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Abstract. A thorough understanding of what needs are is fundamental for design-
ing well-behaved information systems for many social applications and in partic-
ular for public services. Talking about needs pervades indeed the jargon of Public
Administrations when motivating their service offering. In this paper, we propose
an ontological analysis of needs, aiming at a principled disentangling of the differ-
ent uses of the term. We leverage philosophical tradition on intentionality, for its
rich understanding of mental entities, we compare it with the well-established BDI
(Belief-Desire-Intention) tradition in knowledge representation, and we propose a
formalisation of needs within the foundational ontology DOLCE. Throughout the
paper, we motivate our analysis focusing on needs in public services.
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1. Introduction

The mission of every Public Administration (PA) of a Welfare State is that of promoting
the fulfillment of human rights and the well-being of the citizens of the community within
which it operates. Every citizen has the right to food, health, shelter, justice, safety. Public
services are thus aimed at improving the conditions of citizens, by granting a decent level
in all the fundamental aspects of living.

A way of phrasing the PA mission is by saying that, whenever a citizen’s right fails
to be actualised, a citizen’s need arises, and the satisfaction of that need is what should
drive the PA in the first place.

Nonetheless, citizens’ fruition of rights is not the only purpose for the implemen-
tation of public services, as well as the violation of fundamental rights is not the only
trigger of citizen’s needs. Citizens have life plans, goals, desires that drive their actions
and their interactions within a society. In many cases, to pursue their own private goals
within a society, people have to interact with the PA. For instance, when a citizen wants
to buy a car to freely circulate, they have to interact with the authority for motor vehicles
in order to satisfy their goal. That is, one needs a driving licence to circulate. Hence, a
second view of need emerges here, not arising from violations or rights, rather emerging
from the goals and the viable means to satisfy those goals1. Accordingly, a demand for

1An alternative way to present this example is to say that holding a driving license is a requirement to
circulate in public streets. It is nonetheless a state that has to be reached in order to be able to execute the action
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public services arises, requiring the PA to respond, hence public services may also be
motivated by citizens’ need to satisfy their goals.

We are here embracing a view of public services that can be termed need-driven. To
properly articulate such a view, a thorough analysis of needs is in fact required.

Even before disentangling the heterogeneous notions of need at work, we have to
separate self-ascribed and hetero-ascribed (e.g. from the PA) needs [1]. In the former
case, a citizen believes to need something for which an action of the PA is required.
Citizens can be entitled to request to the PA to enact a service and the PA may respond
to such request; we will call this kind of services reactive. In the latter case, it is the PA
that attributes a need to a citizen, usually by proposing a service to satisfy it; we will call
these proactive services. Proactive services are considered particularly desirable as they
reduce the charge on the side of the citizens and allow the PA to fully achieve its mission;
on the other hand, they require the PA to be able to correctly ascribe needs to citizens.

In principle, citizens know better their own needs, as they have first person expe-
rience of what they miss, while the PA knows better which are its means to cope with
needs. However, this is not always the case, for various reasons. First of all, some cit-
izen (e.g. cognitively impaired citizens or unaccompanied minors) could be not aware
– while the PA is – of being in need. Secondly, citizens may know to be in need, but
they do not know what to demand to the PA, because they are not aware of the services
the PA may offer. Also, sometimes the state of need is associated with pain, is pressing,
and prevents people from taking prompt action (e.g. health conditions). Thus, in some
situations proactive services are required. Moreover, there is a series of needs that are
easily predictable for the PA, either because they emerge from the demands of the PA
itself (e.g. the issuance of a driver license to allow citizens to drive) or because they are
associated with the occurrence of regular life-events (as the birth of a child).

Correctly ascribing needs to citizens is the first step to implement useful proactive
(or even predictive) services.2 The second and fundamental step is to design services
for each particular kind of citizen (youngsters, families, elderly, people with disabilities,
foreigners, citizens belonging to minorities etc.) to help them satisfy their specific needs.
The final phases are the delivery of services (specific deliveries to specific persons) and
their ex-post evaluation. When designing a service system, all these steps are important.

While most of these phases require massive data gathering, the design phase, whose
importance is well acknowledged and explained (for instance in [3]), presupposes a thor-
ough analysis in (at least) two directions. The first one is prominently sociological and is
dedicated to understand what people in certain conditions need. The other is conceptual
and focuses on how the information required by the system can be organised and repre-
sented in a structured and well-founded manner, to promote accessibility and interoper-
ability. This paper provides a contribution to the conceptual analysis at the design phase,
by concentrating on the notion of need. When one talks about need-driven services, at
least three different concepts are connected with the use of the term “need”, both in com-

of circulating in a public street. On the other hand, it is in virtue of the final goal of circulating on public streets
that citizens aim at holding a driving license, that is thus instrumental with respect to the end goal. We thank
an anonymous reviewer for the suggestion.

