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Abstract

Four experiments support the hypothesis that syntactically relevant information

about verbs is encoded in the lexicon in semantic event templates. A verb’s event

template represents the participants in an event described by the verb and the rela-

tions among the participants. The experiments show that lexical decision times are

longer for verbs with more complex templates than verbs with less complex templates

and that, for both transitive and intransitive sentences, sentences containing verbs

with more complex templates take longer to process. In contrast, sentence processing

times did not depend on the probabilities with which the verbs appear in transitive

versus intransitive constructions in a large corpus of naturally produced sen-

tences. � 2002 Elsevier Science (USA). All rights reserved.

1. Introduction

Shudder and shake describe similar kinds of movements, trembling vi-
brating sorts of movements, but they cannot be used in the same ways.
While an entity can be said to shake and it can be said to shudder, and
one entity can be said to shake another, one entity cannot be said to shudder
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another. The trees shook, The trees shuddered, and The wind shook the trees
are all acceptable sentences, but The wind shuddered the trees is not (Atkins
& Levin, 1995; Song, 1996). The question addressed in this article is what
gives rise to constraints like these on verb usage: are the constraints syntactic
or semantic?

One possibility is that the constraints are syntactic. Lexical information
about shake would include the information that it can participate in both
transitive and intransitive structures, whereas lexical information about
shudder would include the information that it can participate only in intran-
sitive structures. We propose and offer evidence for a different view, that the
structures in which verbs can appear are determined by the verbs’ meanings.
It is because of a difference in their meanings that shake but not shudder oc-
curs in transitive structures.

In the first sections of this article, we outline our proposal, which we label
‘‘meaning through syntax’’ (MTS). For verbs, ‘‘meaning through syntax’’
signifies that some of the meaning conveyed by verbs is expressed through
and reflected in the syntactic structures in which the verbs appear. Insights
into verbal meaning can be gained by examining syntactic structures. As
candidate representations of the parts of verbal meaning relevant to syntac-
tic structure, we propose ‘‘event templates,’’ which we describe in detail be-
low. The event template for a verb is a theoretical construct that is intended
to explain in which syntactic structures the verb can and cannot occur. Fur-
thermore, the parts of verbal meaning underlying syntactic behavior are also
assumed to underlie sentence comprehension, and so event templates are ex-
pected to have observable consequences for comprehension. According to
the MTS view, the representations of verbal meaning expressed in event
templates should unite an explanation of a verb’s syntactic behavior with
its meaning and its role in sentence comprehension.

Below, we explain our reasons for adopting event templates as represen-
tations of syntactically relevant meaning. We then focus on an investigation
of two specific classes of verbs, classes that provide particularly subtle tests
of the MTS view. We show that both sentence production data and sentence
comprehension data provide evidence for the psychological reality of the
proposed event templates for the verbs of the two classes. The event tem-
plates successfully account for the sentence structures in which speakers
do and do not produce the verbs, and they also allow accurate prediction
of the relative degree of difficulty of comprehension for verbs of the two
classes.

2. MTS event templates for verbs

When psycholinguists make reference to the lexicon, the lexical entry of a
verb is understood to contain information about its orthography, its pro-
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nunciation, and its meaning and also information about how the verb be-
haves in sentences. This latter information has frequently been divided into
two parts: semantic information about how many and what kinds of argu-
ments the verb relates (for example, an action verb like shake relates an
agent argument and a patient argument) and syntactic information about
the types of complements the verb can take (for example, verbs that can take
noun phrase complements can be used transitively). This two-tiered
approach to how verbs behave in sentences has often been suggested in
psycholinguistics (e.g., MacDonald, Pearlmutter, & Seidenberg, 1994,
pp. 683–684, & citations therein). However, for MTS, we have rejected this
approach. For MTS, information about how a verb behaves in sentences is
expressed in a single, purely semantic, configuration—an event template—
that shows the entities involved in the event denoted by a verb and the en-
tities’ relations to each other. Table 1 shows examples of four types of event
templates, discussed in more detail below. The templates capture the MTS
view that the sentence constructions in which verbs appear are semantically
controlled and interpreted. It is these templates that we explore empirically
in the latter parts of this article. Some of the reasons we have adopted event
templates come from recent work in lexical semantics, which we review in
the next section.

2.1. Background: Thematic argument roles and subcategorization frames

In most linguistic theories up to the early 1980s, verbal lexical entries con-
tained three kinds of information: a verb’s subcategorization frames, its the-
matic argument roles, and all of the rest of its meaning (e.g., Jackendoff,
1972). The subcategorization frames and argument roles were intended to
jointly carry the parts of the verb’s lexical entry relevant to syntax. For ex-
ample, the argument role list for the verb put might have been something
like Agent Theme Location, where the agent is the entity causing the event
of putting, the theme is the entity being put, and the location is where it
is put. The subcategorization frame would be (NP1) ((V) (NP2) (P NP3)),

Table 1

Event templates

Event template name Template Examples

State x (IN STATE) x (LOVE), x (EXIST)

Activity x (ACT) x (RACE), x (HIT)

Change of state x (BECOME IN STATE) x (BECOME ARRIVED),

x (BECOME BLOOMED)

Externally caused

change of state

a CAUSE (x (BECOME

IN STATE))

a CAUSE (x (BECOME BROKEN))

a CAUSE (x (BECOME FADED))
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where NP1 would take the subject position in a sentence, V is put, NP2
would take the direct object position, and P would head a prepositional
phrase with NP3 in prepositional object position. For most verbs, there
would have been multiple possible argument role lists and subcategorization
frames. Run, for example, would have (at least) two argument role lists,
Agent and Agent Goal, and the subcategorization frames (NP1) (V) and
(NP1) ((V) (P NP2)), for sentences like John ran and John ran to the store.

The arguments of a verb were specified in both its argument role lists and
its subcategorization frames. In linguistics, preference is given to theories
that are general and explanatory, but at the same time as simple as possible.
Redundancies, such as specifying a verb’s arguments in both a role list and a
subcategorization frame, are eschewed. General principles that constrain the
form of grammatical representations, such as the Projection Principle
(Chomsky, 1981, 1986), which ensures that lexical information is preserved
in sentence structure, paved the way for the elimination of subcategorization
frames. Moreover, researchers in linguistics came to believe that sentence
structure ‘‘is largely predictable from the semantics of predicates’’ (Wasow,
1985, p. 202; also Bates & Goodman, 1997; Chomsky, 1986; Levin & Rap-
paport Hovav, 1996; Moens & Steedman, 1988; Pustejovsky, 1991; Tenny,
1994; Van Valin & LaPolla, 1997). Thus, in most linguistic theories, subcat-
egorization frames were eliminated and thematic role lists alone mediated
the mapping of arguments to positions in the syntax of a sentence. An im-
portant question is whether sentence structure is entirely predictable from
semantic information. The research strategy employed by a number of lin-
guists (e.g., Rappaport Hovav & Levin, 1998; Tenny, 1994) is to assume that
it is, pushing meaning to predict as much of sentence structure as it possibly
can.

Thematic role lists were purely semantic entities. They represented the
parts of verbs’ meanings that determined the syntactic sentence structures
in which the verbs could appear. For this reason, they are referred to as ex-
pressing ‘‘syntactically relevant meaning.’’ All the rest of a verb’s meaning
has been labeled ‘‘content’’ meaning (Grimshaw, 1993; Levin & Rappaport
Hovav, 1995; Rappaport Hovav & Levin, 1998). We follow the convention
of using these labels in this article.

With the elimination of subcategorization frames, problems with the-
matic role lists became apparent and they have been extensively discussed
in the linguistics literature. Some of the problems are that there is no con-
sensus as to the appropriate set of possible thematic roles or what their def-
initions should be, and there are no reliable criteria for determining which
thematic role a given argument should bear (Rappaport Hovav & Levin,
1998). For example, should there be just one role to describe the arguments
that appear as the objects of study, eat, and see, or should there be three dif-
ferent roles to describe these arguments (Croft, 1991, 1998; Dowty, 1989,
1991; Levin & Rappaport Hovav, 1996; Wechsler, 1995)?
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Another problem is that thematic role lists cannot properly capture the
relations among the different constructions in which a verb can participate
and their concomitant variations in meaning. To illustrate this point, con-
sider an example discussed by Rappaport and Levin (1988), the locative al-
ternation, illustrated in the following sentences:

Bill loaded cartons onto the truck.
Bill loaded the truck with cartons.

Although positing a single list of thematic roles for the verb load in the two
sentences (for example, Agent Theme Goal) would capture the near para-
phrase relation between the sentences, it could not predict the variation in
linking of the arguments to sentence positions: in the first sentence, the
Theme cartons is realized as direct object and the Goal truck as preposi-
tional object, and in the second sentence, the linking is reversed. Neither
could a single role list explain the fact that we understand the truck to be full
when it appears as direct object but not when it appears as prepositional
object (Anderson, 1971; McKoon, Ratcliff, Ward, & Sproat, 1993). Of
course, it could be assumed that there are two separate role lists for load, but
this would lead to a proliferation of role lists, returning to the redundancy
that the elimination of subcategorization frames was intended to avoid
(Rappaport & Levin, 1988).

A further problem with role lists is that no consensus could be developed
for how to map arguments to syntactic positions. Mapping was supposed to
be accomplished through a thematic role hierarchy. A hierarchy listed roles
in order such that, in many approaches, the highest ranking role was as-
signed to subject position in a sentence, the next highest to direct object po-
sition, and so on. But there was variation across theorists in both the choices
of roles included in the hierarchy and in their relative rankings (see discus-
sion in Croft, 1998; Levin & Rappaport Hovav, 1996). For instance, Grim-
shaw (1990) ranked Agent above Goal and Location, and Goal and
Location equal, both above Theme. In contrast, Speas (1990) ranked Agent
above Theme and Theme above the equally ranked Goal and Location, and
Kiparsky (1985) ranked Agent above Goal, Goal above Theme, and Theme
above Location. Overall, there was neither a universally accepted hierarchy
nor a universally accepted set of rules for using a hierarchy to mediate be-
tween semantic arguments and syntactic structure. It became clear that, as
Croft (1998, p. 29) pointed out, the problem was the lack of an underlying
motivation for the ranking of the thematic roles because a hierarchy of iso-
lated roles ‘‘does not take account of their relational nature.’’

Early versions of thematic role lists had no internal structure and a verb’s
arguments were distinguished only by their thematic role labels (e.g., Agent
and Theme). Later representations introduced structure by distinguishing
the external argument of a verb, which receives its thematic role assignment
from the whole verb phrase (Williams, 1981), from internal arguments,
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which are internal to the verb phrase. Among internal arguments, an argu-
ment that receives its thematic role directly from the verb was designated the
direct internal argument and an argument that receives its thematic role
from a preposition was designated an indirect internal argument (Marantz,
1984). External arguments were mapped to subject position in a sentence,
direct internal arguments to direct object position, and indirect internal ar-
guments to prepositional object positions. For the verb put, for example,
Rappaport and Levin (1988) gave its representation as xhy, Ploc zi, where
x is the external argument, y the direct internal argument, and z the indirect
internal argument. In this formulation, the syntactically relevant aspects of
the representation were no longer the semantic content of the thematic roles,
not Agent or Theme, but rather the representation’s structure. Crucially,
thematic role lists had been transformed into predicate decompositions.

