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Abstract
Current linguistic theories suggest that inherentgoral boundedness (telicity) may underlie
syntactic representations of sentences. Corpugsas@nd acceptability judgments showed a
weak relation between telicity and syntactic foimio experiments on self-paced reading of
sentences with reduced relative clauses showea@thament structure preferences had
immediate effects on the garden path but verbitglkitid not, nor did the garden path depend on
an interaction of verb telicity with object specity or preposition. A probe recognition
experiment showed that response times were fastsehtences with a telic predicate. The
results suggest early access to argument strustaferences and later access to a derived

semantic representation of temporal boundedness.
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The Linguistic Representation and Processing ohES¢&ucture

The event structure of a sentence describes vakiads of temporal properties. This aspect
of language has received much attention amongibtgywho are concerned with the relation
between syntax and semantics, but it has receiitkddttention in studies of sentence
processing. In this paper, we first present thguistic rationale for treating event structure as
the basis for the syntactic structure of a senteWmethen describe major theories of event
structure, and present some new data that examine of the assumptions of these theories of
event structure. We develop several hypotheses divimplications of linguistic theories of
event structure for sentence processing, and gregperimental data that test these hypotheses.
Our results show that comprehenders primarily weatestructure for organizing sentence
meanings into a conceptual representation of diseou
Argument Structure

Much sentence comprehension research has asshatethtessential part of comprehension
is obtaining the argument structure of sentences, (Earlson & Tanenhaus, 1988; Frazier, 1987;
Gibson, 1998; Gorrell, 1995; MacDonald, PearimyeSeidenberg, 1994; Pritchett, 1992,
Townsend & Bever, 2001Argument structureefers to the number of phrases that must occur
with a verb and their syntactic position in a san& The arguments of a verb are “internal” if
they are generated inside the verb phrase andriaftef they are generated outside the verb
phrase. An internal argument may be direct or edirThe external argument corresponds to the
traditional category of subject, while the direntlandirect internal arguments are usually direct
and indirect objects, respectively. Consider theesgces below, which mark unacceptable
sentences with an asterisk:

1. a. JOhn<external> Slept-
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b.*John slept a nap.

C. The armyexiermal> captured the Cityinternal directs-

d. *The army captured.

€. JohNexternai>gave Bill<intema indirect> @ DOO0K<internal direct>-

f. *John gave BiIll.

g.*John gave a book.

h. Johncexiermar> broke the window fernar direc®-

I. The windoWseyternal> broke.
Sleeprequires an external argument ordgpturerequires an external and an internal direct
argumentpiverequires an external, an internal direct, anchéermnal indirect argument; and
breakrequires either an external argument, or an eatermd internal direct argument.

Example (1d) shows that a transitive verb suctaeg$uredrequires an internal direct
argument in its underlying representation. The dytdey representation is the abstract structure
that exists before any syntactic operations haveified them through movement or deletion. In
the passive voice, an underlying internal argunbecbmes the explicit subject, asTine city
was captured by the armg passive verb may also occur without an undegdyxternal
argument, as iifhe city was captured hus, a transitive verb requires an underlyirigrimal
argument, though it may or may not have an undeglgxternal argument. Intransitive verbs
such asleptandbrokein (1a, 1i) have an explicit subject but they @b Imave an explicit direct
object.
Thematic Roles
A further assumption that has been made in senmmoprehension research is that the

mental representation of a verb contains infornmadéibout its required thematic roles (Fillmore,
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1968; Gruber, 1965; Carlson & Tanenhaus, 198Bgmatic rolesare meaningful relations that
exist between a verb and its NP arguments. Whdeetls as yet no consensus on the number of
thematic roles necessary to account for the fdataimiral languages, the following list includes
those that many linguists would recognize:

AGENT: the animate initiator of an action

THEME: the thing that changes location or possessi

PATIENT: the thing that is affected by an action

EXPERIENCER: the animate thing that experiencesatition

GOAL: the person or place toward which an actodirected

SOURCE: the person or place at which an actiogirates

LOCATION: the location where something takes place
In terms of thematic roles|eeprequires an AGENT but must not have a PATIENApture
requires an AGENT and a PATIENT, agwerequires an AGENT, a GOAL, and a PATIENT.
Breakrequires at least a PATIENT, but it also may regjan AGENT.

2. a.JohNcagent> slept.

b.*John slept a nap.

C. The armyagent- captured the Citypatients-

d.*The army captured.

e.Johnagent> gave Bill<goal > @ b0OK<theme >

f. *John gave Bill.

g. *John gave a book.

h. John<agent- broke the windowpatient >-

I. The windoWpatient > broke.
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While the concept of thematic roles seems to canrymportant insight about meaning
relationships, linguists have so far not succeédedaching a consensus as to the nature of
thematic roles, the number of roles, or their exdate in linguistic representations. For
example, some linguists have argued for as fewaghematic roles and others for more than
one hundred (see Dowty, 1991). Still others hageed that thematic roles are epiphenomena
that fall out of the syntactic structure and haweerplanatory role in linguistics (e.g., Hale &
Keyser, 1993).

Although linguists have tried to relate thematilesato argument positions, it has been
difficult to do so since there does not seem ta bae-to-one relationship between theta roles
and grammatical functions like subject and obj&bus, it is frequently the case that the
AGENT will be the subject and the PATIENT will beetobject, but it is not always so. For
example, the PATIENT appears as internal argunmeduhn fears elevatorisut as external
argument irElevators frighten Johrand the subjects ifohn slepandThe ice meltedppear to
have different thematic roles.

Event Structure

More recently, linguists have explored the rol@weént structurén linguistic descriptions.
Among other things, the event structure of a lisgaiconstituent indicates whether the event
described by that constituent has an inherent temhpoundary. Consider (3):

3. a. John drew a circle

b.John pushed a cart
Both sentences describe an event that ended gadiethe time of the utterance. But these
sentences differ in a subtle way: It is the natfrédrawing a circle that it must end at some point,

namely, at the point where the two ends of the ediine meet. Until that point is reached, we
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cannot say that John drew a circle. The same cdmesaid of pushing a cart, which has no
inherent end. John may push a cart for a peridongf and feel that he wants to push it some
more. But if we stop him from pushing the cart &mger, we still can sajohn pushed a cart
Thus, the two sentences in (3) differ in their ensgructure. Events that have an inherent
temporal boundary are called telic and those thatat are “atelic.” Telic events must have
something that changes state or location, or comie®xistence talelimitthe event; this thing
is the “delimiter.” In (3) circle is a delimiter butart is not.
The event structure of a sentence may includedies of CAUSER, MEASURE, and
DELIMITER. For example, consider (4):
4. a.Johnccayuser- drew a circle<gelimiters

b. Johnccayser> ran to the storegeiimiers

C. JohN<causer- pushed a cartmeasure>

d. Johnccauser> pushed a cart geasure t0 the storegelimiters

€.JONN<measure>Slept

f. JohN<causer- melted the chocolateysimiter

g. The chocolategeiimier- melted
Typically, if there is no MEASURE in the event stture of a sentence, the DELIMITER
emerges as an internal direct argument; if then® IEAUSER, it emerges as the external
argument. Thus, the requirement that a telic ekiaatan underlying internal direct argument is
true even for intransitive sentences, which dohaste an overt object. For example, linguists
analyzeThe chocolate melteas having an underlying objexttocolatethat undergoes a change
of state. The notion that a telic event must hamething to delimit the event suggests that

event structure may predict and underlie syntesttiecture.
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Event structure is part of the broader categorgsplect that deals with such properties as
whether an event is ongoing or completed. One®ptioblems that arises in the study of aspect
is known as the imperfective paradox: how can weedee an event that has a natural end point
but is presented as ongoing, asred was drawing a circle?Draw a circle” is telic, and yet
the foregoing sentence describes an event thatmwdze completed, as shown by the
acceptability ofFred was drawing a circle, but his pencil broke drecouldn't finish it.In
order to resolve this paradox, we adopt the disanadrawn by Smith (1991) between situation
aspect and viewpoint aspect. Situation aspecpreperty of the event, and viewpoint aspect
deals with how the event is presented. Thus thenpleaabove refers to a telic evedtgwing a
circle) that is presented as in progress.

Objects, Patients, or Delimiters

Representations of event structure have the patefthelping us understand the relation
between the structure and meaning of sentenceguisiic discussions have suggested that event
structure might serve to link the meaning and sstiddorm of sentences, and thereby help us
solve certain puzzles about sentences (Borer, 198l¢; & Keyser, 1994; Rosen, 1996; Sanz,
2000; Tenny, 1994). For example, ideas about estemtture have been useful in explaining the
differences between various intransitive verbs.

Recall that intransitive verbs must have an exdigbject but must not have an explicit
object. At the superficial level, there are thgeée distinct kinds of intransitive verbsull
objectverbs, which lack an overt object but which imgigt this argument exists semantically;
unaccusativererbs, in which the superficial subject is semantitycthe underlying object; and
unergativeverbs, which seem to have no object at any levetjfesentation (Levin &

Rappaport, 1995; Perimutter, 1978). The followirgraples illustrate these three types of
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intransitives:

5. a. Bob ate [null object because eating something is implied]

b. The window brokgunaccusative becausendowis understood as the PATIENT]
c. Larrydanced [unergative because no object is implied]

Table 1 summarizes linguistic tests to distingunsh object, unaccusative, and unergative verbs.

Null object verbs have an internal direct arguniaiitit is acceptable to “drop” this
argument. Null object verbs do not change meaningnaan appropriate object is added to the
intransitive sentence, asJdohn read vs. John read a bodkue transitive verbs do not allow
“object drop,” as shown bV¥he army captured the city v@he army capturedsince, as we
noted, they require an internal direct argumenariples of null object verbs aread applaud
assist andattack

Unaccusative verbs have a subject that functiomsRATIENT. For example, ifhe
window brokewindow is an underlying PATIENT because it und&ga change of state as a
result of the breaking event. An intransitive sangehas an unaccusative verb if its meaning is
consistent with that of a transitive sentence incvithe subject of the intransitive verb becomes
the object of the transitive verb. For examplesakis unaccusative becausbe window broke
is consistent withPat broke the windowl hus,breakis unaccusative because it undergoes
causative alternation. Examples of unaccusativiesvarebreak awakenpleedandbruise
Unergative verbs have a subject that is AGENT oPERIENCER, but unlike null object verbs
they have neither an explicit nor implicit objeSince unergative verbs do not have an object at
any level, they arguably are the “most intransitiype of intransitive verb. Unergative verbs

pass two tests. First, a sentence with an uneegaéxb can be modified by an adverb that
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Table 1
Tests for Different Types of Intransitive Verbs
Type Test Examples
Null Object No change in meaning when anl.John read. = John read a book.
appropriate object is supplied. 2.The window broke. =/=
*The window broke the silence.
-> readis null object bubreakis not
Unaccusative Undergo causative alternation. Thg&. window broke.
Pat caused the window to break.
Pat broke the window.

2.The children danced.

10

?The teacher caused the children to dance.

*The teacher danced the children.

- breakis unaccusative butanceis not

Unergative a. Modification by manner 1. The children danced reluctantly.
adverbs that imply that the 2. *The window broke reluctantly.
subject controls the action.

b. No causative alternation. 3. The children danced.

?The teacher caused the children to dance.

*The teacher danced the children.

-> danceis unergative bubreakis not
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indicates that the subject is an AGENT, a$te children danced reluctanti$econd, because
the subject of an unergative verb is a true AGEtd&se verbs do not undergo causative
alternation in which the intransitive subject beesna transitive object, as in (6)-(7):

6. The children danced

7. *The teacher danced the children
Examples of unergative verbs a@nce sleeprest,bathe andsoak.

Sentences with unaccusative and unergative vedsepr a difficulty for the view that there
are rules that assign thematic roles to syntactjaraents. These sentences show that a
PATIENT may appear as the subject or object ofntesee. Event structure roles, however,
appear to predict the linking of meaning and syitarguments. For example, the observations
in (4) and (5) suggest the following rules for gegng event structure roles to syntactic
arguments in active sentences:

» If there is no causer or delimiter, the measur®bess the external argument.

(4. e. Johncmeasure>Slept;5. c.Larry <measure-danced).
» If there is no causer, the delimiter becomes thiereal argument.

(4. g.The chocolategelimiter- melted 5. b.The windowWgejimiter- broke)
» If there is a causer but no measure, the delirbgeomes the direct internal argument

(4. a.Johnccauser> drew a circle<gelimiter>; 4. f. JONN<causer- Mmelted the chocolat@elimiters)
Event linking rules have the advantage over themiatking rules that event roles are less
ambiguous and fewer in number. Thus, event strachay help to explain the relation between
the structure and meaning of sentences more efédgtihan thematic roles.
Discourse Meaning

Besides the possibility of explaining the relatitween the structure and meaning of
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sentences, event structure is important at the thaiscourse meaning. When we understand a
story we can answer questions such as: What wasetheence of events? When did the events
begin and end relative to one another?

Information about temporal boundaries obviouslselsvant for answering these questions.
Temporal boundaries are important in discoursectitra because the end of an event moves the
narrative forward in time (e.g., Dowty, 1986; Di@@81; Hinrichs, 1986; Kamp & Rohrer, 1983;
Lascarides, 1992; Magliano & Schleich, 2000; Part®84). For example, we often interpret a
sequence of telic events as occurring in the didsr are presented, asdohn entered the
president’s office. The president walked over to (Dowty, 1986). The temporal boundary of
each event marks a point on a narrative time-{@nprehenders assume that these points are
presented in their underlying order on the time-fiownsend, 1983). But an atelic event
overlaps in time the event described in the preedentence in the sequedodn entered the
president’s office. The clock on the wall tickeddly. The second sentence here describes a
situation that exists prior to and after the everihe first sentence. Asher & Lascarides (1995)
have argued that aspectual properties of discamstext influence lexical disambiguation,
while Danlos (2001) has argued that the event stra®f sentences influences causal relations
in discourse. All of these examples demonstrateabant structure is important in the
comprehension of narratives, and they suggesetreatt structure is represented at a level that is
more abstract than words and sentences (thoughwyitatso be represented at the levels of words
and sentences).

Two Approaches to Telicity in Linguistic Represditas
Two essential and related questions about telaa#y where does the grammar represent it

and how do comprehenders obtain it? Clearly, tglitiay occur in more than one place, since



The Linguistic Representation 13

each linguistic level incorporates information frémwer levels; nevertheless, we can ask what is
the “lowest” level at which such information canfoend?

Two broadly-different views have been offered ath®locus of telicity information in a
linguistic description. Some linguists claim thealidity is an inherenlexical property. Others
treat event structure aslarivedproperty of a sentence that is found at the systamantics
interface. By “derived” we mean essentially nonidek that event structure is represented at a
level higher than the lexical category (see Sal&201). Among those who treat event structure
as a derived property are linguists who advocatéasyic representation of event structure,
usually in the form of a functional category withire predicate of a sententteshould be noted
that there is a certain degree of overlap amonggthieews in that, for example, linguists
naturally assume that lexical properties contriliatthe semantics of a sentence. Nevertheless,
different linguists take different positions aghe primary locus of event structure information.

In this section we outline lexical vs. derived vgeuof telicity. We then present acceptability
and corpus evidence on these views. Then we ravigjor approaches to sentence
comprehension, and consider the implications efradttive views of telicity for sentence
processing.

Lexical Models

Early discussions of telicity usually assumed thefas a binary feature associated with
individual lexical items, much like transitivitynd that each verb that refers to events is either
positively or negatively specified for telicity the lexicon (e.g., Verkuyl, 1989, 1993; but cf.,
Olsen, 1994). The appeal of a lexical approachasit seems to capture an intrinsic
characteristic of a verb in a way that is simitathe treatment of other lexical characteristits. |

we consider verbs likend andrun, for example, the former seems to refer intringida an
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event with a natural end point (the moment at wiihehitem sought is found) whereas the latter
denotes an ongoing process with no natural end.poin

Vendler (1957) first drew the attention of lingsiso the study of event structure. Vendler
distinguished between three aspectual classeglo$vactivities, accomplishments, and

achievements:

8. a.John pushed a cart [activity]
b. John drew a circle [accomplishment]
c.John arrived [achievement]

Activities do not have an inherent end-point, arelaelic. But accomplishments and
achievements do; they have a delimitertédog and are telic. Accomplishments differ from
achievements in that accomplishments occur ovexsended period of time whereas
achievements occur at a single moment.

