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THE MODAL LOGIC OF AGENCY

In this paper I discuss and develop suggestions concerning
how to use systems of modal logic to analyse notions pertaining
to agency. In the first part I deal with the accounts of Pörn,
Brown, and Belnap, thus motivating the search for a more fine-
grained framework. The first step in the development of such a
framework is the adoption of a rich semantical structure inspired
by Gerd Sommerhoff’s theory of goal-directedness. Next I argue
that this framework can be used as the basis for a sufficiently
complex logic of agency. I study the proposed logic in the last
part of the paper.

1. Introduction: Agency, Goal-directedness

and Control

The central thesis of this paper is that the notion of agency should
be analysed as a web of concepts pertaining to control. The idea
that agency should be seen as a kind of control is not new. Harry
Frankfurt, for example, invokes ideas pertaining to control when he
argues that an agent’s guidance of his behaviour is characteristic of
him as agent. “What is not merely pertinent but decisive, indeed, is
to consider whether or not the movements as they occur are under the
person’s guidance. It is this that determines whether he is performing
an action.”1 The notion of control or guidance of relevance to agency
is not, as Frankfurt also stresses, the notion of intentional action, but
rather a notion of objective goal-directedness.2 That this is a fruitful
perspective on agency can only be shown, of course, by developing an
interesting account of agency that takes notions of control seriously.

I am grateful to Andrew J.I. Jones for helpful comments and suggestions.
1Frankfurt 1978, p. 72 in the reprint in Frankfurt 1988.
2Such a notion of control is also central in the ethological approach to the study

of human behaviour. See, e.g., Bowlby 1969, parts II and III.

Nordic Journal of Philosophical Logic, Vol. 2, No. 2, pp. 1–46.
c© 1997 Scandinavian University Press.



2 dag elgesem

This is what is attempted in this paper. The notion of control has
various aspects, one being that the manifestation of control in some
respect is the exercise of a power to bring about something. Hence,
that we should distinguish between potential control for an agent and
his realizing this potential for control. Later in this section I argue
that agency should be understood as the exercise of an ability to bring
about something, i.e. that ability is a necessary condition for agency.
A second feature of the notion of agency as control, related to the idea
of control as a power to bring about, is that control involves a goal
towards which the agent is directed. An idea that is central to my
account is that agency is a notion of objective goal-directedness, i.e. it
involves directedness towards a goal-state without the agent necessarily
being aware of this as a state towards which his activity is directed. My
account is heavily indebted to the framework for the analysis of tele-
ological concepts developed by Gerd Sommerhoff (1950, 1969, 1977,
1990), in which the notion of objective goal-directedness plays a cen-
tral role. Guiding ideas in the development of the modal theory of
agency are, following Sommerhoff, that agency as control should be
distinguished from that which is unavoidable on the one hand, and
from that which happens accidentally, on the other. The modal the-
ory is developed as an attempt to give an adequate characterization of
these aspects of agency as control.

In the second section of the paper, I first introduce the idea of a
modal logic of agency, and discuss three recent, interesting contribu-
tions. One is the modal logic of agency that is due to Pörn (1974, 1977,
1989), the second is the logic of ability of Brown (1988), and the third
is the STIT-theory of Belnap (1991a,b) and Belnap and Perloff (1989).
All three theories introduce ideas that are important in the character-
ization of agency and ability as control. I argue, however, that none of
the frameworks is sufficiently rich to give an adequate characterization
of agency and ability. In the third section I suggest that Sommerhoff’s
account of objective goal-directedness might provide an adequate basis
for the construction of a semantics for a modal logic of agency. I then
reformulate Sommerhoff’s account within a possible-worlds framework,
and a modal logic is developed that gives expression to all of the as-
pects of objective goal-directedness as analysed by Sommerhoff. In the
fourth section of the paper, I discuss various schemata, and develop
analyses of concepts related to agency and control. In the fifth section
I generalise the proposed logic of agency to the dyadic case, i.e. analy-
ses of dyadic notions of agency and ability, in particular of “the agent
brings it about that A by bringing it about that B”, and “bringing it
about that A is a way of bringing it about that B”, are suggested.
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In the rest of this introductory section, I discuss two general points.
The first is related to Davidson’s claim that the mark of agency is inten-
tionality under some description. I argue that even if this is plausible
as a mark of agency, we are still lacking a characterization and expli-
cation of the concept itself. The second general point that is argued is
that agency is the exercise of the agent’s ability to act. Hence, I argue
that ability is a necessary condition for agency.

1.1. Davidson and the “mark of agency”.
Davidson gives the following formulation of the problem of what

agency is in the first paragraph of “Agency”: “What events in the life
of a person reveal agency; what are his deeds and his doings in contrast
to mere happenings in his history; what is the mark that distinguishes
his actions?”3 Davidson’s well-known answer to the question is that
the mark of agency is intentionality under some description or other.
Davidson says: “And so I think we have one correct answer to our
problem: a man is the agent of an act if what he does can be described
under an aspect that makes it intentional.”4 It is important to see that
this formulation is not an attempt to define agency, but, rather, the
formulation of a mark; a criterion for finding out whether we have an
instance of agency. This is an interesting suggestion, and, as I argue
shortly, as a mark of agency it is plausible. It is, however, worth while
taking a closer look at what the criterion actually says.

The criterion is, obviously, formulated as a conditional, saying: if
a “doing” by a person is intentional under some description then this
doing is an action with the person as agent. “Doing” has to be under-
stood as neutral with respect to the question of agency; i.e. as mere
bodily movement. The conditional would be false if there are instances
of doings that are intentional under some description but nevertheless
not actions done by the agent. First, note that on one reading the con-
ditional is vacuously true; if the “it” in the last sentence of the quoted
formulation of the criterion refers back to “an act” instead of “what
he does”.5 Then the conditional says: if the agent does an intentional
action then the man does an action. This is an unreasonable inter-
pretation, since the antecedent would then imply the consequent; this

3Davidson 1971. Quoted from the reprint in Davidson 1980, p. 43.
4Davidson 1980, p. 46.
5I take the formulation “what he does” to be neutral with regard to the question

of agency and the formulation “an act” as indicating agency. If this is not right,
i.e. if “what he does” is actually taken in the same agentive sense as “do” in the
initial formulation of the problem—see quotation in the first paragraph—then the
criterion would be vacuous, and therefore devoid of content, irrespective of what we
take the reference of “it” to be.
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reading would thus make the criterion devoid of content. For the crite-
rion to do something substantial by way of analysis of agency the “it”
has to refer to “what he does”. What the criterion says, on this inter-
pretation, is that only actions are intentional doings; i.e. intentionality
of a doing under some description is a sufficient condition for agency.
This means that the only kind of case that could show the criterion to
be false is one in which a person does something that is not an action
but in which this doing is intentional under some description. Is this
possible? Let us look at a candidate-example of this sort of case.

Suppose that John has the peculiar idea that hair-growing is among
his actions. It is then, perhaps, conceivable that John intends his hair
to grow 2 cm next month. But again it seems clear that the presence of
this intention does not change the growing of the hair into an action.
The question now is whether John’s hair-growing is intentional? I
think it is clear that it is not; intentionality is a property that can
be predicated only about actions and not just any bodily movement.
What this suggests, I think, is that having an intention is not sufficient
for agency while intentionality under some description is.

The aim of this initial discussion has been to bring out three points.
First, that Davidson’s criterion probably is right; actions are the only
bodily movements that are intentional under some description. Sec-
ond, it suggests that having an intention in itself is sufficient neither
for intentionality nor for agency. Furthermore, the point that having
an intention is not sufficient for intentionality of a doing suggests that
there is a further aspect of the concept of agency that needs explication.
It therefore seems that while Davidson has formulated an interesting
mark of agency he does not tell the whole story about what agency is.6

Third, we seem to have no good reason for believing that intentional-
ity under some description is a necessary condition for agency. These
points suggest that an account of action and agency should be devel-
oped without bringing in the notion of the agent having an intention.7

What is needed, in short, is a theory of agency.

1.2. Action and ability
The notion of control is central to the account of agency developed

here. For an agent to control or guide its behaviour, there has to be
a goal towards which its activity is directed. Without some state sin-
gled out as a goal of the agent’s activity, but not necessarily a goal

6See Pörn 1980 for essentially the same point stated in a different way.
7This is not to deny, of course, that some actions, like lying, murdering and

betraying, involve intention essentially. The point is that these are special. See
Thomson 1987, op cit. for further argument on this point.
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of which the agent is aware, the notion of control does not make any
sense. Hence, the idea of objective goal-directedness will play a crucial
role in the development of my account. The idea of agency as goal-
directedness and manifestation of control involves, furthermore, the
idea that agency is the manifestation of a power to bring about some-
thing, i.e. the exercise of a general capacity. We have to distinguish an
agent’s potential for bringing about something, i.e. his ability to bring
about, from the exercise of this ability. And the control-perspective on
agency suggests, furthermore, that agency is the exercise of this ability.
Hence, it is suggested that ability is a necessary condition for agency.
This idea, that control is the manifestation of a general capacity, is
closely related to the important aspect of control, extensively discussed
below, that goal-directed action has its results non-accidentally.

Some authors have denied that ability is a necessary condition for
action. Kenny for example, argues that we would not attribute the
ability to hit the bull’s eye to a hopeless dart-player who has hit it only
once in his career.8 The reason for this seems to be that Kenny thinks
the agent should be in control of his action in the sense that it is true
of him that he would succeed if he tried; i.e. he thinks that intentional
repetition is a necessary condition for ability. But just as there is a clear
notion of non-intentional agency there seems to be a notion of ability
that does not involve intention. Elster9 argues that some states, e.g.
going to sleep, are essentially by-products, i.e. they are such that an
agent can bring them about intelligently but not intentionally. These
are states that are such that if you try to bring them about, this very
trying prevents you from doing it; these actions and corresponding
abilities are essentially non-intentional. And, secondly, just as there
exist actions that are unique, there seems to be no good reason to deny
the possibility of abilities that are exercised only once. Take the real-
life example of Bob Beamon, who jumped 8.90 m (long jump) in the
1968 Olympics. Here it is clear that we are talking about an action on
Beamon’s part, even if Beamon has jumped this far only once so far in
his life, and it is very unlikely that he will repeat it.10 It also seems
beyond doubt that on that day in October 1968 he had the ability
to jump 8.90 m. Furthermore, it was precisely because he exercised
his ability to do his fantastic jump that he was celebrated as Olympic
champion and world-record holder. We find evidence for this, I think,

8Kenny 1975.
9See Elster 1983.

10It is also reasonable that the jumping of 8.90 m was a non-intentional action on
Beamon’s part; he probably did not intend or know in advance that he would jump
exactly 8.90 m.
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in the discussion that followed Beamon’s jump about whether the wind
was too strong for the jump to be accepted as a world record. The point
of rules such as the one stating that the wind has to be below a certain
strength for the jump to be counted as a world record is precisely to
make sure that what happens is the exercise of the athlete’s abilities
to do the exercise in question, and not a result of external conditions.