2.2. Background: Predicate decompositions

Current research in lexical semantics retains from earlier work the sepa-
ration of the content part of a verb’s meaning from the syntactically relevant
part that is expressed in a predicate decomposition and controls how the
verb behaves in sentences. Different forms of predicate decompositions have
been offered by, among others, Pustejovsky (1991), Rappaport Hovav and
Levin (1998), Tenny (1994), and Van Valin and LaPolla (1997) (see also
Hale & Keyser, 1993; Stevenson & Merlo, 1997; for a different type of struc-
tural representation). MTS event templates are most like Rappaport Hovav
and Levin’s (1998) decompositions.

It is usually assumed that there are four classes of verbs, each class with a
different predicate decomposition. Table 1 shows the four classes in event
template representations. The first template, for states, has a simple struc-
ture: x exists in some state. The template shows the entity, x (the ‘‘argu-
ment’’), that participates in the event denoted by the verb and, with the
semantic primitive IN STATE, it shows the state in which x is construed
to be existing. This template represents the syntactically relevant parts of
their meanings for verbs like love and exist. The second template, for activity
verbs like race and hit, shows an entity, x, engaging in some activity, ACT.
The third template shows the structure of simple change of state verbs like
bloom and arrive. The semantic primitive BECOME specifies a change for
the entity x to a new state. The fourth template is for verbs that we, follow-
ing Levin and Rappaport Hovav (1995), call ‘‘externally caused change of
state’’ verbs, verbs like break. The template shows two subevents, a causing
event a and a change of state event, connected by the primitive CAUSE. The
change of state subevent is a simple change of state x (BECOME IN
STATE). The causing event a can be any of the four event types, a state,
an activity, a simple change of state, or an externally caused change of state
(Van Valin & LaPolla, 1997). It is typically represented in a sentence by an
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entity engaging in the subevent; for example, John represents a in John broke
a window and the ball represents a in The ball broke a window.

The four predicate decompositions shown in Table 1 are taken to define
four types of events that verbs may denote. For any particular verb, its tem-
plate is an instantiation of the verb into the appropriate template type, as is
shown with the examples in the table, for instance, x (HIT) and x (BE-
COME ARRIVED). For all the verbs that share the same template, the as-
sumption is that the syntactically relevant part of their meanings is the same.
It is in the content parts of their meanings that they differ.

In much current work in lexical semantics, the four types of events are
understood to correspond to the aspectual classes of verbs proposed by Ven-
dler (1957) and Dowty (1979). Aspectual classifications sort verbs according
to their inherent temporal properties. The three properties are telic/atelic,
punctual/durative, and stative/dynamic. A telic event has an end point in
time and an atelic event does not. A punctual event happens in an instant,
whereas a durative event occurs over time. In a stative event, there is no
change, whereas a dynamic event involves a change of some kind. The three
properties sort verbs into four classes: States are said to be stative, durative,
and atelic; activities are said to be dynamic, durative, and atelic; simple
changes of state (often known as achievements) are said to be dynamic,
punctual, and telic; and externally caused changes of state (often known
as accomplishments) are said to be dynamic, durative, and telic.

The Vendler–Dowty fourfold distinction is attractive because there ap-
pear to be explicit diagnostics for evaluating verbs’ behaviors with respect
to the temporal properties that establish class membership. For example,
manner of motion activity verbs such as run are said to denote atelic dura-
tive activities, while inherently directed motion verbs such as arrive are said
to denote telic punctual achievements. Thus, run verbs, but not arrive verbs,
can occur with the durative adverbial ‘‘for an hour’’ as follows:

The student ran for an hour.
The student *arrived for an hour.

Another example is the imperfective paradox, which is considered to dis-
tinguish between atelic verbs such as run, where the progressive entails the
perfect, and telic verbs such as arrive, where such an entailment does not go
through, as follows:

The student is running entails The student has run.
The student is arriving does not entail The student has arrived.

Despite its attractions and its widespread acceptance in lexical semantics, for
the MTS view we do not equate event templates with aspectual classes. For
one reason, it turns out that the classes of verbs defined by event templates
are not the same as the classes defined by aspectual diagnostics. For ex-
ample, arrive and ascend are both simple change of state verbs: for both
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verbs, an entity changes state in that it moves from one location to another.
But arrive is telic while ascend is atelic. Also, verbs can switch aspectual
classes according to the context in which they are used. Hay, Kennedy, and
Levin (1999) provided examples of verbs that show consistent switching
patterns, verbs like lengthen which can switch from telic (The tailor length-
ened my pants) to atelic (The traffic lengthened my commute).

Another reason for rejecting a correspondence between the classes of
verbs defined by aspectual diagnostics and those defined by event templates
is that the meaning embodied in event templates is not temporal in the sense
defined for aspectual classes. Event templates describe events and the rela-
tions among them and their arguments. The relations show the placement
of arguments in events and subevents, whether and how arguments are af-
fected in the course of an event, and how subevents are connected to each
other by causality. States and activities place arguments in events, simple
changes of state place arguments in events in which the arguments undergo
a change, and externally caused changes of state place arguments in two
causally related subevents. The relations do not show the aspectual temporal
nature of events. A change of state, for example, is a change of state whether
it happens punctually or duratively. Thus, in the MTS view, event templates
structurally define the relations of events and their arguments, not the aspec-
tual temporal characteristics of events.

2.3. MTS event templates

It is important to understand what event templates are and what they are
not. First, event templates are theoretical constructs designed to represent
the portion of a verb’s meaning that is relevant to sentence structure. A tem-
plate does not, by any means, capture all the other parts of a verb’s mean-
ing. It is merely the skeleton of meaning upon which a sentence can be built.
A verb, through its event template, can be said to structure the meaning of a
sentence (Tenny, 1994).

The meaning in a verb’s template is a reflection of the other parts of its
meaning. Run has an activity template because it is an activity; break has
an externally caused change of state template because someone or some-
thing causes something else to break. But the meaning in a verb’s template
is not exactly predictable from the other parts of the verb’s meaning. Bor-
rowing an example from Levin and Rappaport Hovav (1995), the verb blush
is construed differently across languages. It is construed as an activity (x
(ACT)) in English and Dutch, but it is construed as a simple change of state
(x (BECOME IN STATE)) in Italian. In English and Dutch, it can be said
that someone blushed for 10minutes, indicating an activity. But we do not
say that someone blushed in a minute, meaning it took a minute for the per-
son to change from the nonblushing to the blushing state. In Italian, the use
of the verb is exactly reversed: blushing for 10minutes is an unacceptable

8 G. McKoon, T. Macfarland / Cognitive Psychology 45 (2002) 1–44



use of the verb and blushing in a minute is acceptable (see Levin & Rappa-
port Hovav, 1995, for further discussion).

The blush example illustrates a point about event templates that cannot
be overstressed: Event templates are not intended to represent events in
the world. Instead they express construals of events in the world; that is,
they express how speakers use language to conceptualize events (Grimshaw,
1993; Levin & Rappaport Hovav, 1995; Smith, 1991). Apparently, for Ital-
ian speakers, the verb blush structures an event of blushing as a change of
state, while for English and Dutch speakers, blush structures the event as
an activity.

Unlike thematic role lists, the entities represented in event templates (e.g.,
the x in x (ACT)) are simply place holders. There is nothing semantic about
them in themselves and they are not given meaning by labels such as ‘‘agent’’
or ‘‘patient.’’ The meaning of a template lies in the way it structures entities
and the events in which they participate.

The entities that are represented in an event template are only those that
are required for expression in a sentence. The verb erode, for example, has
the template x (BECOME ERODED), and the entity that changes state (x)
appears in any sentence that uses the verb erode. Erode is also often used in a
transitive sentence (High tides eroded the beach) but a second argument
(High tides) is not required and is not represented in the template. It is as-
sumed that optional arguments like High tides are optionally added to a sen-
tence from the content parts of a verb’s meaning.

This is a point of sharp contrast between event templates and the the-
matic role lists used in some current psycholinguistic research. Typically,
in a role list approach, a verb’s lexical entry would have encoded with it
all the different possible role lists with which the verb could occur (e.g.,
for erode, one role list for sentences like The beach eroded and a different role
list for sentences like High tides eroded the beach). In the MTS approach, the
lexical entry for a verb has only a single event template (unless the verb is
truly ambiguous), to which optional arguments can be added.

Event templates are compositional in that more complex templates can be
composed of simpler ones. For example, the x (ACT) template for sweep,
which would underlie the sentence John swept, can be combined with a
change of state template, x (BECOME IN STATE), and the primitive
CAUSE to produce an externally caused change of state template for the
sentence John swept the leaves into a pile. However, it is usually hypothesized
in lexical semantics that there is a limit on the complexity of event templates
such that the most complex template possible is the externally caused change
of state template (Rappaport Hovav & Levin, 1998).

For thematic role lists, the semantics–syntax interface is accomplished via
a fixed hierarchy of roles, as discussed above. For event templates, projec-
tion from event templates to sentence structures is implemented by linking
rules. Linking rules can be illustrated with two rules suggested by Levin
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and Rappaport Hovav (1995). The ‘‘Immediate Cause’’ linking rule states
that the argument referring to the immediate cause of an event denoted
by a verb will take the subject position in a sentence. For example, the im-
mediate cause for John broke a window is something John did, a, and so a is
placed in subject position, where it is referenced by John. The ‘‘Directed
Change’’ linking rule states that the argument of a template that corre-
sponds to the entity undergoing a directed change takes direct object posi-
tion. In John broke the window, it is the window that undergoes directed
change and so it is the direct object. We discuss linking rules in more detail
later, but what is important to note here is that the linking rules are formu-
lated in semantic terms; they rely on an understanding of the eventuality de-
noted by a verb, the participants therein, and their relations to one another,
as laid out in the verb’s event template.

3. Internally caused and externally caused change of state verbs

MTS is a proposal that is new to psycholinguistics. Its strongest value is
that it generates hypotheses about sentence production and comprehension
that would not arise from other current frameworks. Because it is so new,
we cannot yet provide a large amount of supporting evidence and so it is es-
sential to choose empirical tests that are as stringent as possible. The two
classes of verbs studied in depth in this article were chosen because they
share elements of meaning and they appear in many of the same sentence
structures, yet they have different event templates.

The two classes of verbs are internally caused change of state verbs,
known by their prototypical member as ‘‘bloom’’ type verbs, and externally
caused change of state verbs, known as ‘‘break’’ type verbs (Levin, 1993; Le-
vin & Rappaport Hovav, 1995; Smith, 1970). Internally caused change of
state verbs are a subclass of simple change of state verbs, and so they have
the template x (BECOME IN STATE). Intuitively, an internally caused
change of state is a change of state for which the cause resides in the entity
undergoing the change. For example, flowers bloom because of something
internal to flowers. An externally caused change of state, on the other hand,
comes about because of something external to the entity that undergoes the
change of state. The template a CAUSE (x (BECOME IN STATE)) shows
an external causing event and a change of state. For example, an entity does
not break solely because of its own properties, even though it is true that it
must have certain properties in order for it to be breakable (Levin & Rap-
paport Hovav, 1995). The responsibility for windows breaking lies not with
windows themselves but with some external force.

Verbs of these two classes sometimes appear similar in meaning (which is
why we thought them a particularly stringent test for MTS). For example,
shrivel is classified as an externally caused change of state, whereas wither
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is classified as an internally caused change of state (Levin & Rappaport
Hovav, 1995). This raises the question of how the decision is made whether
to classify a verb as externally or internally caused. Why should shrivel have
the a CAUSE (x (BECOME IN STATE)) template while wither has the x
(BECOME IN STATE) template?

