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Abstract

The global rise in homelessness calls for urgent and
alternative policy solutions. Non-profits and gov-
ernmental organizations alert about the many chal-
lenges faced by people experiencing homelessness
(PEH), which include not only the lack of shelter
but also the lack of opportunities for personal de-
velopment. In this context, the capability approach
(CA), which underpins the United Nations Sustain-
able Development Goals (SDGs), provides a com-
prehensive framework to assess inequity in terms
of real opportunities. This paper explores how the
CA can be combined with agent-based modeling
and reinforcement learning. The goals are: (1) im-
plementing the CA as a Markov Decision Process
(MDP), (2) building on such MDP to develop a
rich decision-making model that accounts for more
complex motivators of behavior, such as values and
needs, and (3) developing an agent-based simu-
lation framework that allows to assess alternative
policies aiming to expand or restore people’s capa-
bilities. The framework is developed in a real case
study of health inequity and homelessness, working
in collaboration with stakeholders, non-profits and
domain experts. The ultimate goal of the project is
to develop a novel agent-based simulation frame-
work, rooted in the CA, which can be replicated in
a diversity of social contexts to assess policies in a
non-invasive way.

1 Introduction

According to a recent report by the Organization for Eco-
nomic Cooperation and Development (OECD), approxi-
mately 2.2 million people experience homelessness in its 35
member countries [OECD, 2024]. In the European Union, it
is estimated that on any given night, at least 895,000 people
sleep on the streets [FEANTSA and Abbé Pierre Foundation,
2023]. In Barcelona, Spain, the number of people sleeping
rough increased from 658 in 2008 to 1,063 in 2022 [Xarxa
d’Atenci6 a Persones Sense Llar (XAPSLL), 2023]. Simi-
lar trends are observed in London and San Francisco, where
the number of people experiencing homelessness (PEH) has
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tripled and quadrupled [Trust for London, 2023; City and
County of San Francisco, 2024].

The increasing scale of homelessness demands for urgent
and alternative policy-making. European institutions have
called for a shift from traditional homelessness management
to a model that aims to actually solve this complex social
challenge by offering comprehensive support to PEH [Eu-
ropean Commission, 2021]. This aligns with the Universal
Declaration of Human Rights [United Nations, 1948] and
the Capability Approach (CA), which underpins the United
Nations Sustainable Development Goals (SDGs) [Gasper,
2017]. Unlike traditional development models, which focus
on the amount of resources available to individuals (e.g. utili-
tarian frameworks), the CA shifts the attention to the people’s
ability to transform these resources into opportunities or ca-
pabilities (what people are actually able to do and be). From
this perspective, homelessness and poverty can be understood
as severe forms of capability deprivation [Marshall, 2024],
where individuals are unable to access their central capabili-
ties (in Table 1). Central capabilities are a list of ten ’essential
human entitlements to be able to conduct a meaningful life
with dignity’ [Nussbaum, 2011], such as being able to be ad-
equately nourished or sheltered, being secured against violent
assault, or being able to undertake employment. Providing
the required support to PEH requires not only the provision
of material resources (food or shelter), but also social and in-
stitutional arrangements aiming to restore and expand these
central capabilities [Sen, 1999].

Non-profit and governmental organizations are responding
to this social challenge with transformative policy proposals.
For instance, in Barcelona, the “Proposed Law on Transi-
tional and Urgent Measures to Address Homelessness™ [Sant
Joan de Déu Serveis Socials Barcelona, 2023] is currently un-
der discussion. So we are collaborating with domain experts
and non-profit organizations (namely Arrels Fundaci6, Cari-
tas and Salut Sense Llar), as well as with human development
academics specialized in poverty (namely from the The Sus-
tainability, Economics and Ethics (SEE) group). Our research
aims to provide empirical results that guide the evaluation and
implementation of these novel policy approaches.

