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Abstract Patient empowerment and the diffusion of social network applica-
tions have the potential to facilitate the exchange of resources among members of
community health information networks. The governance of such communities
poses new challenges to healthcare policy makers that need new tools for leverag-
ing social environmental factors and hence influence citizens’ health and quality
of life. Drawing on sociological theories and on a cognitive model of dependence
networks, we present a framework for investigating how digital capabilities can
drive the emergence of sustainable aging support networks. The architecture of
cognitive agents and of their environment is illustrated providing a proof of con-
cept of the applicability of agent-based models to simulate the dynamic behavior
of aging support networks. The model will be instantiated in two different scenar-
ios in order to show how the properties of digital innovations and their diffusion
dynamics, can bypass the limits of traditional healthcare models.

Keywords: Social support networks, dependence networks, agent-based models,
simulation.

1 Introduction

It is well accepted in social epidemiology studies that social environmental fac-
tors such as social support, social networks, and social cohesion may influence
health and quality of life. Berkman & Glass (2000) maintain that the degree to
which an individual is interconnected and embedded in a community is vital to an
individual’s health and well-being. This is especially true for aging people living
often in a vulnerable and frail status due to impairments and isolation. In this con-
text social support networks refer to the web of social relationships that surround
elderly people and that can provide help to them. These networks involve family,
caregivers, neighbourhoods, community groups and organizations that interact
with the elderly in their daily life by exchanging resources such as information,
emotional and physical support, instrumental help, and the like (Wenger 1997).

With the rapid growth of online social networking for health, citizens are in-
creasingly using social networking to access and contribute health information
(Griffiths et al. 2012; Masic et al. 2012). Social network applications have the po-
tential to facilitate the exchange of resources among members by providing plat-
forms for the exchange of ideas and quality information (Shirky 2008). When ef-
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fectively designed and implemented, such platforms enable information exchange,
collaboration and collective action within online and offline communities
(Spagnoletti and Resca 2012, Resca and Tozzi 2012). For instance through social
networking, members of a Twitter community of juvenile diabetic patients have
the opportunity of sharing insights into their own experience and knowledge as
well as reaching out to others for support and guidance through open source dialog
about the topic (Winston et al. 2012).

Such community health information networks have the potential to complement
current healthcare models and to achieve new goals from e-Health systems tradi-
tionally aimed at improving the capabilities of physicians and clinical staff and
providing increased services to patients, caregivers, and citizens in general (Man-
tzana et al. 2007). In fact, two broad trends are reshaping the practice of health
care delivery. On the one hand, patients are becoming consumers and health care
providers find new roles added to their existing ones as care is increasingly cen-
tred on and driven by the empowered patient. On the other hand, rapid changes in
information technologies enable new forms of communication that make existing
patterns of information flow obsolete (Lober and Flowers 2011).

A recent study of e-Health good practices implemented in Europe in the last
decade, identifies three main categories of e-Health projects (D’Urso et al. 2013).
The first category is focused on the support of administrative processes within a
single healthcare organization (i.e., hospital, local health authority, etc.) and on
possible interconnections with IT systems supporting clinical processes. The sec-
ond category focuses on the support of clinical processes encompassing the physi-
cal boundaries of a single healthcare organization (i.e., hospital, laboratory, etc.)
through remote data transmission. The third category is focused on providing sup-
port to integrated care processes with a patient-centred approach. Advances in the
latter category have been identified in the diffusion of novel community centred
platforms such as wikis that involve users in the production of contents (ibid).

Although the behaviour of online (virtual) communities has been widely inves-
tigated in terms of community members' motivation and institutional aspects, the
emergent properties/phenomena in social networks when social support is ex-
changed among members is less understood. In this paper we present a methodo-
logical framework for guiding the emergence of aging support networks based on
agents’ simulation and an ecological model of aging. The proposed framework is
grounded on a cognitive model of dependence networks (Castelfranchi et al. 2006;
Marzo and Castelfranchi 2013) and provides a means for modelling the dynamics
of aging support networks. These networks are seen as small groups of interacting
agents whose behaviour is determined by their internal state and behavioural rules.

As expository instantiation of the proposed framework we take into account the
aging support network in both traditional and digitally enabled scenarios, viewing
them as two extremes of a continuum. Our aim is to show, from a theoretical per-
spective, how the properties of digital products together with their diffusion dy-
namics in small networks, can bypass the limits of traditional healthcare models.