Dowty (1979) isolated a number of tests to idenigndler’s aspectual classes (see Table 2).
Among these tests are timéfor test (lines 1 and 2 in Table 2). Events with drenent temporal
boundary are more acceptable when modified witlaggs likan an hourcompared to those
without an inherent temporal boundary. On the ottaerd, events without an inherent temporal
boundary are more acceptable with phrasestdikan hout

9. John drew a circle in an hour

10. ?John drew a circle for an hour

11. ?John pushed a cart in an hour

12. John pushed a cart for an haur
A “?” preceding a sentence indicates that the seetés odd but not necessarily ungrammatical.

In sentence (9) the delimiter of the drawing evsrthe circle, and the sentence states that it
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Tests for Vendler’'s Events (adapted from Dowty9)97

Test X

1. X for an hour

2. X in an hour

3. X for an hourentails

X at all times in the hour
4. ..is Xingentails

... has Xed

5. complement oftop

6. complement dfinish

7. ambiguous witlalmost
8. X in an hourentails

... was Xing during the hour

9. occurs withcarefully

Atelic
Activities Accomplishments Achievements
= ...pushedacart X=...drewacircle X=... crossed a line

Yes no No

No yes Yes

Yes no -

Yes no No

Yes yes No

No yes No

No yes No
- yes No

Yes yes No
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required an hour to reach this delimiter. Sentéabgis odd because the circle is a delimiter, but
the phraséor an hourimplies that the drawing event arbitrarily endé@raa period of an hour.

On the other hand, sentence (11) is odd becadsest not indicate that an end-point of the
pushing event was reached, even though the phrasehourimplies a delimiterNote that (11)
may be interpreted as saying that an hour elaps#idJohn began pushing a cart.

A second test shown in Table 2 is titmmogeneity tegtine 3). For an atelic activity, all sub-
parts of the event are similar. If John pushedrafoaan hour, the nature of the pushing activity
is similar at all points during the hour. But fotedic event, various sub-parts of the event differ
For example, the event of drawing a circle is défe at the end than at the beginning because
the end-point involves joining two parts of theip®ter of the circle.

Vendler thought of event structure as a propertyeobs. It is clear, however, that the
phrases in a sentence can influence temporal bdueds (e.g., Verkuyl, 1989, 1993;
Mourelatos, 1978). A well-known example of how tergl boundedness depends on the nature
of the arguments in a sentence is the following:

13. Johndrank a beer.

14. John drank beer.
In (13) there is a specific quantity of beer, whialnen consumed, marks the end of the drinking
event. But since the quantity of beer in (14) ispetified, the consumption of the direct object
cannot mark the end of the drinking event. Sent¢b8ghas an inherent temporal boundary, but
sentence (14) does not. Notice that the patteatodptability within/for that is shown in (9)-
(12) also occurs with (13) and (14):

15. John drank a beer in an hour.

16. ?2John drank a beer for an hour.
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17. ?2John drank beer in an hour.
18. John drank beer for an hour

Another instance of a phrase influencing tempooaingledness appears in locative phrases,
as inJohn ran to the storel'he phraséo the storemarks the end-point of the running event; this
phrase converts an atelic event (running) intdia ¢éxent:

19. a. ?Johnranin an hour.
b. John ran for an hour.
20. a. John ran to the store in an hour.
b. ?John ran to the store for an hour
Notice that the nature of the preposition is caitias well. For exampldphn ran near the store
is atelic, unlikeJohn ran to the stor&examples like these demonstrate that temporal
boundedness at least partly depends on the ndttlie arguments and adjunct phrases that
appear in the sentence.

The Verb Class Modelheverb class modehaintains that the meanings of verbs project
syntactic arguments (Levin & Rappaport, 1996; RappaHovav & Levin, 1998, 2000). The
goal of the model is to represent the meaningwadrh in a way that predicts whether its
arguments are expressed as internal direct, irteriaect or external arguments. Verbs fall into
semantic classes that differ in the range of argusiey allow.

Levin & Rappaport note that verbs can express aegusnn different ways, as shown in:

21. a.Terry swept [activity]
b. Terry swept the floor [activity/accomplishment]
c. Terry swept the crumbs into the corner  [accomplishment]

d. Terry swept the floor clean [accomplishment]
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22. a.Patran [activity]
b. Pat ran to the beach [accomplishment]
c. Pat ran herself ragged [accomplishment]
d. Pat ran clear of the falling rocks [accomplishment]

e. The coach ran the athletes around the traglccomplishment]
Variation in the expression of arguments is relatedariation in meaning. For example, verbs
that refer to Surface Contact through Motion digglee pattern in (21), while verbs that refer to
Manner of Motion display the pattern in (22). Faample, sincevipeis a verb of Surface

Contact through Motion, it behaves likeeepn (21):

23. a.Terry wiped [activity]
b. Terry wiped the table [activity/accomplishment]
c. Terry wiped the crumbs into the sink [accomplishment]
d. Terry wiped the slate clean [accomplishment]

Rather than having one lexical entry for each efghssible structures in (21) - (22), the verb
class model seeks to develop principles that useneaning of a verb to predict ways in which it
can express its arguments.

Variability in verb meaning is related to evenusture. Verbs with highly variable meaning
all specify themannernn which the action denoted by the verb is caraat Verbs whose
meaning is less variable specify tiesultof the action denoted by the veBweepandrun are
manner (atelic) verbs, whilereakandopenare result (telic) verbs that specify an end state
without specifying the manner of achieving it. Thuariability in syntactic behavior is related to
the aspectual properties of a verb such as whthpecifies an end state.

As noted above, the verbs within a semantic claasessyntactic properties. Theuctural
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meaningof a verb captures the syntactic properties thdis/eithin a semantic class share. The
differences in meaning between verbs within a ciggeear in theildiosyncratic meaninglt is
only the structural meaning that is relevant teebis syntactic behavior. Event structure
templates such as the following express a verblgttral meaning:

[ [ X ACT] CAUSE [ BECOME [y STATE>]]]

Kelly broke the window.
In this template for a result verb, the idiosynicrateaning appears in ti&TATE.

In contrast to result verbs, manner verbs havedamiariety of event structure templates:

[[XACT]]

Terry swept [activity]

[ [x ACT] CAUSE [ BECOME [y STATE>]]]

Terry swept the leaves off the sidewalk [accomplishment, state change]

[ [ x ACT ] CAUSE [ BECOME [y €LACE>]]]

Terry swept the crumbs into the corner [accomplishment, location change]

The verb class model partly explains variationsyintactic structure by maintaining that
result templates are less flexible than other tategl The variations in meaning for manner
verbs likesweepandrun involve ‘expansion’ of an activity to yield varioksnds of
accomplishments. For example, the various meammhgaeepn (21) all involve adding a
resulting state with a change of location, a chasfg#ate, or something coming into existence.
In each case, an element in the syntax signaladtigion of the resulting state. In contrast, the
rigidity of result verbs is due to the fact thagithevent structure template is fully specified.
These verbs cannot take on an activity readingawiteliminating part of their structural

meaning (i.e., the resulting state). Furthermooeadditional expansion of their representation is
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possible because the accomplishment representatiba most complex representation
available. Event structure templates that are ulbt-pecified lexically may be “augmented”
through expansion or contraction, but those thafalty-specified lexically cannot be expanded
and resist contraction.

In addition, manner verbs with a two-argument teaatgpmore readily allow omission of their
direct object, compared to two-argument result serb

24. a.Leslie swept the floor > Leslie swept
b. Kelly broke the window > *Kelly broke
That is, compared to telic verbs, atelic verbsmaoee likely to appear as null object verbs.

To summarize, the verb class model maintains teaévent structure template of a telic verb
projects a resulting state. This model predicts tiflac verbs will be less flexible both in the
meanings they take on and in the structures inlwtiey appear, compared to atelic verbs. This
difference in flexibility follows from the fact thaelic event structure templates are fully
specified. In contrast, atelic verbs are associaittia broader range of event structure
templates; since some of their event structure kat@p specify no state change, they are more
likely to appear as null object verbs.

Derivational Models

A second approach claims that telicity is represgimt the form of a particular syntactic or
semantic configuration. On this view, event struetis primarily a derived property. Some
models within the derivational approach propose ¢lant structure is a semantic property while
others propose that it is represented syntactic@lgre are large differences between semantic
vS. syntactic derivational approaches. Howevesédlapproaches broadly claim that event

structure is derivationally assigned to a predicatgentence, or a stretch of discourse on the
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basis of information that includes more than jastverb.

Linguists who adopt the derivational approach sagtet there is evidence against the verb
class model. For example, in contrast to the vierksamodel, Ritter & Rosen (1996) suggest that
variability of meaning is independent of verb evsinticture. They note that batin andwalk
are manner of motion verbs that take a single pateargument. However, the meaning and
syntactic frame ofun is much more variable than thatwelk

25.a.Martha ran/walked to the store

b. Tears ran/*walked down the child’s face

c. Martha ran/walked Fred to the station

d. Martha ran/*walked a successful campaign

e.Fred knows how to run/*walk the fax machine

f. Floris ran/walked over to the dean’s office, bué ghdn’t run/*walk there

g. Floris ran/walked the letter to the dean’s offibeit she didn’t run/*walk there

h. The Kansas River runs into the Missouri River,ibdbesn’t run there; that
would be silly

The fact that the Collins COBUILD dictionary hasmadhan 9 times as many entries ffion
as forwalk is an indication of the greater flexibility ain. These results cast some doubt on the
verb class model.

The Generative Lexicon Modédlhegenerative lexicon modgroposes that word meanings
combine according to a limited set of generativestio obtain the meaning of a sentence
(Pustejovsky, 1991a, 1995). Thus, the meaningwefrl in a particular sentence depends on the
phrases that appear in the verb phrase, and aldeoneanings of the arguments of the verb.

The meaning of a word includes its argument stnectevent structurénheritance structurg
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andqualia structure The inheritance structure of a word describes haswelated semantically
to other concepts. The qualia structure specibas &spects of meaning: its constitutive role, its
formal role, its telic role (i.e., purpose and ftiog), and its agentive role (i.e., how it come®in
being). These are the aspects of the meaning afsatbat combine to produce new meanings.
For example, the event structure of (26a) and (2&Br even though their verbs and syntactic
arguments are similar.

26.a John baked the potato.

b. John baked the cake.

c. Mary enjoyed reading the book.

d. Mary enjoyedhe book.
Sentence (26a) is an (atelic) activity, wherea®)26a (telic) accomplishment. There are not
two different senses for the veake Instead, there is a single meaning that shififthe
activity meaning in (26a) to the accomplishment niegin (26b) because the agentive role of
cakeincludes the fact that it is an artifact that cenrego existence because of the activity of
baking. Thus, the fact thaakeis an activity is part of its lexical representatibut the phrases
and meanings of other words in the sentence maygehiés event structure interpretation. The
process by which this change in meaning occuralisdco-compositionThis shift in meaning
does not occur with (26a) because part of the agendle ofpotatois that it is a natural kind.

A somewhat different shift in meaning occurs ind2@6d) In (26d) the verb induces a
change in meaning of the object from an entityrt@aent. Pustejovsky (1995) refers to this
phenomenon asoercion.Coercion occurs in (26d) becaltesgoyrequires an event complement,
and the telic role or typical function bbokis that it is used for reading. The process of coer

therefore shifts the semantic type of the diregectin (26d) from an entity to a reading event.
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An attractive feature of the generative lexicon elad that, rather than simply listing thextjoy
can appear with a noun phrase object or with seséiat object, it explains the existence of these
alternative argument structures.

A sentence has a lexical conceptual structureidieatifies its propositions in terms of the
core meaning of the verb plus predicates such &@&E, CAUSE, and ACT (Pustejovsky,
1991b). This lexical conceptual structure is based representation of event structure.
According to the generative lexicon model, Vendiexttivity consists of a sequence of events
that are identical, as ohn ran and Vendler's accomplishment consists of an agtplus a
change of state. This approach allows Pustejowslexplain why phrases suchiasan hour
occur only with accomplishments suchJa$in built the house in an haurhe adverbial phrase
describes the temporal distance between onsee@dtivity and the change of state.

Pustejovsky (1995) proposes that the inherent mgaofia verb may denote a bounded or an
unbounded event, but that an appropriate contexeaaily modify this meaning. The ease with
which the inherent telicity of a verb is modifieddathe naturalness of the resulting sentences
leads Pustejovsky, Folli (2001), and others to whardelicity to be derived from lexical and
other information.

There is evidence for on-line processes of coerarhco-composition. For example,
processing load increases after an adverbial phinasehanges the aspectual meaning from a
punctual event to an iterative event, agie man kicked the little bundle of fur for a ldmge...
(Pinango, Zurif, & Jackendoff, 1999). In additisaading times increase when a verb that
requires a propositional event as its object alstingls a noun phrase as object, ashe author
was starting the bogkcompared to a verb that generally takes a nouwaspiobject, as ifihe

author was writing the boolMcElree, Traxler, Pickering, Sealy, & Jackend@®Q1; Traxler,
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Pickering, & McElree, 2002). Some of these resméy be due to argument structure
preferences, or to plausibility (see de Almeidd)80Nevertheless, these studies suggest that
aspectual shifts occur at some point during seetenmprehension (see General Discussion).

Others have argued that processes such as coareipnagmatic inferences that encompass
discourse context. Fodor & Lepore (1998) have atdbat shifts in meaning as in (26) are due
to inferences based on knowledge of the world ratien to the semantics of the lexicon. They
argue, for example, that the typical function dfaak is part of our knowledge about the world
rather than part of lexical knowledge. Lascaride€@estake (1998) have argued that shifts in
aspectual meaning depend on context. For exanmpieeisequendely goat eats anything. He
really enjoyed your boothe interpretation thatour bookrefers to the event of eating your book
depends on context, not on the telic roldadk.

The Predicate-Driven ModeTlhe predicate-driven modes an example of a syntactic
derivational approach (Borer, 1994). In the preiairiven model the expression of arguments
as internal direct, external, etc. depends on aauation of the verb and aspectual functional
projections (i.e., nodes in a phrase structure’dre¢). The position of arguments depends on
aspectual constraints on specifiers that are as®alcwvith particular interpretations and specific
grammatical functions. Thus, lexical entries do specify arguments as external or internal, and
there are no rules in lexical entries that govamgrojection of arguments. For example, the
lexical entry forderiveindicates that it requires two NP arguments, wiinég forwilt indicates
that it takes only one NP argument. It is the mosehof arguments to specifiers of functional
projections that creates the hierarchical represemt of arguments as internal vs. external. The
predicate-driven model suggests that event streigitoperties depend on syntactic mechanisms.

Recall that a justification for a relation betwesent structure and syntactic structure is the
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difference between unergative verbs, which havehject at any level, and unaccusative verbs,
which take a subject that is an underlying objkcthe predicate-driven model, unergative and
unaccusative verbs differ according to whether threyect a specifier in the aspect phrase. It is
this specifier that determines whether there iSEBAMURE/DELIMITER.

Figure 1 shows how the difference between unacimesand unergative arises syntactically.
The specifier in the Aspect phrase is optional,ibiiis present it must be filled. If it is fill&
there is a MEASURE/DELIMITER. Accusative case assignt in the specifier of the Aspect
phrase is optional as well, while nominative casggnment in the specifier of the Tense phrase
is obligatory (i.e., every sentence must have gestibnd tense). Thus, an unaccusative verb
projects a specifier under an Aspect node butsiesifier does not assign accusative case. So, in
the derivation of an unaccusative sentence, tlgdesMP moves to the nearest specifier to
receive case. In the case of unaccusative, thefigpemder the Aspect node gives rise to
MEASURE/DELIMITER, which measures the event, bt fipecifier does not assign case.
Since all NPs require case, the NP must move taititeer specifier in the Tense phrase, where
it receives nominative case. Thus, the single aggurfor an unaccusative verb receives
MEASURE/DELIMITER but not accusative case from fkepect phrase, and it ends up as the
subject.

In contrast, an unergative verb does not projegeifier in the Aspect phrase. Since there is
no specifier in an Aspect phrase of an unergataré he NP moves directly to the specifier
under the Tense node, where it receives nominatige. Like the argument for an unaccusative
verb, the argument for an unergative verb appeateasubject; but unlike the argument for an
unaccusative verb, it does not receive MEASURE/DHIER.

