assigned.
The patient travels with an electronic health record so the different doctors can
update it, keeping track of his state. E-prescription systems are available in
BCN and AM S but not in PAR. Therefore legal situations must be considered
to allow a smooth transition between the health-care system of the different
cities, accounting both legal and technological issues.
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The above scenario requires a complex institutional or organizational imple-
mentation. This can be modelled in AVICENA, but we only refer to this in as far
as it pertains to the social aspects of the scenario. First of all, it is clear that Jordi
wants to be with all his daughters regularly. Thus his affiliation motive seems to
be an important driver for his behaviour. The daughters have two social iden-
tities (related to the scenario), they are both daughters and caregivers. With
respect to the first identity there is a strong norm that one has to respect and
obey one’s parents. As a parent, Jordi does not want to be dependent on his
children, because as a parent one has to provide for one’s children, take care
of them, etc., but his medical condition is weakening his abilities to fulfill his
father role, and this is creating some internal struggle. The social identity of the
daughters as being a caregiver does give them the responsibility to take care of
their father’s health. This might lead to a situation where they have to give him
orders with respect to taking his medication. Thus we see a tension between the
two identities. The tension can be resolved in an organisational way by appoint-
ing professional caregivers only for the caregiver role. However, this is not very
cost efficient and even sometimes impossible due to the fact that Jordi moves
around every four months.

Action

status change

Stop taking the pills

reinforcement

Concrete decide f\l;stract.
FLLENETe (20 Ensure my autonomy & Social Practices
fe Lead the famil
Identities 2 family
Ensure my autonomy
Patient
+Take treatment 7
*Feel better Lead the family
»
Relative:Father
i Context: triager ‘ Follow treatment |
*Command power salience I feel these pillsare no 99 t ]
*Protect relatives from harm longer needed for me
*Take care of family
*Get resources for the family ’ Visiting a relative: father |
*Get respect t |

Fig. 4. Social deliberation for father/patient

We use the social practices to analyse the whole scenario. Figure4 depicts
the abstract social practices and identities associated to the patient Jordi and
Fig. 5 the ones associated to his daughter Barbara. Those figures show snapshots
of the social deliberation process during one of Jordi’s visits to Barbara. The
routine Jordi has to visit each of his daughters in turn every four months can be
seen as a social practice. This social practice ( Visiting a relative, shown in Fig. 3)
stretches over the different locations in Barcelona, Paris and Amsterdam, and
the actors involved are Jordi and his daughters. The social interpretation of the
social practice is that the father loves his daughters and shows his devotion by
visiting them in turn for equal length. The daughters show their love for their
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Action

status change

Persuade father on taking
pills again

reinforcement

Concrete decide Abstract

Identities Social Practice| Family visit: youngest Social Practices

daughter |

Non-professional Caregiver

Ensure my safety

*Support treatment adherence
*Care patient

Contact formal caregiver if
needed

P ~— -
051‘0/70 *| Visiting a relative: daughter
e
L

Visit of caregiver I'

Relative:Daughter |

Context:
+Obey father salience Fat.her.refuses to tal_(e_
«Confort father medication because “it is
*Give opinion harmful for me”

trigger

Fig. 5. Social deliberation for daughter/caregiver

father by hosting him for those four months. Thus the social meaning of the
practice is to express the status of each in the family that is spread out over
Europe. The roles are the father and the daughter role. The norms are that the
father will provide for himself as much as possible, that the daughters involve
their father in their family life, that the father commits to follow the round
robin visits. The activities can be given as very general visiting and interacting
of Jordi with his daughters. The plan pattern is just the round robin nature of
the visits. The meaning of the whole social practice is to show the family ties
and strengthen them. The competences expected are minimal. Jordi should have
some financial means to travel and maybe contribute to the staying costs. The
daughters should have the competence to cope with their father.

During their social deliberation process, actors’ actions are guided by the
set of abstract social practices that are triggered by the context. By default,
in our scenario the Visiting a relative abstract social practice is associated to
Jordi’s and Barbara’s father and daughter identities (Relative:Father and Rela-
tive:Daughter respectively) and instantiated into a concrete social practice (uni-
fying actor variables to Jordi and Barbara). This concrete social practice will
guide most of the social behaviour of Jordi and Barbara during his visit. In the
same scenario there are other abstract social practices that may apply when med-
ical issues are involved which are associated to Jordi’s and Barbara’s patient and
caregiver social identities (Follow treatment and Visit of caregiver respectively).