Furthermore these characteristics can provide some insights for guiding the design
of new governance models and tools in the e-Health domain.

The paper is structured as follows. We first introduce previous literature on the
application of simulation and systemic approaches to the study of healthcare prob-
lems. Then we illustrate the theoretical constructs from socio-epidemiological
studies and cognitive models that provide the grounding for the proposed frame-
work. The architecture of agents and their environment is then presented in the
third section. In section four we discuss how the proposed framework can support
theory building and decision making for a sustainable healthcare. A conclusion
section close the paper with some suggestion for further empirical research.

2 Theoretical framework

2.2 Social networks and social support

Social exchange theory (Granovetter 1973) emphasizes that social interactions
by the means of weak ties impose rewards and costs. Rewards can be easily asso-
ciated to the possibility of sharing contacts and obtaining resources through the
network which then becomes a resource underpinned by social capital (Adler and
Kwon 2002). On the opposite, costs can be related for instance to disputes, embar-
rassment, envy, and invasion of privacy associated with social interactions (Rook
1984). Social ties are constructed on the basis of the individual perception of their
capacity to provide rewards relative to costs and as a function of the alternatives
available. This perception can be misleading due to bounded rationality that can
limit the individual’s capability to choose people with whom a positive interaction
takes place (Ali 2011). Many other contextual factors can affect the capability of
an aging support network to provide the needed help. These are related for instance
to culture, rapid social change, industrialization, and urbanization (Berkman et al.
2000). Although these upstream factors influencing social network structures are
important, in this paper we concentrate on the micro-level factors leading individ-
uals to exchange resources and information through their personal networks.

The resources available or perceived to be available to a person from its family,
friends, and acquaintances are often referred as social support (Berkman 2000).
These resources can be of different types such as emotional, instrumental, informa-
tional, financial and are provided in the context of a relationship for enhancing the
well-being of the recipient (Cohen and Syme 1985; Shumaker and Brownell 1984).
Social support and social networks are intimately linked. In fact, support is given
and received through structured relationships described in networks. Therefore so-
cial support researchers have begun to look to social network analyses as a more
formalized way to understand the concept of social support (Abbott et al. 2012).
Although related to social networks, social support puts more emphasis on the sub-
jective nature of exchange than on the structural aspects of the network. Its func-
tion is to give information to an individual that he/she is loved, cared for, es-



teemed, valued, and belongs to a mutually obliging communication network (Ali
2011). Therefore social support networks concepts are worth for understanding
both the subjective and the structural value of aging support networks.

Although the size of aging support networks is usually restricted to a small
number of family members, peers, neighbours, and institutions, the variety of re-
sources needed by elderly people in their daily life and the structural characteris-
tics of their personal networks make difficult to find an optimal solution for coor-
dinating the exchange of resources and information. Previous studies have
identified different types of informal support networks representing different life-
styles, having different strengths and weaknesses and different risks implications
(Wenger 1997). By recognizing that such structures are evolving over time we
concentrate our attention on the cognitive micro-level factors that can provide the
needed level of support to elderly people.

Drawing on sociological and psychological theories, an ecological model has
been developed to conceptualize and structure the links between perceived social
support, engagement with social networks and health outcomes (Berkman et al.
2000). This model includes upstream social context factors and downstream social
support factors to examine the effects of social networks on health. Some recent
studies have adopted this model to the domain of aging by empirically testing the
contingent relationships between social network types and the provision of social
support, social influence, social engagement and attachment, and access to re-
sources and material goods (Stephens et al. 2011).

The presence of multi-level factors in the ecological model of aging poses many
challenges when investigating the mutual relationship between agency and struc-
ture in this context. Nevertheless previous studies on social networks and social
support mainly reflect a positivist stance by performing both quantitative and qual-
itative analysis for validating causal models. Our goal is to complement these stud-
ies by adopting a constructivist viewpoint which extends the methodological
framework for investigating this phenomenon. Drawing on complex adaptive sys-
tems theory, we recognize that social phenomena emerge from the bottom-up in-
teractions among learning agents in a given environment (Holland 1998). This
view has recently gained much attention in different fields of management and or-
ganizations (Allen and Varga 2006; Amaral and Uzzi 2007; Anderson 2008; Lew-
in 1999) and integrate contributions from cybernetics, cognitive sciences, decision
and organization sciences (Simon 1996).