Originally, the distinction between internal and external causality was
motivated by linguistic intuition (Levin & Rappaport Hovav, 1995; Smith,
1970) and by the fact that it allowed a good fit between the verb classes
and larger theoretical issues in lexical semantics (e.g., Levin & Rappaport
Hovav, 1995), which are not of relevance here. Levin and Rappaport Hovav
(1995) proposed two diagnostics to buttress the distinction. The first was
that externally but not internally caused change of state verbs can appear
in transitive sentences. Consistent with this diagnostic, a person can be said
to break a window (external causality) but he cannot be said to bloom a rose
(internal causality). Levin and Rappaport Hovav (1995) pointed to the event
templates for the two classes of verbs as an explanation of the diagnostic:
the internally caused changed of state verbs cannot appear in transitive sen-
tences because their template, x (BECOME IN STATE), has only the one
argument x; in contrast, the externally caused change of state verbs can ap-
pear in transitive sentences because their template, a CAUSE (x (BECOME
IN STATE)), has two subevents, one for each of the arguments in a transi-
tive sentence.

The second diagnostic suggested by Levin and Rappaport Hovav (1995)
was that the range of entities for which a change of state can be denoted by
an internally caused change of state verb is smaller than the range for which
a change of state can be denoted by an externally caused change of state
verb. The intuition was that only flowers and other plants can be said to
bloom, whereas all manner of things can be said to break. Again, Levin
and Rappaport Hovav (1995) explained this with appeal to the verbs’ event
templates. Because responsibility for an internally caused change of state lies
within the entity changing state, only those entities with the requisite inter-
nal characteristics can undergo the change of state process denoted by an
internal causation verb.

These two diagnostics express precisely the research plan we outlined at
the beginning of this article. The goal is to understand the constructions
in which verbs appear in semantic terms. If internally caused verbs do not
appear in transitive sentences and if they are used to denote a more limited
range of entities changing state than externally caused verbs, then we look to
their meanings—to their event templates—for an explanation because their
behaviors in sentences are a reflection of those meanings.

We began our research with the aim of testing whether the two diagnos-
tics just described accurately distinguish internally from externally caused
change of state verbs. It turned out that they do not (McKoon & Macfar-
land, 2000). McKoon and Macfarland studied large numbers of naturally
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produced sentences in which the verbs occurred. The picture that emerged
was more complex than the two diagnostics would suggest, and the reflec-
tions of syntactically relevant meaning in the structures of the sentences in
which the verbs of the two classes were used were much more subtle. Nev-
ertheless, the results of the studies gave strong support for the MTS event
templates proposed for the two classes of verbs. In the next sections of this
article, we describe McKoon and Macfarland’s data and show how the
event templates account for the data. We begin by explaining how argu-
ments in the templates of the two verb classes are linked to positions in sen-
tences.

3.1. Linking rules for internally and externally caused change of state verbs

First, consider internally caused change of state verbs in intransitive sen-
tences such as The beach eroded. When a verb of this class has only a single
argument, call it x, x is the entity that both undergoes the change of state
and is responsible for the change of state. When beaches erode, for example,
they change state in that they become eroded and they are also responsible
for the change in that their physical makeup allows erosion. This means that
the Immediate Cause and Directed Change linking rules both apply, but
they are in conflict: By the Immediate Cause rule, the entity responsible
for the change of state, which is x, should take subject position but by the
Directed Change rule, the entity affected by the change, which is also x,
should take direct object position. However, the Directed Change linking
rule is assumed to take precedence over the Immediate Cause linking rule
(Levin & Rappaport Hovav, 1995), so x is assigned the direct object posi-
tion. As x is the only participant in the event, it moves to subject position
(a move well-established in the linguistics literature; e.g., Burzio, 1986; Perl-
mutter, 1978). Thus, in The beach eroded, beach is the entity undergoing ero-
sion, and in the sentence, it is an object moved to subject position.

Now, consider what happens when there is a second participant in the
change of state event, call it y. Although an internally caused change of state
verb has only one argument in its template, x, another argument can be
added from the content part of the verb’s meaning, and so the verb can ap-
pear with two arguments. We can say, for example, High tides eroded the
beach, where x is the beach and y is high tides. However, because there is
only one event in erode’s template, y must be a participant in that event.
This has the important consequence that y should be an entity that is intrin-
sically involved in the internally caused change of state process. High tides
and strong winds and ocean currents are all forces that can be involved in
the process of beach erosion. Other kinds of entities cannot be; we do not
say John eroded the beach or The shovel eroded the beach. When there are
two arguments for an internally caused verb, x in the template and y from
the content part of the verb’s meaning, they are linked to direct object and
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subject positions, respectively. The affected entity, x, does not have to move
to subject position as it would if it were the only argument so it remains in
object position, leaving subject position for y (McKoon & Macfarland,
2000).

To review, internally caused change of state verbs can appear in both in-
transitive and transitive constructions. In intransitive sentences, the partici-
pant in the event that is both responsible for the change of state and affected
by it appears in subject position (moved from direct object position). In
transitive sentences, the entity responsible for the change of state and af-
fected by it remains in object position; the second participant is in subject
position; and because there is only the single change of state event in the
template, the second participant is intrinsically involved in that change of
state. When Levin and Rappaport Hovav (1995) suggested that internally
caused change of state verbs could appear only in intransitive sentences,
what they overlooked was the possibility of a second argument being added
from the content part of the verbs’ meanings (something they later suggested
for other classes of verbs; Rappaport Hovav & Levin, 1998). As we show
below, for some internally caused change of state verbs, the probability with
which they appear in transitive sentences is quite high, for some verbs as
high as 0.60.

When externally caused change of state verbs appear in transitive con-
structions, the entity undergoing the change of state is in object position
(by the Directed Change linking rule). The second participant is licensed
by the causing subevent of the externally caused change of state, and it ap-
pears in subject position (by the Immediate Cause linking rule). In the tem-
plate, the causing subevent is separate from the change of state subevent and
therefore not constrained by it. Externally caused changes of state can be
conceptualized as having a wide variety of causes. A window can be broken
by a person, by a shovel, by high tides, and many other things. When exter-
nally caused change of state verbs appear in intransitive constructions, the
entity undergoing the change of state is in object position, moved to subject
position (just as for intransitive internally caused change of state verbs).

In sum, both internally caused and externally caused change of state
verbs can appear in both transitive and intransitive structures. The linking
rules map their different templates onto the sentence structures. We stress
that the linking rules, as proposed, are abstract linguistic descriptions. It
is an open question whether or how they might be reflected in psychological
processing.

The templates combined with the linking rules led McKoon and Macfar-
land (2000) to propose a new diagnostic for distinguishing the internal from
the external causation verbs. Because the template for the internal causation
verbs contains only one event, the subject of a transitive sentence should be
an inherent participant in that event. This constraint does not apply to the
external causation verbs because their templates contain two separate sub-
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events. Following this reasoning, McKoon and Macfarland (2000) proposed
that the kinds of entities that appear in the subject positions of transitive
sentences should be more constrained for the internally caused than the ex-
ternally caused change of state verbs.

3.2. Distinguishing internally and externally caused change of state verbs

To test the diagnostic just described, as well as the two diagnostics pro-
posed earlier by Levin and Rappaport Hovav (1995), McKoon and Macfar-
land examined language in natural use. Their studies relied on a corpus of
about 180 million words of naturally produced English text. The corpus is
made up of text from newspaper and magazine articles, adult and juvenile
fiction and nonfiction, and spoken dialogue (e.g., ‘‘Larry King Live’’).
The verbs in McKoon and Macfarland’s studies included all of the inter-
nally caused change of state verbs listed in Levin and Rappaport Hovav
(1995) for which there were sufficiently many corpus tokens, except for
the verb burn, which we believe to be ambiguous in that it has both inter-
nally caused and externally caused change of state meanings. The verbs in
McKoon and Macfarland’s studies are the 14 verbs listed in Table 2 as those
used in Experiment 2.

For each of these verbs, McKoon and Macfarland (2000) examined an
average of 200 sentences from the corpus. For some of the internally caused
verbs, those in the left-hand column, the mean probability with which they
occurred in transitive sentences was only .06, but for the verbs in the right-
hand column, the mean probability was .45. All 14 of the verbs occurred at
least twice in transitive constructions, even bloom (e.g., . . .it (a shrub) blooms
white flowers in summer). For corrode, erode, and ferment, the probability
was especially high, .63, .67, and .54, respectively. Salt water, sweat, and
acid rain all are said to corrode things; rivers, rain, and rising tides all are
said to erode things; and microorganisms are said to ferment things. It is
these data that led McKoon and Macfarland (2000) to reject Levin and
Rappaport Hovav’s (1995) proposal that internally caused change of state
verbs can be distinguished from externally caused change of state verbs be-
cause only the latter appear in transitive sentences.

Examination of naturally produced corpus sentences also led to rejection
of Levin and Rappaport Hovav’s (1995) second diagnostic for distinguish-
ing internally from externally caused change of state verbs. They had sug-
gested that, for internally caused change of state verbs, the range of
entities denoted as changing state should be limited. The entities changing
state are the subjects of intransitive sentences and the objects of transitive
sentences. This diagnostic fails because of the power of speakers to use verbs
to place their own construals on events. Not only are flowers said to bloom,
but also peace, beauty, and football players. Beaches are said to erode but it
can also be said that the stock market, good will, and authority erode. For
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Table 2

Externally caused and internally caused change of state verbs used in experiments 1, 2, 3, and 4

Externally caused verbs a CAUSE (x (BECOME IN STATE)) Internally caused verbs x (BECOME IN STATE)

Low probability

transitive

Expt. Higher probability

transitive

Expt. Low probability

transitive

Expt. Higher probability

transitive

Expt.

abate .10 1–4 dissipate .41 1–4 deteriorate .01 1–3 blister .22 1–3

atrophy .03 1–3 fossilize .60 1 and 2 germinate .06 1–4 corrode .63 1–4

crumble .05 1–3 fray .52 1–4 rot .08 1–3 erode .67 1–4

explode .07 1–3 redden .24 1–4 stagnate .02 1–4 ferment .54 1–4

shrivel .11 1, 2, and 4 thaw .61 1–4 wilt .06 1–4 sprout .26 1–4

vibrate .03 1–4 oxidize .21 1 and 3 wither .12 1–4 swell .37 1–4

awake .05 2 and 3 splinter .49 2 bloom .00 2 and 3

fade .01 2 and 4 stiffen .62 3 and 4 rust .14 2 and 3

proliferate .02 3 scorch .85 4 blush .00 4

mellow .15 3 and 4

Note. With each verb is given the probablity with which it occurs in a transitive construction in the corpus of naturally produced sentences.
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sentences from the corpus, McKoon and Macfarland (2000) examined the
subjects of intransitive sentences and the objects of transitive sentences for
the 14 internally caused verbs mentioned above and for 14 externally caused
change of state verbs (listed by Levin & Rappaport Hovav, 1995) matched
on Ku�ccera–Francis frequency (the verbs marked for Experiment 2 in Table
2). No significant differences were found in the ranges of entities described as
changing state by internally versus externally caused change of state verbs.