To achieve this, we propose building a novel social simu-
lation tool rooted in the CA. This is an innovative and inter-
disciplinary project, which draws on expertise from human
development and computer science to explore the applica-
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Life Being able to live to the end of one’s lifespan without premature death

Bodily health

Being in good physical health, including reproductive health
Being able to move freely, being free from violence, having bodily, reproductive, and sexual

Being able to reason, think, and create; having access to art, literature, and science; and enjoying

Subdivided into interactions with others and dignified, non-discriminatory participation in society
Being able to live with concern for animals, plants, and the natural world

Subdivided into political participation and material rights to own property and undertake employ-

Bodily integrity
autonomy
Senses,  imagina-
tion, thought pleasurable experiences while avoiding non-beneficial pain
Emotions Being able to form and mourn emotional attachments to others
Practical reason Being able to conceptualize what is good and plan one’s future
Affiliation
Other species
Play Laughter, play, and recreational activities
Control over one’s
environment ment

Table 1: Central Capabilities, adapted from [Nussbaum, 2011].

tion of the CA in the agent-based modeling (ABM) and rein-
forcement learning domain. Additionally, we integrate com-
plex motivators of behavior, such as human values [Schwartz,
1992] and needs, into the CA. This seeks to enhance the mod-
eling of human behavior in the context of homelessness and
contribute to prior research into the computational represen-
tation of human values [Osman and d’Inverno, 2024].
The goals of the project are as follows:

1) Implement the framework of the CA as a Markov De-
cision Process (MDP) that can be applied across social
contexts where inequity arises, such as homelessness.

2) Building on such MDP, develop a novel and rich agent
decision-making model that accounts for complex moti-
vators of behavior, including human values and needs.

3) Develop an agent-based simulation framework to assess
the impact of policies on people’s capabilities and iden-
tify those that effectively restore or expand them, work-
ing towards the UN SDGs.

Our project will leverage agent-based modeling (ABM),
which in the context of homelessness, allows to simulate the
behavior of a diversity of stakeholders involved (including
PEH, social workers and non-profits), interacting with each
other autonomously. ABM will facilitate (1) the exploration
of outcomes through both top-down (impact of legal policies)
and bottom-up (impact of resources or disparities) processes,
(2) the modeling of individual behavior, social interactions
and the role of policies in restoring their central capabilities
and (3) the evaluation of both of the above from the perspec-
tive of equity [Williams et al., 2022]. In this paper, we de-
fine equity and inequity in terms of having (or lacking) ba-
sic capabilities [Sen, 1979] to conduct a meaningful life with
dignity [Sen, 1999], in line with the CA. We acknowledge
complementary interpretations of inequity, on the basis of
distribution of income and wealth [Piketty, 20171, oppression
and social justice [Sen, 1979], the equality of opportunities
and meritocracy [Sandel, 20201, social and political recogni-
tion [Honneth, 1996; Taylor, 1989], or the representation in
political and economic institutions [Acemoglu and Robinson,
2012], among others.
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2 Related Work

2.1 The Capability Approach

The capability approach (CA), originally developed by
Amartya Sen [Sen, 1999] and further expanded by Martha
Nussbaum [Nussbaum, 2011], is a flexible and multi-purpose
framework for analyzing how to promote and assess human
well-being, development, and social justice. Rather than
looking only at resources or outcomes (functionings), it fo-
cuses on the opportunities (capabilities) people have to lead
the lives they value. Following [Robeyns, 2017] terminology
we define the key terms for computational purposes, illus-
trated in black in Fig. 1:

1. Resources: set of commodities and services that are
available to a person in a given context, such as a bike,
adequate shelter, or public healthcare.

2. Conversion Factors: Characteristics that facilitate the

transformation of resources into capabilities. These in-
clude personal (such as physical condition, reading skills
or gender), social (such as social norms, public policies
or discrimination) and environmental (such as climate,
infrastructures or transportation).
In our work, social conversion factors will be inter-
preted as social and legal norms in line with social laws
in [Shoham and Tennenholtz, 1995]. We highlight that
these norms could also serve as proxies for institutional
discrimination [Aguilera et al., 2024].