2.3 Cognitive model of dependence networks

Starting from Conte and Castelfranchi’s theory (Conte and Castelfranchi 1996)
of dependence network, we assume the idea that agents are part of a network of
social relationships and that these relationships are fundamentally based on
agent’s mental states. Therefore, social networks are built on networks of goals.
Among these relationships, one of the most important type is social dependence,
consisting in some agents needing other agents’ to reach their goals.



We take our move from a previous study on agent-based simulation of depend-
ence network aimed to supply a tool for improving coordination in multi-agent
systems (Conte and Sichman 1995) and we integrate their model by assuming an
epistemically different point of view: there exists an objective reality not neces-
sarily known by agents as it is. Indeed, with reference to Conte and Sichman for-
mal theory of social dependence (Conte and Sichman 1995), we propose an updat-
ed model of dependence networks based on the evolution described in more recent
works (Castelfranchi et al. 2006). Therefore we extend the three basic notions of
the first model, i.e. external description, dependence relationship and dependence
situation. In particular, while we build external descriptions and dependence rela-
tionships following the instruction presented in the previous model of dependence
network we consider some additional features of dependence situations in order to
classify them. Together with the nature (given by dependence relations) and the
locality (considered by Conte and Sichman), we add the distance between the lo-
cally believed dependence and the real dependence. In other terms, we extend the
model by explicitly considering subjective and objective points of view views in
order to test how their distance influences agents' behaviours in the networks.
Therefore, the cognitive model we used as theoretical framework takes into ac-
count both an objective dependence network, built on the real dependence relation
between agents in the network, and multiple believed dependence networks (as
many as the number of agents in the network).

We can consider the model as made up by an environment exogenously given,
characterized by different dependence relations, and a set of goal oriented agents
autonomous in making decision but dependent by other agents to reach their own
goal. On the base of their locally believed dependence network, agents can pro-
ceed by trial and error in order to reach the goal (updating their own beliefs about
the network in a process that can lead to reduce the divergence between it and the
real environment).

3  The architecture for simulation

As already mentioned, agent-based modelling and simulation (ABMs) is an ap-
proach to modelling complex systems composed by autonomous and interacting
agents. Their behaviour, is described by rules, and their interactions with other
agents influences the behaviour itself. Modelling the agents individually (micro-
level) the effects of their interaction can be observed at a macro-level and allows
to explore the behaviour of the whole system. Indeed macro-level patterns, struc-
tures, and behaviours emerge from the interactions, without the need of being ex-
plicitly programmed within models (El-Sayed et al. 2012; Macal and North 2010).
Furthermore according with Bousquet and Le Page (2004), looking at a complex
system as an ecosystem, it is possible to study the individual agents, their interac-
tions, and their organization across various scales.

In the proposed architecture, each agent in the environment has her own repre-
sentation of the reality on the basis of her beliefs. She well knows her available ac-



tions and resources, and she starts to reach some goals, combining her actions and
resources and/or asking some of them to other agents in the environment. In this
way, she interacts with other agents either to perform an exchange of resources or
to involve other agents in performing a specific action. The interaction is based on
the believed dependence network (BDN), and it can be near or not to the reality.
The agent can have one or more BDNs on the basis of the real network to which
she belongs, and for each of them she starts to reach different goals. After every
interaction the agent can update her believed dependence network[s] on the basis
of the information exchanged. The interaction among the agents happens every
slot of time defined as rule of the environment (called round).

For example: if an agent needs a resource or an action but she doesn’t know
who can perform that action or give her that resource, she sends the request to the
environment (as a broadcast message). In this case every agent in the environment
receives that request and can contact directly the requester or broadcast the answer
(on the basis of the simulation design). In this manner all agents know what the
applicant agent needs. At the same time the latter can discover a new dependence
link with an agent (not necessarily a new link in general) from which she depends
for a resource or an action. Furthermore everybody in the network, if the answer
was broadcasted, may discover new information (new agent and/or new depend-
ence link). In the end, this kind of information is stored in the work memory and
afterwards it will be used to update the believed dependence network.