2A fairly intuitive definition of proactive vs. predictive services is provided in [2], where the former are the
services connected to needs whose emergence can be foreseen, but without an exact timing, while the latter are
those triggered by needs for which the PA can foresee not only that they will emerge, but also when.
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mon sense and in scientific discourse [4]. Three very common uses of the term that can
be found in the literature are listed below:

1. an event or a state that, if realised, brings about an end goal for an agent (these are
referred to in some literature as “satisfiers” – see, e.g., [5] and [6]), for instance
the need for a train, bus, or shuttle service to connect the airport with the city
center;

2. an event or a state that is, besides sufficient, necessary to realise for the achieve-
ment of an end goal, i.e. if not realised, it prevents the end goal from being
achieved (in the philosophical debate these have been defined “instrumental
needs” [7], i.e. needs whose satisfaction is instrumental to the achievement of
some end goal), as for example the need of having a driver license issued for
being allowed to circulate on public streets with a car;

3. a very fundamental condition, whose absence causes an important damage for
persons, universalisable goals [8] (these are sometimes called “absolute” or “ba-
sic” needs, sometimes “pre-conditions”). Examples are the need for food or free-
dom.

Need-driven services are therefore conjugated differently, according to the notion of
need they refer to. In the first case, satisfying needs would mean finding solutions to help
citizens to realise their own goals. In the second case, satisfying needs serves to provide
the citizens with those means without which they could not achieve some of their goals.
In the third case, copying with needs would translate into prioritizing the intervention on
the most basic and important aspects of their citizens’ lives. For sure all these aspects
are desirable and should be included in the implementation of need-driven services, but
a conceptual clarification is mandatory to be able to reason on such complex scenarios.

The objective of this paper is thus to provide a clear map of the various notions
of need, by proposing a conceptual analysis as well as a formal ontology of needs. As
suggested by the previous discussion, there is a connection between goals, as well as
other mental attitudes, and needs. For this reason, we shall confront our treatment with
the BDI (Belief-Desire-Intention) approach to mental attitudes, which provides well-
established models and tools in knowledge representation. However, as we will see, to
cope with the complexity of the notion of need, we shall complement the BDI view with
the rich tradition of intentionalty in philosophy of mind. To provide a formalisation of
our approach, we shall place our treatment within the foundational ontology DOLCE,
as it is expressive enough for our purposes. The remainder of this paper is organised
as follows. Section 2 approaches mental states on the basis of the philosophical view
of intentionality, relates this view to BDI, and discusses this view wrt. the assumptions
of DOLCE. Section 3 focuses then on needs, by discussing them as mental states and
articulating the intentional nature of needs. Section 4 proposes our formal ontology of
needs. Section 5 illustrates our view by means of an example of needs in public services.
Section 6 concludes.

2. Mental states and intentionality

In this paper, we locate needs, from an ontological point of view, among those mental
states that exhibit the feature of intentionality, namely the property of being about some-
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thing, i.e. about intentional objects. Although there are different types of mental states
(e.g. beliefs, desires, expectations, perceptions etc. and also needs), they all share the
property of intentionality, which somehow links them to their intentional object (e.g.
if Maria loves Luigi, then “Luigi” is the intentional object of Maria’s intentional state
of love). In contemporary philosophical literature, reams of paper have been written on
the notion of “intentional object”; nevertheless, there is currently no consensus about
the ontological status of such objects. In fact, mental states can be about very different
kinds of entities, for example, ordinary objects, properties or qualities, events, states of
affairs. Besides, even nonexistent and impossible objects might be mental states’ inten-
tional objects (in literature, classic examples are Zeus, Pegasus, the golden mountain,
the round square, etc.). Anyway, before taking into consideration intentional objects, we
have to introduce some philosophical positions that we endorse in this paper regarding
intentionality.

2.1. Aboutness as directedness or reference

According to a traditional picture of intentionality, which stretches back to Twardowski,
this relation can be subdivided into two types of intentional binary properties that can be
instantiated by mental states, namely having a content (directedness or aboutness1) and
being about an object (reference or aboutness2). As Haldane suggests [9, pp. 17–18],
the difference between directedness and reference is that the former puts a mental state
in connection with an intentional content, an entity whose kind is typically classified as
abstract, the latter links a mental state with an intentional object. It is worth just briefly
outlining that the intentionality of a mental state is independent of the existence of its
objects, i.e. we can think about existent objects as well as nonexistent ones. How shall
we explain this fact?