3. Capabilities: what people are able to do and be given
their resources and conversion factors. In our work, it
will be useful to distinguish between the following:

(a) Central capabilities: Ten basic capabilities that
everyone should be entitled to as a matter of human
dignity [Nussbaum, 2011], defined in Table 1.

(b) Specific capabilities: Context-dependent capabili-
ties. For instance, ‘being able to move from a pe-
ripheral neighbourhood to work’ can be considered
the more specific capability for ‘being able to move
freely from place to place’, related to the central ca-
pability of bodily integrity in Table 1.
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In line with [Robeyns, 2017], central capabilities will
be the ends of policy-making and part of the evaluative
space for assessing inequity in our work. Specific capa-
bilities will be the contextual ends or goals of individ-
uals, represented as possible actions, and often serving
as means for enabling central capabilities. This follows
the means-ends distinction in the CA, which differenti-
ates between capabilities as ends or as means to achieve
other ends. The idea is that by acting upon specific capa-
bilities (realising actions), individuals can restore central
ones, because capabilities are interconnected: achieving
one can enable others (both for an individual’s own de-
velopment or a society’s development).

4. Choice Factors: Motivators of behavior influencing the
indidivual’s choice of acting upon specific capabilities
(preferring to perform one action over another).

“There is very little about these constraints that one
could say in general terms, as they are so closely
interwoven with a person’s own history and thus
with her personality, emotions, values, desires and
preferences.” [Robeyns, 2005]

Given the underspecified role of choice factors in the CA
literature, our work incorporates individual needs and
values into the framework, drawing on context-specific
sources and established theories, such as Schwartz’s
value framework [Schwartz, 1992].

5. Functionings: Realized actions, what people end up do-
ing and being in practice.

In the context of inequity, poverty and homelessness, it
makes sense to define behavior not only in terms of what
people value or need to do and be, but also in terms of what
people can actually do and be. The capability approach ad-
dresses these fundamental questions: what are people actu-
ally able to do and be, given their circumstances? And how
individual capabilities can be expanded so that all human be-
ings can conduct a meaningful life with dignity? It empha-
sizes that our action space is constrained by resources and
conversion factors, i.e. there are things we cannot do because
we lack the means or the personal, social and environmental
circumstances to do them. Capabilities provide this counter-
factual information that is normally overlooked in computa-
tional decision-making architectures: they represent the set
of an individual’s impossible and possible actions to be real-
ized. The choice of which possible action we realise in a par-
ticular instant of time (which capability is transformed into a
functioning), depends on individual goals and motivators of
behavior (personal choice factors).

2.2 The CA in Agent-based Modeling

There is an important body of ABM literature focusing on
equality, equity and fairness in different practical domains.
However, to the best of our knowledge, few publications in
the agent-based modeling literature use the capability ap-
proach as a conceptual framework for social simulation. The
existing literature that does, can be broadly divided into two
research lines: (i) using ABMs as a tool to infer capabilities
for CA purposes, and (ii) using the CA as a conceptual frame-
work for designing ABMs.
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The first line of research is a very small body of work
that combines ABM with Structural Equation Modeling
(SEM) [Chavez-Juédrez and Krishnakumar, 2021]. Although
related, their main purpose and methods are not aligned with
our research. The second line of research involves creating
ABMs for practical domains, such as in energy justice [Melin
et al., 2021; Assa and Lengfelder, 2020; De Wildt ef al.,
2020] and community resilience [Markhvida et al., 2020;
Silva-Lopez et al., 2022; Tseng and Stojadinovié, 2024].
These studies mainly examine how capabilities and function-
ings (in the evaluative space) are affected by different re-
sources or conversion factors. While in [Tseng and Stojadi-
novié, 2024] the simulation is rooted in the CA (as we intend
to do), their choice factor is entirely dependent on [Maslow,
1943]’s hierarchy of needs. This may be suitable for their
context, but we consider it oversimplifies the CA’s core prin-
ciple, which underscores that all capabilities are essential and
does not prescribe a universal hierarchy of prioritization.