An attractive characteristic of the predicate-dniveodel is that it predicts different event
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Figure 1.Predicate-driven derivation of unaccusative andgate/e sentences
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structure depending on the context in which théaecurs, for example, specific vs. non-
specific objects. Borer observes that the diregaibs a MEASURE/DELIMITER in (27a) but
not in (27b)
27. a.Robin climbed the staircase (in an hour/*for aruho
b. Robin climbed staircases (*in an hour/for an hour)
This difference follows from the fact thstiaircasein (27a) has a specifieth@) butstaircasesn
(27b) does not. Hencstaircasesn (27b) remains in the verb phrase and therefanmat
receive MEASURE/DELIMITER. The predicate-driven nebdhaintains that syntactic
properties of the predicate, such as object spégifinfluence the aspectual role of predicates.
Sanz (2000) proposed that the processing systesthise@equirement for a delimiter to
assign the role of syntactic object. Factors sschesb telicity and specificity, as in (27),
influence how readily the parser assigns noun gsrésthe role of object. In particular, the
parser more readily assigns noun phrases to teefabject/MEASURE/DELIMITER for telic
verbs since these verbs require a delimiter. S3peeific noun phrases are better delimiters than
non-specific noun phrases, the processing systera readily assigns specific noun phrases to
the role object/ MEASURE/DELIMITER. For example, amgathe following sentences, the
garden path should be smallest for (28a):
28. a.The dog found in the alley is a poodle.
b.Dogs found in the alley are poodles.
c. The dog chased in the alley is a poodle
d. Dogs chased in the alley are poodles
This prediction follows from the claim that a telierb (found) seeks a delimiter whereas an

atelic verb ¢hasedl does not, and that a specific noun phréise dog is a better delimiter than a
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non-specific noun phras®@g9. This proposal also predicts that processingtist verbal
determinea will be harder forThe dog found a squirrel in the alldyan for each of the
following: Dogs found a squirrel in the alley; The dog chaaestjuirrel in the alleyandDogs
chased a squirrel in the allein the first of these sentences, the telic etmdimmediately
initiates a search for a delimiter ate dogis a better delimiter thaDogs Thus, the initial noun
phrase tends to be assigned the role of MEASUREIMEIER/object. Since the parser has
assigned the initial noun phrase to the role of MEWRE/DELIMITER/object, a true post-verbal
object, as signaled kg will be relatively unanticipated and harder togess.

O’Bryan, Harley, Folli, & Bever (2002, 2003, 2004)ported that reduced relative garden
paths are smaller for telic verbs than for ateéidhs (see Experiment 1 below for further
discussion). There also is evidence that compredrsrate sensitive to the aspectual effects of
specifiers. Slabakova (1999) found that speakelggcoordinate sentences suckatnia
worked in a bakery and [made cakes/made a caldelch begins with a durative everaiftonia
worked in a bakerynore acceptable when the second conjunct contanos-@pecific object
(cakesyather than a specific object ¢ake. Todorova, Straub, Badecker, & Frank (2000) found
that the shift from punctual to iterative inter@tedn that is caused by a non-specific object
increases self-paced reading times. For exampg,fttund that the non-specific objéatge
checksancreased reading times on the adverbial phi@semany yearsn Even though Howard
sent [a large check/large checks] to his daughtemhany years...

To summarize, derivational approaches maintainttieevent structure of a sentence
depends on syntactic or semantic properties ofmaegis of the verb. These properties include
the purpose, function, origin, and specificity tfects. Various processes combine these

properties with the meaning of the verb to obthmévent structure of the sentence.
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Lexical and derivational approaches to event stineainake different claims about how
telicity is related to meaning flexibility and dateobjects. In the next section we test these
predictions with off-line studies of sentence ad¢abjpity and corpus analysis. We will see that
the behavior of atelic verbs is less flexible thiaat of telic verbs, and that there is a weak
association between verb telicity and direct olsjeEbllowing these off-line studies we will
examine the implications of event structure forteroe comprehension.

Sentence Acceptability and Corpus Analysis of Tiglic

The verb class model proposes that the event steutgmplate of a telic verb projects a
resulting state, which appears as a direct obf#nte the event structure template of a telic verb
is fully specified, telic verbs are less flexibfethe meanings they take on. According to
derivational models the meaning of a verb is easibglified by properties of the object, such as
its specificity. We tested these predictions inesalways. We examined judgments about the
acceptability of sentences with in- vs. for-temp@farases. We analyzed a corpus for the
frequency of shifts in telicity and the frequencyhavhich telic vs. atelic verbs appear in
different types of intransitive sentences. We comgaelic vs. atelic verbs in the number of
meaning senses they have in their dictionary entile tested the acceptability of sentences in
null object vs. unaccusative sentence frames.

The materials consisted of a set of verbs thattf in telicity and argument structure
preferences. The verbs consisted of 16 sets ofvinlos each; within each set there was a telic
potentially intransitive verb, a telic transitivedg verb, an atelic potentially intransitive verb,
and an atelic transitive-only verb.

In/For Acceptability

In John drew a circle in an howe are asserting that it took an hour to complatesvent of
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drawing a circle. This implies that the event adwling a circle has a natural end-point. The
phrasen an hourprovides a “frame” for the event. Since atelic erbfer to an event that has
natural end-point, it is awkward to sayohn pushed a cart in an houn John pushed a cart for
an hourwe are asserting that the activity of pushing e kasted an hour. In this case there is
no implication of a natural end-point of the pughevent, but the event ended arbitrarily after an
hour. A phrase likéor an hourprovides a “duration” during which the event occi8sce telic
verbs refer to an event with a natural end-poing, awkward to sayJdhn drew a circle for an
hour.
Quantifying the object phrase influences telicAg. discussed earliedphn built a houses

judged telic because it is more natural withraphrase than with #r-phrase:

John built a house in 6 months

?John built a house for 6 months.
If the object refers to an unknown quantity, howetee sentence is no longer telic:

?John built houses in 6 months.

John built houses for 6 months.
If verb telicity determines an inherent end-pothgn the acceptability of sentences wiithvs.
for-temporal phrases will depend on verb telicitya Hion-specific object decreases temporal
boundedness, judgments of acceptability witphrases will be smaller for non-specific objects
than for specific objects. To test these hypothesesadministered a forced choice acceptability
test of sentences containing a telic vs. atelibvarspecific vs. non-specific object, andmaws.
for-temporal phrase.

Method Participants received each critical verb withraphrase and #or-phrase, as iifthe

orderly arrested the patient in 6 minutes The orderly arrested the patient for 6 minutBise



The Linguistic Representation 31

arguments in these sentences were identical te thas we used in self-paced reading
experiments (see Experiments 1 and 2). The paatitg)instruction was to indicate which
sentence sounded better, or if they sounded eqgadlg, or if neither sounded good. There were
16 sets of verbs. Each set had one of each comdnnatttelic/atelic and potentially
intransitive/transitive-only. Telic vs. atelic varlwvere selected on the basis of the homogeneity
test. The sentences were presented with eithegalar or bare plural object noun asTime

orderly arrested the patient in 6 minut@sdThe orderly arrested patients in 6 minutes.

The materials were presented in booklets. Parttgogead instructions that illustrated
acceptable vs. unacceptable sentences. They weare @scircle "a" if sentence a was more
acceptable than sentence b, and to circle "b'nifesece b was more acceptable. If the two
sentences were both acceptable, they were to ¢ivatb.” If neither sentence was acceptable,
they were to circle “neither.”

The participants were 55 native English speakindeugraduates at Montclair State
University. Some patrticipated to fulfill a courssgjuirement and some received a cash payment.

Results and Discussiomable 3 shows the proportion of responses ot forced
choice test depending on telicity, sub-categomratand specificity.

Analysis of than-responses over the 16 sets of verbs indicatep#mtipants prefein-
phrases when
» the verb is telic rather than atelic (.31 vs. .05{1, 15) = 28.3p <.001,MS = .074.

» the verb is transitive-only rather than potentiatiyansitive (.24 vs. .13 (1, 15) = 9.30p

<.01,MS = .040.

» the object noun is singular rather than bare piugdl vs. .12)F (1, 15) = 12.1p < .01,MS

=.035.



Table 3

Proportion of Preferred Sentences on Forced Chimdéor Acceptability Test for 64 Verbs

Depending on Verb Telicity, Verb Argument Structared Object Specificity (N=55)

Verb Argument Object

Telicity Structure Specificity

Telic Pl Singular
Bare plural

TO Singular
Bare Plural

Singular Mean

Overall Mean

Atelic Pl Singular
Bare Plural

TO Singular
Bare Plural

Singular Mean

Overall Mean

Response on Forced Choice Test

The Linguistic Representation

Only
In
27
16
52
.29
40

31

.07
.02
.09
.04
.08

.05

TO = tramgit-only

Only

For Both  Neither
.35 18 .20
46 A7 21
.20 .09 18
.28 .18 25
.28 14 19
32 16 21
.68 19 .05
.66 .18 14
.68 16 .07
74 A5 .08
.68 .18 .06
.69 A7 .09

32
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The proportion ofn-responses depended on an interaction betweertyteimd sub-
categorizationf (1, 15) = 7.66p < .05,MS. = .030; this interaction was due to a larger sub-
categorization effect for telic verbs (the propamtofin-responses was larger for transitive-only
verbs by .20) than for atelic verbs (the proporttdm-responses was larger for transitive-only
verbs by .03). The proportion wf-responses also depended on an interaction betekatyt
and specificityF (1, 15) = 7.98p < .01,MS = .018; the proportion ah-responses was larger
for singular object nouns when the verb was teli8) rather than atelic (.05). There were no
other significant effects in the analysisimfresponses.

Analysis of thdfor-responses indicates that participants priefephrases when the verb is
atelic rather than telic (.69 vs. .3B)(1, 15) = 35.4p <.001,MS = .125. There were no other
significant effects in the analysis foir-responses.

Analysis of “both” responses showed no signifioafifécts.

“Neither” responses were more frequent when thb wers telic rather than atelic (.21 vs.
.08),F (1, 15) = 12.4p < .01,MS. = .041, and when the object was bare plural thia@nwt was
singular (.17 vs. .13} (1, 15) = 4.52p = .05,MS.= .013. There were no other significant
effects in the analysis of “neither” responses.

A separate analysis within the set of telic veilos/ged no difference in preferences ifor
phrases vdor-phrases (.31 vs. .3%},< 1. There was an interaction between preferred
preposition and sub-categorizatién(l, 15) = 12.2p < .01,MS = .080, that was due to more
in-responses for transitive-only verbs than for ptédy intransitive verbs (.41 vs. .21) and
morefor-responses for potentially intransitive verbs thartransitive-only verbs (.40 vs. .24).
There also was an interaction between preferende-fes.for-phrases and object specificify,

(1, 15) = 11.5p < .01,MS = .059, that was due to mareresponses for singular objects than
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for bare plural objects (.40 vs. .22) and mimreresponses for bare plural objects than for
singular objects (.37 vs. .27).

A separate analysis within the set of atelic vestimwved a strong preference for-phrases
overin-phrases (.69 vs. .09},(1, 15) = 152.7p < .001,M& = .085. No other effects were
significant.

The fact thatn- vs.for-responses did not differ for telic verbs suggédsas these verbs can
take on a wide range of meanings, while atelic sene more consistently interpreted as
referring to an unbounded event. This result da¢suapport the claim from the verb class
model, that atelic verbs are more flexible in the@aning and structure.

The surprising result on the/for test was the relatively low proportion of prefezes forin-
phrases with telic verbs. We wondered if our vetliffered in this respect from the classic
examples of telic predicates. To test this, we astered then/for test with four telic and four
atelic predicates from Vendler (1957), Dowty (1978)d Tenny (1994). The results appear in
Table 4.

The results for the two sets in Tables 3 and 4@ndar, particularly when we compare
in/for preferences in Table 3 amdfor preferences for singular object nouns in Table 4.

Table 4 suggests thiai-responses are more frequent for telic verbs thaatklic verbs (.34
vs. .06) whilefor-responses are more frequent for atelic verbs fibvatelic verbs (.75 vs. .18).
Separate analyses of the percentage-ofor-, “both”-, and “neither’-responses showed timat
responses are more frequent with telic than wehaverbsF (1, 6) = 6.32p < .05,MS.= 240;
thatfor-responses are more frequent with atelic verbs witintelic verbsF (1, 6) = 35.1p <
.001,MS = 185, and that “both”-responses are more frequéhttelic verbs than with atelic

verbs,F (1, 6) = 6.93p < .05,MS = 191. A separate analysis of telic verbs comggitie
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Table 4
Proportion of Preferred Sentences on Forced Chtnééor Acceptability Test for 8 Classic
Predicates (N=21)

Response on Forced Choice Test

Telicity OnlyIn Only For Both Neither
Telic .34 .18 45 .04
Atelic .06 .75 .19 .00

frequency of choices afi- vs.for-phrases showed no effect of prepositieril, 6) = 1.11p >
.05,M& = 448.

We draw three conclusions from anffor tests. First, our verbs behave similarly to those
that are discussed in the literature on eventtracThe two sets of telic vs. atelic verbs
produce similar patterns of preferences. Secomdntfor test is not as definitive a measure of
event structure as we had anticipated. As expeatetic verbs show a large preferenceféor
phrases oven-phrases, while telic verbs show a weaker preferémdn-phrases ovefor-
phrases. Third, the behavior of atelic verbs oniriffer test is more rigid compared to that of
telic verbs. Atelic verbs are more consistenthyagged withfor-phrases, whereas telic verbs
frequently are judged acceptable in eitimeror for-phrases.

Argument Structure Frequency

We tested the hypothesis that direct objects ame hiaely to occur with telic verbs than
with atelic verbs. Depending on how we define didgect, several predictions follow from the
view that telic verbs require a direct object déen We can rank these predictions from

strongest to weakest:
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» Telic verbs appear only in transitive sentencesclvhave an underlying direct object and an
explicit direct object.

» If telic verbs appear in intransitive sentencesytwill be null object verbs in which there is
an implied object.

» If telic verbs appear in intransitive sentencesytWill be unaccusative verbs in which the
internal direct argument appears in subject pasitio

» Telic verbs will not appear as unergative verbsylich there is no object at any level.

To test these predictions we analyzed sentencestfie Collins Cobuild corpus (2004).

Method.We searched the Collins Cobuild corpus for fouety/pf verbs: telic potentially
intransitive, telic transitive-only, atelic poteaty intransitive, and atelic transitive-only. Tleer
were 16 verbs of each type. Collins Cobuild prosiderandom selection of 40 sentences for
each of our 64 verbs. We analyzed each of the€® Zé&ntences to determine whether the verb
appeared as transitive, null object, unaccusativanergative.

Results and Discussiomable 5 shows the proportion of uses of verbs noua sentence
types depending on verb telicity and verb sub-aategtion. Table 5 shows that transitive uses
tend to be more common for transitive-only verlsbioth telic (.94 vs. .48) and atelic verbs (.78
vs. .54), whereas intransitive uses tend to be mamemon for potentially intransitive verbs than
for transitive-only verbs (telic, .38 vs. .02; atel29 vs. .11). Inspection of Table 5 shows that
transitive uses are slightly more common for teécbs (.71 vs. .66) than for atelic verbs.
However, among the intransitive sentences, telibsrare also used more often than atelic verbs
in the “least” transitive unergative sentences,cltdo not have an explicit or implicit object at
any level. We analyzed the differences in propadiof various sentence uses across 16 sets of

verbs with verb telicity and verb sub-categorizatis within item variables.
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Proportion of Transitive, Null Object, Unaccusatiaand Unergative Uses in Collins

Cobuild Corpus Depending on Verb Telicity and VARrQument Structure

Telic

Sentence Use PI TO
Transitive .48 .94
Intransitive .38 .02

Null Object .05 .01

Unaccusative 24 .00

Unergative .08 .01
Notes: Pl = potentially intransitive

Atelic
Pl
.54
.29
14
.09
.05

TO = tramagt-only

.78

A1

.05

.00

.00
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Transitive uses were more common for transitiver@erbs than for potentially intransitive

verbs (.86 vs. .51F (1, 15) = 37.2p < .001,MSe = .053. The transitive-only advantage was

greater for telic verbs (.94 vs. .48) than foriatekrbs (.78 vs. .54F (1, 15) = 6.70p < .05,

MSe = .029.

Overall, intransitive uses were more common foepbally intransitive verbs than for

transitive-only verbs (.34 vs. .0H(1, 15) = 29.4p < .001,MSe = .039. The potentially

intransitive advantage for intransitive uses wasatgr for telic verbs (.38 vs. .02) than for atelic

verbs (.29 vs. .11F (1, 15) = 5.97, p < .05,MSe = .021.

Null object uses were more common

» for potentially intransitive verbs than for tramgg-only verbs (.09 vs. .03F; (1, 15) = 4.82,

p <.001,MSe =.012, and
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» for atelic verbs than for telic verbs (.09 vs. .G, 15) = 52.5p <.001,MSe = .001.