There seems to be good reason to believe, therefore, that there
is a non-intentional notion of ability, just as there is a clear notion of
non-intentional action. Second, it is clearly too strong to require actual
repetition in order to attribute ability, as the Beamon example suggests.
Furthermore, there is clearly no problem in assuming that someone can
have abilities that are never exercised. A lion in the zoo, for example,
is clearly able to catch zebras; it just never has the opportunity to do it.
This paper develops an account of the notions of agency and ability that
does not involve intention. In this account, possible repeatability, i.e.
repetition under certain hypothetical conditions, is an important part
of the characterization of both agency and ability. We have already
indicated that agency is seen as the manifestation of a capacity to
bring about something, i.e. that agency is the exercise of an ability.
An ability in the sense of capacity is a notion of ideality or prescription
for how the world shall be.

So far, we have introduced some of the basic ideas to be pursued and
developed in this account of agency as modality. First, the ambition is
to contribute to the development of the theory of agency. Second, the
working hypothesis is that agency should be seen as a notion of control
and, therefore, as a notion of objective goal-directedness. Third, the
important aspects of this notion of control, i.e. the ideas that will guide
us in the development below, are, (a) that agency is the manifestation
of a capacity; and (b) that agency as control is characterized by being
distinguished from that which happens accidentally to the agent, on the
one hand, and from that which is unavoidably true, on the other. The
challenge for any theory of agency is to give plausible characterizations
of these aspects of the notion of control and goal-directedness. In the
discussion that follows it is suggested that the modal logics of agency
should be seen as trying to meet that challenge, i.e. these theories are
plausible and interesting to the extent that they capture these control-
aspects of agency and ability. Likewise, it is argued that these accounts
are problematic as analyses of the notions of agency and ability exactly
when they fail to make sense of what I have claimed are important
features of the notion of control.
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2. Modal Logics of Action and Ability

It is time to turn to the discussion of the modal logic of agency
itself. In this section I discuss three interesting representatives of this
tradition of analysis of praxeological concepts: Pörn’s logic of agency,
Brown’s logic of ability, and the STIT-theory of Nuel Belnap. All three
accounts make most sense as analyses of control-related notions, hence
the control perspective is the fairest one to apply in the discussion of
both proposals. Second, the accounts are selected because for discus-
sion they represent what I think are the best analyses of agency and
ability that this approach to action theory has to offer. Furthermore,
the accounts introduce concepts and ideas of analysis that have inspired
my own proposal, to be developed later. I do not aim in this section
to give an exhaustive survey of all previous approaches to the modal
logic of agency. Several other suggestions for modal logics of agency
exist; the reader is referred to Belnap 1991a and Segerberg 1992 for
overviews. I focus on and discuss critically what I think are the most
interesting proposals in the field as a background and contrast to the
development of my own proposal. In the course of the discussion in
section 3, I therefore reconstruct and compare the theories of Pörn as
well as an approach in the same family of approaches, due to Belnap
and Perloff, with my own account.

2.1. The modal logic of agency: minimal requirements
Let me start by making some fundamental remarks about this ap-

proach to the theory of action. The basic thing is the treatment of
agency as a propositional operator, with some reading such as “the
agent brings it about that A”, or, “the agent sees to it that A”. It
is assumed that in this way one gives a canonical form of action-
descriptions, i.e. that every action can be described in this format.
This assumption gains plausibility from the fact that we can take any
declarative sentence and prefix it with “the agent brings it about that”,
and always get a sentence that is grammatical and meaningful (if some-
times silly). Hence, we can construct an agentive sentence out of an
arbitrary declarative sentence. This does not give us, of course, an
analysis of the embedded sentence, but it justifies that we single out
the notion of agency for separate logical study.11

Historically, the modal approach to agency has often been pursued
as part of an interest in other questions, most notably the analysis of
norms. Take, for example, the notions of obligation or intention. An
obligation is reasonably seen as an obligation to do something, and an

11This line of argument is developed by Belnap and Perloff (1989).
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intention is an intention—a self-imposed norm—to do something. In
such contexts the question about the characterization of the notion of
action itself becomes important; to be clear about the logic of obligation
you have to be clear about the logic of agency.

The simplest attempt to devise a modal logic of agency is simply
to adopt the normal system T, i.e. the system that is closed under the
rule:

If ` A then ` DoARN.

and contains the two schemas:

Do(A→ B)→ (DoA→ DoB)K.
DoA→ AT.

Here, of course, it is solely in virtue of the schema T one could claim
that this system in any way characterizes agency. This schema, the
“success-condition”, is at the core of the “bring about” analysis of
actions; if the agent brings it about that A then A is the case. This
seems hardly disputable. The system above, KT in the terminology of
Chellas 1980, is not, however, without problems considered as a logic
of agency. A set of problems is related to the use of a normal modal
logic as a basis. We know that every normal logic has, among other
things, the following rule and schemas:

If ` A→ B then ` DoA→ DoBRM.
Do>N.
DoA→ Do(A ∨ B)R.

Consider first the schema N. It says that every agent brings about
every logical truth. This is clearly counterintuitive; what is logically
true is something that is beyond the scope of any agent’s agency. The
schema R is a consequence of the rule RM. The problem here is that
the schema brings completely irrelevant aspects into the description of
what the agent is doing. To use an old example: it does not seem right
to say that if I bring it about that the letter is posted, then I bring it
about that the letter is posted or burned.

2.2. Pörn’s account
An interesting proposal for a logic of action that does not suffer

from the problems discussed above is that of Pörn (1974, 1977, 1989).
His suggestion, following the lead of Kanger 1972, was to combine two
normal operators to create a non-normal one. On the semantical side
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we have a structureM = 〈W,RD, RD′, V 〉, where W is a set of worlds,
RD is a reflexive relation12 on W , RD′ is a serial relation on W , and V
is a valuation. Using these relations in standard type truth definitions
gives us two normal modal operators of relevance to agency:

– “it is necessary for something the agent a does that A”.
(DaA)

– “but for agent a’s action it would have been the case that A”.
(D′aA)

The duals of these two operators have the readings:

CaA =df ¬Da¬A(DfCa)
– “it is compatible with everything the agent a does that A”.
C′aA =df ¬D′a¬A(DfC′a)
– “but for a’s action it might have been the case that A”.

With the aid of these concepts, Pörn is able to define a series of other
action-theoretic concepts, among which the following are of central
interest:

EaA =df (DaA∧C′a¬A)(DfEa)
– “the agent a brings it about that A”.
FaA =df (CaA∧C′a¬A)(DfFa)
– “the agent a lets it be the case that A”.
NecaA =df (DaA∧D′aA)(DfNeca)
– “it is a practical necessity for the agent a that A”.

This gives a non-normal logic of agency; among its schemas are:

EaA→ AT.
Ea(A→ B)→ (EaA→ EaB)K.
EaA∧EaB → Ea(A∧B)C.
¬Ea>No.
EaA→ FaA
Neca(A⇔ B)→ (EaA⇔ EaB)

This is only a brief indication of some of the basic concepts of Pörn’s
logic of action. First of all, by bringing in the negative condition on

12In the early versions of the system, the relation was, in addition, transitive.
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agency, Pörn is able to some extent to capture the idea that what the
agent brings about has to be avoidable. This feature characterizes the
notion of agency as a concept of control. It is a rather strong notion
of avoidability that is brought in with this formulation of the negative
condition, however. Pörn motivates his formulation of the negative
condition by reference to the schema N, and points out that it seems
wrong to say that an agent brings about logical truths. Hence, that
which I have here called schema No is desirable in a logic of agency.
But the negative condition says something stronger than that which is
expressed in No; it says that in one relevant alternative of omission for
the agent, not-A is true. But this seems, intuitively, to be too strong:
it is not difficult to think of examples where A will hold no matter what
the agent does, but where it still is the case that he brings it about
that A. Consider this example. My one-year-old boy is in the process
of learning to eat by himself. Sometimes he succeeds in getting the
food into his mouth with the spoon, and sometimes not. Suppose he
succeeds at some point during the meal, i.e. he brings it about that he
has food in his mouth. During the whole of this meal, I am watching
him to make sure that he gets fed. So if he does not succeed in getting
the food into his mouth, I put the food into his mouth anyway. In this
situation, it seems to be the case that there is no relevant alternative
where it is not true that he gets food in his mouth. Now, in the case
where he hits his mouth with the spoon, it must be right to say that he
brings it about that he has food in his mouth. This is the case despite
the existence of a reliable back-up system which guarantees that the
goal is satisfied in any case. This kind of example suggests that the
way the counter action condition is formulated in Pörn’s account is too
strong.

Pörn’s account collapses two distinct ideas. The first is that of
avoidability in the sense that what is brought about is not logically
true, i.e. true in all possible worlds. This idea is expressed in schema
No. The second idea, quite distinct, is that a necessary condition for
agency is that the agent’s activity is instrumental in the production of
the result. This is suggested by the reading that is given to the operator
which gives the negative condition. What the strong, negative condi-
tion does, then, is to collapse these two ideas into one. This distinction
is characterized in the theory developed below. But the above remarks
should be sufficient to indicate that the negative condition in Pörn’s
theory is quite strong, and that a more fine-grained account might be
called for.

While Pörn’s account of agency does capture the success and avoid-
ability aspects of this notion to some extent, it contributes nothing to
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the characterization of agency as a concept of power, i.e. the non-
accidence aspect of control. For example, there is no concept of ability
in Pörn’s framework, and therefore no attempt to characterize agency
as the realization of a capacity, an idea that is central to the no-
accidence aspect of control.13 It seems right to say, then, that there is
something missing in Pörn’s characterization of agency.

2.3. The logic of ability: Brown’s proposal
I will briefly discuss the basic features of Brown’s recent proposal

for a logic of ability (1988), pointing out differences between his notion
of ability and the one I want to characterize, as well as aspects of his
proposal that I find problematic.

2.3.1. Motivation and basic ideas
First, Brown’s account is inspired by Kenny’s views on ability,

which I briefly discussed above. He wants an account, therefore, that
avoids the two schemas:

(Ability) A→ AbilityA , and

(DisAble) Ability(A∨B)→ (AbilityA∨AbilityB)

where the complement describes some action. Brown’s rejection of
these two schemas, in particular (DisAble), indicates that his view of
ability, like that of Kenny, is an intention-based one, e.g. “he would
have succeeded if he tried”. This can be seen from the kind of coun-
terexample to (DisAble) that is used: even if a man might have the
ability to draw a red card or draw a black card from a deck of cards,
he might not have the ability to draw a red card or have the ability to
draw a black card. But this example only makes sense if “ability” is
interpreted as intentional control. I argued above that there are good
reasons for supposing that there is a more basic notion of ability than
this intention-based one, and that this non-intentional notion of ability
is a necessary condition for agency. It seems, therefore, that the notion
of ability which Brown is after is different from the one I am trying to
capture. I return to the interpretation of Brown’s notion of ability in
the discussion below.

Brown suggests that the logic of ability is best captured by a clas-
sical system of modal logic. A system of modal logic is classical if it is

13In his 1977 book, Pörn suggests an analysis of “can” that is meant to cover both
the ability and opportunity senses of “can”. As Pörn himself notes, his definition is
problematic.



12 dag elgesem

closed under substitution of logical equivalents, i.e. the rule

If ` A⇔ B then ` OperatorA⇔ OperatorB.RE.

The use of a classical system is to some extent motivated by an inter-
est in avoiding the schema (DisAble). The point is that if the operator
interpreted as ability is defined as a normal possibility-operator, i.e. as
the dual of a normal operator of practical necessity, then you automat-
ically get (DisAble). Brown in his introduction gives this as a reason
for employing a classical system of modal logic to characterize the no-
tion of ability. But he then goes on to suggest that we should not use a
possibility-operator to model ability, but, instead, a classical necessity-
operator. The confusing thing is that even a normal necessity-operator
will not have (DisAble), so the appeal to the need for classical systems
to avoid (DisAble) is difficult to understand.

