
Underdeterministic Causation:

A Proof of Concept

Two concepts of token causation prevail in the structural-equations literature. A deterministic cause

necessitates its effects, which otherwise wouldn’t happen (Glymour & Wimberly, 2007; Halpern

& Pearl, 2005; Hitchcock, 2001; Weslake, 2015; Woodward, 2003). A probabilistic cause increases

the probability of its effects (Eells, 1991; Fenton-Glynn, 2017; Twardy & Korb, 2011; Suppes, 1970).

There’s a third causal concept, however, which hasn’t yet been formally modeled. An underdeterministic

cause makes possible—but needn’t necessitate—an event that otherwise won’t occur; the concept

applies even when the space of possible events doesn’t obey a well-defined probability distribution.

Here, I motivate this concept and, by formulating a preliminary theory, show that the concept is

coherent.

First (§1), I argue that we do need a third causal concept for reasons both theoretical and practical.

Next (§2), I formulate the underdeterministic structural-equations framework in which the theory

is expressed. The framework is like its deterministic counterpart, but where structural equations

can now return more than one value. This change entails that underdeterministic models can have

multiple solutions and thus represent the ways in which a situation may unfold—its possible histories.

Subsequently, I develop the theory in two stages. I begin with defining causation in simple

two-variable models (§3). From that, I build an underdeterministic analog of Halpern and Pearl’s

(2005) contrastive account (§4). On the resulting theory, the actual cause prevents the contrast effect

possible under the contrast cause, or the contrast cause prevents the actual effect possible under the

actual cause. Finally (§5), I flag issues left for the future: the relation between underdeterministic

causes that make their effects merely possible and causes that necessitate their effects; the relation

between underdeterministic and probabilistic causation; and the relation between underdeterministic

and cyclic causation.

1 Motivation and other preliminaries

That causes needn’t necessitate their effects is no news for anyone who takes probabilistic causation

seriously. But for an event to cause another probabilistically, there must be a determinate conditional

probability of the effect given the cause occurring and given the cause not occurring. However,
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sometimes we neither know nor stipulate these probabilities, and sometimes these probabilities

don’t even exist; yet, we still make causal judgments. Underdeterministic models prove helpful in

both kinds of situations.

It may rain, or it may be sunny. Hence, I won’t get wet if I decide to stay home, and I may

get wet but also may remain dry if I choose to go out. I choose to go out, it rains, I get wet. My

decision made getting wet possible and thus caused it. The underdeterministic theory is supposed

to capture this kind of causation.

The case can be construed in at least two ways. On (call it) the epistemic interpretation, assume

it’s predetermined that it will rain; I just don’t know that and thus judge rain as merely possible

instead. Although the decision counts as a deterministic cause from a metaphysical perspective, it

counts as a genuinely underdeterministic cause from the epistemic perspective, i.e., on the model I am

entertaining as an epistemic agent. On (call it) the metaphysical interpretation of underdeterministic

causation, assume that at the time of my decision, there was no fact of the matter what the weather

would be—the future was open. Once one of the possible timelines materialized, and I got wet, my

decision became a cause of my soaked clothes. When introducing the theory and the supporting

cases, I typically won’t presume a particular interpretation, as nothing hinges on this choice—the

formalism works all the same under either interpretation.

Underdeterministic causes partially overlap with their deterministic and probabilistic conspecifics.

A deterministic cause trivially counts as underdeterministic, as necessitating an effect that otherwise

wouldn’t have happened also counts as making it possible. A probabilistic cause also counts as un-

derdeterministic if, e.g., it raises the probability of an effect that otherwise wouldn’t have happened.1

However, if your other philosophical commitments allow, the underdeterministic concept identifies

causes the other concepts don’t recognize. Maybe you believe that rain is possible yet deny that it

will rain with a determinate probability. E.g., in the light of your views on probability, you may

think weather is too unique a phenomenon (at least in the case under consideration) to warrant

probability ascriptions. Or maybe you want to look for causes in infinite settings. If you think

of the apple’s skin as a continuous surface, Wilhelm Tell’s shooting his crossbow caused the apple

to be pierced dead center. Since his arrow could have hit uncountably many other points on the

apple’s surface, both the conditional probability of the effect given his shooting the crossbow and

given his not shooting are zero. Hence, shooting the crossbow isn’t a probabilistic cause; it’s an

underdeterministic cause, though, because if he hadn’t shot, the apple wouldn’t have been pierced

1See §5 for a more detailed discussion of how the two concepts relate.
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in the middle. Or place a bead on the top of Norton’s dome (Norton, 2003). The bead may roll

off at any time, and there’s no non-arbitrary way to assign probabilities to the times of this event.

Still, if the bead does roll off, you caused it to roll off by placing it there, and this judgment can be

captured only by the underdeterministic theory.2

This new causal concept, together with its properties, is philosophically interesting on its own.

But there are also extrinsic benefits to investigating the concept. First, underdeterministic relations

are the weakest relations still worthy of being called causal. That means that investigating them may

likely shed light on causation in general, for it will show what features are essential to causation.

E.g., from analyzing deterministic and probabilistic causation alone, it may seem that probability

raising is essential to causation, at least if you’re willing to construe a cause necessitating an effect

as a case of raising its probability from 0 to 1. Cases of underdeterministic causation show that

probability raising is just one of the ways causation happens and therefore not essential to it.

More pragmatic benefits of underdeterministic causation come from its uses in the sciences,

everyday reasoning, ethics, and political philosophy. Working under bounded uncertainty, an agent

knows what states of the world are possible but has no beliefs about the probabilities of these states

(Cohen & Jaffray, 1983; Deœux, 2019; Runde, 1998). Knight, who first defined uncertainty, thinks

that economic agents make decisions under uncertainty constantly, for they “deal with situations

which are far too unique for any sort of statistical tabulation to have any value for guidance” (Knight,

1921:231). I need not look far; many of my own daily decisions are made after considering what

outcomes are possible given the decisions available to me. I won’t jaywalk if I think I may get

hit, and to decide whether I should cross the street, I don’t consciously entertain any (precise or

imprecise) probabilities.3

The plausibly most famous argument in contemporary political philosophy, Rawls’s (1971) argu-

ment from the veil of ignorance, can be construed in terms of underdeterministic causation. Each

of his lawmakers choosing the principles of justice to govern the future society knows that she’ll

occupy some position in this society and that it’s completely underdetermined which position it

2Norton (in press, ch. 14 & 15; 2021) offers quite a few physically plausible examples where events are possible but
probabilities cannot be introduced on pain of adding illicitly to the total physics assumed (e.g., Newtonian physics in
the dome case). The indeterminacies are essentially non-probabilistic.