Unaccusative uses were more common
» for potentially intransitive verbs than for tramg#-only verbs (.17 vs. .002, (1, 15) = 14.6,

p<.01,MS =.029, and
» marginally for telic verbs than for atelic verb$Z.vs. .05)F(1, 15) = 3.96p = .065,MSe =

.022.

The potentially intransitive advantage for unactiusauses tended to be greater for telic verbs
(.24 vs. .003) than for atelic verbs (.09 vs. .Q60(1, 15) = 3.54p < .10,MSe = .022.

Unergative uses were more common
» for potentially intransitive verbs than for tramg#-only verbs (.07 vs. .007, (1, 15) = 8.68,

p =.01,MSe =.006, and
» marginally for telic verbs than for atelic verb846 vs. .026)F (1, 15) = 4.14p = .06,MSe

=.002.

No other effects were significant for any of therftypes of sentence use.

These results show an association between teéoitiytransitivity, but this association is
neither perfect nor uniform. Note that if telic kerrequired a direct object delimiter, we would
expect telic verbs to appear only in transitiveteeoes. Table 5 shows that telic verbs were used
intransitively (.38 uses for potentially intrangéiverbs and .02 intransitive uses for transitive-
only verbs).

Furthermore, if there were intransitive uses atteérbs, we would expect these uses to be
of the null object type, in which there is an ingoliobject, or at least unaccusative, in which the
internal direct argument occupies the subject mrsiiThe data in Table 5 show that null object

uses were less common for telic verbs than forcaterbs (.05 and .01 null object uses for telic
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verbs vs. .14 and .05 null object uses for atedibs).

In addition, we would expect that telic verbs wontt be used as unergative, in which there
is no object at any level. Instead, unergative teseded to be more common for telic verbs than
for atelic verbs (.08 and .01 for telic verbs @& and .00 for atelic verbs). The corpus search
revealed examples of telic unergative uses suétaesn awakened at 6:00 so she could see the
sunrise, Fred undressed and got into bed, Agnestahtly movedandThe pioneers settled in
the desertSincethese sentences pass the tests for both unergatndttelicity (Tables 1 and 2),
they indicate that the association between telaitg transitivity is not perfect.

Acceptability of Intransitive Sentences

We tested the association between telicity andctiobjects by collecting judgments about
sentence acceptability. If telic verbs requireracti object delimiter, they will be more
acceptable in transitive sentences than in intti@essentences. In addition, in intransitive
sentences telic verbs will be more acceptable Ihatject sentence frames than in unaccusative
sentence frames.

Method.We conducted forced-choice acceptability studiedetermine whether participants
agree with our judgments about the use of teliatedic verbs as intransitives. We presented a
verb in two sentences that contained the same angisnas our experimental sentences (see
Experiments 1-3). We asked participants to indigdieeh sentence was better. If the two
sentences were equally acceptable or equally uptatde, they were to indicate that instead.
Within each pair of sentences, there was one seatara transitive frame and one in an
intransitive frame. In one version of this tesg thtransitive “null object frame” retained the
subject of the transitive frame, and in anothesir the intransitive “unaccusative frame” used

the transitive object as the intransitive subj&able 6 shows examples of the materials in these
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Table 6
Sample Materials for Acceptability of Null Objeatéatcusative Sentences
(1) a.The cartoonist sketched a scene. a b both  Neither
b. The cartoonist sketched.
(2) a.The cartoonist sketched a scene. a b both  Neither
b. A scene sketched.
(3) a.Bob scattered a team. a b both  Neither
b.Bob scattered.
(4) a.Bob scattered a team. a b both  Neither
b. A team scattered.
(5) a.The doctor healed a wound a b both  Neither
b. The doctor healed.
(6) a.The doctor healed a wound. a b both  Neither
b. A wound healed.
two tests. In the null object version participasasy odd-numbered pairs like those in Table 6, in
the unaccusative version they saw even-numberesl. pai
Notice that forsketchedboth sentences are acceptable in (1) of Table é1(2) only the
transitive sentence (a) is acceptable, suggestatgas an intransitiveketcheds primarily a null
object verb. But foscatteredboth sentences are acceptable in (4) while inti8) the transitive
sentence (a) is acceptable, suggesting that agransitivescattereds primarily an
unaccusative verb. Ftiealed both sentences are acceptable in (5) and (6Qestigg that as an

intransitivehealedmay be used either as a null object verb or agaccusative verb.



The Linguistic Representation 41

If argument structure is derived from event struetuwe expect that in the null object test
choices of “both” will be more common for telic barthan for atelic verbs. This is because null
object sentences have an implied object, whicti@aeent must have to delimit the event, but
an atelic event need not have since it does nainedelimitation. Under the assumption that an
implied object is a better delimiter than an ungeg object that occupies surface subject
position, we expect that in the unaccusative testadvantage in choices of “both” for atelic
verbs will be greater for null object than for uoasative sentences. This is because
unaccusative sentences have an underlying objécidba surface object, whereas null object
sentences have an implicit surface object.

There were 63 native English speaking participdstsy-five took the null object test and
eight took the unaccusative test.

There were 74 critical pairs and 42 filler pairsndng the filler pairs were four pairs in
which both sentences were acceptable and ten ichwigither was acceptable. The materials
were presented in booklets. Participants readuastms that illustrated acceptable vs.
unacceptable sentences. They were asked to catlesentence a was more acceptable than
sentence b, and to circle "b" if sentence b waseracceptable. If the two sentences were both
acceptable, they were to circle “both.” If neitlsentence was acceptable, they were to circle
“neither.”

ResultsTable 7 shows the proportion of responses on tbepaability test depending on the
type of intransitive sentence. When the intransigentence fit the null object pattern, the
proportion of choices of “both” transitive and imisitive sentences was larger for atelic verbs
than for telic verbs (.44 vs. .31). When the insitime sentence fit the unaccusative pattern, the

proportion of choices of “both” sentences was lafgetelic verbs than for atelic verbs (.39 vs.
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Table 7
Proportion of Responses on Transitive vs. IntrawesiForced Choice Acceptability Test Depending
on Verb Telicity, Verb Argument Structure, and Tgpktransitive

Response on Forced Choice Test

Verb Argument Only Only
Type of Intransitive Telicity  Structure Transitive Intransitive Both Neither
Null Object (N=55) Telic P 41 .02 .55 .01
TO .90 .01 .07 .01
Mean .66 .02 31 .01
Atelic Pl .35 .05 .58 .01
TO .67 .02 .30 .01
Mean 51 .04 A4 .01
Unaccusative (N=8) Telic Pl .23 .06 .67 .05
TO .86 .02 A1 .02
Mean .55 .04 .39 .07
Atelic Pl Sl A2 .35 .02
TO .90 .02 .07 .02
Mean 1 .07 21 .02
Notes: Pl = potentially intransitive TO = tramggt-only

21).
Data from each of the two acceptability tests waeralyzed with four separate analyses of

variance using proportion of choices of transitimésansitive, both, and neither as dependent
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variables. In all analyses, the independent vaggtblere verb telicity and verb sub-
categorization.

Null Object FrameswWhen the intransitive form fit a null object frapnjudgments that both

transitive and intransitive sentences are equaltgptable were more common
» for potentially intransitive verbs than for tramgg-only verbs (.57 vs. .19k; (1, 15) = 72.6,
p <.001,MS = .032.
» for atelic verbs than for telic verbs (.44 vs. , 31, 15) = 5.59p < .05,MS = .049.
The advantage of potentially intransitive verbshices of both was larger for telic verbs
(.55 vs. .07) than for atelic verbs (.58 vs. .30{}1, 15) = 6.01p < .05,MS. = .027.
Judgments that only the transitive sentence ispigbke were more common
» for transitive-only verbs than for potentially iatrsitive verbs (.79 vs. .3&j(1, 15) = 77.0p
< .001,MS& = .034.
» for telic verbs than with atelic verbs, (.66 vsl),3- (1, 15) = 6.26p < .05,MS. = .056.
The advantage of transitive-only verbs in transifirames was larger for telic verbs (.91 vs. .41)
than for atelic verbs (.67 vs. .3%)1, 15) = 5.18p < .05,MS = .024.
No other differences were significant in the nudjext test.

Unaccusative Frame¥/hen the intransitive form fit an unaccusativerfeg judgments that

both transitive and intransitive sentences are lggaeceptable were more common

» for potentially intransitivererbs than for transitive-only verbs (.51 vs. .09j1, 15) = 35.0,
p <.001,MS, = .082.

» for telic verbs than for atelic verbs (.39 vs. .4(], 15) = 6.08p < .05,MS = .085.

The advantage of potentially intransitive verbshioices of both was larger for telic verbs (.67

vs. .11) than for atelic verbs (. 35 vs. .(F)1, 15) = 11.0p < .01,MS&; = .029.
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Judgments that only the transitive sentence ispigbke were more common
» for atelicverbs than for telic verbs (.71 vs. .56)1,15) = 4.14p = .06,MS. = .099, and
» for transitive-only verbs than for potentially iatrsitive verbs (.88 vs. .3H,(1, 15) = 48.2,

p < .001,MS. = .087.

The advantage of transitive-only verbs was largetdlic verbs (.86 vs. .23) than for atelic verbs
(.90 vs. .51)F (1, 15) = 6.18p < .05,MS, = .038.

Judgments that only the intransitive sentenceds@able were more common for
potentially intransitive verbs than for transitisaly verbs (.09 vs. .02F, (1, 15) = 15.6p <
.001,MS. = .052.

No other differences were significant in the unaative test.

DiscussionThe results of these two acceptability tests st/ null object sentences are
more acceptable for atelic verbs than for telidogekvhile unaccusative sentences show the
opposite pattern. These results are similar toetlodshe corpus study on argument structure
frequency, which showed that atelic verbs appeaerafien in null object sentences while telic
verbs appear more often in unaccusative senteboeker the assumption that the object is more
accessible in a null object sentence than in acausative sentence, these results do not confirm
the prediction that telic verbs require an objead¢limit the event to which they refer.
Dictionary Meanings

The verb class model predicts that the range ohimga for telic verbs is smaller than that
of atelic verbs. If meaning variability is smalfer telic verbs, they will have fewer meaning
senses. We tested this hypothesis by countinguhdbar of dictionary entries for telic vs. atelic
verbs.

Method.We used the same set of 64 verbs as in the eaffiéne studies. For each verb we
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Table 8

Mean Number of Meaning Senses Depending on Veirdtyeind Verb Argument Structure

Verb Telicity
Argument Structure Telic Atelic
Potentially intransitive 6.29 5.14
Transitive-only 4.13 5.07

counted the number of different meaning sensdsarRandom House Dictionary entry.

Results and Discussiomhe mean number of senses appears in Table 8. thace
distributions were skewed, we used a¢dgansformation of the number of senses.

Telicity was unrelated to number of sengeg],15) < 1, but there was an interactionbetween
verb telicity and argument structufe(1, 15) = 5.57MS. = .0114p < .05. This interaction
appears to be due to the fact that for potentiathansitive verbs, the number of senses was
greater for telic verbs than for atelic verbs (6v295.14), but for transitive-only verbs the
number of senses was greater for atelic verbsftrarlic verbs (5.07 vs. 4.13).

For transitive-only verbs the results support thedjetion that meaning variability is smaller
for telic verbs. For potentially-intransitive verlmeaning variability is greater for telic verbs
than for atelic verbs.

Shifts in Telicity

If telic verbs are more fixed in their meaning,ythvéll be less likely to change their meaning
within sentences. We tested this hypothesis byyamay the telicity of sentences that contain
one of our 64 verbs.

Method.We searched the Collins Cobuild corpus (2004) torG# verbs. The Collins
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Cobuild corpus automatically produces for each werandom selection of 40 sentences that
contain the verb. We analyzed the event structtitleeo40 sentences for each of our verbs.
Results and Discussio®f the 2,722 sentences, 2,343 had the same eveatuse
classification as the verbs they contained. Theareimg 379 sentences, or 13.9%, had a
different event structure. Figure 2 shows the thistion of sentences that differed from their
verb in event structure, depending on our clasdifho of verb telicity and sub-categorization.
Figure 2 shows that the proportion of shifts inrgv&ructure from verb to sentence is greater for
telic potentially intransitive verbs (.21) and #telic transitive-only verbs (.20) than for telic
transitive-only verbs (.13) and atelic potentiafiyransitive verbs (.12). Analysis of variance of
the proportion of event structure switches withbvilicity and sub-categorization as within-
item variables showed a significant interactionnastn verb telicity and sub-categorizatién,

(1, 15) = 6.32p < .05,MS, = .011.
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Figure 2.Proportion of Sentences that Differ in Verb andt8ece Telicity Depending on
Argument Structure Preferences

These results suggest that event structure iSxed by the verb, but rather is dependent on
the context within the sentence. In addition, ekl in event structure is related to argument
structure. Atelic verbs that tend to occur withadoject are more likely to appear in telic
sentences. On the other hand, telic verbs thabtletrongly require an object are more likely to
appear in atelic sentences.
Conclusion

Thein/for acceptability study shows that the meaning o€ tedirbs is more flexible than that
of atelic verbs. Corpus analysis and acceptabiiigments show that null object intransitives

are common and more acceptable for atelic verbsftiraelic verbs, whereas unaccusative
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intransitives are more common and more acceptablelic verbs than for atelic verbs. In
addition, unergative intransitives tend to be mmmemon for telic verbs than for atelic verbs.
Our sample of verbs shows that telic potentialtyansitive verbs have the greatest number of
dictionary senses and shifts in telicity betweenvrb and the sentence, whereas telic
transitive-only verbs have the fewest number ofiain@ary senses and shifts in telicity between
the verb and the sentence. These results seemaolifaguistic approaches to event structure in
which properties of the verb combine extensivelthwgtructural and semantic properties of
phrases within the sentence.

We will now examine the implications of linguistizeories of event structure for sentence
comprehension. We first will review major approash® comprehension, and then use theories
of linguistic representation to develop some hyps#s about sentence processing.

Three Theories of Comprehension

In this section we examine three major theoriesoofiprehension: the garden path model,
the constraint-based model, and the situation model

The Garden Path Mode$tructural models of sentence comprehension maititat
comprehenders obtain sentence meaning by firadibgila syntactic structure. Tigarden path
modelproposes that the parser initially adopts theintexpretation that corresponds to the
simplest syntactic structure (Frazier, 1987; Fra&i€lifton, 1996). When the parser recognizes
a word, it determines the lexical category of thardv This lexical category elicits one set of
syntactic rules for each interpretation that issgae up to that point. The structure that requires
application of the fewest number of rules beconveslable soonest. For example, encountering
the verb in Bever’'s (1970) classic sentefbe horse raced.., the parser selects the structure in

which the verb is expanded as verb plus prepositiphrase:



The Linguistic Representation 49

((The horsenge ((racedy (...)ep)r)ip
rather than a structure in which it is expanded esduced relative clause that modifies the
initial noun:

(((The horsenp ((racedy )cp)ne (---)r i

The garden path theory makes two basic assummiomst the process of combining words
into phrases. First, processing resources aregltnithis limitation means that the parser
attempts to minimize complexity in order to pregergsources. Second, to generate candidate
structures for a sentence, the parser uses onbaleategory information, such as whether a
word is a noun, verb, or adjective. Thus, the gauglth theory proposes that, as each word is
received, the parser selects the structure thegrates the word into the previous structure with
minimal structure change. Because of limitationgmotessing resources, only the analysis that
becomes available first is maintained. The firsdilble analysis is the “minimal attachment"
structure. Other analyses that are possible bupmredérred are called “non-minimal attachment.”
In cases in which the first available analysisnudtiely does not prove to be correct, there is a
garden path, and the parser must perform relato@tyly reanalysis.

Basic evidence for initial computation of only thienpler, minimal attachment structure
comes from the existence of garden-path sentekcasi¢r & Rayner, 1982), such as

29. The horse raced past the barn fell.
This sentence is difficult because the active stmecforthe horse raced past the baminitially
adopted as soon escedis received. At the point of receivimgced the only X’ rule needed is

VP> V' + (NP) + (PP)

Whenfell is processed, it is apparent theted past the baris a relative clause reduced from

30. The horse that was raced past the barn fell.
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The reduced relative structure requires more edbof’ structure compared to the active
structure, and so is not initially followed:

N > N + CP
This type of sentence is called an MC/RR gardeh patause the initial structural assignment of
the verb incorrectly places it in a main claus@eathan in a reduced relative clause.

According to the garden path model, semantic antbsyic properties of verbs, such as
event structure and argument structure, have ncettate effect on the strength of the garden
path. However, since structural models maintaim ttemeaning of a sentence depends on its
phrases, the garden path theory aligns more nbtuvith derivational models of event structure
such as the predicate-driven model.