A second feature of Brown’s proposal is his use of so-called “minimal
models” to define a couple of interrelated concepts of ‘can’; the notion
of ability is characterized in relation to a notion of practical necessity.
This enables him to characterize the notion of ability within a richer
conceptual field, which of course makes the account more interesting.
This is a strategy that is followed also in my own, alternative account
below.

Third, even though Brown’s notion of ability seems to be somewhat
different from the one I am after—the notion of potential objective
goal-directedness—Brown’s seems to be a notion of (potential) control.
This places it within the same family of concepts related to ability and
agency that we want to capture. I argue that there are some global
intuitions concerning control which Brown’s theory violates, in partic-
ular the intuition that control for an agent is to be contrasted with
that which is unavoidable for him. The other side of the global intu-
itions concerning control, where control is contrasted with that which
happens accidentally, seems to be the feature which guides Brown in
his formulation of his theory. This will be clear from a brief exposition
of the basic features of Brown’s theory.

2.3.2. The theory
The basic idea of Brown’s semantics is to relate the world not to

other, single, worlds, but to let the relation of relevance relate a world
and a set of worlds, called a “cluster” of worlds. The intuitive idea is
that each cluster of worlds represents an action done by the agent, and
that the agent could be said to have the ability to do an action A if
there exists a relevant cluster where in all of the worlds in the cluster
A holds. Here Brown wants to give a version of Kenny’s suggestion
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that ability requires repeatability, or “generality”, as Brown calls it.
“Kenny had reproducibility—generality within a world in mind, but I
have emphasized reliability—generality across worlds in a cluster.”14

This remark, as the rest of his motivating remarks, strongly suggests
that the notion of ability he has in mind is a notion of control. Indeed,
the official interpretation of the ability-operator, AbilityA, is “I can
(reliably) bring about circumstances in which A is true.”15 The idea
seems to be to capture one important aspect of control, namely the
reliability-aspect as contrasted with that which happens accidentally.
The truth-definition for the notion of ability is:

M |=w AbilityA iff(DefAbility)
∃K ⊆W,wRK and ∀x ∈ K :M |=x A.

The dual of this notion, ¬Ability¬A, is a notion of ‘might’, according
to Brown. It seems closer to the mark, however, to say that it expresses
that something is unpreventable for the agent. In semantical terms this
means that in every relevant cluster there is a world in which A holds,
hence this is a certain form of lack of control with respect to the action
A: there is nothing he can do to prevent A. The logic of the ability-
operator is closed under the rules RE and RM, i.e. it is a regular system
of modal logic.

We see that there are two quantifiers in the definition of Ability and
its dual, and this invites the definition of a second operator. The other
notion to be defined, in interaction with which Brown characterizes his
notion of ability, is one of practical necessity. Intuitively, a proposition
A is practically necessary for the agent if every world in every cluster
has A true, hence that A is unavoidable for the agent: in every world
where the agent does something, A holds:

(DefWill) M |=w WillA iff ∀K ⊆W , if wRK then ∀x ∈ K :M |=x A.

It seems clear that this is not a notion of control at all—rather, con-
trol can be contrasted with unavoidability. The dual of this notion,
¬Will¬A, is a notion of practical possibility and seems to be adequately
called Might, as Brown suggests. The logic of Will is closed under RE,
RM, and RN. The axioms of his theory featuring these modal operators
are:

Might(A∨B)→MightA∨MightB.(B1)
Ability(A∨B)→MightA∨AbilityB.(B2)
MightA→ (WillB → AbilityB).(B3)

14Brown 1988, p. 5.
15Brown 1988, p. 6.



14 dag elgesem

Other important theorems are discussed below. As a beginning of a
theory of ability, however, this in itself is not too enlightening.

2.3.3. Discussion and criticism
As remarked above, the account wants to avoid the schemas (Abil-

ity) and (DisAble), and the argument against (DisAble) suggests that
Brown, following Kenny, is after an intentional notion of ability—a
notion of strong, intentional control. Also the rejection of (Ability)
points in the direction of a strong notion of control: the argument is
that just doing something once does not show that you have the ability
to do it—presumably because ability is taken to require repeatability.
We saw that Brown tried to capture this aspect of control, the non-
accidence feature, by requiring A to be true in all of the worlds in the
relevant cluster. However, his model does not reflect this repeatability-
requirement very well. As it stands, there is nothing which excludes
the case where the empty set is a relevant cluster, i.e. the agent has the
ability to do anything. This possibility is later excluded by requiring
that any relevant cluster should be non-empty; but this does still not
quite express possible repeatability—the cluster might contain only one
alternative world.

It seems clear that Brown wants to characterize a notion of control
with his logic of ability, and that the non-accidence aspect of the notion
of control is what he primarily tries to capture. Ability is a notion of
potential control however, and the question naturally arises concerning
the relationship between this notion and realized control, i.e. intentional
action. The point will not be pursued further here.

Let me turn to the contents of his logic of ability, i.e. what he ac-
tually says about ability and his other concepts of practical possibility.
The potential for expressing “conflicting” abilities is central:

(AbilityA∧Ability¬A)

ought to be satisfiable. But Ability(A∧¬A) should not be satisfiable,
and in the extended version of Brown’s theory, the negation of this is
valid.

My main problem with Brown’s theory is that it leaves no room for
the avoidability-aspect of the notion of control in his characterization of
ability. As remarked above, it seems quite clear that Brown’s notion of
ability is one of strong control, which gives rise to several problematic
features of his theory. We remarked above that the Will-operator is
not a concept of control at all; it expresses that which is unavoidably
true, hence an aspect of the agent’s lack of control. It is reasonable,
therefore, that the following holds:
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(Unav) Will(A∨¬A)

since tautologies are unavoidably true. But, as pointed out several
times above, avoidability seems to be an important feature of control,
hence that the negation of (Unav) should hold for any concept of con-
trol. It seems clear that a tautology could not contribute to the char-
acterization of an agent’s control. But in Brown’s theory the following
is a theorem:

(UnavII) AbilityA→ (AbilityB ∨Ability¬B).

In the further development of his theory, he even endorses the stronger
principle:

(WA) WillA→ AbilityA.

With this as an axiom, we of course get the strong (Unav) valid for
Ability, which seems clearly wrong. The avoidability-aspect of control
seems to be badly captured, therefore, in this theory. Moreover, it
seems to be mainly in terms of the interaction with the Will-operator,
i.e. the concept of unavoidability, that the non-accidence aspect of
control is expressed in the logic of the Ability-operator. It is difficult,
therefore, to see that this logic is adequate as a theory of ability.

By way of bringing this discussion of Brown’s logic of ability to a
conclusion, I emphasize three points. First, that there are reasons for
supposing that the notion of ability which Brown is after, following
Kenny, is one of strong control, something like a capacity to “do it at
will”. I have argued that this could not be the only notion of ability,
and that there is a notion of ability which seems more basic, one not
requiring intentional control. It is this basic notion of non-intentional
ability which I shall try to characterize below; hence my project differs
somewhat from Brown’s. So, even if Brown’s theory had been suc-
cessful, there would still have been more work to do. Second, it seems
desirable to characterize the notion of ability by relating it to the notion
of action. Even if Brown and Kenny reject the implication from non-
intentional doing to their strong notion of ability, one wonders what
the relationship might be, on their theory, between ability and inten-
tional action. The conceptual duo of ability and agency seems to be
theoretically at least as important as the relationship between ability
and practical necessity. And a plausible view, it seems, is that ability
and agency are notions of potential and realized control, respectively.
Third, it seems clear that Brown’s strategy for characterizing the no-
tion of ability as a concept of control is not successful. This has to do
with the fact that it does not at all capture the avoidability-aspect of
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the notion of control, and gives expression to the non-accidence feature
only inadequately.

2.4. Belnap and the STIT approach
The third kind of approach I consider is Nuel Belnap’s STIT-

theory,16 a central assumption of which is that time should be involved
in the characterization of agency. Basic to the framework is a com-
bination of possible worlds and time into moments that are given a
before-after ordering to get a branching-tree structure where there is
forward branching only, i.e. the past is taken as settled.17 The idea is
to use such a framework to model the concept of agency as, intuitively,
the idea that “the present fact that Q is guaranteed by a prior choice
of [the agent] α”.18 Note that it is clearly a notion of control that is
the guiding idea here.

A history is a set of moments that make up a complete branch
of the tree. The tree is also horizontally divided into instants, i.e. a
moment in one branch has a temporally corresponding moment in every
other branch. Add to the picture a set of agents, each with a set of

m0

0mi

h2 h3h1

Figure 1: Branching tree picture: histories, moments, and instants.

possible choices at each instant. The choices are represented as a set of
branches, branching at that moment. Each choice set contains at least
one option. If there is only one, i.e. if every history passing through
the moment is in the choice set, there is of course no real choice. One
more definition is necessary to the formulation of the notion of agency:
two moments mi and mj are said to be choice equivalent for an agent

16In particular Belnap and Perloff 1989, Belnap 1991b, and Belnap 1991a.
17See Thomason 1984 and van Benthem 1985.
18Belnap 1991a, p. 12.



the modal logic of agency 17

i at a moment w if (1) they pass through the same possible choice for i
at w, (2) w is earlier than both mi and mj , and (3) mi and mj inhabit
the same instant.

As indicated above, the definition of agency has a positive and a
negative part. In Belnap’s own formulation:19

[α stit: Q] is true at m0 just in case there is a prior “choice point” w0 satisfying
two conditions:

1. Positive condition. Q must be true at all moments that are choice-
equivalent to m0 for α at w0. (Thus, the prior choice of α at w0 “guar-
antees” that Q holds at the instant im0 determined by m0).

2. Negative condition. There must be some moment m0′ that (i) is in the
instant im0 determined by m0, (ii) lies on a history through w0, and
(iii) is such that Q is not settled true there. (Thus the choice set for
α at w0 is really a choice with respect to Q; it was not the case that
Q would have been guaranteed at the instant im0 determined by m0

independently of the choice of α at w0.)

To illustrate the idea, let me reproduce Belnap’s diagram of the
simplest kind of situation where it is true, on this account, that an
agent “sees to it that Q”:20

m0′m0

[α stit Q]

Q ¬QQ Q QQ

Figure 2: Simple STIT picture.

We see that the positive as well as the negative conditions are fulfilled.
Q is true at all of the choice-equivalent moments of m0 and there exists
a moment at the same instant as m0 where Q is false. The logic of STIT
contains the schemas C, T, 4, and No, but neither 5, nor N nor M.

19Belnap 1991a, p. 793.
20This picture ignores the complications that occur when the choices of several

agents are brought in.
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I have objections to the way Belnap formulates the negative con-
dition on agency, which is structurally similar to that of Pörn. As in
Pörn’s account, there are two ideas behind the formulation. One is
the idea of avoidability: the falsity of Q should be possible. The other
is the idea, associated with the non-accidence aspect of control, that
the agent’s behaviour is instrumental in the production of Q. The two
ideas are readily seen to be present in the formulation of the nega-
tive condition above. I argued above that these ideas should be kept
separate and that the negative condition as formulated by Pörn and
Belnap is too strong: one can find examples of cases where it seems
right to say that Q is true in every practical alternative for the agent,
but where he still sees to it that Q. The inclusion of temporal indices
on the alternatives does not weaken this point. Hence this fundamental
criticism still stands.