Social practices start conflicting when Jordi’s medication makes him feel
weak due to some side effects (e.g. it causes nausea and dizziness symptoms).
In this situation Jordi fears a loss of autonomy (i.e. a loss of power to decide
over his own actions). Jordi thinks a father should be strong and provide for his
family, so he does not want to be weak in front of his daughters. This situation
creates a new context: Medication makes me feel weak, which strongly triggers
the ensure my autonomy behavior. This leads to the familiar concrete social
practice (see Fig.4) where Jordi leads the family and stops taking the pills.
Due to the electronic AVICENA system, Barbara will notice that her father
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Concrete Social Practice - Family visit: youngest daughter

Physical Context
Resources | medicines, AVICENA tools,
Places | Geometric position of all objects

Actors | Jordi, Barbara

Social Context

Social interpretation [ Patient in bad health, care giver trusted, family loved

Roles | Patient(Jordi), Father(Jordi), Non-professionalCaregiver(Barbara),
Daughter(Barbara)

Norms [ Patient should comply to treatment

Caregiver must support patient and respect autonomy of Patient
Father should respect Daughter and Daughter respect Father
Doctor is obliged to try to keep patient alive

Activities Take medicine, give advice, comfort patient,...
Plan patterns Comfort patient before give medicine
Give advice before leaving
Meaning Show love and respect
Competences + Domain knowledge and skills: know medicines

* Coordination skills : know when to consult Choice/deliberation
skills:

* When health bad consult doctor

* When patient refuses medicine start enquiring why

* When doctor advices caregiver needs to be able to explain advice

Fig. 6. Concrete social practice for daughter/caregiver

is deviating from the prescribed treatment. The social practices of daughter-
father interactions do not allow for her to order he father to take the medicine.
She will first try to find out why her father did not take the medicine as it
might be that he just forgot them. In that case the enquiry could be construed
as an interest in her father’s health and fit the social practice. However, when
she realizes her father has strong arguments against taking the medicines the
context changes from one where her father might have been forgetfull to one
where he opposes to take the medicine any longer. In the context of (Father
refuses to take medication as seen in Fig.5), Barbara extends her identity from
the Relative:Daughter identity to the Non-Professional Caregiver one, so the
concrete social practice she was following (which was an instance of Visiting a
relative) is extended with an instance of the Visit of caregiver social practice.
The result is a new concrete social practice (shown in Fig. 6) which merges parts
from the Visiting a relative and Visit of caregiver (shown in Fig. 3). By adopting
the extended social practice Barbara will then take the action Persuade father
on taking pills again, making Jordi understand that pills are not harmful. Note
that this change cannot be established unilateral. Jordi should also accept that
they enter a social practice in which his daughter takes the caregiver role. If he
does not accept that role of his daughter they can break up at that point (get
into a fight or end the visit). Otherwise, Jordi accepts that his daughter might
also be capable as caregiver and accepts his role of patient in the social practice.
The ensuing dialogue might cause Jordi to calm his concerns, change priorities
among his motives and switch his main social identity from Relative:Father to
Patient where following the treatment is his main concern. In case Barbara had
not enough arguments to convince her father, she may contact the doctor to



36 I. Gémez-Sebastia et al.

better understand the side effects of those pills or even ask for some advice on
how to convince patients like her father.

The next step is to tie all these elements into the scenario where the daughters
are somehow co-responsible for the treatment of their father and check whether
he takes his medicines. We have established that the father has an intrinsic
motive to visit his daughters. The social practice establishes a practical way
of realizing this. If we want the AVICENA system to support the family such
that Jordi will take his medicines at the right time it should connect with this
social practice. A simple way to force this is to connect the medicine dispenser
to the electronic patient file. While the medicines are dispensed in the correct
dose on the right days and times nothing is reported in the electronic patient
file. However, whenever there is a deviation this can be marked in the file. If
the electronic patient file has several of these marks it might signal this fact and
forbid the patient to travel due to health risks. Thus this event will disrupt the
social practice. Following the treatment correctly now becomes tied to showing
his love to his daughters and is motivated by his affiliation motive. Thus Jordi
gets an internal motivation that is in line with his behaviour and makes him
aware of the medicines not only from a health perspective, but also from a
family perspective.