The Constraint-based Moddlheconstraint-based modéBoland, 1997; MacDonald et al.,
1994; Trueswell, Tanenhaus, & Garnsey, 1994) preptizat comprehenders use a variety of
types of information to obtain an immediate intetption that is as complete as possible.
Various types of information influence the strengtfan interpretation according to their
relevance. Furthermore, much of syntactic ambigidgyends on the ambiguity of words.

MacDonald et al. (1994) illustrate the formatiorsghtactic structure from lexical
information with the sequence

31. John cooked.
MacDonald et al. (1994) assume a distributed reptesion of lexical information, so that a
lexical item is “activated” when the units that ispond to its properties are activated. Reading
the wordJohnactivates the semantic features associated witim;Jancluding the fact that
“John” is animate, human, male, and so on. It alsovates the lexical category information

associated with John, including the fact that & rsoun and appears in a noun phrase. The
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various thematic roles in whiclohncan appear are activated, and since “John” is dsirtfae
AGENT role is strongly activated. Other factorsglsas how frequentlyohnappears in
different roles, discourse constraints, and sonlhjnfluence the activation of the thematic role.

Whencookeds read, information about its meaning, lexicakgatry (V), voice
(active/passive), argument structures (one NPtasnal direct argument/one NP as external
argument and one as internal direct argument) pasdible thematic structures (AGENT /
PATIENT / AGENT,PATIENT) are activated. In each eathe level of activation of alternative
interpretations is related to their frequency &.uswe assume thabhnmost frequently
appears with an <AGENT, PATIENT> thematic structdine corresponding argument structure,
providing syntactic slots for an AGENT and a PATIENvill be activated most strongly. When
the most strongly activated structuresJohnandcookedcorrespond, as in this case, they are
linked, andJohnis assigned the AGENT role, with the PATIENT rakseeding to be filled. This
example illustrates how syntactic structure emefigens lexical information.

Table 9 summarizes some of the factors that mayante the strength of the garden path in
sentences with a reduced relative clause. Thesaréaaclude verb form, argument structure,
frequency of passive use, unergativity, post-vecoals, animacy, conceptual fit, initial noun
specificity, referential context, and tense. Acoogdo constraint-based models, the parser
weighs all possible interpretations according ®gtrength with which various factors support
each interpretation. As the parser receives mdoenration, the strength of competing
interpretations changes until one interpretaticquaes a clear advantage in strength.

Constraint-based models fit naturally with lexiapbroaches to event structure: If event
structure is represented in verbs, then comprehendt use it immediately to arrive at an

interpretation.
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The Situation ModelA third major theory of comprehension focuseguwotessing at the
text and discourse level. Zwaan (1999) proposdsctiraprehension involves constructing a
mental representation of what a text is about, agituation modelSituation models are
representations of the people, objects, locatiensnts and actions that are described in a text.
According to this approach comprehenders assunieveats appear in narratives in their
chronological order as a continuous flow with nothieft out, just as in the world.

Zwaan (1999) reports three kinds of evidence thppert the view that temporal information
is a part of the discourse-level representatioexi First, language allows speakers to deviate
from chronological order. If comprehenders congdteusituation model that includes the
temporal sequence of events, it should be harderoimess (33a) compared to (33b):

32. a.Before the psychologist submitted the manusdtiptjournal changed its policy

b. After the psychologist submitted the manuscrigt jtlirnal changed its policy.
ERP evidence supports this prediction (Munte, $hfl Kutas 1998), as do several kinds of
behavioral evidence (e.g., Clark & Clark, 1968; heend, 1983; Townsend 1997). Second, in
real life events follow each other without pauséransition, but in narratives events can have
temporal discontinuities. Since these temporal ghifisr from everyday experience, time shifts
should disrupt the comprehension process. Zwaa@6{if®und that reading times for sentences
with a few days lateare longer than for sentences that do not introdua®e shift. Third,
comprehenders access more readily recent eventsacethto events that happened a while ago.
Zwaan (1996) reports that probe recognition tinmeghterare slower in (34a) than in (34b):

33. a.An hour ago John entered the building
b. A moment ago John entered the building.

Madden & Zwaan (2003) note that comprehenders septean event in the perfective aspect as
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Table 9

Factors that May Influence the MC/RR Garden Path

Factor Study
Argument structure MacDonald, 1994; Pritchett,2,;980wnsend & Bever,
2001

Frequency of passive use  Trueswell, 1996

Unergativity Stevenson & Merlo, 1997
Post-verbal cues MacDonald, 1994; Clarke, Townsé&rigever, 2000
Animacy/Agenthood Ferriera & Clifton, 1986; Filipanenhaus, Carlson,

Allopenna, & Blatt, 1997; MacDonald, 1994; Trueshvel
Tanenhaus, & Garnsey, 1994

Conceptual fit McRae, Spivey-Knowlton, & Tanenhal@98; Pearlmuter
& MacDonald, 1992; Tabossi, Spivey-Knowlton, McRé&e,
Tanenhaus, 1994; Trueswell, Tanenhaus, & Garn§&4 1

Initial noun specificity Crain & Steedman, 19850322000

Referential context Crain & Steedman, 1985, Fearé&iClifton, 1986; Britt,
Perfetti, Garrod, & Rayner, 1992; Murray & Liverged
1994; Spivey, Trueswell, & Tanenhaus, 1993

Discourse/sentence tense Trueswell & Tanenhaud, 199

having been completed, asdohn entered the building his representation foregrounds the

event and its completion. On the other hand, ingadiffe aspect, as ifohn was entering the

53

building, foregrounds the agent and his/her efforts to actismghe task. The representation of
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an event in the imperfective, however, concernstrent in progress. In this case, the emphasis
is on information about the internal structurehd event and the agent’s progress at
intermediate states. Studies have shown that ddtieraatic roles (location, agent, and
instrument) are more available when events areritbestcin the imperfective rather than the
perfective (Carreiras, Carriedo, Alonso, & Fernand®97; Madden & Zwaan, 2003; Magliano
& Schleich, 2000). Thus, the imperfective acts asefor constructing an event representation
that foregrounds the location, agent, and instruraéthe ongoing event. On the other hand, the
perfective aspect directs the reader to construetvant representation that foregrounds the
resultant state of the completed event. Maglian®cleich (2000) assessed the role of
grammatical aspect (whether the verb is perfe¢te@)or imperfective Was ...-ing) in

discourse comprehension. They found that compredrendterpret events described with
imperfective aspect as ongoing in narrative timenghs they interpret events described with
perfective aspect as completed.

Since the situation model makes no assumption dimwmtevent structure is represented at
lower levels such as words and sentences, it isist@mt with either the garden path model or the
constraint-based model. We can summarize the wituatodel of event structure in terms of the
discourse integration hypothesis: If sentencesphegtent events with a definite temporal
boundary move a narrative forward in time, proaessvill be easier for telic events than for
atelic events.

Implications for Sentence Processing

Lexical and derivational models of the represeatatif event structure make different

predictions about the point at which informatiomabevent structure comes into play. In this

research we examine when comprehenders accessation about telicity. Lexical views
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predict that comprehenders access telicity immeljiatpon recognizing the verb, whereas
derivational views suggest that such access iotenat best. However, derivational views of the
representation of event structure, as well astsitmanodels of text comprehension, predict that
comprehenders access information about telicitgims of the entire predicate or sentence. We
address these issues by conducting single worghae#d reading studies of ambiguous
sentences and probe recognition studies of texpoemension.

If comprehenders access lexical information abwahestructure immediately, this
information will influence the extent to which theyperience a garden path. We test this notion
with garden path sentences suciifae woman healed at the clinic rejoined the denmatish,
in which readers often misinterptetaledas the main verb wittvomanas its subject. The
correct analysis is thaomanis the direct object dfiealed which is part of the reduced relative
clausehealed at the clinicThe broader question is what kind of lexical mfiation
comprehenders use to form their initial represemtatf structure. In particular, do they
correctly assignvomanto the role of internal direct argument more readihen the initial verb
is telic (healed rather than atelicaGsisted? This prediction follows from lexical represemat
of event structure, and it is consistent with caaist-based models, but not with the garden path
model. On the other hand, constraint-based modetligt that the parser uses argument
structure preferences immediately; hence, garddrs péill be greater for verbs that may be used
transitively or intransitively (e.ghealed, compared to verbs that are only used transiti{el.,
identified. The prediction from the garden path theory & the parser uses only lexical
category information, and so garden paths willvasty depending on differences in the
properties of verbs.

Constraint-based models predict that the parseratsayuse specificity of the initial noun
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phrase immediately to guide assignment of the d&immole (Sanz, 2000). Therefore, garden
path effects should be smaller for specific initialins and telic initial verbs. If comprehenders
use event structure later during comprehension wenintegrate sentence meaning into a
mental model, verb telicity and object specifigtyould have effects at that point.

Table 10 summarizes the predictions of the varapmoaches to the representation of event
structure. Levin & Rappaport’s verb class modelntans that the event structure templates of
verbs are easier to modify for atelic verbs thartébc verbs. Since the meaning and structure of
atelic verbs is less fixed, end of clause procegstsimes will be greater for atelic verbs than for
telic verbs. We refer to this prediction as template augmentation hypothesis

Thedelimiter search hypothesisllows from lexical representation of event sture. It also
predicts that the garden path effect is smalletdbe verbs than for atelic verbs. However, it
attributes differences in garden path effects éoréguirement of telic verbs that there be

something to delimit the event (O’Bryan et al., 20P003, 2004; Sanz, 2000). Thus, as soon as
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Table 10
Summary of Processing Hypotheses Derived from Maxféhe Representation of Event
Structure
Lexical Model
1. Template augmentation hypothediglic verbs constrain syntax more than atelic vedbs
End-of-clause processing times are greater forcatetbs than for telic verbs.
2. Delimiter search hypothesi&ecognition of a telic verb initiates search fatedimiter, and
therefore facilitates assignment of an NP to irdedirect object>
A constraint-based implementation predicts thaigaglen path is smaller for telic verbs.
3. Specificity constraint hypothesia:telic sentence cannot have a non-specific olgbcise>
A constraint-based implementation predicts thagaglen path is smallest for the
combination of specific initial noun phrase plukscteerb.
4. Preposition constraint hypothesiShe prepositiorby is a strong cue that the verb is a
passive participle>
A constraint-based implementation predicts thatgduelen path is
smallest for the combination of telic verb plus

Derivational Model

Derived event structure hypothedisient structure depends on specificity of the alyge—>

Processing is faster for sentences when the veet¢sand the object is specific.

Situation Model

Discourse integration hypothesigelic events move a narrative forward in tirde

Processing is faster for telic than for atelic sanes.
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the verb is recognized as telic, the parser searfdne delimiter, and finds it in the initial naun
Since the delimiter is the direct object, and thighe correct structural assignment for an initial
noun phrase that is modified by an embedded relalause, garden path effects will be smaller
for telic verbs than for atelic verbs.

Further predictions follow from the delimiter seattypothesis. Thepecificity constraint
hypothesisnaintains that specific objects can delimit evénisnon-specific objects cannot.
This hypothesis predicts that the garden path alenfor telic verbs with specific initial nouns.

Thepreposition constraint hypothesisaintains thabyis a strong cue that the verb is a
passive patrticiple in a reduced relative claudeerathan a past tense in a main clause. This
hypothesis leads to the prediction that the gapdeth is smaller wheby follows a telic verb.

Borer’s predicate-driven model maintains that vespscify the number of arguments they
require, but they do not specify event roles, th@males, or type of argument. A constraint-
based implementation of this model predicts nooefdé verb in immediate processing. Since
event structure depends on properties of the palincluding the specificity of the object, it
does predict a late effect of object specificithisTis thederived event structure hypothesis.

Zwaan'’s situation model maintains that comprehesdenstruct a mental model of the
situation that a text describes. Since this mentadel organizes events in chronological order,
events that advance time will be integrated intorttental model more readily. This leads to the
prediction that processing times at the end oinéesee will be faster for telic events than for
atelic events (the discourse integration hypotheSisce object specificity influences sentence
telicity, the telicity effect will be limited to seences with a specific object (the derived event
structure hypothesis).

We tested these hypotheses in three experiments.
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Experiment 1

In their review of the comprehension of garden &thtences, Townsend and Bever (2001)
differentiated verbs in terms of whether they agent-seekingr patient-seekingAgent-seeking
verbs minimally require an agent, whereas patierkinig verbs minimally require a patient. If
the initial verb in a sentence with an embeddedgced relative clause were patient-seeking, the
garden path would be relatively small because #tiept-seeking property of the verb would
lead comprehenders to assign the initial noundaake of patient of the verb rather than the
more common agent role.

Following Townsend & Bever (2001), Bever, Sanz, aodnsend (1998), and Sanz (2000),
O’Bryan et al. (2002, 2003, 2004) developed theomodf patient-seeking verbs in the context of
event structure. They proposed that comprehenderserb telicity to assign NPs to the role of
direct object. Their reasoning was that sinceia t@rb requires a delimiter for the event it
denotes, comprehenders fill this event role with moun that is available. Since this assignment
is correct in the case of sentences with a redtelative, the garden path effect should be
smaller for telic verbs than for atelic verbs.

To test the delimiter search hypothesis, O’'Bryaal 2002, 2003, 2004) re-analyzed data
from two studies (McRae, Spivey-Knowlton, & Tanenbal998; Tabossi, Spivey-Knowlton,
McRae, & Tanenhaus, 1994) that examined the prowes$ sentences with reduced relative
clauses by classifying the verbs as telic vs. @t@lhe materials in McRae et al. and Tabossi et
al. contained the prepositidcny immediately after the verb, and in both studies-tword self
paced reading times were recorded. O’Bryan eegbnted that the garden path effects were
smaller on the frame containing the verbytwhen the verb was telic rather than atelic. The

argument structure effect fell short of significéeit, MacDonald, 1994). O’'Bryan et al. (2004)
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assert that comprehenders have immediate accesdittelicity and use it to assign the initial
NP in a reduced relative sentence the role of olgjethe verb.

Examination of the procedures in O’Bryan et al.0202003, 2004) raises questions about
their classification of the verbs and their anaysfithe materials. First, O’Bryan et al. reported
that there were 71 items across the two studiesieder, 23 of the items were identical in the
McRae et al. and Tabossi et al. studies, so thRaty@h et al. actually analyzed data from 48
differentitems. This fact causes difficulties in interpngtithe statistical analyses: the data from
some items are counted twice (efged), while the data from other items are counted amge
(e.g.,graded. To see why counting some items more than ottre&tes interpretative problems,
suppose that verb telicity has no effect at allthsd as a group telic and atelic verbs actually
have exactly the same effect on resolving ambigtfigo, randomly selecting telic vs. atelic
verbs usually will produce a set of verbs in whiehf of both telic and atelic subsets shows a
smaller than average garden path effect. But suppescounted data from some verbs twice and
the telic verbs that we counted twice happen talypee a relatively small garden path effect. In
this case, the estimate of the garden path effedefic verbs will not accurately assess the true
garden path effect for the entire set of telic gefthus, it is difficult to assess the validitytbé
statistically significant difference between tedied atelic verbs that O’Bryan et al. report.
Because of this problem of verb selection, we cabeaonfident that we will be able to
replicate the results (unless we use exactly threesget of verbs and count twice the same subset
of verbs).

Second, as we have noted, the behavior of verpsitis variable (e.g., Moens & Steedman,
1988; Pulman, 1997; Rappaport & Levin, 1998; Ri&dRosen, 1998). Inspection of the verbs in

O’Bryan et al. confirms this observation. Consithegir classification of verbs into the telic
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potentially intransitive group. They claim 6 diféat verbs in this grougied, graded, kicked,
shot, selectedindvisited. Applyingin/for, homogeneity, and intransitive acceptability tests
however, none of these verbs is clearly both talid potentially intransitive (see Tables 1 and
2). Perhaps the clearest example of a telic pantntransitive verb in their group fge as in
the hunter fired the guandthe gun fired However, another sensefot occurs inthe employer
fired the workeythis sense dire is telic but it does not allow intransitive use,shnown by the
unacceptablethe employer fireénd *the worker fired A further difficulty with the O’Bryan et
al. classification ofire as telic potentially intransitive is that McRaeaktand Tabossi et al. used
fire in sentences likhe employer fired by the owner was jobless foes#dymonthswhere it is
telic transitive-only. Similar problems exist witick, whose event structure depends at least on
the context preceding the verb.The punter kicked the ball in 3 seconds, kidkeatelic
achievement that may appear as a null object isitrae (The punter kicked on fourth dowir)
The bronco kicked the cowboy, kickea transitive telic achievement, butlihe bronco kicked
for 3 second# is an atelic (unergative) activity. The variktyiin the uses of these verbs
suggested that it would be useful to conduct afghirevestigation of the role of verb telicity in
assigning structure during sentence comprehension.