Our framework aims to address this gap by including more
complex motivators of behavior in the choice factor, such
as value and need preferences, informed by context-specific
data. This aims to provide a robust decision-making that can
be applied across contexts where inequity arises. We em-
phasize the need for interdisciplinary collaboration to define
all relevant aspects of the approach by following [Robeyns,
2017]’s modular view of the CA. We work towards its opera-
tionalization in the computational domain, using an MDP as
the technical basis of the decision-making.

3 Methods

Before presenting our proposal, we begin with an example
that highlights our motivation and objective. From there,
we explain: 1) how the CA and its notions, such as conver-
sion factors, capabilities or choice factors (including values
and needs) can be implemented computationally, 2) how can
we develop a novel and rich agent decision-making model
by mapping the CA to an MDP; and 3) how to develop an
agent-based simulation framework that allows us to evaluate
the impact of policies aiming to expand or restore people’s
capabilities, in line with the UN SDGs.

3.1 Example: The Difference a Bike Makes

Let’s consider a simple and practical example in the CA
framework: a person with access to a bike. A bike, in gen-
eral, should provide a person with the ability to move freely
and faster than walking. However, the person’s ability to ride
a bike is not only dictated by available resources, but by sev-
eral conversion factors that vary from one person and context
to another. For instance, (i) if the individual has a disability
or doesn’t know how to ride a bicycle (personal factors), (ii)
if riding a bicycle is forbidden or discouraged by social or le-
gal norms (social factors), or (iii) if the individual lives in a
snowy place that renders riding a bike impossible (environ-
mental factors). Conversion factors help us define the proba-
bility of a capability being enabled from available resources.
This probability can either be binary, completely conditioning
whether a person moves or not with 100% or 0% probabili-
ties, or non-binary, partially conditioning a person’s mobility.
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Figure 1: Schematic overview of the Capability Approach [Robeyns, 2017] (in black and warm tones), with the integration of computational
elements to operationalize it in the agent-based modeling domain (in blue).

Note that if ‘riding a bike’ is a possible action, choosing to
perform that action may act as a mean for enabling other ac-
tions, such as ‘securing a job’. All these actions can be related
to central capabilities, such as bodily integrity or control over
one’s environment in Table 1. In this way, possible actions
can serve as evaluation criteria to assess central capabilities.

Choosing to realise an action is driven by personal choice
factors, such as values and needs. For instance, in situation
(ii), where riding a bicycle is discouraged by our society, a
strong alignment with fradition and conformity values may
lead a person to prefer walking over biking, even if walking
takes significantly more time. On the other hand, someone
valuing stimulation over tradition may choose to bike, despite
social and legal norms or (iii) hazardous snowy conditions,
simply for the thrill and adventure. Our framework aims to
build the decision-making taking such personal choice factors
into account.

3.2 Proposed Choice Factors for an Enhanced
Decision-Making Model

Different motivators of behaviors have been considered in
the literature. Values, according to [Schwartz, 2012], “re-
fer to desirable goals that motivate action”. Needs, as defined
by [Maslow, 1943], have also been considered as basic moti-
vators of action. Their connection to values has been previ-
ously established. For instance, in [Dignum, 2021], the au-
thors recognize that values inform the prioritization of needs,
but behavior is primarily driven by Maslow’s needs.

Proposed Choice Factors. In our work, needs give an indi-
cation of urgency and values give an indication of importance
to our actions or goals. We differentiate between urgency-
based actions (or short-term goals), that we perform for the
short-term reward, and importance-based actions (or long-
term goals) performed for the long-term reward. For instance,
in the context of homelessness, a person might urgently seek
shelter (urgency-based action), yet choose to remain disen-
gaged from social services (importance-based action). Al-
though accessing shelter could provide immediate short-term
rewards, a strong alignment with certain values, such as secu-
rity, may prevail over the need, prioritizing long-term rewards
instead. We treat values as prevailing over needs, although
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the detailed interactions between them will be explored in our
proposed work.