3. New Foundations for the Semantics of Agency:

Agency as Goal-directedness

3.1. Introduction
The aim in this section is to make a fresh start and propose a new

semantical foundation for the logic of agency. My starting point is
the account of the notion of “objective goal-directedness”, proposed by
Gerd Sommerhoff (1950, 1969, 1977, 1990).21

The main idea is that goal-directedness in an organism can be anal-
ysed as the ability to maintain a certain goal state, the organism hav-
ing a certain relation to its environment, in the face of variations in
the environment that would otherwise have destroyed this relation-
ship. Hence, the notion of goal-directedness is analysed in terms of the
ability on the part of the organism to make compensatory adjustments
which maintain some state of the system made up by the organism-
plus-environment. The analysis is intended to capture a broad notion
of “objective goal-directedness”, i.e. it is not assumed that the organ-
ism has any goals in a subjective sense. The technical term introduced
for this broad notion of objective goal-directedness is “directive cor-
relation” of an organism’s activity with respect to a goal state. That

21The idea that Sommerhoff’s work is of relevance to the theory of agency has
been suggested to me on various occasions by Ingmar Pörn. Sommerhoff’s account
of teleological concepts has been advocated on several occasions by Ernest Nagel,
e.g. Nagel 1961 and Nagel 1974 Other people have tried to use his work in the
philosophy of mind and action, e.g. Collins (1984) and van Gulick (1988). For a
critical discussion of Sommerhoff’s analysis of teleology, see Woodfield 1976. The
idea of using the proposal in the explication of agency in the way it is done here is,
I believe, new.
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this is a broad notion of goal-directedness is suggested by Sommerhoff’s
illustration of the phenomenon he wants to analyze:

Examples of goal-directed behaviour in our sense, therefore, would be a chick
pecking a grain—but not the blind responses of a clockwork imitation; an
aeroplane guided by a pilot—but not the unavoidable course taken by a truck
guided by rails; a bird building a nest—but not the unavoidable effect of
water hollowing out a cavern; men digging out a mountain—but not nature
throwing up one. Directive, in our sense, would be the evolutionary adaption
of a plant or animal species to its environment—but not the blind evolution
of the solar system.22

In Sommerhoff’s analysis of goal-directedness three criteria are
given the central role. I will call them the criteria of Success, Avoid-
ability, and Non-accidence.

Success. In cases of goal-directed behaviour, the goal-event is con-
ditional on the organism being in some particular relationship to the
environment, i.e. it is a causally necessary condition for the goal-event
to occur that one or more action variable(s), some variable(s) charac-
teristic of the system’s bodily movement, stand in a particular rela-
tionship to one or more environmental variable(s). More precisely, in
Sommerhoff’s own words:

So if an action is directed towards a goal G this implies that there exists
at least one point of time tk during the action and at least one variable a
associated with the action, and at least one variable e associated with the
environment, such that at tk it is a necessary condition for the occurrence of
the goal-event G that ak has a specific relation to ek, i.e. that it satisfies some
particular function

F (ak, ek) = 0 (1)

whatever function that may be.23

I refer to (1), following the terminology of Sommerhoff, as the Focal
Condition.

Avoidability. This is a negative condition, saying that some possible
state of the system-plus-environment could not be a goal-state for the
organism if it always obtains in every state of the world. If we want
to characterize the goal-directedness of an organism in some respect,
by means of action variable a and environmental variable e in (1),
we have to require that e and a are orthogonal variables. The Focal
Condition is a necessary condition for the causing of the goal-state, a
state that is produced by the organism. Hence, (1) should not be a

22Sommerhoff 1969, p. 159.
23Sommerhoff 1969, p. 164.
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condition that is trivially fulfilled by the system no matter how the
circumstances are allowed to vary. “For the implication always is”,
Sommerhoff explains, “that F (ak, ek) = 0 is a condition that is brought
about by the mechanism involved. It is not implied by the axioms of
the system. Indeed, random combinations of a and e are conceivable
initial states of the system.”24

Non-accidence. This is the counterfactual condition which says
that the production of the causally necessary condition should be the
manifestation of a capacity on the part of the organism, i.e. that it
would have produced the condition described by (1) also under con-
ditions where variations in the environmental variable e require com-
pensatory adjustments of behavioural variable a, for (1) to be fulfilled.
“The concept implies that the animal or machine produces the appro-
priate action (and satisfies F (ak, ek) = 0) not only under the actual
environmental conditions, but also that it would have produced an ap-
propriate modified action under a variety of alternative circumstances
each requiring a specific modification of the action.”25

My claim is that Sommerhoff’s account of objective goal-
directedness also analyses the phenomenon of agency, i.e. we suggest
that objective goal-directedness can be given the same analysis in sys-
tems that also have goals in the subjective sense, as do human agents.
That this is a fruitful perspective on the analysis of human agency
can only be shown by developing an account of agency based on this
assumption.

3.2. Sommerhoff’s account reformulated
I now proceed to a suggestion as to how these three conditions could

be worked into a semantics for a modal logic of agency. Basic to my
modelling is a function fi(α, ‖G‖M) where, intuitively, i is an agent,
α is the actual world, and ‖G‖M is the set of worlds where some goal
G is true, i.e. the interpretation of G in the model M. The value of
fi(α, ‖G‖M) is, intuitively, the set of worlds where the agent realizes
the ability he has in α to bring about the goal G. More formally I say
that an action structure is a tuple of the form M = 〈W, f1, . . . , fn, V 〉
where W is a set, V is a valuation function and f1, . . . , fn are functions
fromW×Pow(W ) to Pow(W ). I define one such function for each agent
1 to n in the set of agents.

Sommerhoff’s analysis involves several claims, as we have seen. The
first of these was the Success Condition. It says that if the organism is
in fact directed towards a goal G in an environment, then there is Focal

24Sommerhoff 1969, p. 165.
25Sommerhoff 1969, p. 165.
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Condition that is realized. Furthermore, it is clear that the goal is also
realized there in virtue of the fact that the Focal Condition obtains.
To capture this condition in the present framework, we have to make
the following assumption:26

β ∈ fi(α, ‖G‖M) iff the Focal Condition obtains in β,(A1)
i.e. p(oβ, eβ) = 0, for some function p.

The function fi(α,X) is interpreted as giving the set of worlds where
the agent i realizes his ability to bring about the goal G. Those
situations where the organism realizes the goal are characterized, in
Sommerhoff’s framework, by the fact that the Focal Condition, as well
as the goal, obtains there. Hence, assumption (A1) is central to the at-
tempt to re-construct Sommerhoff’s analysis in a possible-worlds frame-
work. The first constraint on the function fi(α,X)27 is, therefore:

fi(α,X)⊆ X.(C1)

This constraint makes explicit the idea that in all worlds where the
agent exercises his ability to bring about the goal, the goal is realized.
The constraint that the goal is realized in every world where the agent
exercises his ability to bring about the goal is to be distinguished from
the claim that he in fact brings it about in the actual world. The
truth-condition for the bringing-it-about-that operator is:

(DefDoes) M |=α DoesiA iff α ∈ fi(α, ‖A‖M).

But we have obviously to distinguish a claim about a system actually
being directed towards some goal, from the claim that it is potentially
so directed, i.e. that it has the power or ability to realize the goal-state
in question. I want to make this distinction explicit by introducing an
ability-operator into our object-language:

M |=α AbilityiA iff(DefAbility)
fi(α, ‖A‖M) 6= ∅.

This already gives us the two characteristic principles (P1) and (P2):

DoesiA→ A.(P1)
DoesiA→ AbilityiA.(P2)

26‘oβ’ and ‘eβ’ denote the value, in β, of some behavioural and some environmental
variable, respectively.

27X ⊆ W .
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(P1) comes from (C1), while (P2) holds in virtue of (DefDoes) and
(DefAbility) alone. (P1) is the counterpart to the Success aspect of
Sommerhoff’s analysis. (P2), on the other hand, seems to contribute
to the characterization of what we called the Non-accidence aspect of
control and agency, i.e. the idea that agency is the manifestation of a
power to act in a certain way. It does not capture the non-accidence
aspect of Sommerhoff’s analysis, however, which rests essentially on
the idea that the Focal Condition is preserved in the face of significant
environmental disturbances. I return to this element in Sommerhoff’s
analysis in the discussion below, after a new semantic device has been
introduced. At this point I only want to claim that (P2), which con-
nects the notion of agency to that of ability in the way we argued
above that it should, seems to contribute to the characterization of the
Non-accidence aspect of agency as control.

The third element in Sommerhoff’s analysis of goal-directedness
was the Avoidability condition. It says, essentially, that the Focal
Condition should not be realized in every possible world—that seems to
be a reasonable way to express the requirement that the environmental
and behavioural variables should be orthogonal. The most natural way
to capture this would be:

fi(α,X) 6= W.(C2a)

In the analysis I am developing here, however, I have found it natural to
bring the goal-state explicitly into consideration. Having done this, it
seems right to give a slightly stronger formulation of the orthogonality
requirement:

fi(α,W ) = ∅.(C2)

Corresponding to the constraint (C2), we have principle (P3):

¬Abilityi>.(P3)

It says that the goal-state which is realized in every world, i.e. no matter
what state the organism is in, is not a state any agent is able to bring
about. The constraint (C2) implies the condition (C2a).

Hence, my formulation of the avoidability requirement says that
neither the goal-condition nor the Focal Condition should be realized
in every world. This is a reasonable requirement: that which is true no
matter what the agent or organism does, cannot be within the scope
of his control. Again, we see that the same intuition applies to agency:
that which is always true cannot be something that an agent brings
about.
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Summing up so far, I have established a connection between
Sommerhoff’s analysis and my own possible-worlds account by iden-
tifying membership in the set of worlds and the worlds where the Focal
Condition obtains. This throws up a trio of characteristic principles
in the logic of agency, i.e. (P1)–(P3). Taking Sommerhoff’s analysis as
our guide, we see that this initial analysis is incomplete in important
ways. The crucial point in Sommerhoff’s analysis of goal-directedness
was that the Focal Condition would be maintained in the face of sig-
nificant disturbances in the environment. But this central aspect of
the analysis—the requirement that alternatives should exist where the
value of the environmental variable is significantly different from its
value in the actual world, but where the focal condition still obtains—
precisely this aspect is not reflected in my account so far. To take
this aspect of Sommerhoff’s analysis into account, I have to enrich
my semantical apparatus. I borrow an idea from an earlier attempt
to reformulate Sommerhoff’s analysis in a logical framework, that of
Hilgartner and Randolph, originally due to Ashby, and put it to work
as part of my own semantical framework. This makes it possible, I
argue, to give a richer and more adequate characterization of agency.

3.3. Ashby’s account of directive correlation
Hilgartner and Randolph (1969) use a set-theoretical framework to

give definitions of various concepts of interest to cognitive psychology
and ethology. A fundamental concept in their scheme is the notion
of goal-directedness, or “directive correlation”, which they take over
from Sommerhoff. Here, I consider only their definition of the no-
tion of goal-directedness, a definition that was originally formulated by
Ashby (1962). The definition construes the mark of goal-directedness,
in accordance with Sommerhoff’s analysis, as the ability to achieve a
goal-state under substantial variations in the environment. Here, “sub-
stantial” means, as before, that the behaviour causing the goal-event in
the present world would not cause it in some other, alternative world.