The above shows already the use of the social aspects in designing the support
system. We could also go one step further and include the social aspects in the
agents that are part of the AVICENA platform. Given that these agents would
have an understanding of their role and the role of all the humans in this scenario
they can support the patient by aligning their actions with the social practices
of the patient. In the above we used the very large social practice of visiting
the daughters for a few months. However, their are also daily practices that
can be used to combine with dispensing medicines. E.g. with dinner or when
the daughter checks in with her father. In that way the visit of the daughter
every day becomes combined with taking medicines. This in itself will make it
easier for the daughter to remind her father to take the medicines, because it
has become part of the visit to take the medicines.

We have given some very preliminary sketches to show the added value of
incorporating social aspects in these complex socio-technical systems, but it
already indicates its potential at different levels.

5 Related Work

Assistive Technologies (AT) can be effectively used for guiding elderly with their
prescribed treatments, avoiding major problems such as non-compliance with
the treatment and adverse drug reaction. There exists a range of different tech-
nological approaches, from the use of smart devices by patients (such as smart
pill dispensers [13]) to Ambient Intelligence [1,28] (Aml) environments support-
ing independent living. The specific area of health monitoring devices is cur-
rently characterised by application-specific and hardware-specific solutions that
are mutually non-interoperable and are made up of diverse architectures. Fur-
thermore, systems mainly focused on activity monitoring and reminders tend
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to be rejected by end users, who may end up feeling that the system becomes
too intrusive on their privacy [25]. Research on smart home environments and
Ambient Assisted Living is moving towards a more holistic view, trying to cre-
ate not only patient-centric Aml solutions, but also connecting the patient with
other relevant actors in their medical treatments or event connecting patients to
avoid isolation and depressive attitudes. In the rest of the section we will focus
on some agent-oriented Aml solutions that are close to the work presented in
the paper.

The GerAmi project [8] creates a networked Aml solution where agents are
used to enhance communication and work scheduling, effectively making pro-
fesional caregivers’ working hours more productive. Based in the THOMAS
organizational architecture [4], roles, organizational units and norms have been
modelled. However, none of the articles explaining the THOMAS architecture
analysed so far includes a clear example of such organizational definition, or how
norms are operationalised. Furthermore, social concepts such as social identity,
social relations, values or social practices are not present in the framework.

COMMODITY:4 [20] focuses on providing advice, recommendations and
alerts to diabetic patients based on their data, and at the same time assist
medical personnel, who is in charge of these patients, facilitating informed and
timely decisions. The system consists in two main components: first, a set of
devices that collect health-related data (e.g., activity and body signals). Second,
a set of personal agents with expert biomedical knowledge that interpret the data
via a reasoning process to generate a high level representation of patient’s health
status. These interpretations are then provided to relevant actors in the scenario
(e.g., patients and health care professionals) in the form of feedback reports.
The main idea is integrating sensors, intelligent agents, knowledge bases and
users within a single system. The work introduces the LAMA architecture for
developing software agents that can reason about a medical domain. Agents are
deployed using the GOLEM agent platform [5]. Unlike other approaches analysed
(e.g., GerAmi and AVICENA) COMMODITY15 does not explicitly define
the social structure where agents and devices operate. In COMMODITY15
norms are reflected implicitly in the behaviours of the agents. Furthermore, the
representation of the social context in COMMODITY75 is not explicit but
recent research [21,22] demonstrates it can be acquired through lifestyle activity
recognition of patient’s interaction with the system.

In [2] a system for automated real-time monitoring of medical protocols
is proposed. The system consists on two main components. First, a domain-
independent language for protocol specification, accompanied by a user-friendly
specification tool that allows health care experts to model a medical proto-
col and translate into the systems protocol specification language. Second, a
semi-autonomous system that understands the protocols and supervises their
application. Medical services are modelled as agents, and a medical protocol
is interpreted as a negotiation process between agents. The system is able to
observe the negotiation, effectively warning about forbidden actions and deci-
sions. The system is applied to health care environments where every staff
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person plays one or more roles. A role specifies a particular service (e.g.,
infirmary, surgery, etc. ) and a medical protocol specifies possible interactions
between the different services in front of a particular pathology. The protocol
can suggest or forbid medical decisions depending on the medical history and
evolution of the patient. Agent interactions are performed as message exchanges
through a communication layer. Supervisor agents track such interactions and
validate them. Suggested actions correspond to medical guidelines and forbidden
actions to medical protocols. However, the social model is too protocol-driven,
and there is no way to model important issues such as, e.g., the patients’ motives.