Capturing individuals’ value preferences and need urgen-
cies is usually a complex task. One way to address this chal-
lenge would be to rely on questionnaires with the PEH to un-
derstand their priorities in a given context (e.g. in terms of
the central capabilities in Table 1). This information, corre-
sponding to ‘context-specific data’ in Fig. 1, could then be
used as the baseline for modeling individual variations in the
choice factor when initialising the agent population. Overall,
as can be seen in Fig. 1, our work considers that legal and so-
cial norms [Shoham and Tennenholtz, 1995] form the social
conversion factors (from resources to capabilities). Also, we
consider that context-specific data informs individual need ur-
gencies and value preferences [Schwartz, 1992], which act as
choice factors (from capabilities to functionings).

Implementation. From a computational perspective, we
talk about possible, impossible and realized actions or goals,
tied to short and long-term rewards. Possible (and impossi-
ble) actions represent capabilities (and deprived capabilities),
whereas realized actions are the functionings in the CA lit-
erature. Short and long-term rewards represent the choice
factors (need urgencies and value preferences) driving an
agent’s decision-making process. Actions seeking short-term
rewards are driven by need urgencies, while actions seeking
long-term rewards are driven by value preferences. The latter
set of actions often enables the restoration of central capa-
bilities (e.g. ‘securing a job’ is an action seeking long-term
rewards that enables control over one’s environment in Ta-
ble 1). Additionally, when we consider the dynamics of the
decision-making, i.e., how the realized actions influence both
the individual and overall system over time, two fundamental
updating loops appear, represented in Fig. 1:

1) The impact of realized actions on resources and con-
version factors. Realized actions lead to updates on the
agents’ states. For instance, ‘riding a bike’ might help
me achieve the necessary conditions to ‘secure a job’.
We build on [Tseng and Stojadinovié, 2024] approach
to take into consideration this updating between agents’
behavior and what they call technical and social context,
which includes resources and conversion factors.
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Concept Capability Approach

Markov Decision Process

Input and output
preferences

Resources, Personal characteristics, Need and value

States

From resources to | Conversion Factors

capabilities

Transition Probabilities

From capabilities

Choice Factors (need urgencies and value prefer-

Short and Long-term Rewards

to functionings ences)
Behavior
* Specific capabilities * Possible actions
* Deprived specific capabilities * Impossible actions
* Specific functionings * Realized actions
Output Central capabilities and functionings Long-term goals

Table 2: Mapping between the Capability Approach and a Markov Decision Process.

2) The impact of realized actions on choice factors. Re-
alized actions might also result in updating choice fac-
tors. For example, if I ‘have an accident while riding a
bike’ because I was careless, I might become more cau-
tious next time. This implies that my preference for be-
ing healthy has increased, influencing the rewards func-
tions of the decision-making.

3.3 The Capability Approach as a Markov
Decision Process

In reinforcement learning, the Markov decision process
(MDP) framework defines the interaction between a learn-
ing agent and its environment using states, actions, transition
probabilities, and rewards. By mapping CA concepts in Fig. 1
to MDP elements in Table 2, we enable the use of reinforce-
ment learning to model the agents’ decision-making.

 State s represents the current situation the agent is in.
In our framework, this includes almost all the infor-
mation: the agent’s personal characteristics, the avail-
able resources, and the individual need and value prefer-
ences.

 Actions are the set of possible decisions a that the agent
can make to interact with its environment. In our frame-
work, we differentiate between possible, impossible and
realized actions, analogous to specific capabilities, de-
prived capabilities and functionings.

* Transition probabilities P(s'|s,a) are the probabilities
of moving from one state s to another state s’ after tak-
ing action a. In our framework, transition probabilities
may be used to represent conversion factors, or the prob-
ability of being capable of performing an action. One
can imagine, for example, that impossible actions would
have associated a 100% chance of remaining in the same
state, representing that nothing is happening.