To answer this question, we should understand how directedness and reference in-
teract. Regardless of the fact that the objects of mental states exist, we are able to cogni-
tively grasp something, namely a contentful meaning. Directedness is equivalent to con-
tentfulness and pertains to every mental state. Having an intentional content is a feature
which is independent of the existence of objects because, at least in some cases, there
are no objects which we can refer to, but still our mental states have a content. Thus, if
Maria fears Boogymen, then Maria’s mental state is related by means of directedness to
the intentional content expressed by the term “Boogymen”. Instead, when mental states’
objects exist, directedndess has the “power”, so to speak, to identify a specific object,
an intentional object, which we can refer to. For example, imagine that Paul admires
Varenne, the best trotter of all time. In this case, it is in virtue of directedness that his
mental state is related to an intentional object through a reference relationship, because
Varenne, among all existent entities, is the one which satisfies the intentional concept
expressed by the definite description “the best trotter of all time”. So, it is in virtue of
having a content that mental states can refer to objects, provided that such objects exist.
By now it should have become clear that the intentional picture sketched above is the
counterpart, at the level of philosophy of mind, of Frege’s notion of sense3: the sense of
an expression is, in the Fregean view, what enables to determine its reference.

3Crane stressed [10, p. 21] that there is a complex relation between intentionality and intensionality, namely,
there are linguistic contexts in which sentences do not satisfy certain extensional criteria.
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2.2. Intentional objects as roles

Now let’s turn our attention to intentional objects. As already mentioned at the beginning
of this section, the locution “intentional object” can be used in different senses. Trivially,
every kind of entity can be an intentional object inasmuch as an entity is thought of.
This leads Crane to affirm that an intentional object is not a particular kind of entity
among others since, as long as something is the “target” of a mental state, every kind
of entity counts as an intentional object. In other words, intentional objects are not a
genuine category to be included in the ontological inventory, in Crane’s words “they have
no nature of their own” [9, p. 16]. We agree with Crane that our mental states can be
about (in terms of reference) different types of entities and, in our account, we treat them
as roles.

The notion of “role” has been discussed from several perspectives in quite different
disciplines, from sociology to philosophy, as well as knowledge engineering and formal
ontology4. We take here the classical approach for analyzing roles based on the works of
Sowa [17,18], and Guarino [19]. In short, Sowa claims that a role is a monadic property
which can be predicated of different entities; in technical terms, different entities can
play the same role. For example, the role “customer” can be played by a person as well
as by a company. Furthermore, an entity plays a role only with respect to a “pattern of
relationships”. For instance, the role “university student” holds only within a binary rela-
tion of “enrollment” to a university. Guarino adds constraints to Sowa’s theory affirming
that roles must be founded and anti-rigid. The notion of foundation or, better, generic
foundation, is a binary relation between species (kinds of objects). It has been formulated
by Husserl and expresses the idea that a property5 α cannot exist as such except in a
more comprehensive unity whit a property β 6. For example, a university student is such
as founded on a university, and a wife is such as founded on a husband and vice versa.
The former is a one-sided foundation relation (not symmetric), the latter is a two-sided
or mutual foundation (symmetric) [20, p. 128]. Simons defines [9, p. 125] generic foun-
dation as follows: property α is founded on property β if and only if any instance x of
α is necessarily associated with an instance y of β which is not related to x by a part-of
relation.

Thus roles are founded properties, for example, “supplier” is founded on “customer”
and vice versa (besides, the same person could play different roles simultaneously or at
different times). It is worth noting that if an entity y instantiates the property β = person
and the property α = student, then y can cease to be a student (or whatever role you

4Some important works on roles are: [11], [12], [13],[14]. In 2007 the journal Applied Ontology published a
whole special issue, in which the notion of role has been analyzed under an interdisciplinary perspective: [15].
A more recent approach on roles has been proposed by Mizoguchi and colleagues [16].

5Simon and Correia use the terms “kind” or “species”, but we rather preferred to use the more generic
term “property”, in order to prevent confusion with how such terms are used in the literature on knowledge
representation.

6The notion of “foundation” is used by Husserl to characterise the concept of “pregnant whole”, that is a
whole in which each part is “foundationally connected, directly or indirectly, with every other, and no part
of the whole so formed is founded on anything else outside the whole” [20, p. 122]. Husserl interpreted the
foundation relation as a necessary association between kinds. The father of phenomenology conceptualized
a pregnant whole as a more comprehensive union between kinds, differently from a mereological aggregate.
Simons has stressed [20, pp. 122–125] that if we formulated the connection between instances of different
kinds in terms of parthood or proper parthood, we would not be able to capture Husserl’s original intuition
about pregnant whole and foundation.
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like) without changing its identity conditions, but can’t cease to be a person, otherwise
y would be a different entity. In other words, “being a person” is a rigid property, that
is in every possible world this property applies to all its instances necessarily. Instead,
“being a student” is an anti-rigid property, namely, it doesn’t apply necessarily to all its
instances.

This being said, let us come back to the analysis of intentional objects. What is it
to be an intentional object? With respect to a certain entity, we suggest that being an
intentional object is nothing but playing a certain role within an intentional relationship,
that is aboutness2.