According to the diagnostic proposed by McKoon and Macfarland
(2000), internally and externally caused change of state verbs can be distin-
guished by the subjects of the transitive sentences in which they appear. The
diagnostic is that the entities appearing in subject position in transitive sen-
tences should be more constrained for the internally than the externally
caused verbs. The reason is that there is only the one, change of state, event
in the template of an internally caused change of state verb and so a second
participant in that event (the participant in subject position in a transitive
sentence) must be an inherent participant in the change of state event. It
is not possible to provide an exact rule for determining whether an entity
is an inherent participant in a change of state event but, if the entities that
change state are limited to concrete entities, then there can be good agree-
ment among observers. Internally caused change of state verbs mostly de-
scribe natural processes (see the verbs in Table 2), so when the entities
that undergo internally caused changes of state are concrete entities, the op-
tional participants are mostly natural forces. In High tides eroded the beach,
erosion is a natural process and high tides are a natural force. Similarly, for
flood waters rotting carpet, heat wilting flowers, and sun blistering paint,
there is good agreement that flood waters, heat, and sun all represent natu-
ral forces that participate in the rotting, wilting, and blistering changes of
state. McKoon and Macfarland’s (2000) corpus data showed that, in accor-
dance with prediction, for corpus sentences with concrete objects, 80% of
their subjects were natural entities like those just mentioned, entities that
can be construed as inherent participants in the denoted events. The other
20% were split across three other categories: human-made artifacts, animate
beings (people and, rarely, animals), and abstract entities. These latter cases
appear to be either extensions of causality to humans (people are often said
to ferment alcoholic beverages, even though microorganisms are actually
doing the fermentation) or metaphorical uses of the verbs (e.g., jealousy cor-
roding a face).

In contrast, and again in accordance with prediction, for corpus sen-
tences with externally caused change of state verbs, the subjects were not
predominately of any one category but instead were divided across all four
categories: natural forces, human-made artifacts, animate beings, and ab-
stract entities. Thus, the naturally produced sentences from the corpus
showed a constraint (statistically significant) on the subjects of transitive
sentences for internally but not externally caused change of state verbs.
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When the entity undergoing an internally caused change of state in a
transitive sentence is an abstract entity, McKoon and Macfarland (2000)
found that almost anything can be conceptualized as a contributing factor,
inherent to the change of state process. When abstract entities change state,
speakers and writers can use verbs to place their own particular construals
on events. For example, many kinds of things can be construed as being in-
volved in rotting the minds of the young, ranging from natural substances to
other people to behaviors. A corpus sentence said that movies, which we
classify as artifacts, rot the minds of the young. In referring to the effect of
movies on young minds as rotting, the writer uses an internal causation
verb; that is, the writer conveys a metaphorical, internally caused, process
that is abetted by the negative qualities of movies. Other examples of tran-
sitive sentences with internally caused change of state verbs with abstract
objects are sweltering heat wilted Republican enthusiasm and the Israelis
can ferment their schemes against Damascus. Thus, for abstract entities, no
difference was expected between the transitive subjects of internally versus
externally caused change of state verbs, and no statistically significant differ-
ence was found.

McKoon and Macfarland’s conclusion was that an externally caused
change of state verb can be distinguished from an internally caused change
of state verb by examination of entities in subject position in transitive sen-
tences with concrete objects. The classifications of verbs made on this basis
matched the original classifications that were based on linguistic intuitions
(Levin & Rappaport Hovav, 1995) for all those verbs for which there were
sufficient data (i.e., a sufficient number of transitive sentences in the corpus).

3.3. Summary

According to the MTS view, the meaning encoded in the lexical entry for
a verb can be divided into two parts, syntactically relevant meaning that de-
termines how a verb structures its arguments in a sentence and the rest of the
verb’s meaning (its content meaning). Syntactically relevant meaning is rep-
resented by event templates that lay out the arguments of a verb and how
the arguments participate in events. The event templates are semantic in na-
ture. Linking rules project arguments to sentence positions, both the argu-
ments in templates and optional arguments that come from the content
parts of verbs’ meanings.

The event template for a verb indicates how an event described by the
verb is to be construed. An event described by the verb bloom is to be con-
strued as an internally caused event. Of course, we could imagine how
blooming could have external causes (e.g., a gardener’s efforts), but the the-
oretical claim is that the event template does not incorporate all the variety
of ways we could imagine describing an event denoted by the verb. Instead,
the verb places a particular construal on the event—internal causality.
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It is important to emphasize the point that verbs give construals of
events. Any given event may be described in many ways, but a speaker or
writer chooses a verb to present one particular conceptualization of the
event. McKoon and Macfarland (2000) made this point with an example
from the corpus about the sad state of the pyramids. This state might be
construed as internally caused and so described as deteriorating or it might
be construed as externally caused and so described as crumbling. Also, indi-
vidual verbs, like deteriorate and crumble, can be used to describe events in-
volving many different kinds of entities—people, society, morals, minds, and
the quality of education can all be construed as deteriorating (internally
caused) or crumbling (externally caused).

Given this flexibility in verb usage, it might be thought surprising that a
diagnostic based on naturally produced sentences can distinguish internally
from externally caused verbs. As just exemplified with deteriorate and crum-
ble, the differences between verbs of the two classes are often subtle. Never-
theless, the corpus data show that speakers and writers do, statistically, obey
event template constraints on verbs of the two classes. The difference be-
tween verbs of the two classes shows up not in the entities that are described
as changing state, but in the entities that take subject position in transitive
sentences. For internally caused changed of state verbs, the entity undergo-
ing the change of state is also responsible for it. Thus, when an internally
caused change of state verb is used in a transitive sentence, the entity taking
subject position should be an inherent participant in the change of state
event. That this is true for internally but not externally caused change of
state verbs was demonstrated with transitive sentences with concrete objects.

4. Comprehension experiments

The central MTS hypothesis for the research described here is that verbs
and the sentences in which they appear are understood through processes
that make use of the verbs’ underlying lexical semantic representations, that
is, their event templates. For the two classes of verbs under investigation, the
hypothesis is that comprehension of externally caused change of state verbs
and the sentences in which they appear involves understanding that there is
a change of state and that it comes about because of an external cause,
whereas comprehension of internally caused change of state verbs and their
sentences involves understanding only a change of state. Because the tem-
plates of externally caused change of state verbs are more complex than
those of internally caused change of state verbs, we expect them to take
more time to comprehend.

In the MTS view, there is only a single basic event template for each verb
(unless it is truly ambiguous). Therefore, it is also hypothesized that the lex-
ical semantic representation of a verb laid out in the event template is a part
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of the verb’s meaning that is used by comprehension processes whenever the
verb is encountered. Whatever the syntactic construction in which a verb is
used, for example, whether the verb is used transitively or intransitively, a
sentence with an externally caused change of state verb is understood as in-
volving both the causing and the change of state subevents, whereas a sen-
tence with an internally caused change of state verb is understood as
involving only a change of state.

McKoon and Macfarland (2000) and McKoon and Ratcliff (submitted
for publication) provided initial support for the MTS hypotheses. The psy-
chological reality of the claim that the lexical semantic event structures of
external causation verbs are more complex than the lexical semantic event
structures of internal causation verbs was tested with simple sentences con-
structed for verbs of the two classes. In one experiment, the sentences were
intransitive (e.g., The wind abated) and in a second experiment, the sentences
were transitive (e.g., The severe drought withered the crops). In both experi-
ments, subjects were asked to judge, yes or no, whether the sentences were
acceptable. Response times were significantly shorter for the sentences with
internal causation verbs than the sentences with external causation verbs in
both experiments.

In this article, we provide four new experiments that strengthen and con-
siderably broaden support for the MTS claims. For the first experiment, the
sentences were written to be unacceptable, such as Some painters germinate
medals, and subjects were asked to judge the acceptability of the sentences.
The MTS prediction was that judgments would be faster when the sentences
contained internal causation verbs. The use of unacceptable sentences like
Some painters germinate medals has the advantage that verbs of the two
classes, internal causation and external causation, can be used in the same
sentence frames. Compared to the use of acceptable sentences, which must
be different for verbs of the two classes, this considerably minimizes the risk
of confounding variables. In the second and third experiments, subjects were
asked simply to read acceptable sentences, intransitive sentences in the sec-
ond experiment and transitive sentences in the third experiment. These ex-
periments extended McKoon and Macfarland’s (2000) findings from the
acceptability judgment paradigm to the more commonly used reading time
paradigm. In the fourth experiment, verbs of the two classes were tested in
lexical decision. If event templates are so important to verbs’ lexical entries
that differences in their complexity affect sentence comprehension time, then
the differences might also be expected to show up in lexical decision response
times. Furthermore, a difference in lexical decision response times would in-
dicate that the internal–external effect was not dependent on a verb being in
a sentence, that is, not dependent on interactions between the verb and other
constituents of a sentence.

In all four experiments, the more complex templates for the external
causation verbs were expected to lead to longer response times. This could
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occur for any of several reasons. For example, the external causation tem-
plate has two subevents and the internal causation template only one; the
external causation template has the CAUSE relation and the internal causa-
tion template does not, and so on. We outline a variety of possible process-
ing mechanisms under Section 9.

MTS differs sharply from some constraint-based models of sentence com-
prehension. For these models, the lexical representation of a verb lists all the
different semantic or syntactic structures in which the verb can appear along
with the probability of occurrence of each structure. The assumption is that
sentences with structures that occur more frequently for the verb are pro-
cessed faster than sentences with structures that occur less frequently. For
MTS, there is only a single event template underlying all uses of a verb
and lexical entries do not encode frequency of occurrence information.
The sentences in Experiments 1, 2, and 3 were transitive and intransitive sen-
tences, and so we thought it possible that the relevant information encoded
in a constraint-based lexicon might be the probabilities with which the verbs
are used in transitive versus intransitive constructions. Therefore, for both
the internally and externally caused change of state verbs, we included in
the experiments verbs with a high probability and verbs with a low proba-
bility of occurring in transitive sentences.

4.1. The verbs used in the experiments

The verbs used in the experiments are shown in Table 2. For each verb,
we calculated the probability that it appeared in a transitive construction in
sentences in the corpus. The total number of verbal tokens examined for
each verb ranged from 33 to 587, with an average of 200; for only three
verbs was the number examined less than 100. Each token was classified
as transitive (including passives), intransitive, adjectival, or nominal. The
transitive probability for each verb was calculated as the ratio of the number
of transitive tokens divided by the number of transitive tokens plus the num-
ber of intransitive tokens.

Given the internally caused change of state verbs in Table 2 and their
probabilities of being produced in transitive sentences, we chose externally
caused change of state verbs to match them. The externally caused verbs
were chosen from the verbs classified as externally caused by Levin and Rap-
paport Hovav (1995) and they were matched to the internally caused verbs
in terms of Ku�ccera–Francis frequency and in terms of transitive probability
(calculating transitive probability from corpus sentences in the same manner
as for the internally caused change of state verbs).

Table 2 shows the internally and externally caused verbs grouped by their
transitive probabilities. Over both classes, the mean transitive probability
for the low probability verbs is .06, and for the higher probability transitive
verbs, the mean is .45. For both classes, the transitive and intransitive tokens
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combined make up the large majority of verbal tokens from the corpus. For
the internally caused verbs, only 8% of the tokens were adjectival and 5%
nominal, and for the externally caused verbs, only 7% were adjectival and
3% nominal.