3.1 Agent mind and environment configuration

Each agent has two kinds of memories for storing several information, namely
the Long Term Memory (LTM) and the Working Memory (WM). The former
contains all information needed by the agent to act (goals, actions, plans, re-
sources, etc.), whereas the latter is used to know what an agent will do in the next
round and also to store the information produced by the interactions in the envi-
ronment. This last kind of information may also be useful to update in the LTM
the Believed Dependence Networks by the agent. In particular the Long Term
Memory (LTM) contains:

. a set of goals G = {gl,...,gn};

. a set of plans P = {pl,...,pn} where each pi is the collection of actions to
reach the goal gi by the agent (each plan can be updated in runtime if needed);

. a set of possible actions Act = {al,...,am} where for each action can be
associated one or more resources

. a set of resources R = {r1,...,rl} owned by the agent

. one or more dependence network of the societies (based on the number to

which the agent belongs), built on the basis of her own beliefs

. a set of rules (Rules for Updating - RU) with which the information pre-
sent in the Working Memory can be considered reliable and useful for updating
the believed dependence networks (and in case also the covered roles) and the RU
themselves.



As regards the Working Memory (WM), it contains the step of the plan to exe-
cute, and the stored information received (obtained during the interaction).

The acting of the agents is driven not only by the information stored in their
own LTM but also by the information or constraints inherited from the environ-
ment. The environment setting contains:

. the real dependence networks (they can be unknown to all the agents)

. the set of priority rules for executing some actions (not necessarily they
involve all possible action; i.e. there are some actions executable independently
from others)

. the set of the possible resources needed for executing an action (i.e. some
actions require using certain resources)
. the information about the latency between one round and the next one (an

arbitrary technical requirement)

4 Digital capabilities and their effects aging support networks

For the purposes of this paper, we consider as agents all the subjects playing a
role within an aging support network. The final goal of these networks are to sup-
port the elderly in his/her daily life and hence improveg her/his quality of life.
Most of the nodes of these networks represent relatives (husband/wife, sons,
nephews, etc.), ex-workmates, neighbours, caregivers, and friends of the aged per-
son.

In the last years the web 2.0 and digital tools are covered a relevant role in rein-
forcing the support network centred on the older, also improving the performance
for achieving some specific goals based on information exchanges (Godfrey and
Johnson 2009). Since there are some distinctive traits between traditional and digi-
tally enabled aging support network, the proposed architecture can be adopted to
compare two scenarios of aging support networks: traditional vs digitally enabled
networks. In particular we make some hypothesis on the definition of goals, plans,
actions and resources in both scenarios

For instantiating the architecture of simulation in the context of social support
networks we draw on the previous works of Boissevain (1974) and Wenger
(1997). The former provides a definition for six network circles: personal cell that
comprise the closest friends and family members; intimate zone A in which there
are relatives and friends with whom one interacts frequently; intimate zone B
composed by friends and relatives with whom the relationship is rather passive,
although emotionally important; effective zone filled by people important in a
pragmatic sense (enabling for reaching a practical goal); nominal zone: composed
by acquaintances that do not play an important role; extended zone: people that
are known or linked through significant others.

Wenger (1997) assigns a degree of involvement in “community groups” for
each support network type, by taking into account the geographic distance be-
tween the older and the involved actors (mainly relatives). The taxonomy of social
support networks suggested by Wenger (1997) identifies the following five net-



work types: (i) locally integrated: the most common and robust support network
composed by close family members, friends and neighbours (ii) wider community
focused in which the family is far away (50 miles) and the network is composed
mainly by friends and neighbours (iii) local self-contained support network in
which the support is given mainly by neighbours and sometimes by relatives that
do not live close to the older (more the 5 miles) (iv) local family dependent sup-
port network in which close family members with some neighbour are mainly in-
volved, (v) private restricted support networks in which is absent any informal
support.

While goals are the purpose of agents, to achieve them they have to perform
needed plans of actions based on interactions guided by the believed dependence
network. Following the point of view of the Complex Adaptive Systems (CAS), in
which complex systems are open systems that interact with the environment and
with other complex systems, the future is not predetermined but it is made by in-
teractions. Systems themselves are the result of evolutionary processes during
which successive levels of structure emerge. (Allen and Varga 2006). According
to this perspective, plans can be more or less predictable on the basis of how the
agents interact, and it is also related to how it is more or less easy for the agents to
interact.