3You may maintain I unconsciously estimate the probability of getting hit and cross the street if the probability is low
enough. Even so, if my conscious reasoning conforms to the underdeterministic framework, that already vindicates
investigating the framework, even if the underlying psychological mechanism of possibility judgments were probabilistic.
You may also maintain that I do estimate the probability and jaywalk only if it’s sufficiently small. While it’s an
empirical question whether probability ascriptions always precede possibility ascriptions, even if it is so, you still reason
with underdeterministic models based on the notion of practical impossibility: an event is practically impossible if its
probability is sufficiently low.
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will be. Had the lawmakers chosen different principles, different positions would be possible, which

means each lawmaker underdeterministically causes the position she eventually occupies.

Or take game theory. You’re playing against a rational opponent, and you assume nothing

about the probabilities of her moves. Recall that on the standard Nash equilibrium concept, in

many games, multiple equilibria are attainable conditional on the same strategy. Say, therefore, that

choosing some strategy makes possible a few equilibria, where one of these equilibria is unattainable

on any other strategy. If you play this strategy, and the game ends up in this very equilibrium, your

choice underdeterministically caused the system to attain this equilibrium.

Causation underlies responsibility attributions, at least in mundane cases (Bernstein, 2017;

Chockler & Halpern, 2004; Driver, 2008; Halpern, 2016; Sartorio, 2004; 2007; Shafer, 2001). If

you lace my tea with what may or may not poison me, and I drink it and become sick, you’re to

blame. And you’re blame even if there’s no specific probability of me getting sick from drinking

the tea. Therefore, to explain responsibility in such cases, you need a theory of underdeterministic

causation.

There’s also a technical reason to investigating underdeterministic causation. Some authors

(Halpern, 2016; Halpern & Pearl, 2005; Pearl, 2000) leave room for cyclic causation, where an event

can partake in causing itself.4 But such cyclic relationships introduce underdeterminacy to the

system, even if the system is otherwise fully deterministic. Therefore, modeling cyclic causation

requires dealing with underdeterministic causation first.5

Last, I want to justify why I work with Halpern and Pearl’s theory rather than any other. There

are more accurate theories than theirs. Some incorporate more complicated requirements on the

counterfactual relationship between the cause and the effect (Beckers & Vennekens, 2018; Weslake,

2015); some propose that causation holds in virtue of both counterfactual relationships and how

normal or abnormal the events involved are (Hall, 2007; Halpern, 2016; Halpern & Hitchcock, 2015;

Menzies, 2017; Gallow, 2021). The question is, therefore, why I haven’t offered an underdeterministic

version of one of these more recent theories.

The answer: all of the recent theories are more complex than Halpern and Pearl’s yet still

face counterexamples. Weslake’s and Beckers and Vennekens’s cannot handle some instances of

overdetermination (Wysocki, ms2). Moreover, Weslake’s provides only a necessary condition on

4Also see (Clarke, Leuridan, & Williamson, 2014) for a solution modeling cyclic causal mechanisms with acyclic models;
the approach doesn’t handle simultaneous causation, however.

5See §5 for an example of a cyclic model and a more detailed discussion of the relation between cyclic and underdeter-
ministic causation.

4



causation. Halpern’s new theory also fails for certain cases (Rosenberg & Glymour, 2018; Weslake,

2015). It also seems that using normality evaluations faces similar problems that it was intended to

solve (Wysocki, ms1; for other criticism, see Blanchard & Schaffer 2017). The two interventionist

theories of probabilistic causation proposed so far (Fenton-Glynn, 2017; Twardy & Korb, 2011) are

also based on Halpern and Pearl’s theory rather than any of its successors. I therefore think that

the most promising strategy is to work with the theory that functions in the literature as a baseline,

hoping at the same time that if the interventionist research program finally produces a satisfactory

deterministic theory, it will be possible to extend it to underdeterminism.

2 The underdeterministic framework

Odysseus’ case will illustrate the formalism. Charybdis will open her mouth; Scylla may hurl her

rock. If Charybdis attacks, she may swallow Odysseus, though he also may evade the attack; if

Scylla attacks, she will hit him only if he hasn’t yet been swallowed. Odysseus will die if swallowed,

may die but may survive if hit but not swallowed, and will survive if neither hit nor swallowed.

Charybdis opens her mouth and swallows Odysseus. Scylla hurls her rock, which disappears in the

sea. Odysseus dies.

The formalism is this. A model is a triple of sets, 𝔐 = ⟨ ⃗𝒱, ℛ, ℰ⟩, where ⃗𝒱 contains variables,

ℛ contains their ranges, and ℰ contains structural equations. A variable’s structural equation (its

equation for short) assigns a non-empty set of values to the variable.6 A variable’s range (denoted by

ℛ𝑋, where 𝑋 is the variable) is the codomain of the variable’s equation, i.e., the equation will always

assign to the variable some values from its range. An equation is exogenous if it’s nullary—i.e., if what

values it assigns to the variable doesn’t depend on the values of other variables. A variable’s equation

is endogenous if the set of values assigned to the variable depends on the values of other variables.

Call a variable exogenous/endogenous if its equation is exogenous/endogenous. If a variable figures

as an argument in another variable’s equation, call the former variable a parent of the latter and the

latter a child of the former. A variable’s ancestor is either a parent of the variable or an ancestor

of a parent. The models the underdeterministic causal theory deals with are, by assumption, always

recursive—no variable is its own ancestor.7

6As they encode potentially multi-valued functions, “structural equations” on the framework are constraints rather than
equations. Not to introduce new terms, I’ll keep the standard name, however.