The internally and externally caused verbs in Table 2 were also matched
on several other dimensions: The mean numbers of syllables per verb were
1.8 and 2.0, for the internally caused and externally caused verbs, respec-
tively. We measured the verbs’ imageability via ratings; subjects rated each
verb on a scale of 1 to 5 with 1 being most imageable. The mean ratings were
2.3 and 2.5, respectively. All of the verbs except blister and splinter occur
more frequently as verbs than nouns in the Francis and Ku�ccera (1982)
norms. We also checked the numbers of different senses listed for each verb
in WordNet (Fellbaum, 1998). It might be thought that verbs in one or the
other of the two classes have more variations in meaning, that is, more dif-
ferent senses. WordNet lists all the senses researchers in the WordNet pro-
ject have found for each verb. The mean numbers of senses per verb were 2.1
and 2.6 for the externally caused and internally caused verbs, respectively.
For all these dimensions, the differences between the two classes of verbs
were not significant, F ’s < 1:4. There were also other dimensions, specific
to each individual experiment, to be matched between the two sets of verbs.
The sets of verbs used in each of the experiments were slightly different in
order to achieve the best matches we could on these other dimensions.1

For each verb, Table 2 shows in which experiments it was used.

5. Experiment 1

In Experiment 1, subjects were asked to judge sentences as ‘‘acceptable’’
or ‘‘unacceptable.’’ There were unacceptable sentences for each of 12 exter-
nally caused change of state verbs and 12 internally caused change of state
verbs. Six of each set of 12 verbs were low probability transitive and 6 were
higher probability transitive. According to MTS, judgment times should be
slower for sentences with externally caused change of state verbs than for
sentences with internally caused change of state verbs, but judgment times
should not be significantly affected by the probabilities that the verbs occur
transitively versus intransitively in naturally produced sentences.

1 Across the experiments, verbs and sentences were matched on a number of dimensions

(imageability, plausibility, preexperimental semantic associations, and subjective frequency)

that required ratings from subjects. For each rating study, the words or sentences of interest

were mixed with filler items (about twice as many fillers as items of interest) in random order

(one random order for half the subjects, and a different random order for the other half). In

each rating study, there were from 10 to 12 subjects, all Northwestern University undergrad-

uates participating in the study for course credit.
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5.1. Method

Materials. The verbs for the sentences used in the experiment were those
shown in Table 2 for which Experiment 1 is indicated. The mean Ku�ccera-
Francis frequency was 4.8 for the 12 external causation verbs and 5.8 for
the 12 internal causation verbs. For all the verbs used in the experiments
in this article, the reported frequency is the total frequency of verb uses
given by Francis and Ku�ccera (1982). For six of the external causation verbs,
the mean probability of appearing in a transitive construction in the corpus
is .07 and for the other six, it is .43. For the internal causation verbs, the cor-
responding means are .06 and .45. All of the experimental sentences had
people as their subjects, so the externally and internally caused verbs were
matched in the probabilities with which they appear in the corpus with peo-
ple as their subjects; the mean probability was .12 for the externally caused
verbs and .11 for the internally caused verbs.

Unacceptable sentences were constructed for the verbs, each sentence of
the form Some noun verb noun. The subject noun was some kind of person
(e.g., hunters and tourists) and always plural. The verb was used in its pres-
ent tense. The object noun of the frame was always a thing, always plural.
Six sets of four sentence frames per set were constructed. The nouns for
the four sentence frames of a set were approximately equated for Ku�ccera–
Francis frequency. The four frames of a set were used with two external cau-
sation verbs and two internal causation verbs, with assignment of verbs to
sentence frames counterbalanced across subjects. An example of one of
the sets of frames with the verbs assigned to it is Some painters abate/atro-
phy/germinate/stagnate medals, Some athletes abate/atrophy/germinate/stag-
nate brushes, Some hunters abate/atrophy/germinate/stagnate clocks, Some
tourists abate/atrophy/germinate/stagnate needles. The complete set of sen-
tences is given in Appendix A.

Filler sentences were also constructed, 80 of them acceptable and 32 of
them unacceptable, all four words in length.
Procedure. All stimuli were displayed on the screen of a PC monitor. The

experiment began with 35 lexical decision test items, used for practice with
the PC keyboard. Then the experimental and filler sentences were displayed
in 12 lists of 9 sentences per list, preceded by 1 practice list. At the beginning
of each list, subjects pressed the space bar to begin the list. Then the sen-
tences were displayed one at a time. Subjects were to read each sentence
and press the ‘‘?/’’ key if it was an acceptable sentence in their judgment,
the ‘‘z’’ key if it was not. After a key press, the sentence was cleared from
the screen and there was a 500ms pause before the next sentence.

Each list of nine sentences was made up of one experimental sentence
with an external causation verb and one with an internal causation verb,
plus five acceptable and two unacceptable filler sentences. Each experimen-
tal sentence was presented only once to each subject (and this was true for
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all the experiments described in this article). Each of the experimental sen-
tences was immediately preceded by an acceptable filler sentence. Otherwise,
the sentences of a list were presented in random order, with the random or-
der changed after each second subject.
Subjects. There were 20 Northwestern University subjects, each partici-

pating in the experiment for credit in an Introductory Psychology course.

5.2. Results

Means were calculated for judgment times and response probabilities for
each subject in each of the experimental conditions, and means of these
means are shown in Table 3. For filler sentences, the mean judgment time
for ‘‘yes, acceptable’’ responses to acceptable sentences was 1792ms (.91
probability of a ‘‘yes’’ response) and the mean for ‘‘no, unacceptable’’ re-
sponses to unacceptable sentences was 2158ms (.81 probability of a ‘‘no’’
response).

For sentences with external causation verbs, judgment times were signif-
icantly longer than for sentences with internal causation verbs,
F 1ð1; 16Þ ¼ 6:1 (MSE¼ 19,419) and F 2ð1; 10Þ ¼ 6:7 (MSE¼ 15,964)
(p < :05 throughout this article; F1 reports analyses with subjects as the ran-
dom variable, and F2 analyses with items as the random variable). (The F1
ANOVA included counterbalancing as a factor; the interaction between
verb type and this factor was not significant. The F2 ANOVA included
the counterbalancing factor, and external and internal causation verbs that
appeared in the same sentence frame were paired.) The standard error of the
judgment time means was 31ms.

Table 3 shows the data divided according to whether the verbs in the sen-
tences have low (.06 on average) or higher (.44 on average) probabilities of
appearing in transitive constructions in the corpus. First, these data show
that the external–internal difference appeared at both levels of probability.
For the two levels of probability, there was no significant difference in the
size of the external–internal effect (F ’s < 1:0). Second, judgment times were
shorter for sentences with higher probability of transitive usage than for sen-
tences with lower probability of transitive usage, an effect significant with

Table 3

Data from Experiment 1

Externally caused a CAUSE

(x (BECOME IN STATE))

Internally caused

x (BECOME IN STATE)

Judgment

time (ms)

Pr. ‘‘no’’ Judgment

time (ms)

Pr. ‘‘no’’

All sentences 1885 .92 1752 .92

Low probability transitive 1919 .96 1825 .95

Higher probability transitive 1852 .89 1679 .90
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the subjects’ analysis of variance, F 1ð1; 16Þ ¼ 7:9 (MSE¼ 90,943), but not
the items analysis, F 2ð1; 10Þ ¼ 2:0 (MSE¼ 15,964). However, this effect is
qualified by a speed–accuracy trade-off: not only did the sentences with
the verbs with the higher probability of transitive usage have shorter judg-
ment times, they also were associated with a lower probability of ‘‘no’’ re-
sponses, F 1ð1; 16Þ ¼ 6:1 (MSE ¼ :02), F 2ð1; 10Þ ¼ 7:5 (MSE ¼ :004).

We checked that the external–internal difference held for those of the
verbs that have low Ku�ccera–Francis frequencies. For the verbs with
Ku�ccera–Francis frequencies at the mean of the verbs we used or lower
(i.e., less than 6), the external–internal difference was still large, 1851ms
(.93 probability of ‘‘no’’ response) versus 1797ms (.93 probability of ‘‘no’’
response), respectively.

We also checked that the external–internal difference held for verbs that
have a low probability of occurring with people subjects in the corpus. The
experimental sentences always had people as subjects, and a possible hy-
pothesis is that a sentence with people as a subject and a verb that rarely
takes people as a subject might be so easy to reject that the external–internal
difference disappears. However, this was not the case. For the half of the
verbs of each class for which the probability of people as a subject was
.10 or less (i.e., below the mean probability), judgment times for external
causation verbs averaged 1944ms (.95 probability of ‘‘no’’ response) and
judgment times for internal causation verbs averaged 1781ms (.93 probabil-
ity of ‘‘no’’ response).

6. Experiment 2

In Experiment 1, sentences with internal causation verbs were processed
faster than sentences with external causation verbs, as expected from the
MTS view. This result confirms findings by McKoon and Macfarland
(2000). In McKoon and Macfarland’s (2000) experiments, the materials
were acceptable intransitive sentences and acceptable transitive sentences,
for example, The flowers bloomed and The salt water rusted the machinery.
For both the intransitive and the transitive constructions, sentences with in-
ternal causation verbs were processed more quickly. McKoon and Macfar-
land matched the sentences for the two types of verbs on several dimensions:
number of words, Ku�ccera–Francis frequencies of the verbs and the other
words of the sentences, and probability with which the verbs occurred in
transitive versus intransitive sentences. Nevertheless, it might be that the
variable of interest, internal versus external causation, was confounded with
some other, unknown, variable.

As mentioned above in the introduction to the experiments, Experiment 1
used a stronger design. First, the sentences were anomalous (cf. McElree &
Griffith, 1995, 1998). This reduces considerably the likelihood that some
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semantic or associative interaction between the verb and the other words of
the sentences could have been confounded with internal versus external cau-
sation. Second, because the sentences were anomalous, each sentence frame
could be used with both internal and external causation verbs.

Experiments 2, 3, and 4 provide additional data. Experiments 2 and 3
bolstered McKoon and Macfarland’s (2000) results with a different para-
digm. In McKoon and Macfarland’s experiments, sentence processing time
was measured as the time required to judge sentence acceptability. It is often
thought that acceptability judgments add additional complexity to the cog-
nitive processes used in sentence comprehension. The problem is thought to
be that the yes/no decision required by the judgment task invokes decision
processes that are not normally part of comprehension, with the conse-
quence that any obtained response time differences might be due to the de-
cision processes, not the comprehension processes of interest.

This potential problem can be addressed in two ways. One is by experi-
mental design. If the judgment task is made as easy as possible, then the con-
tribution of the yes/no decision process to response time can be minimized,
thereby reducing the likelihood that it is responsible for obtained response
time differences. This was the tack taken by McKoon and Macfarland
(2000). The sentences of interest were acceptable, in contrast to the unac-
ceptable filler sentences, which were written to be as unacceptable as possi-
ble (e.g., The toaster allowed).

Here, we addressed the problem by repeating the experiments without re-
quiring acceptability judgments. In Experiments 2 and 3, a more typical de-
pendent variable was used, sentence reading time. Subjects were asked to
read sentences and comprehension was checked with true/false test state-
ments. In Experiment 2, there were intransitive sentences for 14 external
causation verbs and 14 internal causation verbs, and in Experiment 3, there
were transitive sentences for 14 external and 14 internal causation verbs. For
8 of the verbs of each set, the probability that the verb appeared in a tran-
sitive construction in the corpus was low and for 6, it was higher (see Table
2).