We conducted a self-paced reading task with seagelileThe woman healed at the clinic
rejoined the demonstratiao test the delimiter search hypothesis. This hypsis states that
comprehenders use verb telicity as a cue to assigrun phrase as delimiter. This hypothesis
predicts that garden path effects in reduced raatiauses will be smaller when the initial verb
is telic rather than atelic (O’Bryan et al., 20@QR03, 2004).

We also tested a corollary of the delimiter sedrgbothesis. The specificity constraint

hypothesis states that comprehenders use verliy@hicombination with noun phrase
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specificity to assign the role of delimiter. Thigdothesis predicts that garden path effects with
an initial telic verb will be smaller when the maitnoun phrase is specific, since specific noun
phrases are better delimiters (e.g., Verkuyl, 19893).

We also tested thergument structure hypothesishich states that the frequency of verb
uses as transitive vs. intransitive guides inhigbotheses about structure. This hypothesis
predicts that garden path effects on the preposdiovill be smaller when the initial verb is
potentially intransitive rather than transitive-pn®ince a potentially intransitive verb may be
interpreted as intransitive, the word following trexb need not be part of a direct object noun
phrase. For a transitive-only verb, however, theterbal word is generally part of a noun
phrase (MacDonald, 1994; Townsend & Bever, 200b)wéler, the garden path effects on the
main verbrejoinedwill be larger when the initial verb is potentialhtransitive because the
sequence of words up to the main verb constitutesyglete sentence if the initial verb is
intransitive.

Participants read sentences in a one word selfdp@aaling task. The critical sentences
contained a relative clause as ifhg woman/Women} {that was, 0}
{healed/identified/assisted/ridiculed} at the ctinejoined the demonstratio@urly brackets
indicate alternatives in experimental materialse Tritial verb was either telihéaled,
identified or atelic @ssisted, ridiculedand either potentially intransitivedaled, assistgdr
transitive-only {dentified, ridiculed).The initial noun was either specific or non-speciihe
woman/\Women)

Method
Participants The participants were 64 native English speakwoitege students at Montclair

State University.
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Materials We used 16 sets of verbs. Within each set, tvaseone verb in each combination
of verb telicity and verb argument structure. Rrgting showed the following:

» Telic verbs produced a larger preferencdrigphrases compared to atelic verbs, whereas
atelic verbs produced a larger preferencddoiphrases compared to telic verbs (see Off-
Line Studies).

* Inthe corpus analysis, telic and atelic verbsraitidiffer in overall frequency of occurrence.
Telic and atelic verbs did not differ in frequerafyoccurrence in the Collins corpus(1,15)
<1,MS&=27096. The mean frequency of occurrence for taibs in the 56 million word
corpus was 111, and that for atelic verbs was Wi, standard errors of 38 and 21
respectively. Verb telicity and argument structdick not interactf (1,15) < 1, MS.= 23408.

* In the corpus analysis, transitive-only verbs apgéanore frequently in transitive sentences
compared to potentially intransitive verbs, wheneaientially intransitive verbs appeared
more frequently in intransitive sentences comp#wddansitive-only verbs (see Off-Line
Studies).

* In the corpus analysis, null object uses were mmoremon for atelic verbs than for telic
verbs, and both unaccusative and unergative usesmarginally more common for telic
verbs than for atelic verbs (see Off-Line Studies).

» Acceptability judgments confirmed the classificatiaf verbs into argument structure
preferences (see Off-Line Studies).

» Telic and atelic verbs did not differ overall inmber of dictionary meanings. However, for
potentially intransitive verbs, the number of sens@s greater for telic verbs than for atelic
verbs, but for transitive-only verbs the numbes@fses was greater for atelic verbs than for

telic verbs (see Off-Line Studies).
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* In the corpus analysis, shifts between the telioftthe verb and the sentence in which it
appeared did not differ overall for telic vs. atelerbs. However, for potentially intransitive
verbs these shifts were more common for telic vérha for atelic verbs, whereas for
transitive-only verbs aspectual shifts were momammon for atelic verbs than for telic verbs
(see Off-Line Studies).

For each set of verbs, we wrote a sentence wimaredded relative clause, using one of the
verbs from the set. We chose initial noun phralsasdould appear as singular or as bare plural.
The preposition following the verb was nevgt

The sets were arranged in a random order, andsed@ppeared with a different
combination of variables across 16 lists. The kststained 60 filler sentences that varied in
structure.

Plausibility Pre-TestPre-testing showed that telic vs. atelic verbsmaitidiffer in their
plausibility in simple sentences that containedstie arguments of the verb. However, for
potentially intransitive verbs, sentences withct®krbs were more plausible than sentences with
atelic verbs; for transitive-only verbs, senteneéh atelic verbs were more plausible than
sentences with telic verbs.

We presented our verbs in either transitive or ansative frames, as Bomebody healed
the woman at the clinies. The woman healed at the cliniexcept forsomebodythe arguments
were the same as those in our experimental sergésee Experiments 1-3). College students
(N=24) rated the plausibility of the sentence @tale from 1 to 6, in which 1 = very
implausible and 6 = very plausible. Table 11 shidvesmean plausibility ratings (standard errors
in parentheses). Telic and atelic verbs did ndedih plausibility, 3.89 vs. 4.1F, < 1. Verb

telicity and argument structure interacted1, 15) = 9.41MS, = .801,p < .01, indicating a



The Linguistic Representation 65

Table 11
Mean Plausibility Ratings Depending on Verb Teji@hd Verb Argument Structure (standard

errors in parentheses) (N=24)

Verb Telicity
Argument Structure Telic Atelic
Potentially intransitive 4.45 (.25) 4.19 (.20)
Transitive-only 3.33(.16) 4.04 (.14)

larger plausibility advantage for potentially imgdtive verbs when the verb was telic (a
difference of 1.12) rather than atelic (a differemé 0.15).

Procedure Participants read the sentences one word ateaviith the word centered on the
screen. Comprehension questions about the cortém sentence followed 33 of the trials. The
dmdx software controlled the experiment (Forstég9).

Design.The design was 2 (Relative Clause Structure: redfuareduced) x 2 (Verb Telicity:
telic/atelic) x 2 (Argument Structure: potentiaihtransitive/transitive-only) x 2 (Object
Specificity: singular/bare plural). All variablesned within participants and within items. Since
one verb was used three times by mistake, the \dltiee degrees of freedom for the error term
in item analyses was reduced by two.

Results

Reading times that were greater than two standewchtions from the cell mean were
replaced with the value of the mean plus two stethdaviations. These long response times
occurred at a rate of 5.0%able 12 shows the mean word reading times depegrutirverb

telicity, argument structure, and relative clausecsure. Figures 3 and 4 show the garden path
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Mean Word Reading Times (ms) and Standard Erropgiéing on Verb Argument Structure,

Verb Telicity, and Clause Structure in ExperimeiiN£64)

Argument Structure

Pl
RT SE

...Initial Verb:

Reduced Relative 548 30

Unreduced Relative 620 41

Preposition &t):

Reduced Relative 493 15

Unreduced Relative 494 19

Determiner the):

Reduced Relative 444 15

Unreduced Relative 439 17

Noun(clinic):

Reduced Relative 512 20

Unreduced Relative 587 27

Main Verb fejoined..):

Reduced Relative 697 42

Unreduced Relative 560 26
Notes: Pl = potentially intransitive

RT = reading time

Verb Telicit

elic Atelic

RT SE RT SE
532 28 557 30
585 38 601 41
510 16 502 17
471 17 482 17
445 15 462 16
427 16 449 19
548 21 559 25
559 26 578 27
6615 767 51
5320 589 34

T0
RT SE

541 28
565 39
519 17
458 14
463 15
437 19
595 29
550 26
732 49
566 26

TO = tramggt-only

SE = standard error

Overall

546

58I

508

416

453

435

550

5e8

714 42

563 23
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Figure 3.Garden Path Effects for Potentially Intransitive 7sansitive-Only Verbs Depending
on Word Position in Experiment 1.
effects depending on verb telicity and argumenicstrre.

Initial Verb. Transitive-only verbs were read more quickly tipatentially intransitive verbs
(551 vs. 590 msk; (1, 63) = 3.11p < .10,MS. = 54664 F, (1, 13) = 4.69p < .05,MS, =
21023. No other main effects or interactions were sigsaifit.

Preposition The preposition was read more quickly in unredusgative clauses than in
reduced relative clauses (476 vs. 506 g)l, 63) = 6.57p <.05,MS. = 34571F; (1, 13) =

8.48,p < .05,M& = 8699. This result demonstrates the general ggvdth effect.
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Figure 4.Garden Path Effects for Telic vs. Atelic Verbs Deglieg on Word Position in

?
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Experiment 1.

The effect of relative clause structure was lafgetransitive-only verbs (61 ms advantage
in unreduced relative clauses) than for potentialisansitive verbs (1 ms advantage in reduced
relative clauses). The interaction between argursgntture and relative clause structure was
significant,F; (1, 63) = 8.20p < .01,MS. = 29630/, (1, 13) = 7.50MS = 14505 < .05.

The interaction between telicity and relative clggucture was not significat; (1, 63) <
1,p<.01,MS = 34896 F, (1, 13) < 1MS. = 16422.

The only other significant effect on the prepositigas the interaction between argument

structure and object specificity, F (1, 63) = 4%, .05,MS = 29793 F, (1, 13) = 2.07p > .05,
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MS. = 20884.

Determiner The interaction between telicity and relativeusia structure was not significant,
F1(1, 63) < 1IMS. = 24272 F, (1, 13) < 1MS, = 16491.

The interaction between argument structure andivelalause structure was not significant,
F1(1, 63) < 1MS = 31958F, (1, 13) < 1MS, = 18078.

The only significant effect on the determiner waat reading times were faster when the
initial noun was a bare plural than when it wagslar (429 vs. 462 ms), F (1, 63) = 1(p9,
<.01,MS, = 24667 F, (1, 13) = 7.36p < .05,MS, = 17917.

Noun.There was an interaction between argument streietod relative clause structukg,
(1,63)=8.19p < .01,MS = 114760F, (1, 13) = 5.59p < .05,MS, = 53218, and between
argument structure, structure, and object spetifiEy (1, 63) = 5.19p < .05,MS = 34122 F,
(1, 13) = 3.56p < .10,MS, = 14203.

The main effect of telicity was not significaft, (1, 63) < 1MS. = 68083 F, (1, 13) 1.10p
>.10,MS = 17333.

The interaction between telicity and relative clggucture was not significat; (1, 63) <
1,MS = 48121 F, (1, 13) < 1MS. = 17333.

No other effects were significant on the noun.

Main Verb.Main verb reading times were faster for unreduegatives than for reduced
relatives (563 vs. 714 md); (1, 63) = 20.8p < .001,MS = 280641F, (1, 13) = 48.9p < .001,
MS, = 39454, and faster for telic verbs than for atekrbs (599 vs. 678 md$); (1, 63) = 10.7p
<.01,MS = 149653F; (1, 13) = 5.72p < .05,MS, = 102222.

The interaction between telicity and relative clggucture was not significat; (1, 63) <

1,MS: = 242715F; (1, 13) = 1.54p > .05,MS; = 46831.
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The interaction between argument structure andivelalause structure was not significant,
Fi (1, 63) < 1MS = 113805F; (1, 13) < 1MS; = 64909.

No other effects were significant.

Correlations.As a further test of the delimiter search hypohese calculated the
correlation between preferences iforvs. for-phrases and the size of the garden path. For each
verb we subtracted the percentage of judgmentsaathanhtence sounds better wittoaphrase
from the percentage of judgments that it soundebetith anin-phrase. This difference score
provides an estimate of strength of a telic intetgtion: a more positive difference score
indicates a strong preference for a telic integireh, whereas a more negative difference score
indicates a strong preference for an atelic inttgtion. For each verb we also estimated the
strength of the garden path by subtracting reatiimgs for unreduced relatives from reading
times for reduced relatives. The reading time datluded reading times for both specific and
non-specific initial nouns. A more positive diffeic® indicates a stronger garden path. The
delimiter search hypothesis predicts a negativestatron between these two differences scores:
as strength of a telic interpretation increases sthe of the garden path decreases.

Table 13 shows the correlations betwa#for preference and size of the garden path at each

of the underlined words ifihe N Verb at the clinic rejoingtle demonstratianlThere was a

significant correlation between size of the diffeze in preference fon vs. for preference on the
initial verb and size of the garden path when thtigipant was reading the prepositiors
+.27,p < .05. This result indicates that as the strenfthtelic interpretation increases, the
garden path effect also increases. These resulistdmonfirm the prediction that a telic
interpretation decreases the garden path effect.

We can explain the positive correlations betweerfgoence for am adverbial and the size
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Correlations between Linguistic Properties and GdieGarden Path Effects

Measures of Transitivityidentified, ridiculed

Preference for transitive vs. null object
Preference for transitive vs. unaccusative
Frequency of transitive sentence in BNC

Measures of Intransitivityhealed, assistgd

Preference for both transitive and null object
Preference for both transitive and unaccusative
Frequency of null object sentence in BNC
Frequency of unaccusative sentence in BNC

Measures of Telicitylealed, identified

Preference fom-phrase ovefor-phrase
Difference betweem- andfor-phrase preference
Frequency of telic sentence in BNC

Measures of Atelicitydssisted, ridiculed

Preference fofor-phrase ovein-phrase

Other Measures

Frequency of Initial Verb

Number of Senses

Notes:

B < .05

*p < .01

..Verb at
0.05 704
0.07 29%0.

0 0.43**
050. -0.47**
.06-0 -0.23

0.14 44
-0.23 .24-0
-0.01 0.24
0.01 0.27*
-0.05 0.15
0.02 -0.31*
-0.05 0.13
-0.19 -0.25

Word Position

the

0.29*

-0.04

110

-0.29*

0.06

-0.13

-0.01

0.26

0.22

0.1

-0.15

0.01

-0.34%

71
clinic rejoined..
0.24 -0.35**
0.29* -0.05
0.29* -0.24
-0.22 0.32*
-0.24 0
-0.03 0.24
-0.43** -0.01
0.22 -0.08
0.18 -0.18
.040 -0.22
-0.12 0.25
0.1 0.03
-0.15 0.21



The Linguistic Representation 72

of the garden path in terms of the correlation leetwtransitivity and telicity: The more telic a
verb is, the more likely it is to be transitive.€Tborrelation between transitive ane
preferences was= .35,p < .01. The more likely a verb is to be used assitave, the greater the
expectation of a post-verbal object and the latigergarden path.

As a further test of the role of argument strucpneferences in the garden path, we
calculated the correlations between preferencesdasitive vs. null object/unaccusative
intransitive frames and the size of the garden pH#tt as measured by the difference in reading
times for reduced vs. unreduced relatives. A pagsitiorrelation indicates that the garden path is
stronger as the preference for using the initiabwe a particular sentence frame increases. A
negative correlation indicates that the garden p#H#tt is weaker as preference for a particular
sentence frame increases. For preferences betvaesititve vs. both null object and
unaccusative frames, these correlations are sigmnifion the preposition,= .41,p < .01 and =
.29,p < .05 respectively. Thus, the garden path effecbimes greater as preference for a
transitive frame increases. Because of the expewtttat a direct object follows the verb when
it is highly transitive, reading times on the prspion are greater in reduced clauses.

Table 13 shows the correlation between the sizeeofarden path and the number of
dictionary entries for each verb. As the numbediofionary entries increased, the size of the
garden path became smaller for words within thatired clause. This correlation was significant
on the determiner,=-.34,p < .01. This result suggests that within the re&atlause,
comprehenders entertain more possible structures Wie verb is more polysemous.
Consequently, evidence that suggests that thereaduced relative clause does not disrupt
reading times.

Regression Analysi8Ve conducted multiple regressions to predict the sf garden path
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effects from several verb properties. As two measof preference for usage in transitive
sentences, we used as predictors the percentggefefences of the transitive form in the null
object and the unaccusative forced choice accdipyaests. As measures of telicity, we used as
predictors the difference in percentage of prefegeriorin vs.for temporal adjuncts and
percentage of British National Corpus sentencesdieatelic. As a measure of verb strength, we
used as a predictor the number of dictionary sefusdhe verb. We used stepwise regression
with p < .05 to enter a variable apd .10 to remove a variable. The only significargdgictors

were as follows:

On the preposition, preference for the transitowet on the null object tedR = .46,p <

.001;

On the determiner, number of dictionary senBes,.29,p < .05;

On the noun, preference for the transitive on thecausative tesR = .29,p < .05;

On the main verb, preference for the transitivenfan the null object tesR = .36,p < .01.
The properties that predict the garden path westepences for transitive usage and number of
dictionary senses; measures of verb telicity werelated to the garden path.
Discussion

Experiment 1 confirmed the general finding thatuast relative clauses lead to increased
reading times (see Table 9). Experiment 1 extemddinding to show that the range of
structures and meanings that a verb has influetheesize of the garden path effect. However,
verb telicity does not influence the garden path.