* Rewards are the feedback the agent receives when
choosing action a in a given state s. In our framework,
this is how much have the choice factors (value prefer-
ences and need urgencies) been satisfied by that action.
We differentiate between short-term and long-term sums
of expected rewards, Q;(s,a’) and Q;(s,a’), to reflect
urgency-based and importance-based outcomes.
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One main objective of our research is to study how these
expected rewards are defined. For that, we need to analyse
the dynamics between need urgencies and value preferences.
The agent’s policy m(a|s) will define the probability of select-
ing action a in state s based on these two types of expected
rewards

tals)={g

where @ indicates an aggregation of short-term and long-term
reward components.

The novelty of the decision-making would precisely be
defining this aggregation of needs and values for driving be-
havior. Of course, different discount factors v € [0, 1] will
need to be considered for the different reward types. This will
allow to account for short-term and long-term effects of the
agent’s actions with lower or higher values of the discount
factor, respectively. Depending on the results, we may also
consider introducing constraints to specify that needs are ad-
dressed as long as they do not conflict with values.

if a = argmax, ®(Qs(s,a’), Qi(s,a’))
otherwise,

3.4 Towards Assessing Policies in terms of
Capabilities with Agent-based Simulations

The defined MDP will be the basis of the decision-making
in the agent-based simulation. This simulation will allow to
assess the impact of policies through the lens of capabilities.
Building upon [Aguilera et al., 2024], the simulation will be
composed by (1) agents’ profiles, (2) a physical environment
and (3) a regulatory environment. By simulating agents’ pro-
files, including personal conversion and choice factors instan-
tiated from real-worl data, we will obtain a representation of
the stakeholders involved, such as PEH, healthcare and social
services, and non-profit organizations. The MDP will define
their behavior and social interactions based on these profiles.
The physical and regulatory environment will determine their
surroundings, including resources, social, and environmen-
tal conversion factors. In particular, legal norms will affect
the agents’ state and actions. The impact of such policies will
be assessed by analyzing each individual’s set of possible and
impossible actions (enabling restored and deprived central ca-
pabilities) among other elements discussed in Section 5.
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4 Foreseen Case Study

Our proposed case study examines healthcare challenges in
Barcelona’s Raval neighbourhood, where the majority of
PEH are located. According to Salut Sense Llar, an organiza-
tion of doctors specialized in treating PEH, the main prob-
lems they face include a systemic exclusion from primary
healthcare (PHC), pharmaceutical poverty and a lack of post-
discharge assistance [Saumell ez al., 2024]. Despite suffering
from lower life expectancy and higher morbidity [Lahiguera
et al., 2022], PEH encounter major barriers to accessing so-
cial and healthcare services. For instance, those in irregular
administrative situations (non-registered citizens) are unable
to access PHC. As a result, their health worsens over time,
often reaching a critical point where they require emergency
care and hospitalization.

Several studies show that integrating PHC in the manage-
ment of PEH improved the diagnosis and treatment of chronic
diseases while reducing visits to emergency services and hos-
pital admissions [Joyce and Limbos, 2009; O’Toole, 2010;
Ponka and Agbata, 2020]. Motivated by this evidence, the
legal policies proposed by Salut Sense Llar aim to address
these health inequities, leading to personal suffering and both
ethical and economic costs to society more broadly. Their
goal is to offer improved healthcare to PEH by guaranteeing
an inclusive PHC, with multidisciplinary teams, attention in
situ, and a gender-sensitive approach.

Roybens’ modular view of the CA provides a robust lens
to capture the healthcare challenges suffered by PEH. We
start with a small-scale example, while acknowledging that
its complexity should be enhanced for the use case to be truly
informative. To begin with, we should consider multiple (if
not all) central capabilities in Table 1 both in the rewards and
the evaluative basis of the simulation. However, we begin by
targeting bodily health to show how the case study can later
be developed within the project.