We believe that aboutness2 is a one-sided relation holding between an agent’s mental
state ‘X’ and an entity ‘Y’. Now, the point is that the role of intentional object z is played
by y to the extent that x is about2 y. For instance, suppose that Paul admires Varenne.
Given that Varenne is related to Paul’s mental state by means of aboutness2, Varenne as
such plays the role of intentional object. It is worth noting that we are not embracing
here an ontological multiplicative approach, that is we are not stating that the intentional
object Varenne is a different entity from Varenne. All we are saying is that only insofar
Varenne is the “target” of Paul’s thought it instantiates a certain quality or property,
which is the property of being an intentional object. We believe that two interesting
consequences can be deduced from these observations.

First of all, let the property Φ stand for the property “being an intentional object”
and Ψ for the property “being a mental state”. We can affirm that any instance x of Φ is
necessarily associated with an instance y of Ψ which is not related to x by a part-of re-
lation (where the association relationship between instances corresponds to aboutness2).
So Φ is founded on Ψ. In addition, the property Φ is anti-rigid. In fact, it is only to the
extent to which an entity is involved in an intentional relation (aboutness2) with a par-
ticular mental state that this entity instantiates the property Φ. Since Φ is a founded and
anti-rigid property, Φ is a role. To sum up, Φ is a monadic property that can be predicated
of different entities and this is a welcome result if one wants to maintain the idea that
ontologically different kinds of objects can be intentional objects7.

2.3. Intentional contents and social concepts in DOLCE

It is time to make some clarifications on the approach we are developing on intentional-
ity, adapting the traditional philosophical picture introduced above to DOLCE, that is the
top-level ontology on which we decided to ground this work. The choice of DOLCE is
motivated by its ontological commitment to its being tailored to common-sense represen-
tations of cognitive agents, rather than on the constitution of the “reality” as prescribed

7Sometimes individuating entities that play the role of being an intentional object could be a tricky matter.
For instance, if Maria believes that Naples is the largest city of Southern Italy, one may claim that the intentional
object wrt. Maria’s mental state is the state of affairs “Naples is the largest city of Southern Italy”. But others
could argue that, actually, we can individuate two different intentional objects, that is “Naples” and the property
“being the largest city of Southern Italy”. In fact, given that a state of affairs is made up of its constituents,
holding this thesis would be equivalent to saying that Maria’s intentional state of belief is about (in terms
of reference or aboutness2) the property “being the largest city of Southern Italy” instantiated by “Naples”,
namely the state of affairs “Naples is the largest city of Southern Italy”. Hence we suggest that it would be
more accurate to say that Maria’s intentional state is derivatively about the state of affairs qua complex entity.
See [21, p. 29].
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by science. This feature brings to the core of DOLCE the importance of modelling the
mental and the social realms.

With this in mind, we know that intentionality is a relation that can be subdivided
into two types of intentional binary relations, namely having a content (directedness or
aboutness1) and being about an object (reference or aboutness2). Concerning the first re-
lation, we said that the intentional content is a contentful meaning, something that we are
able to grasp cognitively, and that a mental state can succeed in individuating intentional
objects (in terms of reference) in virtue of its having an intentional content. Ontologi-
cally speaking, we interpret intentional content with the notion of Social Concept8. So-
cial concepts are described in [22]9 as particulars that are created and accepted by a com-
munity of intentional agents and defined by descriptions encoded in linguistic expres-
sions. Concepts can classify different kinds of entities, for example, objects as well as
events10. Since our aim in this paper is representing the social domain of public services
that, similarly as in [23], we see as events, we will specifically take into consideration
concepts that classify events.

For example, in some countries parents are automatically entitled to receive a child
benefit when a child is born. “Providing a child benefit” is a proactive service that can
be seen as a concept whose description could be recorded in a PA’s official document.
Each service provision counts as a single event that is classified by the concept defined
by the description. Concepts classify entities that satisfy all the constraints in the concept
definition. Furthermore, the classification relation is associated with a time parameter
that identifies a specific interval in which the classified entity satisfies the definition,
more formally cf(x,y, t) stands for “the social concept x classifies the event y at time t”.
In the example, if the social concept is “Providing a child benefit”, all the events that
satisfy the constraints set by it at a certain time are the events classified by it at that time,
for example the event “Giovanni sends the payment on Lucia’s bank account” at 3.52
PM on April 14, 2020 satisfies such constraints and is thus classified as a social concept
of “Providing child benefit”.

This being said, from an intentional standpoint, when a citizen needs that the PA
provides them with a child benefit, their mental state of need will be directed (directed-
ness) towards the concept “PA providing a child benefit”. Furthermore, in virtue of this
concept, the citizen’s mental state will refer to (reference) an intentional object that is
one among a set of events that are classified by that concept (provided there are any) .