Robot ecologies [29] are a growing paradigm in agent-based Aml in which
several robotic systems are integrated into a smart environment. Such systems
hold great promises for elderly assistance. Robocare [6] is a project deployed on
a domestic test-bed environment that combines a tracking component for people
and robots and a task execution-supervision-monitoring component. The system
is composed of several software and hardware agents, each providing a set of ser-
vices, and an event manager that processes requests to the different services and
directs them to the appropriate agents. The system also includes a monitoring
agent, with knowledge of the assisted person’s usual schedule. However, agent
coordination and monitoring are heavy computational processes, limiting the
tested scenarios to only 2-3 persons and only a small portion of the domestic
environment. The ILSA (Independent LifeStyle Assistant) project [17] passively
monitors the behaviours of the inhabitants of the residential laboratory, alerting
relatives in case of potentially dangerous situations (e.g., the user falls). ILSA
presents two main innovations with regards to the Robocare project: (1) agents
autonomously interact within them in order to achieve their goals, without the
need of an event manager agent that coordinates them (but a centralized coordi-
nation agent is used to transform context-free perceptions provided by the agents
into context-aware perceptions); and (2) agents are able to learn schedules based
on the daily tasks performed by the inhabitants. However, once a schedule has
been learned, the user is not able to deviate from it without raising an alarm.
Focus in both systems is on activity monitoring and the coordination between
the human and the artificial devices, and thus other social aspects such as the
patients’ relationship with caregivers are not part of the model.

An interestingly rich model is the AOE? framework presented in [7]. AOE?
integrates (in a model that is both general and coherent) the main concepts
to be considered in order to build an agent-based simulator for the particular
domain of health care. It is able to reproduce the behaviour of the social system
by presenting the decision making entities of the studied system as agents. The
main idea behind the AOE? framework is focusing in high level conceptual issues
regarding the health care model development process, while offering a guideline
for carrying out this process independently of technical choices. The idea of
applying a framework to agent-based simulations in the healthcare domain is
appealing. The complexity and dynamics of the domain (e.g., the high degree
of uncertainty inherent to clinical processes, the involvement of multiple dis-
tributed service providers and decision makers, etc.) make it useful for applying
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agent-based simulations. Furthermore, the approach is also valid for providing a
tool able to asses the possible outcomes of the different actions that can be taken
in order to improve the system, making it more efficient or sustainable from an
economic point of view. However the model does not include mental models of
the individuals’ motives, values and social identities, thus being unable to tackle
the informal relations that we are trying to model in our work.

6 Conclusion and Future Work

In this paper we have shown the potential of extending the AVICENA system
with social intelligence. We have outlined which social aspects seem of particu-
lar importance. I.e. social motives, social identity and social practice. We have
sketched their role in the agent deliberation and have shown their use both in
the design of a socially intelligent system as well as how individual agents could
profit from these social enhancements.

From the AVICENA perspective, we have moved from previous models, based
on a full normative description of the expected (goal-driven) behaviour by all
actors fully enacting roles into a new, richer model where motive-driven actors
may (partially) enact one or several social identities at the same time, guiding
their behaviour by a composition of the social practices that are applicable to
the social context they perceive.

This paper only describes some preliminary steps of or work. One of the next
steps we plan to take is to give a more formal representation of the social aspects
such that we can give a more precise and formal account of their influence on
the agent deliberation. We hope to do some of this work while actually starting
on an implementation of the scenario in AVICENA.

A second important step is to describe the relations between all these different
aspects in an agent deliberation not just for particular scenarios but also in a
more generic way. l.e. do agents always start with social practices and then
decide on actions based on their motives or decide upon their roles in the social
practice based on their identity? Or do they start with their identity and find
social practices fitting with that identity? Or even better, is there no fixed order
but is that determined by the situation?

As can be seen there are many interesting issues that should be looked into,
but this paper shows at least that these are issues worth investigating.
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