4.1 Health Inequity as a CA-based MDP

We focus on two scenarios: a sick registered citizen (A) and
a sick non-registered citizen (B). The difference lies in how
a legal norm constrains their access to primary healthcare
(PHC). Figure 2 illustrates how the situation can be modeled
as an MDP. We make three main assumptions:

1) We assume a reduced action and state space: the only
relevant information in the agents’ personal profile is
their health and registration state, and the only exe-
cutable actions are ‘receive medical attention’ and ‘keep
forward without medical attention’.

2) We assume that transition probabilities are binary: re-
ceiving medical attention unequivocally improves the
agent’s health state, and the legal norm unequivocally
determines whether the agent receives medical attention
or not.

3) We assume simplified reward functions: we consider the
agent highly values bodily health, enabled by the action
‘receive medical attention’. We do not consider urgency-
based actions or other central capabilities that could be
enabled by the action ‘keep forward without medical at-
tention’.
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Figure 2: A Markov Decision Process (MDP) representation of the
decision-making. Nodes represent states, while diamonds indicate
actions that may be possible or impossible (i.e., capabilities or de-
prived capabilities) with lines and dashed lines, respectively.

And we consider the following elements:
1. Resources: primary healthcare (PHC) services.

2. Conversion factors / Transition Probabilities defining the
possibility of actions:

(a) Personal: health and registration state.

(b) Social: legal norm specifying who gets access to
PHC based on registration state.

3. Capabilities defining what someone can do and be:

(a) Specific capabilities / Possible actions: being able
to receive medical attention or not.

(b) Central capabilities to be restored / Long-term
goals: Bodily health.

4. Choice factors / Rewards dictating decision-making:

(a) Value preferences: ‘I value being healthy’.
(b) Need urgencies: ‘I am in pain’.

5. Functioning / Realized action: receive medical attention
or not.

Under these assumptions, the MDP starts with the agent in
a sick state, s1. For a registered citizen, two actions are pos-
sible: (i) as ‘receive medical attention’ leads to a healthier
state s with reward » = 410, and (ii) a3 ‘keep forward with-
out medical attention’ leads to a sicker state s3 with reward
r = —10. Both transitions occur with probabilities p = 1,
meaning that the actions will unequivocally lead the agent to
the associated state. Because the agent highly values bodily
health, action as is prioritised over action ag and the optimal
policy of the agent will make him end up in a healthier state
so. For a non-registered citizen, as is an impossible action
(deprived capability), although it is a highly valued goal with
reward » = +10. The only possible action is a3z which leads
to a sicker state s3 with negative reward r = —10.
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4.2 Practical Implementation

The presented MDP demonstrates how can we model behav-
ior being affected by policies that lead to inequitable health
outcomes. To move beyond this proof-of-concept model, this
project aims to define in detail the rest of the relevant ele-
ments listed in Section 4.1 by working closely with the stake-
holders involved in this context. We will define a map envi-
ronment where agents can navigate to ‘succeed’ or ‘fail’ in
restoring their central capabilities and functionings based on
the available resources, legal norms, etc. In order to evalu-
ate it, we will check the action space: possible, impossible
and realized actions enabling central capabilities in Table. 1,
among other information (explained in Section 5) stored in
the state space. For the model’s input data, we will rely on
existing anonymised survey data collected annually by non-
profits [Arrels Fundacid, 2023] to simulate the agent profiles.
By applying a probabilistic approach similar to [Aguilera et
al., 2025], we will sample a synthetic population from this
data with additional information about the health, education
or administrative state we might find relevant. Additionally,
choice factors will be informed by context-specific data to
guide the prioritization of central capabilities. For instance,
we will use prioritizations based on needs expressed by PEH
in [World Bank, 2000], and interviews from [Céritas, 2021].
Such information can help us tune the individual variations
in the choice factor, ensuring the agent’s behavior aligns with
lived experiencies and priorities of PEH.