6.1. Method

Materials. One acceptable intransitive sentence was constructed for each
of the 14 external and 14 internal causation verbs used in the experiment.
The mean Ku�ccera–Francis frequencies of the verbs were 6.1 and 6.6 for
the internal and external causation verbs, respectively. For the internal cau-
sation verbs, the mean probability of appearing in a transitive construction
in the corpus is .06 for the low probability verbs and .45 for the higher prob-
ability verbs. For the external causation verbs, the corresponding probabil-
ities are .06 and .48. Each sentence contained exactly three words: an article
or possessive pronoun, a noun, and the verb, the verb always in past tense.
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The numbers of characters per sentence averaged 20.7 for the sentences with
internal cause verbs and 20.4 for the sentences with external cause verbs.
The frequencies of the nouns of the two sets of sentences were roughly equat-
ed (and not significantly different). Also, the two sets of sentences were
matched in terms of plausibility, as rated by an independent group of sub-
jects. On a scale of 1 to 5, with 5 being most plausible, the mean for the sen-
tences with internal causation verbs was 4.2 and the mean for the sentences
with external causation verbs was 4.1.

The sentences were closely modeled on intransitive uses of the verbs in the
corpus. For each verb, the noun that was the subject of the experimental
sentence was the kind of entity that was most frequently used as subject
for that verb in intransitive constructions in the corpus, except in three cases
(two external causation verbs and one internal causation verb) for which the
subject was the second most frequent kind of entity. For example, The wind
abated was taken from corpus sentences about wind abating and The flowers
bloomed was taken from corpus sentences about flowers blooming. Other ex-
amples of sentences with external causation verbs are The residents awoke,
The concrete crumbled, The signal faded, and The crops shriveled. Other ex-
amples of sentences with internal causation verbs are The roof deteriorated,
The beams rusted, The cider fermented, and His knee swelled. There was one
error in creating the sentences; the sentence The seedlings sprouted is anom-
alous because seedlings are plants that have already sprouted (Webster’s dic-
tionary). Data for this sentence were eliminated from the analyses. The
sentences are given in Appendix B.

There were also filler sentences, including 3-word intransitive sentences
and sentences of other structures ranging in length from 5 to 12 words.
For each filler sentence, there was a true/false test sentence.
Procedure and subjects. All stimuli were displayed on the screen of a PC

monitor. The sentenceswere presented in short lists, each list followedby three
true/false test sentences. At the beginning of each list, subjects pressed the
space bar to begin the list. Then the sentences were displayed one at a time.
Subjects were to read each sentence andpress the space barwhen they finished.
Then the screen was cleared, there was a 500-ms pause, and the next sentence
was displayed. Subjects were instructed to read the sentences carefully enough
that they could respond accurately on the true/false tests. An error on a true/
false test sentence was followed by the message ERROR for 900ms.

For 34 subjects, there were 18 lists of 9 sentences per list, preceded by 1
practice list; the experimental sentences for this experiment were mixed
among the experimental sentences for another experiment and filler sen-
tences. For the other 28 subjects, there were only the experimental sentences
for this experiment and fillers; they were presented in 7 lists of 9 sentences
per list. At most, 1 experimental sentence with an internal cause verb and
1 with an external cause verb were presented in each list. The sentences
in a list were presented in random order, a new random order after every
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second subject. The data from the two groups of subjects were combined for
analysis. The subjects were Northwestern University undergraduates partic-
ipating in the experiment for credit in an Introductory Psychology course.

6.2. Results

Mean reading times were calculated for each subject in each condition,
and means of these means are shown in Table 4. The data from four subjects
with reading times averaging longer than 3 s for the three-word experimental
sentences and the data from three subjects who made more than 25% errors
on the true/false tests were eliminated, leaving the 62 subjects described un-
der Section 6.1. Reading times showed considerable variability, and times
longer than 2.5 standard deviations above each subject’s mean were elimi-
nated (a total over all subjects of about 3% of the data points). The mean
proportion correct for true test statements was .92 (1874ms mean response
time) and the mean proportion correct for false test statements was .81
(2159ms mean response time).

The prediction was that the intransitive sentences with external causation
verbs would have longer reading times than the intransitive sentences with
internal causation verbs, and the data were consistent with this prediction.
The difference in reading times was significant, F 1ð1; 61Þ ¼ 10:0
(MSE¼ 35,183) and F 2ð1; 26Þ ¼ 4:2 (MSE¼ 12,330). The standard error
of the means was 24ms.

Table 4 shows the reading times for the sentences with external versus in-
ternal causation verbs split into sentences with verbs that have a higher
probability of occurring in the corpus in transitive constructions and sen-
tences with verbs that have a low probability of occurring as transitives.
The first thing to note is that the external–internal difference in reading times
appeared for sentences at both levels of transitive probability; the external–
internal difference was not significantly different for the two probability con-
ditions, F ’s6 2:7. Second, although with internal causation verbs, the sen-
tences with higher probability transitive verbs were read more slowly, the
overall effect of probability of transitive usage was not significant, F ’s6 2:3.

For nine of the external causation and nine of the internal causation
verbs, their Ku�ccera–Francis frequency was less than 6.0. The difference in

Table 4

Data from Experiment 2

Externally caused a CAUSE

(x (BECOME IN STATE))

Internally caused

x (BECOME IN STATE)

Reading time (in ms)

All sentences 1664 1557

Low probability transitive 1660 1523

Higher probability transitive 1670 1612
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reading times for sentences with external versus internal causation verbs
held up for sentences with these low frequency verbs, with reading times
of 1700 and 1562ms, respectively.

To check whether preexperimental associations between the subject nouns
and verbs of the sentences could have affected the results, ratings were col-
lected from 12 subjects. For each sentence, we paired the noun and verb
(e.g., for the sentence the flowers bloomed, the pair was flowers–bloom) and
asked the subjects to rate how related the two words were on a scale of 1 to
5, with 5 designated most related. Overall, the mean rating for the pairs with
internal causation verbs was somewhat higher than that for the pairs with ex-
ternal causation verbs, 3.6 versus 2.8. However, for 3 of the low probability
transitive, external causation pairs and 3 of the higher probability transitive,
external causation pairs, the mean rating was 3.2, which was about equal to
the mean rating, 3.4, for 3 of the low probability transitive and 3 of the higher
probability transitive, internal causation pairs. For these 12 sentences, that is,
sentences that are equated for preexperimental associations, the external–in-
ternal difference in reading times was still large, 1720ms versus 1654ms.

7. Experiment 3

The hypothesis guiding these experiments is that the lexical semantic
event structure of a verb is a part of the verb’s meaning that is used by com-
prehension processes whenever the verb is encountered, no matter what the
syntactic construction in which the verb appears. The external causation
verbs have more complex event structures than the internal causation verbs,
and so it is predicted that sentences with external causation verbs should
have longer comprehension times when the sentences are acceptable transi-
tives as well as when they are acceptable intransitives. In Experiment 3, 14
external causation verbs and 14 internal causation verbs were tested in tran-
sitive sentences. As in Experiment 2, 8 of the verbs of each set appeared as
transitives in the corpus with low probability and 6 with higher probability.

7.1. Method

Materials. The mean Ku�ccera–Francis frequency for the external causa-
tion verbs was 5.4 and the mean for the internal causation verbs was 6.1.
The mean probability of appearing in a transitive construction for the eight
low probability external causation verbs was .06 and the mean probability
for the six higher probability external causation verbs was .44. The corre-
sponding means for the internal causation verbs were .06 and .45.

For each verb, two acceptable transitive sentences were constructed. We
used two sentences for each verb to give greater power, hoping to avoid the
large amount of variability in reading times observed in Experiment 2. The
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sentences all had the structure noun phrase verb noun phrase. In all cases, the
subject and object noun phrases for each verb were typical of those found
with the verb in transitive sentences in the corpus. For example, we found
explode occurring in a full transitive sentence most often with people explod-
ing bomblike things, so the experimental sentences with explode used people
as their subjects and nuclear devices and missiles as their objects. Wilt usu-
ally occurs in transitive sentences with heat or the sun as subject and plants
or (groups of) people as object. Accordingly, we constructed experimental
sentences with wilt that used heat and the sun as subjects and people and
plants as objects. Other examples of sentences with external causation verbs
are The nervous teenager crumbled the cigarettes, The telephone call awoke
the reporter, Marriage mellowed the rock star, and The sunset reddened the
evening sky. Other examples for internal causation verbs are The yeast cul-
tures fermented the beer, The flood water rotted the carpets, The salt water
rusted the machinery, and Acid rain corroded the building. The complete
set of sentences is shown in Appendix C.

Across all the sentences, the mean number of words per sentence was 5.6
(34.4 characters) for the sentences with external causation verbs and 5.7
(35.5 characters) for the sentences with internal causation verbs. Each sen-
tence with an external causation verb was paired with a sentence with an in-
ternal causation verb of about the same Ku�ccera–Francis frequency. The
frequency values of the words in the sentences other than the verb were also
matched across the two sets of verbs so that they were not significantly dif-
ferent. The two sets of sentences were matched on plausibility, as rated by
an independent group of subjects. The mean ratings were 4.4 for the sen-
tences with external causation verbs and 4.3 for the sentences with internal
causation verbs.

There was also a pool of 92 filler sentences ranging in length from 3 to 13
words, each with a true/false test question.
Procedure and subjects. The procedure was generally the same as for Ex-

periment 2. The experimental and filler sentences were displayed in 14 lists
of 8 sentences per list, each list followed by 3 true/false questions. Each list
of 8 sentences was made up of 2 sentences with external causation verbs, 2
with internal causation verbs, and 4 filler sentences. The two sentences that
used the same verb could not appear in the same list. Otherwise, the order of
the sentences was randomly determined, a new random order for every sec-
ond subject. Twelve Northwestern undergraduates participated in the exper-
iment for course credit.

7.2. Results

Means were calculated for each subject in each experimental condition,
and means of these means are shown in Table 5. For true test statements,
the proportion correct was .88 and the mean response time was 2032. For
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false test statements, the proportion correct was .76 and the mean response
time was 2555ms.

The main result was that sentences with external causation verbs were
read significantly more slowly than sentences with internal causation verbs,
F 1ð1; 11Þ ¼ 14:8 (MSE¼ 10,980), and F 2ð1; 13Þ ¼ 7:3 (MSE¼ 23,151) (for
the F2 ANOVA, the items were paired). The standard error of the means
was 30ms.

Table 5 shows the data broken down by the verbs’ low versus higher
probabilities of transitive usage. The external–internal difference did not in-
teract with probability level and there was no main effect of probability level
ðF 0s < 1:0Þ. For these means (but not the means for all items shown in the
first row of the table), the sentences for one pair of verbs (stagnate, internal
causation, and proliferate, external causation) were excluded because their
mean reading times were much longer, averaging 3104ms, than those of
any other sentences.

We checked that the external–internal difference held up for verbs with
Ku�ccera–Francis frequencies less than the overall mean frequency (less than
6), and it did; the external–internal difference was still large for sentences
with these verbs, 2650ms versus 2441ms.