7 In recursive models, variables can be ordered topologically, so that every variable comes after the variables that are
arguments in its equation. I’ll assume that ⃗𝒱 is so ordered, and that its every subset inherits this order.
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Atomic events (e.g., that Scylla attacks), out of which non-atomic events are constructed, are

denoted with atomic sentences of the form 𝑋 = 𝑥, where 𝑋 is a variable and 𝑥 is a value from 𝑋’s

range. Any event (e.g., that Scylla attacks or Charybdis does) is denoted with an event sentence—a

Boolean combination of atomic event sentences. In particular, �⃗� = ⃗𝑥 is a shortcut for 𝑋1 =
𝑥1 ∧ … ∧ 𝑋𝑛 = 𝑥𝑛, where �⃗� = ⟨𝑋1, … , 𝑋𝑛⟩ and ⃗𝑥 = ⟨𝑥1, … , 𝑥𝑛⟩.8 Call events of this form

conjunctive; atomic events count as conjunctive (just take 𝑛 = 1). One way to represent the events

in Odysseus’ case is: Charybdis opens her mouth (𝐶 = 1) or not (𝐶 = 0); she swallows Odysseus

(𝐻 = 1) or not (𝐻 = 0); Scylla hurls her rock (𝑆 = 1), or not (𝑆 = 0); the rock hits Odysseus

(𝐾 = 1), or not (𝐾 = 0); Odysseus dies (𝐷 = 1) or survives (𝐷 = 0). Therefore, ℛ𝐶 = ℛ𝐻 =
ℛ𝑆 = ℛ𝐾 = ℛ𝐷 = {0, 1}.

Endogenous structural equations encode fundamental counterfactuals, i.e., counterfactuals that

entail all other counterfactuals true of the case (Hitchcock, 2001:283). In the standard deterministic

framework, these are always would-counterfactuals. In the underdeterministic framework, an endoge-

nous equation can encode both primitive would- and might-counterfactuals. An equation that for

some input �⃗� = ⃗𝑥 returns a single value 𝑌 = 𝑦 encodes the primitive would-counterfactual “were

�⃗� = ⃗𝑥 to happen, 𝑌 = 𝑦 would happen.” An equation that for some input �⃗� = ⃗𝑥 returns multiple

values, 𝑌 = 𝑦 among them, encodes the primitive might-counterfactual “were �⃗� = ⃗𝑥 to happen,

𝑌 = 𝑦 could happen.” I’ll call equations that for some input return multiple values underdetermin-

istic. So, an underdeterministic endogenous equation says that some (conjunctive) event entails a

range of possible events, each of which can happen, but that there’s no fact of the matter which

of them will happen.9 An exogenous equation encodes primitive modals. A deterministic exogenous

equation returns a single value and thus states that the atomic event denoted by the value is causally

necessary, i.e., it must happen on the model (unless the situation is intervened on from without).

An underdeterministic exogenous equation returns multiple values and thus states, for every value

it returns, that the atomic event denoted by the value is causally possible, i.e., it may happen on the

model. The fundamental modals and counterfactuals in Odysseus’ case are encoded by:

𝐶 ← 1, 𝐻 ← 0, 𝐶, 𝑆 ← 0, 1, 𝐾 ← 𝑆 ∧ ¬𝐻, 𝐷 ←
⎧{{
⎨{{⎩

1 if 𝐻 = 1

0, 𝐾 otherwise
. (1)

8Where �⃗� is topologically ordered and contains no repeated variables; see footnote 7.
9Or at least there’s no fact of the matter on the model; the model might just reflect the modeler’s ignorance rather than
some metaphysical truths about the situation.
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The first equation is exogenous deterministic. It says that Charybdis will open her mouth, 𝐶 = 1.
The second is endogenous underdeterministic. If 𝐶 = 1, 𝐻 ∈ {0, 𝐶} = {0, 1}, and so she may

swallow Odysseus 𝐻 = 1, but he may escape her, 𝐻 = 0; if, however, 𝐶 = 0, then 𝐻 ∈ {0, 𝐶} =
{0, 0} = {0}, Charybdis won’t swallow Odysseus if she keeps her mouth closed. The third is an

exogenous underdeterministic equation. It says that 𝑆 ∈ {0, 1}, Scylla may hurl her rock but may

refrain too. The fourth is endogenous deterministic. The rock hits Odysseus only if Scylla hurls it

and Charybdis doesn’t swallow him. The last is, again, endogenous underdeterministic. If swallowed,

𝐻 = 1, Odysseus will die, 𝐷 = 1. If he’s not swallowed, 𝐻 = 0, then if hit by the rock, 𝐾 = 1,
Odysseus may either die, 𝐷 = 1, or survive, 𝐷 = 0. If neither hit nor swallowed, he will live.

Solutions to an underdeterministic model—and a recursive model always has at least one—describe

how the situation represented by the model may develop, i.e., a possible history. The model for

Odysseus’ case has five solutions (tab. 1).

Table 1. The solutions to Odysseus’ model.

𝐶 𝐻 𝑆 𝐾 𝐷
�⃗�1 1 0 0 0 0

�⃗�2 1 0 1 1 0

�⃗�3 1 0 1 1 1

�⃗�4 1 1 0 0 1

�⃗�5 1 1 1 0 1

A model will always be accompanied by a diagram (fig. 1). Variables correspond to nodes (and

hence I’ll use the terms interchangeably). A parent connects to a child with a directed edge. The

values that a variable takes on in some solutions are listed above the variable’s name. If the model

represents situations that haven’t happened yet (e.g., you’re using the model for deciding what to

do), no solution can be identified as actual, as there’s no fact of the matter which possible history

will materialize; however, if the model represents the past, you can identify one of the solutions as

actual. I’ll bold variables’ actual values in the diagram.
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Figure 1. Odysseus’ case.

Multiple solutions afford, in turn, modal notions. The event (denoted by an event sentence) 𝜑
is causally possible in 𝔐,

𝔐⊨ 𝜑 iff 𝜑 is satisfied by some solution to 𝔐. (2)

E.g., it’s possible that Scylla hurls her rock, 𝑆 = 1, because there’s a solution where she does. It’s

not possible that Odysseus is swallowed and survives, 𝐻 = 1 ∧ 𝐷 = 0, because no solution satisfies

the sentence.

𝜑 is causally necessary in 𝔐,

𝔐⊨ 𝜑 iff 𝜑 is satisfied by every solution to 𝔐. (3)

E.g., it’s causally necessary that Charybdis keeps her mouth shut or Odysseus dies, 𝐻 = 0 ∨ 𝐷 = 1,
as every solution satisfies this disjunction. It’s not necessary that Odysseus dies, for he survives on

the first two solutions.

The framework will be complete once I formalize interventions. To bring about a conjunctive

event �⃗� = ⃗𝑥 with an intervention, for every 𝑋 from �⃗�, replace its equation with 𝑋 ← 𝑥, an equation

that assigns to 𝑋 the corresponding value from ⃗𝑥. The intervention produces a new model, 𝔐�⃗�= ⃗𝑥,

which inherits from the pre-intervention model the variables, their ranges, and the equations all

variables but �⃗�. In the edge case where both �⃗� and ⃗𝑥 are empty, the intervention doesn’t modify

the model at all (i.e., 𝔐�⃗�= ⃗𝑥 is identical with 𝔐).