It is worth noting that two different concepts can classify the same entity, for in-
stance, the event “Giovanni sends the payment on Lucia’s bank account” could be clas-
sified by two different concepts, for example “PA providing a child benefit” if certain
conditions hold, like that Giovanni works in a PA and that payment is connected to child
benefits etc. and “paying off a debt to a friend” if other conditions hold (at different times

8Following DOLCE, in this paper we endorse a social view of concepts, i.e. we see them as strictly connected
to (natural) language and intersubjective. We do not take them to be “private” entities existing only in the
mind of one agent. That concepts are dependent on the social nature and practices of language is very well
established in the philosophical literature, and we are here endorsing this position, without entering in the
debate on whether private concepts exist.

9A similar account was previously presented in [13] for social roles, defined as social concepts that classify
enduring entities, like objects.

10With the term “event” we are referring here generally to perduring entities, including states, processes and
events in a stricter sense. From now on we will use “event” in this wide sense.
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or simultaneously). The same event can then be grasped in different ways, similarly as it
happens with concepts in many theories of intentionality.

This highlights that concepts can be considered good candidates for being inten-
tional contents. Another reason is that concepts are somehow “shareable” between dif-
ferent agents. Since descriptions, and therefore social concepts, are accepted by a com-
munity of intentional agents, different agents can cognitively grasp the same concept and
hence refer to the same intentional object. Furthermore, it is worth noticing that, analo-
gously as for intentional contents that fail to refer to nonexistent objects (like Pegasus),
also social concepts can exist without classifying any entity (at a certain time); as an
example, we can talk about the king of Italy, though at the moment there is no entity
classified by such concept. The current discussion is depicted in Figure 1.

Lastly, intentional contents can be seen as roles just like intentional objects. In fact,
“Being an intentional content” seems to be a founded and anti-rigid property. Briefly, we
note that: A) any instance of the property “being an intentional content” is necessarily as-
sociated with an instance of the property “being a mental state” without involving a part-
of relation between instances and through an association relationship that corresponds to
the intentional relationship of directedness. Thus the former property is founded on the
latter. B) If we see concepts as entities that play the role of intentional content, only as
long as a concept is involved in a directedness relationship with a particular mental state
this concept instantiates the property of being an intentional content. Hence, being an
intentional content is an anti-rigid property.

To sum up, we have characterised mental states in DOLCE as being about1 (directed
to) social concepts and being about2 one of the entities that are classified by those con-
cepts. In the next section we will see how this analysis can be specified to account for
needs.

Mental state

Intentional Object (reference)

Intentional Content (social concept)

aboutness2 Classifies (CF(x,y, t))

aboutness1

Figure 1. Aboutness relations

3. Needs as mental attitudes

As anticipated, to represent the notion of need, we start from the perspective on mental
attitudes of BDI, because it is based on a long established tradition in knowledge repre-
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sentation11, and it has been implemented in many widely used applications (e.g. JAM,
Jason, and SPARK12).

Most approaches based on BDI have been developed for reasoning and planning
with mental attitudes but, as far as we know, not much effort has been spent to define
what they are and what they are about from an ontological point of view13. There seems
to be a tension between the fact that mental attitudes are traditionally conceived of as
being about propositions (they are also often identified with “propositional attitudes”),
and the fact that a real planning agent, while realising a proposition, brings about changes
in the real world. Moreover, the fact that mental attitudes are about something is implicit
in the BDI representation framework. For this reason, the intentionality-based view of
mental attitudes nicely complements the BDI view.

In classic BDI approaches, beliefs, desires and intentions are seen as the fundamental
mental entities dependent on an intentional agent, with different features (which in the
philosophical debates have been called “intentional modes” [31], [10]): while beliefs
are informational – they constitute the information available to the agent –, desires are
motivational – they motivate the agent to act – and intentions are deliberative – given
bounded rationality, they allow the agent to commit to a course of action, until it is
fulfilled or it fails.

Turning now to needs, in light of our discussion of intentionality, we can ask a num-
ber of questions: which kind of mental states are needs? What is their intentional con-
tent? What is their intentional object(s)? A first assumption, which is quite well estab-
lished in the literature, is that needs are mental states separated from desires, beliefs, and
intentions.

Let’s now recall the different uses of the term “need” listed in the Introduction:

1. an event that, if realised, brings about an end goal for an agent (the need of taking
a train/bus/shuttle to go to the airport);

2. an event that, if not realised, prevents the end goal from being achieved (the need
of having a driver license issued to circulate in public streets);

3. a very fundamental condition, whose absence harms the person (the need for
food)14.

A first thing to notice, these are not definitions of what is a need, but of what is
needed, of what such needs are about prima facie. In other terms, these correspond of
what in the literature are called “satisfiers”. As we shall see, some of the features of the
satisfiers identify different concepts of need.

