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Introduction: Causative constructions come in lexical and periphrastic variants, exempli-
fied in English by Sam killed Lee and Sam caused Lee to die. While use of the former, the
lexical causative, entails the truth of the latter, an entailment in the other direction does
not hold. This difference is often ascribed to the lexical causative having an additional pre-
requisite of direct causation, such that the causative relation holds between a contiguous
cause and effect, and no third event is allowed to intervene (Fodor 1970; Katz 1970; see Wolff
2003 for a summary of past approaches). However, capturing direct causation formally is a
challenge (Dowty, 1979), especially in light of paradoxical empirical patterns. For example,
the lexical causative in (1) involves a causal chain where cause and effect are not contiguous.

(1) Opening bus lanes to motorcycles will redden the streets of London with cyclists’ blood.
[opening bus lanes > accidents increase > some cyclists die] (Neeleman and Van de Koot, 2012)

Recent works by Bar-Asher Siegal and Boneh (2018) and Martin (2018) propose that lexical
causatives presuppose that the cause was sufficient for the effect, while cause asserts that
it was only necessary. Our paper builds on this insight and applies it to the problem of
directness inferences, by enriching the notion of sufficiency through the use of Structural
Equation Models (SEMs) (Pearl, 2000; Schulz, 2011) for causation. Such models have been
applied previously in analyses of the verbs cause, make, and other periphrastic constructions
(Baglini and Francez, 2016; Lauer and Nadathur, 2017).
Formal machinery: [Formal definitions are provided in the talk and full paper.] We
assume that the truth conditions of causal statements rely on a structural causal model.
Accordingly, semantic accounts provide a definition for when a causal statement is true,
given such models. Dependencies between states of affairs are represented in a SEM by a set
of propositions (variables) and truth values. To illustrate, consider the (partial) truth-table
of the variables involved in opening an electric door (Table 1).

Table 1:
Automatic door
example

A. Button 1 1 1 1 0 0 0 u u u u u u u u u 1
B. Circuit 1 1 1 1 0 0 0 1 1 1 0 0 0 u u u 1
C. Electricity 1 1 0 0 1 1 0 1 1 0 0 0 1 1 0 1 u
D. Lock 1 0 1 0 1 0 0 1 0 0 0 1 0 1 1 0 0

E. Door-open 0 1 0 0 0 0 0 0 1 0 0 0 0 u u u u

Dependent variables are associated with a function F, which takes the truth values of a set
of variables, and returns the truth value of the dependent proposition whose value depends
on the variables in that set, given a specific model. For our example, Table 1 reveals that
a certain truth value of the “result” (E) depends on conjunctions of the values of sets of
variables (constituting a situation). Thus, we can identify sufficient sets of conditions, in
which each member is a necessary condition within this set. We use the term condition for
a variable and its value, that is causally necessary. Unlike previous analyses, then, sufficiency
is not restricted to a single condition, but is rather a characteristic of a set of conditions
(this is similar to the view of Mackie (1965)). Accordingly, there may be multiple sufficient
sets in a given model which ensure the truth of the result. E.g. for our running example
in Table 1, the sufficient sets for the result < E,1> are: {< A, 1 >,< B, 1 >,< C, 1 >,<
D, 0 >}; {< B, 1 >,< C, 1 >,< D, 0 >}; {< A, 1 >,< C, 1 >< D, 0 >}.
Analysis: We take linguistic expressions of causation to commonly presuppose SEMs, while
adding construction-specific entailments and pragmatic inferences, including various param-
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eters concerning the selection of a cause among a set of conditions. For example, periphrastic
cause selects as its subject any condition in a SEM on which the value of the effect causally
depends—i.e. any necessary condition (2) (Lauer and Nadathur, 2017).

(2) {Electricity/John (pressing of the button)/the closed circuit} causes the door to open.

In contrast, lexical causatives select a subject from a set of conditions constituting a sufficient
set. As a selection parameter, we propose that lexical causatives are sensitive to an event-
related condition which “completes” a sufficient set, such that, given the model, the effect
is entailed by the situation which obtains after the occurrence of the event, but would not
be entailed by any situation prior to its occurrence. (Occurrence is defined in terms of
interpretation of propositions, and involves changes of values [0 > 1 or 1 > 0] at the time
of the associated event’s realization.) A lexical causative, then, asserts that its subject is a
participant in this completion event. In the context of a normally functioning automatic
door (Table 1), this event usually corresponds to the Button condition, so judgments favor
the descriptions in (3-a) over (3-b), even though both conditions are within a sufficient set.

(3) a. {Pressing the button/John’s pressing the button/the button/John} opened the door.
b. Electricity opened the door.

The notion of a completion event is needed to explain why judgments favor (3-b) over
(3-a) when the door scenario is changed such that the button is depressed beginning at
time t-1, but a power outage prevents the door from opening until electricity is restored
at time t. This alternative context involves two non-simultaneous event-related conditions
as part of a sufficient set (Button and Electricity). When the temporal order of events
is retrievable contextually, the lexical causative must express the completion event—i.e.
Electricity (< C, 1 >) as in (3-b). The causative component of a lexical causative verb is
represented formally in (4). The function suff(icient) takes a situation and returns 1 if it
is a sufficient set in the model for a specific result (R).

(4) ∃e∃t∃S:suff(S)M,R = 1 & (Q ∈ S)M & S(e) & τ(e) ⊆ t & ∀t′ < t∀e′ : τ(e′) ⊆ t′ → [¬Q(e′)]

The formula in (4) amounts to a description of a completion event: a condition Q is part
of the set of conditions that constitutes a sufficient set. At the time t of the event affecting
the value of Q (i.e. prior to it, for all events, ¬Q), the model determines that the occurrence
of the effect must take place, as the sufficient set S holds at the time of the event. Since
prior to t the sufficient set S did not hold (since Q is part of the sufficient set), the event at
time t is the completion event.
Back to direct causation: Contrary to the directness hypothesis, lexical causatives do
not require contiguity between cause and effect. The intuition of direct causation arises
(epiphenomenally) from contrasting lexical causatives with periphrastic cause: the stronger
selection pattern of the former may exclude more temporally distant conditions, while the
latter admits any necessary condition (not only the last one). This gives the illusion of a
stronger contiguity requirement for lexical causatives. Our analysis explains the acceptability
of sentences like (1): since “opening bus lanes” constitutes a completion event for a set
sufficient for the result, the truth of the effect is entailed regardless of intervening events
(such as “increase of accidents”). Thus, this paper takes the longstanding problem of direct
causation inferences and uses SEMs to explain the actual selection rules of lexical causatives.
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