For instance, to bring about the event “Scylla attacks and Charybdis doesn’t swallow Odysseus,”

𝑆 = 1 ∧ 𝐻 = 0, replace 𝑆’s equation in (1) with 𝑆 ← 1 and 𝐻’s equation with 𝐻 ← 0. The
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post-intervention model 𝔐𝑆=1,𝐶=0 (fig. 1, right) is specified by the following equations:

𝐶 ← 1, 𝐻 ← 0, 𝑆 ← 1, 𝐾 ← 𝑆 ∧ ¬𝐻, 𝐷 ←
⎧{{
⎨{{⎩

1 if 𝐻 = 1

0, 𝐾 otherwise
. (4)

The model has two solutions (tab. 2). On both, Charybdis opens her mouth but doesn’t swallow

Odysseus, and Scylla hurls her rock and hits him. On the first, he dies; on the second, he survives.

Table 2. Post-intervention solutions.

𝐶 𝐻 𝑆 𝐾 𝐷
�⃗�2 1 0 1 1 0

�⃗�3 1 0 1 1 1

Interventions allow, in turn, for the semantics of counterfactuals. “Had event �⃗� = ⃗𝑥 happened,

event 𝜑 could have happened” holds in 𝔐 iff 𝜑 is possible in the model produced by the intervention

bringing about �⃗� = ⃗𝑥,
𝔐⊨ �⃗� = ⃗𝑥 𝜑 iff 𝔐�⃗�= ⃗𝑥 ⊨ 𝜑. (5)

E.g., if Charybdis had failed to swallow Odysseus, but Scylla had hurled her rock, Odysseus could

have survived because 𝐷 = 1 is possible on 𝔐𝐻=0,𝐾=1.

“Had �⃗� = ⃗𝑥 happened, 𝜑 would have happened” holds in 𝔐 iff 𝜑 is necessary in the model

produced by the intervention bringing about �⃗� = ⃗𝑥,

𝔐⊨ �⃗� = ⃗𝑥 𝜑 iff 𝔐�⃗�= ⃗𝑥 ⊨ 𝜑. (6)

E.g., if Charybdis had failed to swallow Odysseus, but Scylla had hurled her rock, the rock would

have hit him because 𝐾 = 1 is necessary on 𝔐𝐻=0,𝐾=1.
10 Any would-counterfactual entails a

corresponding might-counterfactual,

if 𝔐⊨ �⃗� = ⃗𝑥 𝜑 then 𝔐⊨ �⃗� = ⃗𝑥 𝜑 (7)

because there’s always at least one solution. In deterministic models, the implication becomes a

10The underdeterministic framework affords counterfactuals with disjunctive antecedents, which it can bring about with
a single intervention (Wysocki, ms3); see also (Briggs, 2014). However, the extended semantics requires a complex
mechanics that isn’t relevant for the current purpose.
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biconditional because in a model with exactly one solution, an event is causally possible iff it’s

causally necessary.

3 The simple theory

With the framework, I can formulate the theory of underdeterministic causation. I proceed in two

stages. First, I analyze possible underdeterministic relationships in two-node models. Subsequently

(§4), I extend the analysis to any model by modifying what Halpern and Pearl (2005) call their

original definition. However, the insights form the first stage can be adapted to other deterministic

theories, provided they are expressed with structural equations.

As the underdeterministic theory is contrastive, I present the contrastive version of Halpern

and Pearl’s account; on contrastivism, causal claims take a form “the actual cause rather than the

contrast cause caused the actual effect rather than the contrast effect” (Maslen, 2004; Northcott, 2008;

Schaffer, 2005). Therefore, on contrastivism, you can construe the causal relation as quaternary and

the relata as events, or the relation as binary and the relata as event pairs; I find the latter convention

more convenient. I have two reasons for developing a contrastive theory: contrastive claims are more

informative than non-contrastive claims, and in many of the underdeterministic cases I support my

theory with, contrastive claims evoke stronger intuitions than non-contrastive claims.

Almost all deterministic theories agree that the effect counterfactually depends on the cause,

although this dependence may hold in some appropriate non-actual contingency (what a contingency

means I’ll explain in the second stage).11 Specifically, for actual cause 𝐶 = 𝑐 rather than contrast cause

𝐶 = 𝑐̲ to cause an actual effect 𝐸 = 𝑒 rather than contrast effect 𝐸 = 𝑒,̲ it’s necessary that 𝐶 = 𝑐 and

𝐸 = 𝑒 happen, and had 𝐶 = 𝑐̲ happened instead of 𝐶 = 𝑐, 𝐸 = 𝑒̲ would have happened instead

of 𝐸 = 𝑒 under some contingency. For an illustration, take the plainest of cases (fig. 2): if it rains

(𝑊 = 0), I’ll stay home (𝐼 = 0). If it’s sunny (𝑊 = 1), I’ll take a walk (𝐼 = 1). A single equation

captures the two counterfactuals:

𝐼 ← 𝑊. (8)

I’ll represent these counterfactual relationships with another kind of diagram (fig. 2, bottom): the

variable’s values—i.e., events from its range—correspond to nodes, and a value is connected to another

iff had the first event happened, the second event might have happened. Actual events are circled.

11Beckers and Vennekens (2018) allow, under certain circumstances, that the effect doesn’t counterfactually depend on
the cause under any contingency.
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Figure 2. The first weather case.

It can be rainy (𝑊 = 0) or sunny (𝑊 = 1). I can stay home (𝐼 = 0) or take a walk (𝐼 = 1). It’s
sunny, I take a walk, and sun rather than rain caused my stroll rather than staying home because

if it had rained, I would have stayed home. The underdeterministic theory builds on a similar

counterfactual dependence, but one which is now expressed with multiple counterfactuals. The

whole thing, that is, is much messier.

Six variations on the weather case will support the underdeterministic theory.

Figure 3. The second weather case.

This case is just a warm-up (fig. 3), as there’s nothing problematic going on. If it rains, I’ll stay

home. If it’s sunny, I’ll go for a walk or a run (𝐼 = 2). It rains. I stay home. The model doesn’t

specify what I would do if it were sunny, but it does narrow down the options—I certainly wouldn’t

have stayed home.12 I take two claims to hold of the situation: rain rather than sun caused me to

stay home rather than take a stroll, and rain rather than sun cause me to stay home rather than go

for a run.13

12You can imagine, e.g., that some nondeterministic process underlies my choice.
13You might feel inclined to deem both contrastive claims false and accept only that rain rather than sun caused go
home rather than either go for a walk or go for a run. To my defense, if this were a probabilistic case (the probability
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Figure 4. The third weather case.