We are given fields D, X , Y , and Z together with an onto function
h : D → X , and a function Q : X×Y → Z. Under the suggested inter-
pretation, D is the set of “disturbances of the environment”. X is a set
of values of environmental variables. Y is a set of values of behavioural
variables, while Z is a set of outcomes. The “disturbances” are char-
acterizable in terms of the variations of the environmental variables,
hence the requirement that the function h is onto. With a subset G of
Z, a function g : D → Y , characterizing the behaviour of the organism,
is said to be directively correlated with regard to h, Q and G, iff:

(DefDir) Q(g(d), h(d)) ∈ G, for all d ∈ D.



24 dag elgesem

Intuitively, the function g(d) gives the value of the behavioural vari-
able under the disturbance d, while h(d) gives the value of the envi-
ronmental variable under the disturbance d. The function Q gives the
outcome that is characterized by these values. The idea is that the
function g, which characterizes the behaviour of the organism, is di-
rected towards the goal G just in case under every disturbance that
both gives changes in the environment and triggers compensatory ad-
justments in the organism, the outcome is a goal-state. In the words
of Hilgartner and Randolph: “Intuitively, g correlates with [h] and [Q]
so that whenever a disturbance d influences both the environment X
and regulators Y of an organism, then the outcome from the organism’s
point of view is “Good”.”28 We see that this definition captures some of
the points emphasized by Sommerhoff: for the activity of the organism
to be directed towards some goal G, it has to modify its movements
to compensate for disturbances in the environment to remain in the
goal-state.

A remark on the set D is in order at this point. Note that the
disturbances in D are those that are manageable for the agent, i.e.
the disturbances that are compatible with his bringing about the goal.
There could be disturbances of the environment that make it impossible
for the agent to realize his goal. This introduces a circularity into the
definition of goal-directedness: we cannot define the set of disturbances
without making reference to the notion of agency.29 This conceptual
circularity shows that we have not succeeded in reducing the intensional
concept of goal-directedness to a non-intensional one of environmental
disturbances. Such a reduction is not our ambition, even though it was
an important part of Sommerhoff’s project.

3.4. Varieties of avoidability and non-accidence
In this section I argue that we should incorporate Ashby’s device

into our own semantical framework, thereby making it possible to cap-
ture all of the elements in Sommerhoff’s analysis of goal-directedness.
The development discussed in this sub-section is motivated by an inter-
est in finding a solution to two different problems, both discussed above.
First, it was pointed out in the discussion of our own proposal that
Sommerhoff’s Non-accidence requirement was not adequately captured
by this framework. The problem was that we did not there have the
resources to incorporate the crucial requirement on goal-directedness
that there exists an alternative world with significant disturbances, but
where the Focal Condition and the goal are still realized. The second

28Hilgartner and Randolph 1969, p. 335.
29Andrew J.I. Jones helped me to see this point.
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problem, related to the formulation of the avoidability condition, was
encountered in the discussion of Pörn’s proposal. It was argued there
that the characterization of this aspect of agency and control in the
form of the negative condition suggested by Pörn is too strong and
that it collapses an important distinction. First, it is intuitively too
strong to say that a necessary condition for the bringing about of A
is that A is avoidable for the agent, i.e. that not-A is true in some
alternative. Second, this formulation does not distinguish between the
idea that no agent brings about logical truths, and the idea that an
agent’s behaviour, when he brings about something, is instrumental in
the production of that which he brings about. These are clearly sepa-
rate ideas pertaining to avoidability that should be kept apart in the
analysis. By incorporating the Ashby device within our own seman-
tical framework, we will be able to give a solution to both problems,
i.e. bring the important non-accidence element into our characteriza-
tion of agency and develop a framework that is fine-grained enough to
distinguish between the two forms of avoidability.

As the first step in bringing the Ashby device to work within our
semantical framework for a logic of agency, we define functions Q, g, h
for each agent i, and make the uniqueness requirement explicit:

∀β ∈W : Qi(gi(β), hi(β)) = β.(C3)

Let me now turn to the task of giving a more adequate analysis
of the avoidability aspect of goal-directedness, i.e. to try to capture
the requirement of the existence of significant disturbances in the face
of which the goal-state is preserved. For the solution of this problem
the Ashby device will be very helpful. The solution to the first of our
problems, that of giving a more adequate analysis of the Non-accidence
aspect of goal-directedness, will depend on our analysis of avoidability.

We have already characterized one aspect of avoidability above,
i.e. (C2). But I have not been able to formulate the second aspect of
avoidability encountered above, reflected in the idea that a necessary
condition for agency is that the agent’s behaviour is instrumental in
the production of the goal-state. Intuitively, what is needed to express
this second avoidability requirement is the idea that there should exist
an alternative situation where (1) the behaviour of the agent in the
actual world would not have produced the goal in the alternative en-
vironment, but (2) the Focal Condition and the goal obtain, in fact in
both the actual and the alternative world. To capture this, I will bring
to bear the framework suggested by Ashby. Again we identify the set
fi(α,X) with the set D of disturbances in Ashby’s framework. But this
is also the set of worlds in which the agent exercises his ability to do
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A, and, according to the basic assumption (A1) and constraint (C1)
above, in all of these worlds the goal is true in virtue of the fact that
some Focal Condition obtains. The constraint (C4) is suggested as the
first step towards capturing the instrumentality-of-behaviour feature of
avoidability:

If α ∈ fi(α,X), then(C4)
∃β ∈ fi(α,X) : Qi(gi(α), hi(β)) 6∈ fi(α,X).

We first note that (C4) requires there to be an alternative world
where the Focal Condition and the goal are realized: the goal is true
in every world in the set fi(α,X) of disturbances. Second, the con-
straint requires the disturbance to be significant in the sense that the
actual behaviour would not have produced the goal in the alternative
environment. In other words, the behaviour in the actual world made
a difference to the production of the goal-state there, i.e. the behaviour
was instrumental in the production of the goal-state. The first feature
of the constraint supplies the characterization of the missing aspect of
the Non-accidence aspect of goal-directedness, while the second feature
supplies the resources for characterizing the second aspect of Avoid-
ability.

Let us start with the formulation of the new feature of the avoid-
ability requirement in our modal language. This requires the definition
of a new modal operator:

⊕i(A, [A]) iff(Def⊕)
∀β ∈ fi(α, ‖A‖M) : Qi(gi(α), hi(β)) ∈ fi(α, ‖A‖M).

This is a conditional notion with a classical logic. The suggested read-
ing is “if the agent had behaved as he did when he brought it about
that A, he would still have brought it about that A”. We define the
dual of this notion in the standard way:

(Def⊗) ⊗i(A, [A]) =df ¬⊕i (A,¬[A]).

Given this definition, we get the following principle (P4), characteristic
of the second aspect of avoidability:

DoesiA→ ⊗i(A,¬[A]).(P4)

This principle claims that it is a necessary condition on agency that “if
the agent had not behaved in the way he did when he brought it about
that A, then he might not have brought it about that A”. Or, again, it
says that a necessary condition for agency is that if the agent had not
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executed the movements in virtue of which he brought it about that
A, he might not have brought it about that A.

Let me now turn to the first of the motivating problems, that of
giving a more adequate characterization of the non-accidence feature
of goal-directedness. I argued that my initial account of the various as-
pects of Sommerhoff’s analysis did not capture the idea that if the or-
ganism is directively correlated with regard to some goal, then there ex-
ists an alternative situation that requires adjustments of the behaviour
of the system, in order for the Focal Condition and the goal to persist.
Let me introduce the following even-if conditional to bring this out:

(DefEvenIfNotStill) M |=α EINSiA iff (fi(α, ‖A‖M) − α) 6= ∅.

The suggested reading of this is “even if the agent had not brought
it about that A, he would still have had the ability to do it”. This
seems, intuitively, to be a reasonable principle on agency and goal-
directedness. It is clear that this conditional too is a necessary condi-
tion on agency, given the constraints we have put on the model. Hence,
we get a pair of characteristic principles, which constitutes our analysis
of the non-accident requirement on goal-directedness:

DoesiA→ EINSiA.(P5)
EINSiA→ AbilityiA.(P6)

We get (P5) in virtue of (C1), (C3), (C4), (DefDoes) and (DefEvenIf-
NotStill), while (P6) holds just in virtue of (DefAbility) and (DefEven-
IfNotStill).

Principle (P3)30 implies an S5-notion of possibility. So, if we have
the necessity operator:

(Def2) M |=α 2A iff ∀β ∈W :M |=β A,

and define the dual in the standard way, we get:

AbilityiA→ 3¬A.(P7)

From this it follows, together with the contrapositive of schema T, that:

AbilityiA→ 3¬DoesiA.(P7b)

It is interesting to note that (P4b) also holds:

⊗i(A,¬[A])→ 3¬DoesiA.(P4b)

30¬Abilityi>.
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I have argued that Pörn, for example, with his strong formulation
of the negative condition on agency, collapses an important distinction.
But still it is felt that the two notions of avoidability are in some sense
related. This is why, I guess, it is at all plausible to have a negative
condition which collapses them. On my account the two principles are
related in the sense that both imply the possibility of the agent not
being directed towards the goal.

4. The Theory of Agency, Ability, and Opportunity

4.1. The logic of agency, ability, and opportunity
So far, I have been concerned mainly with the foundations of the

modal theory of agency, i.e. with the motivation and formulation of the
semantics. In this section I will focus more on the principles of the logic
and explore how this apparatus can be used in the characterization
of various other concepts pertaining to agency and control. Let me
start by recapitulating some of the main points made above. I am
working with a tuple, called an action structure, of the form: M =
〈W, f1, . . . , fn,Q1, . . . ,Qn, g1, . . . , gn, h1, . . . , hn, V 〉, where W is a set,
V is a valuation function and fi,Qi, gi, hi are functions as explained
above. I define such functions for each agent 1 to n in the set of agents.
I have introduced a set of constraints on the f -functions:

fi(α,X)⊆ X.(C1)
fi(α,W ) = ∅.(C2)

In addition to these two constraints, I add the following, which gives
rise to a principle of distribution over conjunction. I suggest that the
following principle is acceptable on the intended interpretation of fi:

If β ∈ fi(α, ‖A‖M) and β ∈ fi(α, ‖B‖M) then(C5)
β ∈ fi(α, ‖A‖M ∩ ‖B‖M).

The principle (C5) says that the intersection of the set of worlds where
the agent exercises his ability to do A and the set of worlds where he
exercises his ability to do B is a subset of the worlds where he exercises
his ability to do A and B. The intuition here is the following. First
note that two sets of worlds representing two different abilities may
vary along very different dimensions. At some points two such sets
may coincide while they may be incompatible at other points. Second,
the more able the agent is with respect to some action, the greater is
the variation among the worlds where he realizes his ability; i.e. the
more “obstacles” in the environment is he able to overcome. The size
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of the set representing his ability reflects how able he is. The principle
(C5) is interpreted, then, as saying, first, that the variation among the
worlds in the intersection of the set representing the ability to do A and
the set representing the ability to do B is one along the same dimension
as the variation among the worlds representing the ability to realize A
and B. Second, (C5) says that this intersection does not represent a
more general ability than the set representing the ability to do A and
B. Hence, the variation among the worlds in the intersection is covered
by the latter set.