In [7], needs are construed as goals, where a goal is intended as a chosen desire, i.e.
a desire that has been selected at a certain time among possibly conflicting desires, as
the one to be pursued. Goals can be subdivided in end goals and instrumental goals; end
goals are goals that are pursued per se, while instrumental goals are goals whose satisfier

11Seminal contributions are [24], [25] and [26].
12See http://www.marcush.net/IRS/, http://jason.sourceforge.net/wp/, and http://www.

ai.sri.com/~spark/
13There are also approaches to BDI using BFO (Basic Formal Ontology), e.g. [27] and [28], and UFO

(Unified Foundational Ontology), e.g. [29] and [30]
14One could object that in all these cases, the need is about an endurant, rather than a perdurant, for instance

the need of a train, of a driving license or of food. But our intuition is that these are just elliptical ways to
express needs of some events to happen. For example, someone does not just need a train to exist, they need to
be able to take it.
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– in this case an event –, if realised, brings about the satisfaction of the end goal (makes
the event which the end goal is about occur).

If we look back at the three uses, the first two seem to refer to satisfiers of instrumen-
tal goals, while the latter of an end goal. But let’s analyse them in light of the previous
discussion on intentionality.

The first thing to be noticed is that all three refer to an event having certain prop-
erties. By viewing needs as mental attitudes, as we argued, they have: i) as a content a
concept (i.e they are mental states about1 a concept) that classifies events with certain
characteristics; ii) as a reference (about2) one among the classified events (the satisfier).

Going further, let’s call need1 and need2 the mental attitudes associated with uses
1. and 2. respectively; they are apt to be represented by instrumental goals. But what
distinguishes one from the other? Our proposal is to distinguish them depending on the
relation that their satisfiers bear with the events that are the intentional object of the
connected end goal. Instrumental goals have satisfiers that, if realised, can bring about
an event that is the intentional object of the end goal.

The point is: instrumental goals that are need1 require satisfiers that are sufficient
for realising end goals; by contrast, instrumental goals that are need2 require satisfiers
that are, besides sufficient, also necessary for realising end goals. This seems to capture
our common sense distinction between saying “I need to do x, y or z to obtain w” (“x, y
or z could be of help”) and “I need to do x to obtain w”, the latter conveying a stronger
message and an implicature (“I cannot do without it”).

Point 3. seems instead to be connected to a different kind of need, what has been
defined by some scholars an “absolute need”. We thus introduce need3 to talk about those
needs whose satisfiers are states, conditions which are aimed at independently of any
further goal and whose absence causes in the agent a consequent mental state (a state of
need).

These three notions of need all play an important role for the PA: need1 can be used
to identify the different services that the PA may offer to help citizens to achieve their
goal; need2 can be used to single out those services that should be necessarily provided to
citizens when the PA “legitimates” their goals on an institutional level and thus assumes
them; need3 can be used to drive the priorities of the PA towards goals which, if not
reached, can compromise the well-being of the citizens.

4. A DOLCE-based ontology of intentional mental attitudes and needs

We develop our formal approach within DOLCE, so the following axioms are designed to
be added to DOLCE, cf. [32]15. Mental states (MS) are a type of states (ST, cf. [32], p.
24), i.e. a type of perdurants (aka events, which are disjoint from endurants, from time
intervals, and from concepts)16, cf. axiom (a1)17. Participation pc(x,y,z) (see [32], p.

15We implemented our ontology and we tested its consistency as well as its provable consequences, cf.
https://github.com/diporello/DOLCE-mental_states-needs/blob/master/dolce_needs.p for
the details. This treatment is also compatible with [33]. We present an excerpt of the axioms here.

16This is the view of concepts in DOLCE-CORE, cf. [22].
17States in DOLCE are perdurants that are cumulative and homeomeric. E.g. “sitting”, the sum of two in-

stances of sitting can still be a sitting and the parts of sitting are all sitting states. By viewing mental states
as states (and not processes), we abstract here from the internal articulation of mental states. Moreover, here
states are perdurants, so states happening at different times are different. A contrasting view of states is in [34].
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20) is a ternary relation connecting an entity, a perdurant (i.e. also a state), and a time
interval (T, cf. [32], p. 74). Existence is represented by the binary relation “present at”,
pre(x, t) (cf. [32], p. 37). Axiom (a2) states that every mental state depends on an agent
who participates to that state (APO, agentive physical object, cf. [32], p. 24). Moreover,
a mental state is private to the agent: for all time intervals, the same agent participates to
the mental state, cf. (a3).