Each plan is constituted by several actions, and each action can be performed
thanks to specific capabilities and/or skills owned by agent, and it can involve a
particular resource. Skills and capabilities can be learned by other agent through
interactions, and then other agent can autonomously perform related action, if and
only if either the resource involved is owned by both agents or the action does not
need that resource. In the case in which skills and capabilities are learned, it is
possible to observe their diffusion in the same network and among the networks
(all those ones agent belongs to). We hypothesize that the diffusion of skills and
capabilities can follow the path described in agent-based modelling of social epi-
demiology (El-Sayed et al. 2012) rather than what described in models of innova-
tion diffusion concerned consumer adoption behaviour (Kiesling et al. 2011). In-
deed while in the latter the diffusion is based either on imitation and
communication or on rational evaluation and actively requested information about
the innovation, in the former the diffusion happens like “epidemic contagion” (vi-
ral diffusion).

Agents may also be endowed with different amounts of resources or accumu-
late different levels of resources as a result of agent interactions. Because digital
resources rather than physical ones do not wear out and people can duplicate them
practically without cost, they are sources of supervalue and superproductivity:
physical resources in fact are consumable and limited, whereas digital ones are
replicable and diffused (Sigismund 1995). Furthermore, considering digital re-
source as digital technology, its characteristics make their use easily affordable by
almost anyone (Yoo et al. 2010).

On the basis of the concepts described previously for resources and actions, we
can hypothesize what happens for plans and goals in an aging support network if it



is digitally enabled or not. Indeed, designing a simulation based on our architec-
ture, the physical peculiarities of a resource and their temporal and spatial con-
strains become less relevant for digital resources. Moreover, thanks to the charac-
teristics of digital resources, the skills and capabilities needed to use them can be
easily transmitted from one agent to another. These characteristics of digital re-
sources and actions can often alter the dependence relationships among the agents
during the simulation run, making plans less predictable and more unplanned. Fur-
thermore, looking the aging support network with the taxonomy of Wenger
(1997), it is possible to observe how the geographic distance becomes less rele-
vant in digitally enabled scenario, and taking into account the circles defined by
Boissevain (1974) also agents in nominal and external zone can play a significant
role in supporting the older, bringing into his network some new digital capabili-
ties or best practices, learned outside (and vice versa). The potential of the simula-
tion run can provide insights for identifying the organizational form and hence to
design the digital platform that better match the requirements of a specific aging
support network. For example on the basis of the agents’ behaviour it is possible
to identify three organizational forms as defined by Shirky (2008): sharing, col-
laboration, and collective action.

5 Conclusion and Future work

The aim of our work is to study aging support networks by focusing on what
happen when such networks develop from physical into hybrid (both physical and
digital) environment.

Aging support networks, as other types of network, in fact, are more and more
involved in what is defined digital revolution. Electronic networks now connect a
vast array of public and private information sources, since the digital revolution
has intensified the move towards knowledge codification and altered the share of
codified and tacit knowledge. This knowledge, connected through various com-
munications networks, represents the components of emerging, universally acces-
sible digital resources. Indeed, while traditional economics is founded on a system
which seeks to optimise the efficient allocation of scarce resources, because of the
unique characteristics of information and knowledge, the very meaning of scarcity
is changing: once knowledge is discovered and made public, there is essentially
zero marginal cost to adding more users (Stiglitz 1999).

Modelling these characteristics in aging support networks and endowing agents
with different digital capabilities and skills, as well as letting agents use them for
performing new and different actions (possible in digital environment, although
not directly learned by other agents) will allow us to run simulations of how such
a complex system can change. This will be crucial in discovering some emerging
dynamics that can be useful both to build theoretical models of how these net-
works develop and to design adequate sustainable policies. Indeed, while the theo-
retical aim is to investigate crucial characteristics and dynamics of digital change
in aging support network phenomena, thanks to agent-based simulation we can
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plan and use both the architecture and the simulation tool that will be developed to
test the outcome of possible health policy interventions. For achieving both these
goals, we will focus future works on simulation based on the architecture present-
ed in this paper. We will investigate complex behaviours (learning, adaptation,
loops, reciprocity) and the influence of heterogeneous environments on them, in
order to test hypotheses on diffusion of innovation and on the emergence of roles
within networks, on one hand, and to find out the effect of possible interventions
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