The explanation at least suggests that the semantical principle,
and the distribution principle it gives rise to, are consistent with the
intuitions in the semantical account I have developed in the first half of
the paper. But while (C1) and (C2) express ideas that are fundamental
to my approach, (C5) is of secondary importance. I do not adopt the
converse of (C5) because this would have created a conflict with (C2).
This point is elaborated below.

4.2. Action and compatibility
I gave the following definition of agency:

(DefDoes) M |=α DoesiA iff α ∈ fi(α, ‖A‖M).

The dual of the action-operator, to be read “it is compatible with
everything the agent does that A” or, equivalently, “the agent does not
prevent A”, is:

(DefComp) M |=α CompatibleiA iff α 6∈ fi(α,W − ‖A‖M).

The resulting logic is classical, i.e. it is closed under the rule RE:

(DoesRE) If ` A⇔ B then ` DoesiA⇔ DoesiB.

The three constraints stated above have important consequences for
the logic of the action-operator. The constraints (C1), (C2), and (C5)
yield the schemata (P1), (P3b), and (P8), respectively:

DoesiA→ A.(P1)
¬Doesi>.(P3b)
DoesiA∧DoesiB → Doesi(A∧B).(P8)

The logic of the action-operator bears strong resemblance to the system
of Pörn (1974, 1977, 1989), discussed above. In accepting the schema T
I am in agreement with the mainstream of the action-logical tradition.
Some authors have, at least implicitly, questioned the presence of the
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schema on the grounds that it seems to stand in the way of a full
characterization of the change that is obviously present in the notion
of action.31 It is difficult to see, however, that one gets closer to a
characterization of the special aspects of agency by bringing in the
concept of change. I therefore stick to tradition and accept schema T.

I have already accepted schema C, i.e. (P8), which indicates that
co-temporality is tacitly presupposed. However, the converse, schema
M for Does, is rejected. There are two formal reasons why I do not want
the schema M in the logic of action. My logic for the concept of action
is, as mentioned, a classical logic, i.e. it is closed under substitution for
logical equivalents—the rule RE. This rule gives

DoesiA⇔ Doesi(A∧ (B ∨¬B))

which, together with schema M would have given

DoesiA→ Doesi(B ∨¬B).

Therefore, on the assumption that any action is performed at all, we
get a contradiction with the principle (P3b).32 Schema M is therefore
to be avoided. The second reason we do not want schema M in the
logic of action is that the presence of this schema together with the
rule RE gives the rule RM,33 i.e. the rule that gives the much discussed
problems of ‘consequential closure’; e.g. the so-called Ross “paradox”
in deontic logic. The analogue of this “paradox” is problematic also
in connection with the notion of agency. Third, given the presence of
schema T, RM would give the principle:

DoesaDoesbA→ DoesaA.

This is clearly wrong; if John makes Bill open the window it does not
follow that John opens it. This is an important aspect of agency; a
person is normally not considered the agent of some consequence of his
action if another agent interferes in the causal chain.

I emphasized above the indebtedness of the motivation for the prop-
erties of the formal system to that of Pörn. Pörn’s system has the nega-
tion of Doesi> valid, it has the schema C valid, it does not contain the
schema M and it has distribution over disjunction in neither direction.
Moreover, the logic of action is not closed under the rule RM. The

31An argument to this effect can be found in Segerberg 1992, especially in the
discussion of the action logic of von Wright 1983.

32I am indebted to Andrew J.I. Jones for this argument.
33See Chellas 1980, p. 236, RM is the rule: If ` A→ B then ` 2A→ 2B.
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similarities are therefore extensive. The most striking differences are
to be found in the way the consequential-closure problem is handled,
in addition to the fact that the Pörn system contains schemas K34 and
435 while this logic has neither.

With respect to the first difference, the handling of the consequen-
tial closure problem, I think the present system is an improvement over
Pörn’s. In Jones and Pörn 1985 it is shown how the analogue of the
Ross “paradox” is easily re-generated in the earlier logic of action in
Pörn (1977, 1989). So the way the problems are solved in Pörn’s theory
is not entirely satisfactory. Second, the logic developed here does not
contain the schema K. A counter-example to K was presented above (in
section 2.5). The argument against schema 4 rests essentially on how
the action-concept interacts with the rest of the conceptual structure
to be developed, and it is therefore formulated later.

4.3. Ability and unpreventability
I have argued that the following is an adequate definition of ability:

(DefAbility) M |=α AbilityiA iff fi(α, ‖A‖M) 6= ∅.
This definition again induces a classical system; the logic of Ability is
closed under RE and, as it stands, there are no other rules or schemata.

This lack of principles seems to be in accordance with the facts; the
logic of ability should indeed be fairly weak. For the same reasons as
with the logic for the action-operator the rule RM should be avoided.
But the two notions differ in that, among other things, schema C is
implausible for the notion of ability; even if you have the ability to do
A and B separately, you do not necessarily have the ability to do them
together.

The interest of the logic of ability seems above all to rest in its
relation to the other praxeological concepts, in particular the concept
of action. It is easy to see that ability is implied by agency:

DoesiA→ AbilityiA.(P2)

We get, therefore, a weaker conjunction-schema for ability:36

DoesiA∧DoesiB → Abilityi(A∧B).(P9)

The dual of the notion of ability, which is read “it is unpreventable for
the agent that A”, has the truth-definition:

34Doesi(A→ B)→ (DoesiA→ DoesiB).
35DoesiA→ DoesiDoesiA.
36Again, the acceptability of this depends on an assumption about co-temporality

of the two actions in the antecedent.
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(DefUnprev) M |=α UnpreventableiA iff fi(α,−‖A‖M) = ∅.

Taking the contrapositive of (P2), it is immediate that the notion of
“unpreventability for an agent” implies the dual of the action-operator:

UnpreventableiA→ CompatibleiA.(P10)

This principle says that if A is unpreventable for the agent then the
agent does not see to it that the negation of A is true.

4.4. Independence and opportunity
So far I have looked at the notions of agency and ability. At the op-

posite end of our conceptual scheme is the notion of something happen-
ing or being the case independently of the agent’s ability. In semantical
terms this is captured as follows:

M |=α IndependentlyiA iff(DefIndep)
α ∈ ((W − fi(α, ‖A‖M)) ∩ ‖A‖M).

It is easiest to see what the import of this definition is by recognizing
that the notion of “it is independent of i’s agency that A” is equivalently
defined in terms of agency and realization of A, i.e.:

IndependentlyiA⇔ (¬DoesiA∧A).

The logic of “independently happening” is also a classical logic, i.e. it
is closed under the rule RE. The logic of this notion resembles the logic
of Doesi in that it has the schema (P11), but differs from it by having
schema (P12):

IndependentlyiA→ A.(P11)
Independentlyi(A∧B)→ IndependentlyiA∧ IndependentlyiB.(P12)

However, while the concept of action has (No), i.e. ¬Doesi>, valid,
we have the opposite for that which is the case independently of the
abilities of the agent:

Independentlyi>.(P13)

It is easy to see that the notion of something being the case inde-
pendently of the agent’s abilities has the following properties:

IndependentlyiA→ CompatibleiA.(P14)
IndependentlyiA→ Compatiblei¬A.(P15)
IndependentlyiA→ ¬DoesiA.(P16)
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The dual of the notion of independently happening gives the notion of
opportunity for the agent:

M |=α OpportunityiA iff(DefOpport)
α 6∈ ((W − fi(α,−‖A‖M)) ∩−‖A‖M).

The reading of this operator is: “there is an opportunity for the agent
that A”. Following the definition of “independently happening” above
the content of the concept of opportunity in this theory is:

OpportunityiA⇔ (Doesi¬A∨A)(P17)

or, equivalently:

Opportunityi ⇔ (CompatibleiA→ A).(P18)

So, what it means that there is an opportunity that A is that the
agent’s not preventing A is a sufficient condition for the presence of A,
which does not mean, by the way, that if he does not prevent A then A
will happen independently of him; the agent might still see to it that
A. In other words, the following is not valid:

(OpportunityiA∧¬Doesi¬A)→ IndependentlyiA,(*)

while (P19) is:

(OpportunityiA∧¬Doesi¬A∧¬DoesiA)→ IndependentlyiA.(P19)

Further evidence of the acceptability of the dual of “independently
happening” as a notion of opportunity is supplied by the fact that
(P20)–(P24) are valid schemas:

A→ OpportunityiA.(P20)
IndependentlyiA→ OpportunityiA.(P21)
DoesiA→ OpportunityiA.(P22)
DoesiA→ Opportunityi¬A.(P23)

It is also evident that the schema (P13) above is equivalent to:

¬Opportunityi⊥.(P24)

While not in itself such an analysis, it is argued below that this notion
of “opportunity for an agent” can be used in the explication of the “can
of opportunity”.

Figure 3 shows the implication-relations among the central con-
cepts:
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A

Does A Compatible A

Unpreventable A Ability A 

¬Independent A

Opportunity ¬A

Opportunity A Independent A ¬Does A

Compatible ¬A

Figure 3: The implication-relations among the central action-theoretic
concepts.

4.5. Limits to agency
In addition to the operators above, the semantical concepts em-

ployed seem to leave room for the definition of one more operator. This
is a concept expressing the idea that an agent is strongly compelled to
do something:

(DefCompuls) M |=α CompulsoryiA iff fi(α, ‖A‖M) = W .

The dual of this notion gives a weaker concept of ability than the one
already introduced:

(DefMight) M |=α MightiA iff fi(α,−‖A‖M) 6∈W .

With this pair of concepts we have moved outside the realm of
agency. It can be shown37 that CompulsoryiA is false for every agent
and every proposition and, correspondingly, that MightiA is trivially
true for every agent and every proposition. For suppose that M |=α

CompulsoryiA is true for some agent i in some world α. By constraint
(C1) above, ‖A‖M = W . But by constraint (C2), fi(α,W ) = ∅, in
contradiction with the assumption.38

4.6. Opportunity to do
The proposed notion of opportunity might appear to be rather dif-

ferent from the usual opportunity sense of ‘can’, discussed in the lit-
erature.39 The problem is that one usually thinks of opportunity as
an opportunity for action,40 while the concept introduced here is the

37This was pointed out to me by Nuel Belnap.
38Compare this argument with the observation that constraint (C2) implies (C2a).
39E.g. Kenny 1975, Aune 1967, Brand 1972.
40“favourable juncture, good chance, opening—of doing, to do, for action”, The

Concise Oxford Dictionary, Oxford, 1972.



the modal logic of agency 35

more general “there is an opportunity for the agent that...”. While the
implication from IndependentlyiA to OpportunityiA is plausible for
this more general sense, it is not plausible for the ‘can’ of opportunity;
that something happens independently of an agent does not imply that
there was an opportunity for him to see to it that it happened. The
solution that suggests itself is to argue that even if the proposed notion
of opportunity does not adequately analyse the relevant sense of ‘can’,
the operator applied to an action does. The suggestion, therefore, is
that ‘an opportunity to do A’ should be represented as:

(DefOpportunityDo) OpportunityiDoesiA.41

This blocks the problematic inference. I will argue, by examining some
examples taken from the literature, that this gives an interesting analy-
sis of the ‘can’ of opportunity. Consider:

i. “He could have played chess had he known how.”

ii. “Come in here where we can talk.”

iii. “The traffic was so heavy that I could not cross.”42

iv. “I couldn’t cross the road.”

v. “We can’t expand the economy indefinitely.”43

Examples (iii) to (v) are denials of opportunity. These cases are plau-
sibly represented, I think, by the form: (Independentlyi¬DoesiA). On
this account, a denied opportunity to do something implies that the
agent does not do it. This seems right in the light of the examples
above. But if we accept (Independentlyi¬DoesiA) as the denial of op-
portunity, then we should, of course, accept that the denial of this gives
us opportunity. Hence, it seems reasonable to have Opportunity as the
dual of Independently. Example (i) turns out, on this proposal, as:

KnowiA→ OpportunityiDoesiA, i.e.(1)
KnowiA→ (Doesi¬DoesiA∨DoesiA).(2)

The suggestion is, in other words, that the claim in (i) is that if the
man had had the relevant skill, then it would have been up to him alone

41A definition of opportunity very similar in spirit is briefly discussed in Pörn
1970.