Another one: what could have been doesn’t change, but what is does. It’s sunny, and I take

a walk (fig. 4). The sunny weather is causally relevant for my stroll, for, hadn’t it been sunny, I

couldn’t have taken a walk. Yet, the sunny weather didn’t causally necessitate my taking a walk, as I

might have gone for a run instead. Sun rather than rain caused my stroll rather than my staying home.

One reason is that if it had rained, I wouldn’t have gone for a walk but would have stayed home

instead. But sun rather than rain didn’t cause my stroll rather than my run because whether it rained

or was sunny made no difference between whether I ran or walked.

Figure 5. The fourth weather case.

Another one: if it rains, I stay home or go for a walk. If it’s sunny, I go for a walk or a run. It’s

sunny. I go for a walk (fig. 5). Sun rather than rain didn’t cause my stroll rather than a run because

a run in the shower was off the table. But sun rather than rain did cause my stroll rather than staying

at home because I could have stayed home if it rained–something I couldn’t have done in the sun.14

of 𝐼 = 1 and of 𝐼 = 2 are zero conditional on 𝑊 = 0 and non-zero conditional on 𝑊 = 1, Fenton-Glynn’s (2017)
would yield the same causal judgment.

14This case is a good example where the non-contrastive claim is much less clearer than the contrastive ones: neither
“sun caused my stroll” nor “sun didn’t cause my stroll” sounds obviously false.
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Figure 6. The fifth weather case.

Another one: I can do anything if it’s sunny but won’t go for a run if it rains. It rains. I stay

home (fig. 6). Rain rather than sun caused me to stay home rather than go for a run. But rain

rather than sun didn’t cause me to stay home rather than take a walk because I could have strolled

in the rain too.

Figure 7. The sixth weather case.

A mirror case: I can do anything if it rains, but I won’t stay home if it’s sunny. It rains. I stay

home (fig. 7). Rain rather than sunshine caused me to stay home rather than go for a run, and rain

rather than sunshine caused me to stay home rather than go for a walk—I could have done either if

it had been sunny, but I wouldn’t have stayed home.
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Figure 8. The seventh weather case.

The last case: I can do anything in any weather. It rains. I stay home (fig. 8). Rain rather than

sun didn’t cause my staying home rather than any other endeavor I could have undertaken.

Figure 9. Underdeterministic causation in two-node models.

The seven weather cases provide data points for the simple underdeterministic theory, which lays

bare the logic behind the subsequent complete theory. Read 𝑋𝑥
�̲̲̲̲� as “𝑋 = 𝑥 rather than 𝑋 = �̲̲̲̲�.” Take

𝐶 as the candidate cause variable, ℛ𝐶 = {𝑐, 𝑐}̲, and 𝐸 as the candidate effect variable, ℛ𝐸 = {𝑒, 𝑒}̲.
The theory is this. 𝐶𝑐

𝑐̲ causes 𝐸𝑒
𝑒̲ iff three conditions are satisfied:15

S1. both 𝐶 = 𝑐 and 𝐸 = 𝑒 happen,

S2. were 𝐶 = 𝑐̲ to happen, 𝐸 = 𝑒̲ could happen,

S3. at least one of the following counterfactuals holds:

15‘S’ stands for simple.
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a. were 𝐶 = 𝑐 to happen, 𝐸 = 𝑒̲ couldn’t happen,

b. were 𝐶 = 𝑐̲ happen, 𝐸 = 𝑒 couldn’t happen.

Read the conditions along with fig. 9: S1 entails that were 𝐶 = 𝑐 to happen, 𝐸 = 𝑒 could happen,

which is represented by the 𝑐𝑒 line; the might-counterfactual from S2 represented by the 𝑐�̲� ̲ line;
the would-counterfactual from S3a corresponds to erasing the 𝑐𝑒 ̲ line; and the would-counterfactual

from S3b corresponds to erasing the 𝑐𝑒 ̲ line.
For convenience, I’ll introduce new terms. One event enables another event (in a model) iff had

the former occurred, the latter could have occurred. One event prevents another event iff had the

former occurred, the latter could not have occurred. An event enforces another event iff had the

former occurred, the latter would have occurred. Enforcing entails enabling, enabling entails not

preventing. These are technical notions, and they aren’t meant to capture lay usage. For instance,

any event enforces and enables a necessary event, and any event prevents an impossible event.

On any deterministic structural-equations theory, in a two-variable model, 𝐶𝑐
𝑐̲ causes 𝐸𝑒

𝑒̲ iff 𝐶 =
𝑐, 𝐸 = 𝑒 happen, and were 𝐶 = 𝑐̲ to happen, 𝐸 = 𝑒̲ would happen. Moreover, that 𝐶 = 𝑐, 𝐸 = 𝑒 are
actual entails that were 𝐶 = 𝑐 to happen, 𝐸 = 𝑒 would happen. Therefore, on a typical deterministic

theory, in a simple two-variable setup, the actual cause enforces the actual effect, and the contrast

cause enforces the contrast effect (as illustrated, for example, by the first weather case, fig. 2).

In an underdeterministic world, the counterfactual constraints on causation loosen, and an

actual/contrast cause may merely enable its actual/contrast effect. Whence the first two conditions

in the simple theory. S1 states that the actual cause and effect occur, and the condition is shared

with all deterministic theories. However, unlike in deterministic theories, S1 implies only that the

actual cause enables the actual effect. Indeed, in weather cases 3-6 (fig. 4–7), the actual cause enables

but doesn’t enforce the actual effect. What S1 implies for the actual cause and effect, S2 states for

the contrast cause and effect: the contrast cause enables the contrast effect.

S3 states that not everything goes. To understand the condition, consider first where it fails. It

fails if switching between the candidates for the actual and contrast cause makes no difference to the

ensuing possibilities (which corresponds to keeping both dashed lines on the diagram). That’s how

the simple theory accounts for the last weather case (fig. 8). The case satisfies S1 and S2 but not S3:

whether it rains or shines, the possible futures are the same.