a1 MS(x)→ ST(x)

a2 MS(x)→ (∃y t.(APO(y)∧pc(y,x, t)))

a3 MS(x)∧APO(x1)∧APO(x2)∧pc(x1,x, t)∧pc(x2,x, t ′)→ x1 = x2

a4 about1(x,y, t)→MS(x)∧C(y)∧T(t)

a5 MS(x)→∃y t.(about1(x,y, t))

a6 about1(x,y, t)∧about1(x,y′, t ′)→ y = y′

d1 about2(x,z, t)↔ (MS(x)∧T(t)∧∃y.(about1(x,y, t)∧ cf(y,z, t)))

d2 intCon(y, t)↔∃x.about1(x,y, t)

d3 intObj(z, t)↔∃xy.(about1(x,y, t)∧about2(x,z, t))

The intentional content of mental states is treated in (a4)–(a6): about1 relates mental
states and concepts, as we discussed in Section 2, cf. (a4). Every mental state must be
about1 a concept, cf. (a5), and by (a6) a mental state is associated to exactly one concept.
Hence, two mental states that are about different contents must be different.18

The intentional object of mental states is expressed by the relation about2, cf. (d1).
According to (d1), the reference of a mental state can be undetermined, if more entities
are classified by the concept, or even empty, if the concept does not classify anything at
a time. Also, the reference may change through time, depending on which entities are
classified by the content of the mental state at that time.19

As we discussed in Section 2, intentional objects and intentional contents are roles
played, respectively, by concepts and general entities, cf. (d2) and (d3).

We start the treatment of the different notions of need and of the relationship between
needs and goals, by introducing the view of needs as mental states. By specialising the
type of mental states, we can represent beliefs, desires, intentions, as well as needs, as
mental states, i.e. BS(x), DS(x), IS(x), NS(x) are disjoint subtypes of MS. This view
assumes, for instance, that a state of need differs from a state of desire.20

To reason about mental states (à la BDI), we introduce the relations bel(i,y, t),
des(i,y, t) and int(i,y, t), whose meaning is “i believes, desires, intends y at t”. These
relations are defined by constraints such as (d4).21 Accordingly, to express the content

18The motivation for (a6) is that we do not want to enter the complex issue of the internal structure of a
mental state and its relation with the structure of its content. Whether the internal structure of a mental state
resembles the logical structure of its content is a very challenging open question of cognitive science.

19Concepts in DOLCE must be instantiated in at least one possible world. This excludes impossible concepts,
e.g. the round square. To enable impossible concepts as content of mental states, we need to abandon that
constraint of DOLCE.

20We are admittedly vague in not endorsing a specific view of mental states. For instance, we do not want to
enter the debate on the relation between mental states and neural (physical) states. The motivation is to propose
an ontology of need that is hospitable to different views of mental states. Also, we do not enter the debate on
what separates a need state from a desire state, viewing this problem as a direct question for cognitive science.

21Since concepts may classify events and since events are in the domain of DOLCE, assuming that the content
of a mental attitude is a concept is not restrictive wrt. assuming that the content is a proposition, as in BDI. A
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and the agent of a need state, we use the relation termed need0, cf. (d5): i needs0 y at
time t if and only if there exists a need state x to which i participates that is about y. The
relation need0 expresses that a certain agent is in a mental state of need about y at a time
t.

d4 des(i,y, t)↔∃x(DS(x)∧pc(i,x, t)∧about1(x,y, t))

d5 need0(i,y, t)↔∃x(NS(x)∧pc(i,x, t)∧about1(x,y, t))

d6 goal(i,y, t)↔ ((des(i,y, t)∨need0(i,y, t))∧¬∃w.((des(i,w, t)∨need0(i,w, t))∧
¬∃z(cf(y,z, t)∧ cf(w,z, t)

Goals are defined as desires or needs of an agent that are not incompatible with other
desires or needs (thus they can be chosen). We express goal attitudes by the relation
goal(i,y, t) and we define them in (d6): agent i has goal y at t iff i desires or needs y
at t and i has no desires or needs incompatible with y (where desires and needs are
incompatible if they are about concepts that cannot be simultaneously satisfied). Also
notice that Definition (d6) assumes that goals can be associated to a state of desire as
well as to a state of need.

We separate instrumental goals igoals(x,y, t) and end goals egoals(x,y, t). To define
these types of attitudes, we firstly introduce the notion of satisfier of a goal, (d7), i.e. an
(existing) event that satisfies the content of the goal (need).22 Secondly, we suppose that
time intervals can be strictly ordered by ≺. Finally, instrumental goals are those that, if
satisfied, bring about an event that satisfies a subsequent goal (the end of the instrumental
goal), cf. (a8). By contrast, end goals do not need a further goal to be satisfied, in this
sense, they are pursued per se.23

d7 sat(e,y, t)↔ pre(e, t)∧ cf(y,e, t)

d8 igoal(x,y, t)↔ (goal(x,y, t)∧∃y′t ′.(goal(x,y′, t ′) ∧ t ≺ t ′ ∧ (∃e.sat(e,y, t)→∃e′.sat(e′,y′, t ′))))
d9 egoal(x,y, t)↔ goal(x,y, t)∧¬igoal(x,y, t)

d10 need1(x,y, t)↔ igoal(x,y, t)

d11 need2(x,y, t)↔ (igoal(x,y, t)∧∃y′t ′.(goal(x,y′, t ′)∧t ≺ t ′ ∧(∃e.sat(e,y, t)↔∃e′.sat(e′,y′, t ′))))
d12 need3(x,y, t)→ egoal(x,y, t)∧need0(x,y, t)