To check whether preexperimental associations among the content
words of the sentences could have affected our results, ratings were col-
lected for pairs of words from the sentences according to how related
they were (on a scale of 1 to 5 where 5 ¼ most related). For each sen-
tence, there were three pairs to be rated, the subject noun and the verb,
the verb and the object noun, and the subject noun and the object noun.
Four subjects rated each of the pairs (12 subjects total). The mean rating
for the pairs from sentences with external causation verbs was 2.58, and
for internal causation verbs it was 2.96. Eliminating three of the internal
causation verbs’ sentences changed the mean rating for the remainder of
the internal causation verb pairs to 2.65, about equal to the rating for the
external causation verbs’ pairs. Eliminating these three items from the
analyses of reading times, the mean for internal causation sentences
was 2420ms, little different from the mean for all the internal causation
sentences.

Table 5

Data from Experiment 3

Externally caused a CAUSE

(x (BECOME IN STATE))

Internally caused

x (BECOME IN STATE)

Reading time (in ms)

All sentences 2561 2405

Low probability transitive 2516 2390

Higher probability transitive 2519 2318
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8. Experiment 4

In Experiments 1, 2, and 3, processing times for sentences with externally
caused change of state verbs were longer than processing times for sentences
with internally caused change of state verbs. We attribute this to the verbs’
event templates: the lexical entry for an externally caused change of state
verb has a more complex event template than that for an internally caused
change of state verb. Across the experiments reported here and in McKoon
and Macfarland (2000), we have shown the template complexity effect with
both acceptability judgment and reading time procedures, and with intran-
sitive and transitive sentences, as well as anomalous transitive sentences.

An essential and interesting question has not yet been addressed, and that
is whether the effect of template complexity appears only in sentence pro-
cessing, that is, only when a template might be used to guide encoding of
a sentence’s meaning structure or whether it is such an intrinsic part of pro-
cessing for verbs that it appears in other tasks. If event templates do reside
in verbs’ lexical entries and play a part in all verbal processing, then we
might expect to see template effects even when a verb is presented as a single
word for lexical decision. The differences in response times in Experiments 1,
2, and 3 were reasonably large, averaging about 7% of total response times.
Therefore, even though lexical decision is a simple task with short response
times, the effect size might be large enough to be observable.

8.1. Method

Materials. The verbs used in the experiment are shown in Table 2. In order
to best match verbs of the two types, one verb, erode, was used twice in the de-
sign of the experiment (but each subject saw it only once in the experiment).
The internal and external verbs were paired such that the two members of a
pair were as closely matched as possible on the following dimensions. The
mean Ku�ccera–Francis frequencies of the verbs were 5.4 and 5.8 for the inter-
nally and externally caused verbs, respectively. The two sets of verbs were also
matched on imageability: the mean ratings (1 to 5 scale) were 2.4 and 2.5, re-
spectively. Forster (2000) has suggested that words in different conditions in
lexical decision experiments should be equated on subjective frequency; that
is, they should be equated on subjects’ ratings of their frequency of occurrence.
For the internally and externally caused verbs, their mean subjective fre-
quency ratings (on a 1 to 5 scale with 5 being least frequent) are 3.7 and 3.6,
respectively. The two sets of verbs were also matched on the number of other
words orthographically similar to them,whichwasmeasured as the number of
words in theKu�ccera–Francis norms that differed fromaverb byone letter. For
the internally and externally caused verbs respectively, the mean numbers of
similarwordswere 2.0 and1.6. Finally, the number of different senses ofmean-
ing per verb, according to WordNet, averaged 1.7 for both sets of verbs. On
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none of these dimensions was the difference between verbs of the two classes
statistically significant.
Procedure and subjects. Subjects were presented with lists of words and

nonwords, displayed one at a time on a PC monitor. Subjects began each
list by pressing the space bar on the PC keyboard. For each item, they were
instructed to press the ‘‘/?’’ key on the keyboard if it was a word and to press
the ‘‘z’’ key if it was not a word. As soon as a key was pressed, the test item
disappeared from the screen, there was a 50-ms pause, and then if the re-
sponse was correct, the next test item was displayed. If a response was
not correct, the message ‘‘ERROR’’ was displayed for 900ms before the
50-ms pause. The subjects were instructed to respond as quickly and accu-
rately as possible.

For 38 subjects, there were 14 lists of test items, preceded by 1 practice list.
In each list, there was at most one externally caused and one internally caused
change of state verb, each immediately preceded in the test list by a nonword.
The remaining items in the list were fillers, 6 words and 8 nonwords. For 40
subjects, there were 11 lists of test items, one externally caused and one inter-
nally caused verb in each list (each preceded by a nonword), with 8 word fill-
ers and 10 nonword fillers in each list. The subjects were Northwestern
undergraduates participating in the experiment for course credit.

8.2. Results

Mean response times were calculated for each subject and each item in
each condition. The mean response time for filler words was 725ms (.92 cor-
rect) and the mean response time for nonwords was 846ms (.92 correct).

The mean response time for externally caused change of state verbs was
761ms and the probability of a correct response was .93. Responses for in-
ternally caused change of state verbs were faster and more accurate, averag-
ing 728ms and .97 probability correct. The standard error of the mean was
6ms. Both the response times and the proportions correct were significantly
different for the two classes of verbs, F 1ð1; 77Þ ¼ 14:6 (MSE ¼ 2; 724) and
F 2ð1; 10Þ ¼ 7:2 (MSE ¼ 1; 933) for response times and F 1ð1; 77Þ ¼ 10:0
(MSE ¼ :005) and F 2ð1; 10Þ ¼ 3:8 (MSE ¼ :002; p ¼ :07) for proportion
correct. We checked that the differences held up for low frequency verbs
(frequencies less than 6), and they did: for externally caused verbs, 802ms
and .92 probability correct; for internally caused verbs, 756ms and .97 prob-
ability correct.

9. General discussion

The data from the four experiments presented here and those presented
by McKoon and Macfarland (2000) display a remarkable uniformity: Sen-
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tences with externally caused change of state verbs have longer processing
times than sentences with internally caused change of state verbs. What
makes this result especially compelling is that it holds for infrequently used
verbs as well as frequently used ones, it holds for anomalous sentences as
well as acceptable sentences, it holds for transitive sentences as well as in-
transitive sentences, it holds for sentences that match the most frequent con-
structions in which a verb is used as well as for sentences that do not, and it
holds for acceptability judgment times as well as reading times. In addition,
lexical decision response times are slower for externally caused change of
state verbs than internally caused change of state verbs.

From the MTS view, the processing time difference comes about because
internally caused change of state verbs have a different, simpler, event tem-
plate than externally caused change of state verbs. The event templates cap-
ture only the syntactically relevant parts of verbs’ meanings, not all the other
parts of verbs’ meanings, yet the differences in template complexity had a
sizeable effect on processing times for the verbs themselves in lexical deci-
sion, about 30ms, and on processing times for sentences in which the verbs
occurred, about 100ms.

The empirical diagnostic by which a verb is classified as denoting an in-
ternally or externally caused change of state is that, for transitive sentences
with concrete objects, the range of entities appearing in subject position is
more constrained for the internal than the external causation verbs. The rea-
son for this constraint is that the entity in subject position must be a partic-
ipant in the single, internally controlled, change of state event for an internal
causation verb, but for an external causation verb, the entity in subject po-
sition is not a participant in the change of state event; it is a participant in a
separate, causing subevent.

The diagnostic can be observed only when the verbs appear in transitive
sentences. This means that it is difficult to conceive of any direct relation be-
tween the statistics of the diagnostic and the results of the processing time
experiments. The diagnostic does not apply to intransitive sentences, yet
the processing time advantage for the internal causation verbs shows up
for intransitive sentences as well as for transitive sentences. Some verbs ap-
pear very rarely in transitive sentences, and therefore the diagnostic rarely
applies to them, yet the processing time advantage shows up for them as well
as for verbs which frequently appear in transitive sentences. And the pro-
cessing time advantage shows up in lexical decision, where there is no sen-
tence at all. Instead of relating the processing time difference directly to
the diagnostic, we explain both with the theoretical construct of event tem-
plates: a simpler, internal causality template for the internally caused change
of state verbs and a more complex, external causality template for the exter-
nally caused change of state verbs.

A critical element of our explanation is that, in MTS, there is only a sin-
gle event template underlying all uses of a verb. If instead, the lexical entry
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for a verb included a separate representation of structural information for
each possible use of the verb, then it would be difficult to explain the data
obtained in the experiments. If both the internal and the external causation
verbs had lexical representations of both transitive and intransitive struc-
tures, then there would be no reason to expect shorter response times with
the internal causation verbs.

According to the MTS view, when an event is denoted by an externally
caused change of state verb (a CAUSE (x (BECOME IN STATE))), it is
conceptualized as involving both an external causing event and a change
of state event. This is true even when the verb is used in an intransitive con-
struction and the causing event is not explicitly stated. When an event is de-
noted by an internally caused change of state verb (x (BECOME IN
STATE)), it is conceptualized as involving only a change of state. This is
true even when a second participant is mentioned as the subject of the verb
in a transitive sentence. The second participant is understood as being a part
of the single, change of state, event.

Exactly how the difference in the internal versus external causality tem-
plates affects sentence comprehension is something about which we can
speculate. The extra time required for understanding an event denoted by
an external causation verb could come about for any or all of several rea-
sons: The externally caused templates have two subevents and the internally
caused templates only one; the externally caused but not the internally
caused templates include the CAUSE relation; the externally caused tem-
plates offer two possible subevent assignments for arguments and the inter-
nally caused templates only one; the externally caused but not the internally
caused templates embed the x (BECOME IN STATE) template in a larger
template structure; the causing subevent in the externally caused template
can sometimes be represented with one of several possible arguments,
whereas the internal causation template has no such ambiguity; for an exter-
nal causation verb, the cause can be a whole event (a) but for an internal
causation verb, it can be only a single entity; and so on. At this point, there
are no data to distinguish among the possibilities.

9.1. Other approaches

The event template approach, and predicate decompositions in general,
are only just beginning their theoretical development. Therefore it is impor-
tant to consider possible alternative explanations of the empirical differences
we have observed between internally and externally caused change of state
verbs. For example, it might be thought possible that the data could be ex-
plained by some syntactic difference between verbs of the two classes. We
can rule out a difference based on the probabilities of transitive versus in-
transitive occurrences, but we cannot absolutely rule out some other, as
yet unproposed, syntactic difference. However, it seems unlikely that a syn-
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tactic hypothesis could explain the sentence production data from the cor-
pus because the constraint shown by the corpus data is a semantic con-
straint: the subjects of transitive sentences with internally caused change
of state verbs are statistically constrained to have subjects that are inherent
participants in the change of state events they denote. It would be difficult to
explain this constraint in syntactic terms.

Besides event templates, there are a number of other formulations of se-
mantic predicate decompositions, and our findings are consistent with some
of these (e.g., Goldberg, 1995; Jackendoff, 1996). Jackendoff, for example,
represents the events denoted by verbs as relations among entities, with
the relations evolving over time. For internally caused changes of state,
the single subevent could evolve through time as the changing entity pro-
gressed into its new state. If, as with the verbs we studied, a natural force
participant was inherently involved in the change of state process, then that
participant would be bound through time to the progress of the change of
state. For externally caused changes of state, the causing subevent could oc-
cur and evolve through time independently of the change of state subevent
(except that the causing subevent could not begin later than the change of
state subevent). With these assumptions, the representation of an externally
caused event would be more complex than the representation of an inter-
nally caused event, and so consistent with our data.