42Aune op cit., p. 18.
43Kenny op cit., p. 131.
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whether he played chess or not. The same line of analysis seems plausi-
ble for the second example. My proposal construes (ii) as a suggestion
that the parties see to it that there is a situation where it is up to them
whether they talk or not.

One might also argue that the analysis is adequate for examples
where the notion of opportunity is explicitly used, as in the following
example from Feinberg (1972). The setting is a supermarket where a
police-woman disguised as an ordinary customer attempts to attract
pick-pockets in order to catch them. “Her behaviour, perfectly normal
and unobtrusive in every other way, attracts precisely one class of per-
sons to whom she provides an opportunity to do what they are already
bent on doing.”44 Again, it seems reasonable to say that what is going
on is that the police-woman, (a), sees to it that there is a situation such
that it is up to the potential pick-pocket, (b), whether or not there is
a theft, i.e.

Doesa(Doesb¬DoesbA∨DoesbA).(3)

Again, the same analysis seems relevant to another example from
Feinberg, where he is interested in “ . . . those cases where one person’s
negligence provides the opportunity for another party’s voluntary inter-
vention. In [these cases], the provision of the opportunity—for example,
a failure to lock up a house—can be said to be the cause of a subse-
quent loss, despite the fully voluntary intervention of the burglar.”45

The reason why the owner of the house is responsible in this case is, I
think, that he brings about a situation where it is up to a person with
criminal intent to see to it that there is no theft.

Abilities are seen as part of a ‘system of ideality’, i.e. as prescrip-
tions for how the world shall be. It is natural, then, to see opportunities
as conditions that have to obtain for these prescriptions to be appli-
cable. In this sense an opportunity for an agent to do something is
connected to his abilities; it consists of circumstances that are favor-
able to the realization of his ability to do it. On the act-disjunction
analysis suggested here the following relationship obtains: a necessary
condition for an agent to have the opportunity to do something is that
he has the ability to refrain from doing it or that he has the ability to
do it:

OpportunityiDoesiA→ (Abilityi¬DoesiA∨AbilityiDoesiA).(P25)

44Feinberg 1972, p. 172. My emphasis.
45Feinberg 1972, p. 153. My emphasis.
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4.7. “Could have done otherwise”
As indicated above, a necessary condition for seeing to it that A

is that there is an opportunity for the agent that A as well as an
opportunity for him that not-A. This is not, however, the sense of
alternate possibilities that is involved in the discussion about the claim
that a necessary condition for holding a person morally responsible is
that he “could have done otherwise”. But I think the theory developed
here is able to shed some light on some of the distinctions involved
in that discussion. Furthermore, the attempt to make sense of some
of these distinctions shows why we should reject the schema 4 as a
property of the action-operator.

Frankfurt (1969) discusses the question of responsibility and alter-
nate possibilities in the light of two classes of situations. The first is
the class of those “situations in which the same circumstances both
bring it about that a person does something and make it impossible
for him to avoid doing it” (p. 830). Take, for example, Frankfurt’s case
of a man who has decided to act in a certain way but is then threat-
ened with reprisals if he fails to act in that very same way. The man
is so scared by this threat, however, that he is unable to implement
his prior decision. Rather, he acts as he does because he is threatened.
This kind of situation is to be distinguished from those where there are
“circumstances that constitute sufficient conditions for a certain action
to be performed by someone and therefore make it impossible for the
person to do otherwise, but that do not actually impel the person to or
in any way produce his action” (p. 830). In a scenario of this sort, the
man is again forced to act as he has decided with threats of reprisals,
but he is now able to act as he does by implementing his prior decision
to act. The situation is similar to the first, however, in as much as nei-
ther of the men could have done otherwise than they did. Despite this
similarity, Frankfurt maintains, we would hold the second man morally
responsible for what he did, but not the first.

This description of these interesting types of situations brings two
important points into focus. The first is that the problem emerges as
a question about the relation between what the agent does and the
circumstances in which he acts. Hence, that the relevant sense of ‘can’
is the ‘can of opportunity’. Second, the phrasing “makes it impossible
to avoid doing” strongly suggests that ‘to do otherwise’ means refrain
from doing, i.e. seeing to it that one does not see to it. These two
observations indicate that a substantial part of what it means that an
agent ‘could have done otherwise’ is captured by:

(CHDO) OpportunityiDoesi¬DoesiA.
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But Frankfurt’s point is that we need to focus on one further aspect
to distinguish his two classes of situations. This distinction is vital in
his argument for the claim that lack of alternate possibilities alone is
not sufficient for lack of moral responsibility. He argues convincingly
that there can be situations, of the second kind described above, where
the agent has decided to do something and where he is coerced to act in
the same way he has decided—hence could not have done otherwise—
but where his decision is still responsible for the way he acts. In this
kind of situation, Frankfurt argues, we would hold the agent morally
responsible even though he could not have done otherwise. On the other
hand, the characteristic feature of those situations where we withhold
attribution of moral responsibility is that the agent acts as he does
because he could not have done otherwise. For example, he does what
he does because he is coerced.

I find the distinctions Frankfurt employs sensible, and I think a
theory of agency should incorporate them. Both kinds of situations are
characterized by the fact that the agent does not have the opportunity
to do otherwise:

¬OpportunityiDoesi¬DoesiA, i.e.(a)
Independentlyi¬Doesi¬DoesiA.

In the first situation, however, we have the further aspect that the
circumstances that are responsible for him not doing otherwise are also
responsible for his acting in the way he does:

IndependentlyiDoesiA.(b)

(b) implies, of course, that the agent does the action. But Frankfurt
maintains that even in the other situation there are sufficient conditions
for the agent doing the action in question, hence that a description of
the situation should imply that the agent acts. He claims that “The
fact that a person could not have avoided doing something is a sufficient
condition of his having done so” (p. 836). But (a) alone does not imply
DoesiA, simply because the situation might be such that even if the
agent cannot see to it that he does not do it, something else could,
i.e. Independentlyi¬DoesiA. However, it is clear that, in the intended
class of situations, precisely this possibility is excluded, i.e. the agent
is supposed to have an opportunity to do the action:

OpportunityiDoesiA.(c)

With this specification added, we get the desired implication; (a) and
(c) imply DoesiA. Furthermore, since this second kind of situation is
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distinguished from the first by the failure of (b), it is a trivial exercise
to show that in this situation the agent sees to it that he sees to it that
A:

(¬IndependentlyiDoesiA∧DoesiA)→ DoesiDoesiA.(P26)

But, since the implication also holds in the other direction, we get the
following:

(¬IndependentlyiDoesiA∧DoesiA)⇔ DoesiDoesiA.(P27)

So far, I think the theory has been able to give a reasonable analysis
of the distinctions employed in Frankfurt’s discussion. However, if we
accept this analysis we have an argument against a particular property
of the action operator. Several proposals for a logic of action endorse
the following principle:46

(DODO) DoesiA⇔ DoesiDoesiA.

This principle says that there is no relevant distinction to be drawn
between the two expressions on either side of the equivalence. But
the discussion above shows that there is an interesting distinction to
be drawn here, which (DODO) would prevent us from drawing. Just
substitute the left side of (P27) for the right side of (DODO), and we
see that the kind of situation discussed by Frankfurt, where the agent
acts as he does because he is coerced, is ruled out as impossible. Since
this kind of situation clearly is possible, i.e. since we should allow for
situations where agents lack moral responsibility because of excusing
circumstances, the proposed (DODO)-principle should be rejected.

4.8. Consistent conjunctions
In the discussion above it was argued that the theory does not

leave room for too many distinctions, i.e. that it is not unnecessarily
weak. On the other hand, our main reasons for thinking that it does
not collapse important distinctions, i.e. that it is not too strong, are
displayed in the table below. We single out the following six atomic
positions of agency with respect to a state of affairs A:

i. DoesiA. ii. Doesi¬A. iii. AbilityiA.
iv. Abilityi¬A. v. IndependentlyiA. vi. Independentlyi¬A.

We get 12 consistent conjunctions of these six atomic positions as dis-
played in Table 1. For example, the 10th column is the conjunction:

¬DoesiA∧¬Doesi¬A∧AbilityiA∧¬Abilityi¬A∧
¬IndependentlyiA∧ Independentlyi¬A

46Pörn 1977, von Kutschera 1980, 1986, and Belnap and Perloff 1989.
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1 2 3 4 5 6 7 8 9 10 11 12
i + + - - - - - - - - - -
ii - - + + - - - - - - - -
iii + + + - + + - - + + - -
iv + - + + + - + - + - + -
v - - - - + + + + - - - -
vi - - - - - - - - + + + +

Table 1: The 12 consistent one-agent positions with regard to a state of
affairs A. Plus signs indicate the occurrence of the position in question,
while minus signs indicate the occurrence of its negation.

5. Dyadic Notions of Agency, Ability, and Opportunity

An important part of our everyday reasoning about actions con-
cerns actions as means to other actions. Practical reasoning is to a
great extent concerned with finding ways of doing things, i.e. reasoning
about how you can do one thing by doing another. A reasonably rich
theoretical language for describing actions should, therefore, feature de-
vices for characterizing means-ends relationships between actions. Our
development of such dyadic notions will be built, as much as possible,
on our account of the monadic concept of action. The development
of this dyadic account will, therefore, be a further development of the
account of agency presented so far.

Let me start by stating some constraints that adequate definitions
of “by” and “way of” would have to satisfy.

– First, the dyadic notions of agency and ability should imply their
monadic counterparts.

– A second constraint on an adequate definition is, following the ac-
tion theoretic tradition, that the by-relation should be transitive,
irreflexive and asymmetric.

– Third, to characterize the dyadic agentives, some form of counter-
action principle seems plausible. If it is true that the agent brings
it about that B by bringing it about that A, then both of the
conditionals (a) and (b) ought to hold:

BYi(A, [B])→ ⊗i(A,¬[B]),(a)
BYi(A, [B])→ ⊗i(B,¬[A]).(b)
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I.e. it is the case both that “if he had not behaved in the way he
did when he brought it about that A he might not have brought it
about that B”, and “if he had not behaved in the way he did when
he brought it about that B he might not have brought it about that
A”.

– The fourth constraint is a negative one and concerns the relation
between the dyadic notions of agency and ability. Using the nota-
tion WayOf(A,B) for the dyadic notion of ability, we should avoid
both of:

(WayOfi(A, [B])∧DoesiA)→ DoesiB,(*a)
(WayOfi(A, [B])∧DoesiA∧DoesiB)→ BYi(A, [B]).(*b)

(*a) is unacceptable because the situation might not be right: in
spite of an ability to bring it about that B by bringing it about that
A, the bringing about of A in the present circumstances might not
produce B. The reason why we should not have (*b) is that there
might be more than one way of bringing it about that B.