5 Implementation Plans, Evaluation and
Expected Social Impact

Our implementation plan begins with the development of the
MDP for the health inequity use case. We will start small
with the example, and then build the complexity of the model
as we progress. This will give us time to address challenges
in obtaining all the data we need (for example, the necessary
data and procedures to obtain representative profiles of PEH,
mentioned in subsection 4.2), as well as challenges in mod-
eling (for example, defining the interactions between needs
and values within the decision-making process of the agent).
All this work will be carried out in close collaboration with
selected nonprofit organizations and other domain experts in
human development studies and PEH’s healthcare. It will be
of utmost importance to present to them our model’s mech-
anism and results (in focus groups), to collect feedback that
guides our work on enhancing the model’s complexity.

As outlined by the CA, capabilities and functionings are
essential but not exclusive elements of evaluation. To assess
the simulation outcomes, we consider other indicators that
help us reflect the multidimensions of homelessness: (1) the
housing state (following ETHOS [Amore et al., 2011] termi-
nology), (2) the health state (establishing a quantitative scale
with the pathologies described in [Saumell ez al., 2024]), and
(3) the registration state (registered, non-registered or in pro-
cess, following the descriptions of social services workers).
Additionally, we will evaluate (4) governmental economic ex-
penses for both healthcare and social services, as well as (5)
discrimination within institutional frameworks, together with
values being promoted or demoted by legal and social norms.
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The evaluation criteria defined aligns with the multidimen-
sionality of the CA. It is also aligned with the LNOB princi-
ple, which underscores that discrimination and inequalities
(often multiple and intersecting) undermine the agency of
people as holders of rights [UNSDG, 2023]. The expected
simulation results would impact multiple SDGs: No Poverty
(1), Zero Hunger (2), Good Health and Well-Being (3), De-
cent Work and Economic Growth (8) Industry Innovation and
Infrastructure (9), Sustainable Cities and Communities (11),
and Partnerships (17) [United Nations, 2023].

6 Challenges, Limitations and Ethical
Considerations

As demonstrated through our work, the CA can be used in
many different directions but needs additional specifications
to become effective [Robeyns, 2017]. This makes it par-
ticularly suitable for computational modeling. However, it
heavily relies on interdisciplinary collaboration to define the
context-specific elements of the CA depending on the case
study. For that, we emphasize the importance of following
Roybens’ modular view of the CA [Robeyns, 2017]. These
modules include mandatory specification of key elements in
the CA (conversion factors, capabilities and functionings,
other dimensions of evaluative value, etc.), as well as ac-
counts for human diversity, agency, and structural constraints.
Given the need for context-specific detail, our framework will
be designed to be flexible yet general enough to be applied in
diverse settings where inequities arise.

As we enhance the complexity of our model, including
larger state and action spaces or bigger population, scala-
bility becomes a significant challenge. A simple MDP ap-
proach can struggle with exponential growth in states and
actions, especially when considering impossible actions too
(i.e., deprived capabilities). To address these computational
limitations, our work will employ Q-learning and, eventu-
ally, Deep Q-Learning applied to multi-agent settings [Al-
brecht et al., 2024], to efficiently solve the MDP within a
partially observable environment (closer to real-life scenar-
i0s). This will be combined with parallelization techniques on
the Ars manga cluster [Artificial Intelligence Research Insti-
tute (IMTA-CSIC), 2025] to maintain economic and energetic
sustainability.

From an ethical standpoint, we plan to rely on anonymized
and synthetic secondary data, ensuring privacy and confiden-
tiality. Additionally, we emphasize the relevance of discrimi-
nation in our framework. In line with the principle of LNOB,
we acknowledge that many barriers to accessing services, re-
sources and equal opportunities are not simply a lack of avail-
ability of resources, but rather the result of discriminatory
laws, policies and social practices that leave particular groups
of people further and further behind [UNSDG, 2023]. Our en-
tire proposal is focused on addressing these challenges. We
will pay particular attention to aporophobia (fear or rejection
towards the poor) [Cortina, 2017] and its impact throughout
our research. If needed, we also plan to seek the approval
from CSIC’s ethics committee.
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