A crucial aspect of the findings presented here is that the external–inter-
nal difference appeared with both transitive and intransitive sentences. This
indicates to us that in the entry in the lexicon for a verb, there is only a single
lexical semantic structure to represent syntactically relevant information
(unless the verb is truly ambiguous). A single representation of syntactically
relevant information runs counter to some claims in the lexical semantics lit-
erature. Pustejovsky (1991) (but see Pustejovsky, 1995) and Van Valin and
LaPolla (1997) have proposed that change of state verbs have different rep-
resentations in their transitive and intransitive uses. For John closed the
door, the lexical entry for close would include both a causing subevent
and a change of state subevent, but for the door closed, there would be only
a change of state event. By this view, the intransitive close would have the
same lexical semantic representation as internally caused change of state
verbs and so, for intransitive sentences, no difference between them in pro-
cessing times would be predicted, contrary to the data.

In some current psycholinguistic theories, syntactic processing occurs in
an encapsulated module separate from other cognitive systems and operates
on sentences prior to the other systems (Frazier, 1987; Frazier & Clifton,
1996; Frazier & Rayner, 1982; Rayner, Carlson, & Frazier, 1983). These the-
ories could be compatible with our data if the syntactic module parses sen-
tences into syntactic structures which are then forwarded to semantic
processes that make use of the event template information postulated by
MTS. Under this scenario, transitive and intransitive sentences could be
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translated into their appropriate syntactic structures with no processing time
difference between externally and internally caused change of state verbs.
Processing time differences would occur once the syntactic structures were
transferred to semantic processing systems. We know of no empirical evi-
dence that would either confirm or deny this scenario.

9.2. Constraint-based models

There are several ways the MTS view differs from most constraint-based
models. While frequency information plays no role in MTS, the central as-
sumption underlying constraint-based models is that processing is easier and
faster for linguistic structures that occur more frequently than for structures
that occur less frequently (e.g., MacDonald et al., 1994; Trueswell, Tanen-
haus, & Garnsey, 1994). It is not always specified exactly what kinds of lin-
guistic information are encoded for each word in the lexicon, but we thought
it reasonable that the encodings of verbs might include the probability with
which they appear in transitive versus intransitive constructions. For this
reason, in each experiment, we varied the mean probability of transitive us-
age from about .06 for one group of verbs to about .46 for the other group.
This large difference in probability had no significant effect on sentence pro-
cessing times. This null finding does not, of course, refute the models. It
could be that transitive/intransitive probabilities are not encoded with verbs,
or perhaps they are encoded but either the manipulation of probability was
not large enough or the effect was so small as to be empirically unobserv-
able.

A second way in which MTS and some constraint-based models (e.g., Bo-
land, 1997; MacDonald et al., 1994; McRae, Spivey-Knowlton, & Tanen-
haus, 1998; Tanenhaus, Spivey-Knowlton, & Hanna, 2000; Trueswell
et al., 1994) differ is that, for the models to encode the relative probabilities
of occurrence for each of several different structures in which a verb can
occur, the models must have a separate representation of each of the struc-
tures. There must be separate representations to which the different proba-
bilities can be attached. In MTS, there is only a single representation of
syntactically relevant information for each verb in the lexicon (unless the
verb is truly ambiguous), so there is no way to encode different probabilities
for, for example, active versus passive structures or transitive versus intran-
sitive structures.

A number of constraint-based models make specific proposals about the
kinds of information encoded lexically for verbs. Boland (1997) has pro-
posed that verbal entries include both thematic role lists, representing se-
mantic information, and subcategorization frames, representing syntactic
information. MacDonald et al. (1994) (see also MacDonald, 1994) has sug-
gested that a verb’s lexical entry includes thematic role lists for semantic in-
formation (p. 683) and X-bar structures for syntactic information (p. 684).

36 G. McKoon, T. Macfarland / Cognitive Psychology 45 (2002) 1–44



In the models proposed by McRae et al. (1998), Spivey and Tanenhaus
(1998), Tanenhaus et al. (2000), Trueswell et al. (1994), and Trueswell
(1996), semantic information is specified in thematic role lists, and syntactic
information is specified in the probabilities with which a verb appears in ac-
tive versus passive constructions (because the models were designed to ex-
plain the comprehension of main clauses versus reduced relative clauses).
Garnsey, Pearlmutter, Myers, and Lotocky (1997) suggest that lexical en-
tries contain information about whether a verb can appear in constructions
with a direct object (syntactic information) and about a verb’s thematic role
lists. McElree and Griffith (1995, 1998) summarize empirical results that
have been taken by various theorists as support for the inclusion of both
thematic role lists and subcategorization frames in verbal lexical entries.
All of the approaches just listed contrast with the MTS framework in that,
in MTS, the lexical entry for a verb contains no verb-specific syntactic infor-
mation.

For all of these models, it is not clear how they would handle the results
of the experiments reported here. One possibility is the same as that sug-
gested for the modularity models (e.g., Frazier, 1987). Transitive and intran-
sitive sentences are translated into their appropriate syntactic structures
with no processing time difference between externally and internally caused
change of state verbs, and the external–internal difference occurs only at
some later stage of processing. Whether there are other ways the models
can handle the data presented here is an open question. In general, it is
not possible to evaluate the models because they have not yet been devel-
oped to the point of making explicit assumptions about representations of
lexical information of the kind needed here.

10. Summary

The heart of the MTS view is that syntax is both a reflection of linguistic
meaning and a fruitful way to explore linguistic meaning. For the verbs of
interest in this article, we examined large numbers of naturally produced
sentences in order to understand the syntactic constructions in which the
verbs are used (McKoon & Macfarland, 2000). We were able to relate sum-
mary statistics from the corpus sentences directly to the verbs’ meanings,
that is, to the syntactically relevant portions of the verbs’ meanings that
are expressed in event templates. The results of the sentence comprehension
and lexical decision experiments converge with the corpus statistics to pro-
vide significant support for the psycholinguistic importance of event tem-
plates.

The MTS view outlines a research agenda for which the goal is to bring
together linguistic meaning and the behaviors of linguistic elements, as re-
flected in sentence structures and in sentence comprehension. Externally
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and internally caused change of state verbs provide an especially useful case
in point. The constraints on the behaviors of the verbs in sentences are sub-
tle, yet observable in the statistics of natural usage. The same theoretical
constructs, event templates, explain both the sentence behavior and predict
verb and sentence comprehension times.

It is also worth noting that event templates are, in essence, an hypoth-
esis about the decompositionality of verb meanings. The syntactically rel-
evant part of a verb’s meaning is decomposed into participants in the
events and subevents described by the verb and relations among those
participants. In supporting this notion, the data presented in this article
refute Fodor’s often repeated claim that there is no evidence that the
meanings of words are psycholinguistically decomposable (e.g., Fodor,
Fodor, & Garrett, 1975; Fodor, Garrett, Walker, & Parkes, 1980; Fodor
& Lepore, 1998; see also Cutler, 1983; Kintsch, 1974; Rayner & Duffy,
1986).

In the experiments described here, we have provided only limited ini-
tial support for the MTS view because we examined only a few verbs
from only two verb classes. Even so, the empirical work was comprehen-
sive, including three different experimental paradigms with three different
types of sentences plus lexical decision on the verbs themselves, as well as
exhaustive corpus studies of naturally produced sentences. Although the
scope was limited to only the two classes of verbs, we point to the suc-
cess of the hypotheses in accounting for the data as a beginning in the
MTS approach to how lexical semantic information plays a role in sen-
tence processing and how considerations of meaning, in general, can
come to be incorporated into sentence processing research. As more
and more verb classes and syntactic phenomena are examined, we expect
a more comprehensive picture to emerge about how sentence structures
are connected, through meaning, to language processing.

Appendix A. Unacceptable transitive sentences for Experiment 1

Each sentence frame is shown with the four verbs with which it was used.
In each case, the first and third verbs are externally caused, the second and
fourth internally caused.

Some painters abate/germinate/atrophy/stagnate medals.

Some athletes abate/germinate/atrophy/stagnate brushes.

Some hunters abate/germinate/atrophy/stagnate clocks.

Some tourists abate/germinate/atrophy/stagnate needles.

Some candidates crumble/deteriorate/explode/wither victories.

Some teams crumble/deteriorate/explode/wither votes.

Some babies crumble/deteriorate/explode/wither shadows.

Some owners crumble/deteriorate/explode/wither clouds.
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Some editors shrivel/rot/vibrate/wilt oceans.

Some captains shrivel/rot/vibrate/wilt mistakes.

Some readers shrivel/rot/vibrate/wilt weddings.

Some ministers shrivel/rot/vibrate/wilt submarines.

Some criminals dissipate/sprout/fray/ferment boats.

Some fishermen dissipate/sprout/fray/ferment prisons.

Some immigrants dissipate/sprout/fray/ferment kitchens.

Some dentists dissipate/sprout/fray/ferment loans.

Some actors oxidize/corrode/redden/erode lunches.

Some visitors oxidize/corrode/redden/erode scripts.

Some males oxidize/corrode/redden/erode airports.

Some historians oxidize/corrode/redden/erode pensions.

Some farmers fossilize/blister/thaw/swell clues.

Some detectives fossilize/blister/thaw/swell barns.

Some engineers fossilize/blister/thaw/swell taxes.

Some manufacturers fossilize/blister/thaw/swell cabins.

Appendix B. Acceptable intransitive sentences for Experiment 2

Externally caused verbs

The wind abated.

His skills atrophied.

The residents awoke.

The concrete crumbled.

The missile exploded.

The signal faded.

The crops shriveled.

The fan vibrated.

The bullet splintered.

The smoke dissipated.

The bones fossilized.

The string frayed.

His skin reddened.

The turkey thawed.

Internally caused verbs

The flowers bloomed.

The roof deteriorated.

The seeds germinated.

The potatoes rotted.

The beams rusted.

The economy stagnated.

The leaves wilted.

The roses withered.

Her skin blistered.

The metal corroded.

The beaches eroded.

The cider fermented.

His knee swelled.
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Appendix C. Acceptable transitive sentences for Experiment 3

For each pair of verbs, the sentences with internally caused verbs are
listed first, the sentences with externally caused verbs second.

The plants bloomed yellow blossoms.

The trees bloomed pink flowers.

The illness atrophied the lower leg.

The stroke atrophied the right brain.

The heavy traffic deteriorated the bridge.

The harsh climate deteriorated the roads.

The opera singer vibrated the notes.

The famous violinist vibrated the strings.

Communism stagnated the country’s economy.

The regulations stagnated private investments.

The senators proliferated government subsidies.

The politicians proliferated welfare programs.

The local florist germinated the seeds.

The amateur botanist germinated the corn.

The French chef crumbled the cheese.

The nervous teenager crumbled the cigarettes.

The intense heat wilted the crowd.

The bright sun wilted the roses.

The fire alarm awoke the residents.

The telephone call awoke the reporter.

The rare disease rotted the potatoes.

The flood water rotted the carpets.

The scientists exploded the nuclear device.

Religious extremists exploded the bomb.

The severe drought withered the crops.

The late frost withered the tulips.

The police abated violent crime.

The doctors abated infectious diseases.

The constant rain rusted the car.

The salt water rusted the machinery.

Age mellowed the rebel leader.

Marriage mellowed the rock star.

The intense sun blistered the paint.

The hot sauce blistered his tongue.

The wind reddened the baby’s face.

The sunset reddened the evening sky.

The plants sprouted tender buds.

The trees sprouted tiny leaves.

The solution oxidized the scrap metal.

The water oxidized the iron beam.
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