Let me turn to the task of formulating the suggestions for definitions
of the dyadic agentives. The crucial aspect of action-generation is that
the agent produces B in virtue of producing A, and that his agency
with respect to action B depends on his agency with respect to A.

(DefRPNBy) M |=α RPNByi(A, [B]) iff fi(α, ‖A‖M) ⊆ fi(α, ‖B‖M).

The central properties of this notion are:

RPNByi(A, [B])→ (AbilityiA→ AbilityiB),(1)
RPNByi(A, [B])→ (DoesiA→ DoesiB).(2)

The definitions of dyadic notions of agency and ability now open to
us would be:

BY∗i (A, [B]) =df (RPNByi(A, [B])∧DoesiA),(DefBy∗)
Wo∗i (A, [B]) =df (RPNByi(A, [B])∧AbilityiA).(DefWo∗)

The question now is whether these definitions meet the constraints for-
mulated above. From (1) and (2) it is clear that the first constraint
is satisfied by these definitions: they both imply their monadic coun-
terparts. The definition also almost meets the second constraint: the
sub-set relation is transitive, and neither symmetric nor reflexive. The
third and fourth constraints create trouble, however: we get neither
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(a) nor (b), and both of the unacceptable principles (*a) and (*b) hold
on the proposed definitions. Hence, the present proposal of defining
the dyadic notions of agency and ability in terms of the proposed con-
ditional notions cannot be right. The right relation between the sets
representing actionsA and B is not the subset relation. The by-relation
must correspond, rather, to a subset of the intersection between these
two sets.

It is clear, then, that this strategy for defining the dyadic notions
will not work. This failure was to be expected. The by-relation be-
tween actions obtains either in virtue of a causal relation between the
actions, or in virtue of a set of facts of the situation, e.g. social rules
and conventions, where the agent acts. It is clear that none of the
concepts we have introduced contribute to the characterization of this
relation of production between actions. To characterize the relevant
subset of the intersection between the set associated with the action
A and the set associated with the action B, we would have to bring
in notions pertaining to this relation of production. But this would
clearly bring us beyond the realm of agency. This should be clear al-
ready from the fact that the by-relation as used in natural language is
not a relation just between agentives. If, e.g., the lightning hits a tree
and thereby causes a fire, then the lightning starts the fire by hitting
the tree. And, again, the wind could set a record by blowing at 200
k.p.h. Just as inanimate things can do things, in an un-agentive sense,
the by-relation can obtain between actions of inanimate things. In this
essay, I am only interested in characterizing agency. It was legitimate,
therefore, to put all the un-agentive aspects into the complement of the
agency operator. In the same way I take all the un-agentive aspects of
the by-relation as given in the analysis to follow, and do not attempt
to analyse the production-relation in virtue of which the by-relation
obtains. My strategy is to generalize the semantics developed in the
analysis of the monadic case. I assume a function, now applied to two
propositions, that picks out the right subset of the intersection of the
two propositions. The function is characterized by imposing contraints
that are motivated by the discussion of the analysis of the monadic
concepts. So my strategy is to apply, in a straightforward way, the
analysis that we found fruitful in the monadic case to the analysis of
the agentive aspects of the by-relation.

I introduce a function ci(α,X, Y ) for each agent i, where α is a
world and X and Y are sets of worlds (propositions). The function
gives a set of worlds, intuitively the set of worlds where the agent’s
exercise of his ability to do X generates the exercise of his ability to do
Y . I want the ci-function to pick out a subset of the intersection of the
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sets associated with the actions given as arguments. I start, therefore,
with the following pair of constraints on the ci-functions:

ci(α,X, Y ) ⊆ fi(α,X),(CD1a)
ci(α,X, Y ) ⊆ fi(α, Y ).(CD1b)

(CD1a) and (CD1b) imply, respectively

ci(α,X, Y ) ⊆ fi(α,X)∩ fi(α, Y ),(i)
ci(α,X, Y ) ⊆ X ∩ Y.(ii)

(i) yields the following pair of constraints:47

ci(α,W, Y ) = ∅,(CD2a)
ci(α,X,W ) = ∅.(CD2b)

The truth-definitions for the two basic dyadic operators are:

(DefWayOf) M |=α WayOfi(A,B) iff ci(α, ‖A‖M, ‖B‖M) 6= ∅.
“Bringing it about that A is a way for the agent to bring it
about that B”.

(DefBy) M |=α BYi(A,B) iff α ∈ ci(α, ‖A‖M, ‖B‖M).
“By bringing it about that A the agent brings it about that B”.

We see that the first is a dyadic notion of ability, while the second is
a dyadic notion of agency, i.e. the agentive version of the by-relation.
The dyadic notion of ability has not been discussed in the literature, to
my knowledge. But that we do have such a relativized notion of ability
seems clear. In virtue of these definitions, we get the first characteristic
non-accidence property of the relativized notion of agency:

BYi(A,B)→WayOfi(A,B).(PD0)

Both of the notions imply, given (CD1a–b), the corresponding monadic
notions:

WayOfi(A,B)→ AbilityiA∧AbilityiB,(PD1a)
BYi(A,B)→ DoesiA∧DoesiB.(PD1b)

In virtue of (CD2a) and (CD2b), the following properties are forthcom-
ing:

¬WayOfi(>, B),(PD2a)
¬WayOfi(A,>).(PD2b)

47Where W again denotes the set of all worlds.
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It was suggested above that it seems reasonable to have the proper-
ties (PD8) and (PD9) in the logic of the dyadic notion of agency. They
do not follow from the constraints imposed so far. I argued following
Sommerhoff, that a mark of agency is that there exists an alternative
situation where the agent maintains a goal-state in the face of signifi-
cant disturbances. Hence, I use the same strategy as the one used in
the treatment of the monadic concept:

If α ∈ ci(α,X, Y ), then ∃β ∈ ci(α,X, Y ) :(CD3)
Q(g(α), h(β)) 6∈ fi(α, Y ) and Q(g(α), h(β)) 6∈ fi(α,X).

(CD3) is motivated by considerations related to non-accidence, in par-
allel to the monadic case. The constraint says that if he had not be-
haved in the way he did when he brought it about that B by bringing
it about that A, he might not have brought it about that A and B.
On the basis of (CD3) we can get operators and schemas that express
dyadic notions of non-accidence, in parallel with the monadic case.48

The National Committees for Research Ethics

Norway

References

Ashby, W.R. 1962. The set theory of mechanism and homeostasis.
Report to the NSF, cited in Hilgartner and Randolph 1969.

Aune, B. 1967. Can. In P. Edwards (ed.), The Encyclopaedia of Phi-
losophy, vol. 2. Macmillian and Freeman, New York.

Belnap, N.D. 1991a. Backwards and forwards in the modal logic of
agency. Philosophy and Phenomenological Research, vol. 51.

Belnap, N.D. 1991b. Before refraining: concepts for agency. Erkennt-
niss, vol. 34.

Belnap, N.D. and Perloff, M. 1989. Seeing to it that: a canonical form
for agentives. Theoria, vol. 54.

van Benthem, J. 1985. A Manual of Intensional Logic. CSLI Lecture
Notes no. 1. Stanford, California.

Bowlby, J. 1969. Attachment. Penguin Books, Harmondworth. Vol. 1.
of Attachment and Loss.

48See Elgesem 1993, pp. 103–105.



the modal logic of agency 45

Brand, M. 1972. On having the opportunity. Theory and Decision,
vol. 2.

Brown, M.A. 1988. On the logic of ability. Journal of Philosophical
Logic, vol. 17.

Chellas, B.F. 1980. Modal Logic: An Introduction. Cambridge Univer-
sity Press, Cambridge.

Collins, A. 1984. Action, causality, and teleological explanation. In
P. French et al. (eds.), Midwest Studies in Philosophy, vol. IX.

Davidson, D. 1971. Agency. In R. Binkley et al. (eds.), Agent, Action,
and Reason. University of Toronto Press, Toronto. Reprinted in
Davidson 1980.

Davidson, D. 1980. Essays on Actions and Events. Clarendon Press,
Oxford.

Elgesem, D. 1993. Action Theory and Modal Logic. Ph.D. thesis, Uni-
versity of Oslo, Dept. of Philosophy.

Elster, J. 1983. Sour Grapes. Cambridge University Press, Cambridge.

Feinberg, J. 1972. Doing and Deserving. Princeton U.P, Princeton.

Frankfurt, H. 1969. Alternate possibilities and moral responsibility.
Journal of Philosophy, vol. 23. Reprinted in Frankfurt 1988, pp.
69–80.

Frankfurt, H. 1978. The problem of action. American Philosophical
Quarterly, vol. 15. Reprinted in Frankfurt 1988, pp. 69–80.

Frankfurt, H. 1988. The Importance of what We Care About. Cam-
bridge University Press, Cambridge.

van Gulick, R. 1988. Functionalism, information, and content. In
Nature and System 2. Reprinted in W. Lycan: Mind and Cognition,
Basil Blackwell, Oxford, 1990.

Hilgartner, C.A. and Randolph, J.F. 1969. Psycho logics, part I. Jour-
nal of Theoretical Biology, vol. 23.

Jones, A.J.I. and Pörn, I. 1985. Ideality, sub-ideality and deontic logic.
Synthese, vol. 65.

Kanger, S. 1972. Law and logic. Theoria, vol. 38.

Kenny, A. 1975. Will, Freedom and Power. Blackwell, Oxford.

von Kutschera, F. 1980. Grundbegriffe der handlungslogik. In H. Lenk
(ed.), Handlungstheorien Interdisiplinär I: Handlungslogik, formale



46 dag elgesem

und sprachwissenschaftliche Handlungstheorien. Wilhelm Fink Ver-
lag, München.

von Kutschera, F. 1986. Bewirken. Erkenntnis, vol. 24.

Nagel, E. 1961. The Structure of Science. Routledge and Kegan Paul,
London.

Nagel, E. 1974. Teleology revisited. Journal of Philosophy, vol. 74.

Pörn, I. 1970. The Logic of Power. Basil Blackwell, Oxford.

Pörn, I. 1974. Some basic concepts of action. In S. Stenlund (ed.),
Logical Theory and Semantic Analysis. Reidel, Dordrecht.

Pörn, I. 1977. Action Theory and Social Science. Reidel, Dordrecht.

Pörn, I. 1980. Davidson and Tuomela on the characterization problem
for actions. In Reports from the Department of Philosophy no. 5/80.
University of Helsinki.

Pörn, I. 1989. On the nature of social order. In J.E. Fenstad et al. (eds.),
Logic, Methodology, and Philosophy of Science, VIII. Elsevier.

Segerberg, K. 1992. Getting started: Beginnings in the logic of action.
Studia Logica, vol. 51.

Sommerhoff, G. 1969. The abstract characteristic of living systems. In
F.E. Emery (ed.), Systems Thinking. Penguin, Harmonsworth.

Thomason, R. 1984. Combinations of tense and modality. In D. Gabbay
and G. Guenthner (eds.), Handbook of Philosophical Logic vol. II.
Reidel, Dordrecht.

Thomson, J. J. 1987. Verbs of action. Synthese, vol. 72.

Woodfield, A. 1976. Teleology. Cambridge University Press, Cam-
bridge.

von Wright, G. H. 1983. Norms, truth and logic. In Practical Reason.
Blackwell, Oxford.