We can now introduce our refined notions of need, besides needs as mental states
(need0): need1 views needs as instrumental goals cf. (d10), whereas need2 views needs
as goals whose satisfiers are both necessary and sufficient for the end goal, cf. (d11).
Accordingly, need2 entails need1 (i.e. igoal). Finally, (d12) introduces the view of needs
as end goals which are associated to a need state, corresponding to the absolute view of
needs; accordingly, need3 implies need0. By contrast, neither need1 nor need2 implies
need0: need1 and need2 are both igoal, which might be associated to desire, and not to
need, states.

proposition classifies states of affairs as here concepts classify states or events. A similar approach, that views
the content of mental attitudes as types, is proposed in [35].

22DOLCE views the elements of the domain as possibilia (by adopting the QS5 modal axioms), so the domain
is intended to include possible events.

23To enable goals that have future satisfiers (e.g. at t0 my goal is to eat supper at t1), we can enable temporal
indexes in the definition of the concepts, expanding on the formalisation of concepts in [13]. We leave this
aspect for a future work.
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To sum up, we formalised the four uses of the term “need” that we discuss in this
paper: i) needs as mental states of agents (cf. NS(x), whose content and agent can be
expressed by (d5)); ii) needs as instrumental goals, (cf. need1 and (d10).); iii) needs as
necessary instrumental goals (need2 and (d11).); iv) needs as end goals associated to a
state of need (need3 and (d12).)

5. A guiding example

From the just presented perspective, the PA services offering to citizens can be seen
as a manner to provide satisfiers to needs. When the PA ascribes a need to a citizen,
the content of such need is a social concept classifying events with certain features. At
execution time, the PA brings about an event (with actual individual agents, specific time,
place etc.) so that the executed service (hopefully) ends up being a satisfier of the need.
In the ex-post evaluation, the PA will check whether the specific instance of service that
has been executed possesses in fact all the properties that characterise the concept of the
service and if the final outcome of the execution of the service is in fact the achievement
of the citizens’ goal.

Let’s see now with an example why all the different notions of needs that have been
formalised are useful when representing public services, in particular proactive services,
activated in conjunction with a “life event” generating new needs for citizens (like having
a child, looking for a new job, starting education. . . ).

Suppose that Maria is a low income single woman who just had a baby. Very likely,
such event puts Maria in a number of states of need NS(x), whose contents can be speci-
fied by our relation need0. Allegedly, the life event “having a child” will generate a series
of new goals for Maria. A first goal will likely be an end goal, namely that this child
enjoys a state of well-being, so that they have food, clothes, diapers, etc. Having enough
money to be able to make all the required expenses is for sure an instrumental goal with
respect to Maria’s end goal. But, by analysing Maria’s income and her economic situa-
tion in general, the PA may understand that there is an only way to grant Maria the pos-
sibility of affording all the necessary expenses, and that is to provide Maria with some
more income. So, Maria’s need to receive some additional income will trigger a single
parent’s child allowance, one of the services that the PA offers. Since providing a single
parent’s child allowance is a necessary instrumental goal w.r.t Maria’s end goal, this can
be represented by need2.

A different PA could, on the other hand, provide in addition different services to meet
the same needs, like for instance delivering food at home and temporarily lending clothes
and diapers; in such case, all these services may satisfy the content of an instrumental
goal, a need1.

Finally, in the example, Maria is not the only person acquiring a need with the birth’s
event: the child also acquires their “absolute” needs, like the need for food, personal
autonomy, or freedom, and these are needs represented by need3.

6. Concluding remarks

This paper aims to contribute by building a dialogue between different areas of research:
that of philosophy of intentionality, of BDI, and of formal ontology. With respect to the
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study of intentionality, the paper contributes, firstly, by characterising, with the help of
ontological analysis, the notions of intentional object and intentional content as roles.
Secondly, it leverages philosophy of intentionality to study the ontological nature of the
intentional content and object of mental attitudes, identifying the former with social con-
cepts and the latter with the entities that are classified by such concepts. Thirdly, it con-
tributes to the studies on the notion of need, representing needs as mental attitudes and
distinguishing different notions associated with the term “need”. Fourthly, it extends the
DOLCE ontology of mental entities, by integrating it with the treatment of intentional-
ity and by extending it with the identified notions of need. Finally, it lays the bases for
designing a service system in which services are triggered by various kinds of needs.
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