Now consider where the condition holds. It can hold in one of three ways. First, both S3a and

S3b are satisfied, which means the actual cause prevents the contrast effect, and the contrast cause
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prevents the actual cause (erase both dashed lines). All deterministic situations fall under this case,

as in such situations 𝐶 = 𝑐 enforces 𝐸 = 𝑒 and 𝐶 = 𝑐̲ enforces 𝐸 = 𝑒.̲ Second, S3a holds, but

S3b doesn’t. The actual cause prevents the contrast effect (S3a, erase the 𝑐𝑒 ̲ line), even though the

contrast cause enables the actual effect (¬S3b, keep the 𝑐�̲� line). Third, S3a doesn’t hold, but S3b

does. Even though the actual cause enables the contrast effect (¬S3a, keep the 𝑐𝑒 ̲ line), the contrast
cause prevents the actual effect (S3b, erase the 𝑐�̲� line). S3 says thus this: there’s a value of the effect

variable enabled by one value of the cause variable but prevented by the other. The theory allows

for a pocket formulation: the actual cause prevents the contrast effect enabled by the contrast cause,

or the contrast cause prevents the actual effect enabled by the actual cause.

Of the weather cases, the simpler ones (fig. 2–5) are explained by both S3a and S3b. In more

complex cases, the two conditions dissociate. So, some cases satisfy S3a but not S3b: the contrast

effect could have ensued under the contrast cause but not under the actual cause, although what

in fact ensued could have ensued under the contrast cause (fig. 6). And some satisfy S3b but not

S3a: what in fact ensued couldn’t have ensued under the contrast cause, although the contrast effect

could have ensued under the actual cause (fig. 7).

4 The complete theory

Now I can build the promised complete theory. I’ll do it by combining the simple underdeterministic

theory with Halpern and Pearl’s contrastive deterministic account (Halpern & Pearl, 2005:859). To

simplify things, I’ll allow only for atomic causes and effects. It’s easy to extend the resulting theory

to conjunctive events as causes and any events as effects; I won’t do it here, however, as explaining the

extra formalism would detract me from the main goal—showing that underdeterministic causation

is a coherent concept.

According to Halpern and Pearl, 𝐶𝑐
𝑐̲ causes 𝐸𝑒

𝑒̲ in 𝔐 under three conditions. Per AC1, both the

actual cause and effect happen.16 Per AC2a, bringing about the contrast cause 𝐶 = 𝑐̲ enforces the
contrast effect 𝐸 = 𝑒̲ in 𝔐�⃗�= ⃗𝑓 , where

⃗𝐹 = ⃗𝑓 is a permissible contingency. And what counts as a

permissible contingency is specified in AC2b. After you take away the cause and effect variables,

divide the remaining ones into ⃗𝐹, contingency variables you’ll later freeze, and �⃗�, motile variables

you’ll leave unfrozen for now (i.e., �⃗�’s values are determined by their equations from 𝔐): ⃗𝒱 =
{𝐶} ⊍ {𝐸} ⊍ ⃗𝐹 ⊍ �⃗�. The condition states that ⃗𝐹 = ⃗𝑓 is a permissible contingency iff in 𝔐�⃗�= ⃗𝑓 (i.e.,

16‘AC’ stands for actual causation.
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after an intervention freezes ⃗𝐹 at ⃗𝑓 ), bringing about the actual cause 𝐶 = 𝑐 and setting any subset

of the motile nodes to their actual values entails the actual effect 𝐸 = 𝑒.
The conditions again, but formalized: where ⃗𝒱 = {𝐶} ⊍ {𝐸} ⊍ ⃗𝐹 ⊍ �⃗�, and @⃗[�⃗�] denotes

(the tuple of) �⃗�’s actual values (which under determinism are the same as the values from the sole

solution to the model), 𝐶𝑐
𝑐̲ causes 𝐸𝑒

𝑒̲ in 𝔐 iff there’s contingency ⃗𝐹 = ⃗𝑓 such that

AC1. the actual cause and effects are indeed actual,

⟨𝑐, 𝑒⟩ = @⃗[𝐶, 𝐸],

AC2a. were the contrast cause to occur under contingency ⃗𝐹 = ⃗𝑓 , the contrast effect would occur,

𝔐�⃗�= ⃗𝑓 ⊨ 𝐶 = 𝑐̲ 𝐸 = 𝑒,̲

AC2b. and for any subset �⃗� of motile variables �⃗�, �⃗� ⊆ �⃗�, were the actual event over �⃗� = @⃗[�⃗�]
to occur under the contingency, the actual effect still would occur,17

𝔐�⃗�= ⃗𝑓 ⊨ 𝐶 = 𝑐 ∧ �⃗� = @⃗[�⃗�] 𝐸 = 𝑒.

The role of the contingency is to unmask the counterfactual relationship between 𝐶𝑐
𝑐̲ and 𝐸𝑒

𝑒,̲

which might be masked by counterfactual relationships between 𝐸 and other variables. E.g., take

a standard case of overdetermination: Scylla’s rock hits Odysseus at the very time Charybdis jaws

crash his ship. In the actual world, his death doesn’t counterfactually depend on the rock hitting

him—hit or not, he would have died anyway. Halpern and Pearl’s conditions, however, allow for

entertaining a contingency where Charybdis doesn’t attack. The contingency unmasks the counter-

factual relationship underlying the causal claim. Under the contingency, Odysseus dies iff he’s hit

with Scylla’s rock, which means that the rock hitting Odysseus rather than missing him caused him

to die rather than survive.

That’s Halpern and Pearl’s deterministic theory; the next step is to extend the theory to under-

determinism. The aim of the theory is still to unmask the counterfactual relationship between the

cause and effect. It’s just that now this relationship is the one identified in the simple theory. I’ll

present the conditions, then explain them, and then use a case to show how they work.18

17�⃗� = @⃗[�⃗�] means (the event denoted by) all variables �⃗� taking on their actual values.
18‘UC’ stands for underdeterministic causation.
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Divide variables into the cause and effect variables, contingency nodes ⃗𝐹, and motile nodes �⃗�,