The argument structure hypothesis stated thatrdugiéncy with which a verb is used as
transitive vs. intransitive influences the initialpothesis about sentence structure. Experiment 1

showed that garden path effects on the prepositene limited to cases in which the initial verb
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is only used transitively. This result confirms NDemald (1994) and follows from the view that
after a transitive-only verb, comprehenders anditga direct object noun phrase. Since a
preposition is inconsistent with a direct objectingphrase, reading times for reduced relative
sentences increase compared to reading times feduced relatives. Correlation analysis
confirmed that as the preference for transitivegasat a verb increases, the greater the garden
path effect on the preposition. These results contine argument structure hypothesis.

The delimiter search hypothesis stated that, sanedic verb “seeks” an object that can
delimit the event it refers to, the garden patlecfivill be smaller for telic verbs than for atelic
verbs. Experiment 1 showed that verb telicity waielated to the size of the garden path effect.
Correlation analysis showed that the strengthtefia interpretation for a verb was related to
larger garden path effects, rather than to smaller effastpredicted by the delimiter search
hypothesis. These results do not confirm the dédfingearch hypothesis.

The specificity constraint hypothesis stated tlnaprehenders use cues to the specificity of
the initial noun phrase in combination with verliciéy to assign objects. The results showed
that noun specificity did not influence the sizelwé garden path by itself or in combination with
verb telicity. These results do not confirm thecfpaty constraint hypothesis.

The template augmentation hypothesis stated thht &erbs are less constrained in the
syntactic structures in which they can appear, @metpto telic verbs. This hypothesis leads to
the prediction that atelic verbs require relativelgre processing at the end of the clause, and so
will show longer reading times at the end of theuske. The results, however, showed no
difference in self-paced reading times for thelfinard of the embedded clause, failing to
support the template augmentation hypothesis. &sdts did show that the size of the garden

path was related to number of dictionary sensethmitial verb. As the number of senses
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increased, the size of the garden path within ¢tetive clause decreased. Thus, comprehenders
are sensitive to patterns of usage, and when aiserded in a variety of contexts,
comprehenders appear to be less committed to aglesnterpretation.

Experiment 2

It is possible that verb telicity is a weak cuestaucture whose effect on the garden path may
appear only when combined with cues other than spegificity. The prepositiohy is strong
cue that the verb is a transitiBy may signal a locative phrase, adime hiker rested by the
river, but more often it is used to introduce the AGEN® passive, as ifihe cowboy was
kicked by the broncd o determine whether verb telicity might influertbe garden path when
other strong cues to structure are available, welected a self-paced reading experiment in
which we varied the preposition that follows thebve

We tested the delimiter search hypothesis, whiatestthat comprehenders use verb telicity
as a cue to assign a noun phrase as PATIENT/deliahitect object. This hypothesis predicts
that garden path effects will be smaller in senésneith a reduced relative clause when the
initial verb is telic rather than atelic (O’Bryaha., 2002, 2003, 2004).

We also tested the preposition constraint hyposh&giich states that comprehenders use the
prepositionby to determine that the initial verb is a passivaipi@te rather than a past tense.
This hypothesis predicts that garden path effedtdessmaller in reduced relative sentences
when the preposition isy. If verb telicity reduces the garden path in camalion with other
information that supports a reduced relative stmgtgarden path effects will be smaller when
the verb is telic and the prepositiorois

We tested again the argument structure hypothehish states that comprehenders use

frequency of use information to assign a noun gheasdirect object. This hypothesis predicts
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that garden path effects will be smaller in reduaddtive sentences when the initial verb is
transitive-only rather than potentially intransgiMacDonald, 1994).

Participants read sentences in a one word selfdo@aaling task. The critical sentences
contained a relative clause asTine woman {that was, 0} {healed/identified/assistdatuled}
{by/at} the clinic rejoined the demonstratidburly brackets indicate alternatives in experimenta
materials. The initial verb was either telleg@led, identifieflor atelic assisted, ridiculedand
either ‘potentially intransitive’l{ealed, assistgar ‘transitive-only’ {dentified, ridiculed).The
preposition was eithdry or some other preposition (e.gy/at) We collected single word
reading times using the Dmdx software (Forster9}99
Method

Participants.The participants were 32 native English speakoitpge students at Montclair
State University.

Materials. We used 16 sets of four verbs from the same g®those in Experiment 1. We
replaced 13 of the 64 verbs in Experiment 1 sottiefour categories defined by telicity and
sub-categorization were more sharply defined. $eetewere written in the same way as in
Experiment 1 except that Preposition replaced Ql3eecificity as a variable. The initial noun
phrase was always in the singular. The prepositias eitheby or some other prepositioiihe
sets were arranged in a random order, and eaeppeared with a different combination of
variables across 16 lists. The lists contained|&) Eentences that varied in structure.

Procedure Participants read the sentences one word at arnimenoving window paradigm.
Comprehension questions about the content of thiesee followed 33 of the trials.

Design.The design was 2 (Relative Clause Structure: rdfuareduced) x 2 (Verb Telicity:

telic/atelic) x 2 (Argument Structure: potentiaihtransitive/transitive-only) x 2 (Preposition:
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by/other preposition). All variables varied withinrpeipants and within items.
Results

The mean word reading times depending on verhtielargument structure, and relative
clause structure appear in Table 14. Response timaesell that were two standard deviations
greater than the mean for the cell were replacdid the mean plus two standard deviations. The
percentage of long response times replaced was &aB8tng from 0-9% within cells. Analysis
of variance of response times treated participasi® random variable.

Initial Verb. There was an interaction between preposition aladive clause structurg;
(1, 31) =3.78p < .10,MS. = 2086921F, (1, 15) = 5.91p < .05,MS. = 323230. There were no
other significant main or interaction effects.

Preposition.The interaction between telicity and relative skagtructure was not significant,
Fi (1, 31) <1MS = 17329F, (1, 15) < 1MS. = 11288.
There was a significant four-way interaction betwésicity, argument structure, preposition,
and relative clause structufg, (1, 31) = 7.10p < .05,MS. = 634874 F, (1, 15) = 3.93p < .10,
MS: = 18493. Figure 5 displays this interaction. Fr@r tombination of telic verb and “other”
preposition, reduction effects appeared greatetrémsitive-only verbs than for potentially
intransitive verbs (107 vs. -43). For the combimatof telic verb andby, however, reduction
effects appeared greater for potentially intramsitierbs than for transitive-only verbs (54 vs. -
74). Atelic verbs showed no apparent reductioncegf@otentially intransitive: -13 withy, -24
with other preposition; transitive only: 12 witly, 9 with other preposition).

There was a significant effect three-way interactietween telicity, argument structure, and
prepositionfF; (1, 31) =5.72p < .05,MS. = 610098F; (1, 15) = 2.53p > .10,MS, = 22292.

No other effects were significant on the prepoaitio
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Table 14
Mean Word Reading Times (ms) and Standard Erropgiéing on Verb Argument Structure,

Verb Telicity, and Clause Structure in ExperimeiiN264)

Argument Structure Verb Telicity Overall
Pl T0 Telic Atelic
The Preposition By RT SE RT SE RT SE RT SE RT SE
...Initial Verb:
Reduced Relative 478 34 498 30 477 29 499 34 4889

Unreduced Relative 546 48 570 42 547 44 569 44 5588

Preposition lfy):

Reduced Relative 477 28 467 27 490 30 454 25 4724
Unreduced Relative 456 21 498 38 500 35 455 25 4725

Determiner the):

Reduced Relative 439 27 425 15 425 20 440 23 4329

Unreduced Relative 423 19 422 22 414 16 431 23 4227
Noun (clinic):

Reduced Relative 515 32 553 40 514 34 555 44 5341

Unreduced Relative 560 32 579 41 535 25 604 45 5691

Main Verb fejoined..):

Reduced Relative 660 57 600 43 641 46 620 54 6309

Unreduced Relative 615 47 698 57 634 51 679 57 6545
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Table 14 (continued)

Argument Structure Verb Telicity Overall
Pl T0 Telic Atelic
“Other” Preposition RT SE RT SE RT SE RT SE RT SE
...Initial Verb:
Reduced Relative 523 39 524 40 538 42 509 37 5234

Unreduced Relative 504 38 505 38 505 36 504 37 5033

Preposition &t):

Reduced Relative 441 18 495 26 471 22 466 23 4680
Unreduced Relative 475 34 437 15 439 16 473 33 4581

Determiner the):

Reduced Relative 396 13 438 22 407 15 426 20 4174

Unreduced Relative 422 21 408 19 400 16 429 24 41%7
Noun (linic):

Reduced Relative 500 25 518 36 487 27 531 33 5098

Unreduced Relative 538 32 535 27 534 29 539 28 5385

Main Verb fejoined..):

Reduced Relative 635 48 579 44 642 44 571 49 6067
Unreduced Relative 528 24 518 31 520 24 527 26 5232
Notes: P1 = potentially intransitive TO = tramggt-only

RT = reading time SE = standard error
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Figure 5.Garden Path Effects on the Preposition Dependingesh Telicity, Argument

Structure, and Preposition in Experiment 2

Determiner.The interaction between telicity and relative skugtructure was not significant,

F1 (1, 31) < IMS = 15289F, (1, 15) = < 1MS = 11300.

Reading times were faster when the initial verb te#is rather than atelic (412 vs. 432 ms),

Fi (1, 31) = 4.94p < .05,MS. = 314749F, (1, 15) = 2.72p > .10,MS. = 138459.

No other effects were significant on the determiner

Noun.The interaction between telicity and relative skagtructure was not significaft, (1,

31) < 1,MS = 25020, (1, 15) = < 1MS, = 20834.

Reading times were faster when the initial verb te#is rather than atelic (518 vs. 557 ms),
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F1 (1, 31) = 5.05p < .05,MS. = 36196 F, (1, 15) = 7.17p < .05,MS, = 99599.

Reading times were faster in reduced relative elatisan in unreduced relative clauses (522
vs. 553 ms)F; (1, 31) = 4.56p < .05,MS, = 27642 F; (1, 15) = 1.55p > .10,MS, = 40602.

Reading times were faster for “other” preposititman forby (523 vs. 552 msk; (1, 31) =
3.16,p < .10,MS. = 34070F; (1, 15) = 5.17p < .05,MS, = 156284.

No other effects were significant on the noun.

Main Verb.The interaction between telicity and relative slasgtructure was not significant,
F1(1, 31) = 2.59MS. = 1964198, p > .1( (1, 15) = 1.65, p > .10/S; = 49881.

For the first word of the main verb phrase, readings were faster for “other” prepositions
than forby (565 vs. 643 msk; (1, 31) =8.33p < .01,MS = 2928328F, (1, 15) = 10.7p <
.01,MS; = 36630.

The four-way interaction between telicity, argumsinticture, preposition, and relative
clause structure was significaft, (1, 31) = 10.3p < .01,MS. = 44622F, (1, 15) =3.21p<
10,MS. = 71292. Figure 6 displays this interaction. Fdictverbs, reduction effects appeared to
be greater for “other” prepositions than byr(175 ms for potentially intransitive verb with
“other” preposition, 70 ms for transitive-only veaihd “other” preposition” vs. -12 ms for
potentially intransitive verb anuly, 24 ms for transitive-only verb ary). For atelic verbs with
by, the reduction effect was greater for potentialtyansitive verbs than for transitive-only
verbs (102 vs. -220 ms). For atelic verbs with &stlprepositions, the reduction effects were
similar for potentially intransitive and transitremly verbs (37 and 51 ms respectively).

No other effects were significant.

Main Verb Phrase, Word. 2Ve analyzed response times for the word follovtirgmain

verb to check on the possibility of delayed effaaftgerb telicity. The interaction between
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Figure 6.Garden Path Effects on the Main Verb Depending erb\ elicity, Argument
Structure, and Preposition in Experiment 2

telicity and relative clause structure was not ifigant, F; (1, 31) < 1MS. = 57689 F, (1, 15) <
1,MS = 47465.

Reading times were faster for unreduced relatigesgs than for reduced relative clauses
(554 vs. 623 msk; (1, 31) = 10.0p < .01,MS. = 60666, F» (1, 15) = 5.37p < .05,MS. =
56484.

There was an interaction between telicity and amutrstructuref; (1, 31) = 4.07p < .10,
MS = 103938F; (1, 15) = 16.5p < .001,MS. = 192803.

No other effects were significant.
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Discussion

The results do not support the delimiter searclothgsis, that verb telicity reduces the
garden path, or the preposition constraint hypashésatby combined with a telic verb reduces
the garden path. Instead, they suggest that bgtimaent structure and preposition mediate the
effect of verb telicity on the garden path. On pheposition, the only significant effect involving
telicity and relative clause structure was the faasy interaction with argument structure and
preposition. In no combination of the variables Wee a sizable garden path effect on the
preposition for atelic verbs. In addition, the gargath effects on the preposition for telic verbs
depend on the type of preposition and argumenttsirel preferences. For potentially intransitive
verbs a garden path effect occurred viogt{54 ms), but for transitive-only verbs a garderhpat
effect occurred with prepositions other tHan(107 ms). Thus, for telic verbs, argument
structure preferences and preposition influencesitte of the garden path. When a telic verb is
potentially intransitive, comprehenders are sugari@hen the preposition liyy. When a telic
verb is transitive-only, comprehenders are surgr@mdy when the preposition is nioy.

While these results do not support the view tHakecal category of verb telicity influences
immediate processing, the class of telic verbs #@@e an immediate indirect effect on
processing via argument structure. One interpaetaif the results is that the relevant processing
factors are not verb telicity but rather, verb sgth and argument structure preferences. Verbs
that are more flexible in their meaning and strietre less susceptible to an immediate garden
path.

In contrast to Experiment 1, there was supportifertemplate augmentation hypothesis. On
the final word of the embedded clause, readinggiowerall were faster when the initial verb

was telic rather than atelic. This result is camesiswith the view that atelic verbs are more
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flexible in their meaning and structure.
Experiment 3

Do comprehenders integrate inherently bounded svante readily into a conceptual
representation of discourse? Experiment 3 exantimedole of event structure in discourse
comprehension. We used a probe recognition taskioh participants read a story one sentence
at a time until a probe appeared. The participaatk was to indicate whether the probe is
consistent with what they had read before. We nredsihe time between the onset of the probe
and the participant’s response. We assumed that regponse times indicate that
comprehenders access the target easily. A sangulefetiows (Magliano & Schleich, 2000):

The tornado struck the school with little warning.

It was destroyed.

The firemen didn’t think there would be many swxsv

Suddenly, one of the men heard voices in the wgecka

The firemen rescued a survivor.

<T1> (Target Probe: RESCUE SURVIVOR)

Many of the bystanders helped.

Some people brought food.

They were all anxious for the children.

<T2> (Target Probe: RESCUE SURVIVOR)

When the firemen got to the kids, they found tredmie the basement of the school.
A probe such as RESCUE SURVIVOR appeared everg@ntences. The critical test points
were immediately after the target sentence (<Tk>}Jlwee sentences later (<T2>). Our materials

used 16 sentences that differed in preferencmfors.for-temporal phrases. The independent
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variables were verb telicity (telic/atelic), objegtecificity @ survivorsurvivorg, viewpoint
(did/was doing, and probe location (immediate/3 sentences ldfecpmprehenders use
inherently bounded events as “anchors” around wtughtegrate the content of a story,
response times will be faster for telic sentenbes for atelic sentences.

We tested the discourse integration hypothesis;iwstiates that comprehenders use the
event structure of a sentence to integrate its mganto a discourse-level representation. This
hypothesis predicts that comprehenders will respoace quickly to probes following a
sentence with a telic rather than an atelic verb.algo tested the derived event structure
hypothesis, which states that sentence telicityeddp on both verb telicity and arguments that
appear in the sentence. This hypothesis prediatptiobe recognition times will be faster when
the verb is telic and the direct object is specilowever, object specificity will have no effect
on probe recognition times when the verb is atelic.

Method

Participants The participants were 50 native-English speakmitege students at Montclair
State University.