⃗𝒱 = {𝐶} ⊍ {𝐸} ⊍ ⃗𝐹 ⊍ �⃗�. Then 𝐶𝑐
𝑐̲ causes 𝐸𝑒

𝑒̲ in 𝔐 iff there’s contingency ⃗𝐹 = ⃗𝑓 such that

UC1. both the actual cause and effect happen,

⟨𝑐, 𝑒⟩ = @⃗[𝐶, 𝐸],

UC2. the contrast cause enables the contrast effect under the contingency,

𝔐�⃗�= ⃗𝑓 ⊨ 𝐶 = 𝑐̲ 𝐸 = 𝑒,̲

UC3. under the contingency, whether the actual or the contrast cause happens makes some differ-

ence to the ensuing possibilities, i.e.,

UC3a. the actual cause prevents the contrast effect for any subset of motile nodes �⃗�, �⃗� ⊆ �⃗�,

held at their actual values,

𝔐�⃗�= ⃗𝑓 ⊨ 𝐶 = 𝑐 ∧ �⃗� = @⃗[�⃗�] 𝐸 ≠ 𝑒,̲

UC3b. or the contrast cause prevents the actual effect,

𝔐�⃗�= ⃗𝑓 ⊨ 𝐶 = 𝑐̲ 𝐸 ≠ 𝑒,

UC4. under the contingency, the actual cause enables the actual effect for any subset of motile

nodes �⃗�, �⃗� ⊆ �⃗�, held at their actual values,

𝔐�⃗�= ⃗𝑓 ⊨ 𝐶 = 𝑐 ∧ �⃗� = @⃗[�⃗�] 𝐸 = 𝑒.

First, notice how the conditions relate to the simple theory. In a model consisting only of a

candidate cause and effect variables, only the empty contingency is possible. UC1 reduces to S1,

UC2 to S2, UC3a to S3a, UC3b to S3b, and UC4 becomes redundant, as it’s entailed by UC1.

Now, say, you’re working with a non-empty contingency ( ⃗𝐹 = ⃗𝑓 ). UC2 is analogous to AC2a,

as both state that the contrast effect counterfactually depends on the contrast cause under the

contingency. However, while on determinism this dependence takes the form of enforcing (‘ ’), now
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it takes the form of enabling instead (‘ ’). UC4 is analogous to AC2b, as both conditions impose

a constraint on the contingency—that under the contingency, the contrast effect counterfactually

depends on the actual cause and any subset of the motile nodes held at their actual values. Again,

the dependence now takes the form of enabling rather than enforcing. UC3b requires that in addition

to UC2, the contrast cause also prevents the actual effect under the contingency. UC3a requires that

in addition to UC4, the actual cause and any subset of motile nodes held at their actual values also

prevents the contrast effect under the contingency. As in the simple theory, it’s enough if the target

claim satisfies UC3a or UC3b. All but the first condition must hold under the contingency, i.e.,

in 𝔐�⃗�= ⃗𝑓 , for in this model the counterfactual relationship between 𝐶𝑐
𝑐̲ and 𝐸𝑒

𝑒̲ is supposed to be

unmasked. The role of �⃗� = @⃗[�⃗�], the additional conjunct accompanying the actual cause in UC3a

and UC4, is to ensure that the contingency only unmasks the relationship and doesn’t introduce a

new counterfactual dependence. Lastly, notice that the underdeterministic theory reduces to Halpern

and Pearl’s account for deterministic models.19

Figure 10. Odysseus’ case, again.

For an application, revisit Odysseus’ case (fig. 1):

𝐶 ← 1, 𝐻 ← 0, 𝐶, 𝑆 ← 0, 1, 𝐾 ← 𝑆 ∧ ¬𝐻, 𝐷 ←
⎧{{
⎨{{⎩

1 if 𝐻 = 1

0, 𝐾 otherwise
,

where, again, 𝐶 denotes whether Charybdis opens her mouth, 𝐻 whether she swallows Odysseus,

𝑆 whether Scylla hurls her rock, 𝐾 whether it hits him, 𝐷 whether he dies. As before, it happens

that Charybdis opens her mouth and swallows Odysseus, Scylla hurls her rock but misses, and he

dies, @⃗ = ⟨1𝐶, 1𝐻, 1𝑆, 0𝐾, 1𝐷⟩ (the subscripts indicate the corresponding variable). The case is one

of many possible underdeterministic variants of late preemption, as Charybdis opening her mouth

preempts Scylla’s hurling the rock as the cause of Odysseus’ death.

19Since in a deterministic model, a might-counterfactual is equivalent to a corresponding would-counterfactual, UC1,
UC2, and UC4 reduce to AC1, AC2a, and AC2b, UC3a follows from UC4, and UC3b follows form UC2.
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Consider the two claims characteristic of preemption cases. First: Charybdis opening her mouth

rather than not, 𝐶1
0, caused him to die rather than survive, 𝐷1

0. It’s true, as that’s what the under-

deterministic theory predicts. UC1 holds. As the contingency take (again) 𝑆 = 0, 𝐾 = 0: Scylla

doesn’t hurl her rock, which doesn’t hit Odysseus. UC2 holds. Under the contingency, if Charybdis

doesn’t open her mouth, he will survive and hence may survive: 𝔐𝐾=0 ⊨ 𝐶 = 0 𝐷 = 0. UC3b
holds. Under the contingency of the rock not hitting Odysseus, if Charybdis doesn’t open her

mouth, he will not die, 𝔐𝐾=0 ⊨ 𝐶 = 0 𝐷 ≠ 1. UC4 holds. Under the contingency, Odysseus

may die if Charybdis opens her mouth (�⃗� = ∅ in UC4), and he also may die if she opens her

mouth and swallows him (�⃗� = {𝐻} in UC4). The target claim satisfies the definition. (In fig 10,

bottom values correspond to what could have happened under the contingency and the contrast

cause, 𝔐𝑆=0,𝐾=0,𝐶=0.)

Second: Scylla hurling her rock, 𝑆1
0, didn’t cause Odysseus to die rather than survive, 𝐷1

0. It’s

true, as that’s what the underdeterministic theory predicts. But because an underdeterministic model

may have multiple solutions, the analysis becomes more complex than in the deterministic case: you

can’t talk of what is (or would be) actual under the contingency, but of only what is possible and

what’s necessary.

Choose some contingency ⃗𝐹 = ⃗𝑓 . Again, 𝐾 is motile because if you freeze 𝐾’s value, switching

𝑆’s value between 0 and 1 won’t change 𝐷’s possible values. Now, consider (the event of) Charybdis

swallowing Odysseus. The model under the contingency can be one of three states. The first state:

it’s causally possible that she does but also that she doesn’t swallow him, 𝔐�⃗�= ⃗𝑓 ⊨ 𝐻 = 1 and

𝔐�⃗�= ⃗𝑓 ⊨ 𝐻 = 0. If so, then given 𝐷’s equation, it’s possible that Odysseus dies but also that he

survives, 𝔐�⃗�= ⃗𝑓 ⊨ 𝐷 = 1 and 𝔐�⃗�= ⃗𝑓 ⊨ 𝐷 = 0. Moreover, these events are possible regardless of

whether Scylla throws her rock, i.e., regardless of 𝐻’s possible values. That means both UC3a and

UC3b fail, and as one of them must hold for causation to occur, the contingency won’t do.

The second state: it’s necessary that Charybdis swallows Odysseus, 𝔐�⃗�= ⃗𝑓 ⊨ 𝐻 = 1, and hence

that he dies, 𝔐�⃗�= ⃗𝑓 ⊨ 𝐷 = 1. Moreover, Odysseus dies necessarily regardless of 𝐾’s possible values.

That means UC2 fails, as the condition requires that under the contingency, Odysseus may survive

if Scylla hurls no rock. Therefore, the contingency won’t do.

The third state: it’s necessary that Charybdis doesn’t swallow Odysseus, 𝔐�⃗�= ⃗𝑓 ⊨ 𝐻 = 0. If
so, then Scylla hurls her rock 𝑆 = 1, but it doesn’t hit Odysseus, 𝐾 = 0, he will survive—i.e., it’s not
the case that he may die, 𝔐�⃗�= ⃗𝑓 ⊨ 𝑆 = 1 ∧ 𝐾 = 0 𝐷 = 1. That means that UC4 fails for {𝐾} as

�⃗�, and the contingency won’t do. Therefore, no contingency satisfies UC2, UC3, and UC4 at once,
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and the theory yields that Scylla hurling her rock didn’t cause Odysseus to die rather than survive.

5 Open questions

The UC1-UC4 theory is, as I’ve said, just a proof of concept. To build a successful underdeterministic

theory, I’ll have to wait for a successful deterministic theory first. Meanwhile, other questions could

and should be asked; I’ll leave them with tentative answers only, if any answers at all.

Figure 11. Enabling vs. enforcing.

Are enforcers and enablers on par, causally? To understand what I mean, consider: Charybdis opening

her mouth makes Odysseus’ death necessary; Scylla hurling her rock makes his death possible. Both

will attack,

𝐶 ← 1, 𝑆 ← 1, 𝐷 ← 𝐻,max(𝐻, 𝑆). (9)

He’s hit, swallowed, and dies, @⃗ = ⟨1𝐶, 1𝑆, 1𝐷⟩. Call the case mixed overdetermination, as it combines

an enforcer, 𝐶 = 1, with an enabler, 𝑆 = 1. Intuition is clear on that 𝐶1
0 causes 𝐷1

0. However, it’s

not as clear that 𝑆1
0 causes 𝐷1

0. According to the theory, it does. Under 𝐶 = 0 as the contingency,

Scylla not attacking enables Odysseus to survive (per UC2) and prevents his death (per UC3b), while

her attacking enables Odysseus’ death (per UC4). The case is baffling because unlike in standard

overdetermination, masking isn’t symmetric. The relationship between 𝐶1
0 and 𝐷1

0 masks the one

between 𝑆1
0 and 𝐷1

0 (fig. 11, right) but not the other way around (fig. 11, left).20 I don’t think that’s

a reason to refuse 𝑆1
0 the status of a cause. I admit the intuition isn’t clear on whether 𝑆1

0 is a cause,

but in the face of such ambiguity, it seems fair to let the theory settle the matter.

What’s the relation between underdeterministic and probabilistic causation? A probabilistic cause doesn’t

need to remain a cause on a corresponding underdeterministic model. Say, it either rains or is

sunny,21 if it rains, odds are one to three that I’ll take a walk, and if it’s sunny, odds are two to three.

20To show that on the theory, 𝐶1
0 causes 𝐷1

0, you can use the empty contingency �⃗� = ∅, which means the relationship

is already unmasked. However, to show that 𝐶1
0 causes 𝐷1

0, you need to use a non-actual contingency 𝐶 = 0.
21I.e., there are no other events in the variable’s range.
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It’s sunny, I take a walk, and any standard probabilistic causal theory will say that sun caused me

to take a walk (Eells, 1991; Fenton-Glynn, 2017; Suppes, 1970; Twardy & Korb, 2011). However, a

corresponding underdeterministic model will yield an opposite judgment. Regardless of the weather,

I may stay home, and I may take a walk, UC3a and UC3b both fail, and the causal claim doesn’t go

through. Therefore, the case proves that the accounts will sometimes disagree. As the case doesn’t

trigger unanimous intuitions, I won’t count it as evidence for or against the underdeterministic (or

probabilistic) account. As for whether underdeterministic causation entails probabilistic causation,

it is still an open question.22

The last question: what’s the relation between underdeterministic causation and causation in non-recursive

models? A cyclic model, even if its equations are fully deterministic, may have multiple solutions.

That introduces underdeterminacy.23 An illustration: Wilbur and Orville want to fly the biplane.

Orville is optimistic about the flight (𝑂 = 1) if Wilbur is (𝑊 = 1). Wilbur is optimistic if Orville

is and the weather is auspicious (𝐴 = 1). They will fly (𝐹 = 1) only if they are both optimistic. The

weather is auspicious, they are optimistic, and they fly, @⃗ = ⟨1𝐴, 1𝑊 , 1𝑂, 1𝐹⟩.

Figure 12. The biplane case.

Where 𝐴, 𝑊, 𝑂, 𝐹 ∈ {0, 1},

𝐴 ← 1, 𝑊 ← 𝐴 ∧ 𝑂, 𝑂 ← 𝑊, 𝐹 ← 𝑊 ∧ 𝑂. (10)

The auspicious rather than inauspicious weather caused the two to fly rather than stay grounded

because a flight is possible in auspicious weather but impossible in inauspicious weather. This

22More precisely, the question is whether underdeterministic causation entails probabilistic causation on some family
of conditional distributions; on the so-far most successful interventionist probabilistic causal theory, Fenton-Glynns’s
(2017), you need to specify a distribution over the values of a node conditional on every combination of values of the
node’s parent.

23The following example concerns token causation. There’s also a burgeoning literature on cyclic models in causal
learning (Bongers et al., 2018; Richardson, Spirtes, & Glymour, 1997), but that’s a different project.
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reason is captured by UC1-UC4, which deliver this very judgment.24 However, it’s unclear whether an

underdeterministic theory alone is enough to treat cyclic models, as cycles may introduce additional

complications.
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