Materials. The materials were 16 stories from Magliano & 8atil (2000). The predicates
from eighteen of Magliano & Schleich’s target sewts were presented to 27 undergraduate
students in then/for forced choice acceptability test using procedthasappear in the
Appendix. Eight predicates that showed a preferéoca-phrases were used as telic verbs;
eight that showed a preference flor-phrases were used as atelic verbs.

Pre-Test.The predicates from eighteen of Magliano & Schlaichrget sentences were
presented to 27 undergraduate students imtfa forced choice acceptability test. Based on the

results of the acceptability test, we selectecesintof these predicates. The set of 16 selected
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predicates showed the pattern of preferences fipetaa in Table 15.

Statistical analysis of the acceptability data shioat telic and atelic predicates differed on
thein/for test. The percentage ioFresponses was greater when the predicate is edélier than
telic (.42 vs. .12)F (1, 13) = 57.8p < .001,MS = 123.6, and when the object is singular rather
than bare plural (.42 vs. .1E),(1, 13) = 116.3p < .001,MS = 63.0. The effect of object
specificity on frequency of preferences fieiphrases appeared to be greater for telic predicates
than for atelic predicates. When the predicate tetas the proportion of preferences for
phrases was .44 greater for singular objects thahdre plural objects, but when the predicate
was atelic, this difference was .13. The interacbetween telicity and object specificity was
significant, F (1, 13) = 39.;5 < .001,MS. = 63.0.

Analysis of thefor-responses indicates tHat-phrases are preferred when the predicate is
Table 15
Proportion of Preferred Sentences on Forced Chbidéor Acceptability Test Depending on
Telicity and Object Specificity in Probe Recogmtistudy (N=27)

Response on Forced Choice Test

Telicity Specificity OnlyIn Only For Both Neither
Telic Singular .66 .03 .26 .05
Bare plural .18 .28 37 A7
Mean 42 .16 .32 A1
Atelic Singular 19 27 54 .01
Bare Plural .06 .56 .33 .04

Mean 13 A2 44 .03
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atelic rather than telic (.42 vs. .16)(1, 13) = 16.3p < .01,MS. = 330.6, and when the object
was bare plural rather than singular (.42 vs. B}, 13) = 43.3p <.001,MS. = 135.5. There
were no other significant effects in the analy$ifoo-responses.

Analysis of “both” responses indicates that chow#lsothin- andfor-phrases were more
frequent when the predicate is atelic rather tetin (.43 vs. .32)F (1, 13) = 5.81p < .05,M&
= 196.3. The effect of telicity on choices of bathandfor-phrases was greater for singular
objects than for bare plural objects. When the @hjas singular, the proportion of choices of
both was .28 greater for atelic predicates thanefioc predicates, but when the object was bare
plural, choices of both was .04 greater for tefiedicates than for atelic predicates. The
interaction between telicity and object specificitgis significant, F (1, 13) =9.24< .01,MS
=217.1. There were no other significant effectthmanalysis of both” responses.

“Neither” responses were more frequent when thdipage was telic rather than atelic (.11
vs. .03)F (1, 13) = 8.15p < .05,MS = 64.8, and when the object was bare plural thiagnwt
was singular (.11 vs. .03, (1, 13) = 7.61p < .05,MS.= 63.1. There were no other significant
effects in the analysis of “neither” responses.

Design.The design was 2 (telicity of predicate: telic/efek 2 (perfectivity:
perfective/imperfective) x 2 (object specificityngular/bare plural) x 2 (target position:
immediate/3 sentences later). All variables vavgtiin participants. Telicity of the predicate
varied between stories, while the other three béegmvaried within stories. Since one verb was
used twice by mistake, the value of the degredeetiom for the error term in item analyses
was reduced by one.

Procedure Participants read sixteen stories one sentdreéirae on a computer screen. For

each story, the participant was periodically proasdo whether a specific phrase (untensed verb
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plus unmarked noun) had appeared in the story. Eaci contained a target probe that
appeared either immediately after the aspect seat@nafter the third post-aspect sentence.
Each story contained 2-4 filler probe trials to\pde balance between positive and negative
trials. For each probe presented to the particjgeeishe pressed one key to indicate a “yes”
response (that the phrase did appear in the stofother key to indicate a “no” response (that
the phrase did not appear in the story). Dmdx abihe participant’s response times for each
probe (Forster, 1999).

Results

The overall error rate on probe recognition wa$%3.The percentage of errors was smaller
for atelic verbs than for telic verbs (.088 vs.),B(1, 49) = 16.6p < .001, smaller for specific
object noun phrases than for non-specific objeann@hrases (.098 vs. .1FH (1, 49) = 11.0p <
.01, and smaller for probes immediately after t#rgdt than for probes three sentences later
(.095 vs. .18)F (1, 49) = 8.0p < .01. There was an interaction between verbitglkand object
specificity such that errors were more frequentétic verbs, particularly when the object was
specific,F (1, 49) = 4.78p < .05. The basis of the interaction is that spatyfappeared to have
a larger effect when the verb was telic rather tuatc (telic: .25 for specific, .12 for non-
specific; atelic: .10 for specific, .08 for non-spi).

Response times for incorrect responses were raplaite the mean response time for
correct responses in the same cell, as were respiomss for trials that were two standard
deviations greater than each participant’s megporese time. Table 16 shows mean response
times for correct probe recognition responses ddipgron telicity of predicate, object
specificity, and probe position.

Analysis of adjusted response times showed thdieprecognition times were faster for
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sentences with telic rather than atelic predicétd85 vs. 1569 msk; (1, 49) = 13.6MS. =
270728p < .001,F, (1, 13) = 1.32MS, = 575799p > .10.

There was an interaction between verb telicityeobgpecificity, and probe positiof; (1,
49) = 4.3 MS. = 180388p < .05,F, (1, 14 = 3.60MS. = 131777p < .10. Immediately after the
target sentence, response times for telic predicagze faster with specific object noun phrases
than with non-specific object noun phrases (1242885 ms). Three sentences after the target
sentence, response times were faster for teliagats$ regardless of object specificity (1661 and
1446 ms for telic predicates vs. 1734 and 1747anatklic predicates).

The only other significant effects were probe posit F; (1, 49) = 50.8M& = 334371p <
.001,F,(1, 13) = 14.9MS. = 184281 p > .01; the interaction between object specifieityl
probe position,F; (1, 49) = 11.1MS = 244346p < .01,F, (1, 13) = 12.7MS = 36599p < .01;
Table 16
Mean Probe Recognition Times (ms) depending ondPkaigation, Telicity, and Object

Specificity (Standard Errors are in parentheses}30)

Telicity
Telic Atelic
Immediate Probe
Singular 1242 (50) 1338 (65)
Bare Plural 1385 (67) 1458 (79)
Probe 3 Sentences Later
Singular 1661 (66) 1734 (73)

Bare Plural 1446 (61) 1747 (90)
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and the interaction between verb telicity, objgecficity, perfectivity, and probe positiorik;
(1, 49) = 5.12MS. = 226776p < .05,F» (1, 13) = 4.14MS, = 45404 p = .061. Perfectivity did
not have an independent effect, bBth< 1.

Discussion

The fact that probe recognition times are fasteenie predicate is telic rather than atelic
supports the discourse integration hypothesis. ijyy®thesis states that the event structure of a
sentence influences its integration into a discouepresentation. The fact that this effect is
limited to sentences that contained a telic preédiaad a specific direct object supports the
derived event structure hypothesis. This hypothasimtains that event structure is derived from
properties of the entire sentence, including thé aad object phrase.

The error data on the probe recognition task sudgbastelic events are relatively
inaccessible, perhaps because comprehenders tegeabed the content of the sentence into a
conceptual representation of discourse. The regpiome data, however, suggest the opposite:
telic events are accessed faster than atelic evEmits pattern of results indicates a speed-
accuracy tradeoff: When patrticipants favored aaoutheir response times were slow, but when
they favored speed their errors increased.

The fact that probe recognition times are fastetdbc predicates than for atelic predicates
differs from the results of Experiments 1 and 2which verb telicity had no effect on the garden
path. One might suppose that the failure to fine#&ct of verb telicity on the garden path
occurs because th/for difference between telic and atelic predicatesnsller for the
materials in Experiments 1 and 2 than in Experin3eidowever, correlations between the size
of thein/for difference and the size of the garden path in BExpnt 1 are positive. Thus,

increased verb telicity increases the size of treen path. This suggests that we cannot



The Linguistic Representation 91

attribute the different effects of telicity in Exjrments 1 and 2 vs. Experiment 3 to differences in
materials. Instead, the differences appear to akparihe nature of the task. If we assume that
single-word self-paced reading assesses on-lirengaprocesses and probe recognition assesses
post-sentence integrative processes, the resgjtestthat telicity influences integrative
processes but not parsing.
General Discussion

Comprehenders access verb strength and argumectusé preferences early and event
structure relatively late. In the processing oftesanes with an embedded reduced relative clause,
stronger verbs, which are more restricted in tingezof meanings they have, produce a larger
garden path. In contrast, weaker verbs, whichesgicted in meaning and enter into a wider
variety of syntactic frames (Ritter & Rosen, 199@)hduce a smaller garden path.

Argument structure preferences also influence itee & the garden path (MacDonald,
1994). For telic verbs, argument structure prefegsrand post-verbal preposition jointly
influence the size of the garden path. Whegiollows a telic potentially intransitive verb
garden path effects are large. This result suggiestsa potentially intransitive telic verb leads t
the expectation that there is no direct object. E\®v, since the presencelnfis a strong cue
that the verb is a passive participle and therefegeires a direct object, the intransitive
interpretation of the verb and the prepositigriead to conflicting structural expectations,
producing an increase in reading time. In contraben a preposition other thag follows a
telic transitive-only verb, garden paths are laigeghe case of a transitive-only verb, the parser
expects a direct object. A preposition other thgis a strong cue that there is no direct object.

There is support for the discourse integration @eraved event structure hypotheses. The

discourse integration hypothesis maintains thatpretrenders use the event structure of a
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sentence to organize sentences into a discoursérgwesentation, while the derived event
structure hypothesis maintains that event struaapends on both verb meanings and the
arguments that appear in the sentence. Suppohtndiscourse integration hypothesis, the probe
recognition experiment shows that probe recogntiiimes are faster when the verb is telic rather
than atelic, particularly when the direct objecttzoned a specific noun phrase. These results
show that comprehenders determine the event steucfla sentence relatively late, and that they
maintain telic sentences in a more accessible foractive memory, as predicted by situation
models of comprehension. These results also suggesderivational factors are important in

the representation of event structure. The fadtwhib telicity has an effect on probe recognition
times suggests that verbs may be categorizedasttdeughly, in terms of their preferred event
structure.

Verb telicity, however, does not reduce the sizthefgarden path effect in sentences with a
reduced relative clause. Instead, garden pathteftgmerally aréarger for telic than for atelic
verbs. The lack of an immediate effect of verlctgliis consistent with derivational models of
the linguistic representation of event structune|uding Borer’s predicate-driven model, which
maintains that verbs do not project syntactic @eatual structure, but rather, simply project the
number of arguments they require. If event strigtsirepresented in individual verbs and if
comprehension involves constraint-based processeary,telicity conceivably could be a useful
immediate cue to structure. From a processing petsqe the failure to find that telic verbs
reduce the size of the garden path suggests ahe ébllowing: (a) the association between verb
telicity and direct objects is not categoricallyreat, (b) constraint-based processing is incoyrect
or (c) verb telicity is not a sufficiently stronge to guide constraint-based processing. In any

case, the results do not support the delimitercbelaypothesis.
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Even when there are additional cues that strengthsignment of the initial noun to the role
of DELIMITER, there is no support for the delimitszarch hypothesis. Verb telicity does not
interact with either object specificity or prepasit to influence the size of the garden path. This
result suggests that the parser is unable to wkanséage of verb telicity even when there are
supportive cues such as a specific initial nourapdywhich should be a good delimiter, or a
preposition such dsy, which should be a cue to a transitive argumentgira. Both of these
cues when combined with verb telicity could favaeduced relative structure for sequences
such as'he woman healed by.The failure to find an interaction of verb telicityth object
specificity, therefore, does not support the spatyfconstraint hypothesis, which states that
comprehenders use object specificity as a cuesigraan NP to the event role of delimiter and
the syntactic role of internal direct object. Ths@nce of an interaction of verb telicity and
preposition does not support the preposition caimdthypothesis, which states that the
combination of the prepositidvy and a telic verb reduces the size of the garddn pat
Processing Models

The major findings about processing are that argusieucture and verb strength have an
early effect on processing, while derivationallysed event structure has a late effect on
processing. Let us refer to argument structuregpeeices as a “habit-based property,” verb
strength as a “lexical property,” and event streetas a “derived property.” Since the parser is
able to retrieve rapidly lexical or habit-basedp@dies, these factors have an immediate effect
on processing. Since the parser must combine irgom from different lexical items and
phrases to obtain event structure, this factorahase effect on processing.

The two factors that influence the garden path budicate that information other than

lexical category influences immediate hypothesesiabtructure, contradicting the garden path
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model. The garden path model maintains that theepamitially adopts the one structure that is
syntactically simplest based on the lexical categ@bra word.

On the other hand, constraint-based models maittiairthe parser uses any reliable
information as soon as it becomes available toraete the most likely structure and meaning.
These models emphasize lexical representationashigratical information rather than an
independent syntax (e.g., MacDonald et al., 1994).

Two results support constraint based processingtbeegarden path model. First, argument
structure interacted with verb telicity and preposi to determine garden path effects, though
not in the way predicted by the delimiter searcpr@position constraint hypotheses. Second, the
size of the garden path was related to verb sthesgtonger verbs showed a larger garden path.
The effects of verb strength on processing depamatgument structure preferences and verb
telicity. In particular, the weakest verbs weregmtially intransitive telic verbs, while the
strongest were transitive-only telic verbs. Atelerbs were of moderate strength, with no
difference depending on argument structure preta®nVhile the present research has
demonstrated that the lexical property of verbrgjtle may set limits on the modifiability of
meaning and the structural possibilities of vefbgher work is needed to isolate the principles
that underlie differences in verb strength.

Situation models explain the late interaction betmveerb telicity and object specificity in
the probe recognition task. Since discourse congms&bn involves the construction of a model
of the events and their temporal order, eventshhae a clear temporal boundary are highly
focused immediately after the sentence. Howeveratbns models do not address issues of
lexical or syntactic processing.

Constraint-based models are able to account foe mobthe results than either garden path or
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situation models. Constraint-based models can exfila late effects of sentence telicity by
noting that the comprehension system developsmagplete an interpretation as possible as
information becomes available to it. Since sentdaleity depends on both verb meaning and
other phrases in the sentence, its effects appkively late. Constraint-based models can
explain the early effects of argument structurdgyences and verb strength, and the late effects
of event structure, entirely in terms of when takevant information becomes available to the
processor. According to these models there is ed t@distinguish alternative sources of
knowledge, such as “fixed” lexical representatisassyntactic representations.

In contrast to constraint-based models, we coudtirdjuish the early vs. late effects
precisely in terms of whether they are due to mé&madrand rapidly-retrieved information vs.
derived, rule-based information (Chi, Skoutelakisegmiller, & Townsend, 2004; Townsend &
Bever, 2001). Memorized information includes hoeqginently a particular verb has appeared
with particular sentence frames. Derived informaitiacludes rules that govern how the
meanings of words in different phrases modify iptetations (Pustejovsky, 1995) or that govern
how words are combined into phrases (Borer, 199i8ce the domain over which these rules
apply is the sentence, it is natural that evenicttire effects appear only at the end of the
sentence. Thus, an alternative to constraint-basmtels is dwo-stage modadlong the lines of
Townsend & Bever (2001). The first stage is a aamst-based integration of easily accessed
information that allows an initial hypothesis abo#aning and structure. The second stage
applies generative rules to this initial meaninglbtain a detailed syntactic/semantic
representation. Once this derived representatiohasked for accuracy against the input, it is
integrated into a conceptual representation.

What distinguishes the two-stage model from thestamt-based model is that the two stage
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model maintains that the most natural point tograée meanings that depend on the
combination of phrases in the sentence is at tdeoéthe sentence. In contrast, the constraint-
based model proposes that such integration octting @arliest point possible. The presence of
object specificity effects after the sentence mitvmthin the sentence to influence the garden
path would appear to be evidence against the @nstvased model. However, constraint-based
models explain the lack of such effects on the gahth by asserting that object specificity is
simply a weak a cue to structure at that point.

Earlier studies demonstrate evidence for on-lifeces of aspectual properties. However,
these studies do not conclusively show that th#eets occur within a clause. Object specificity
influences reading times on a clause-final advérb@difier, but it does not influence reading
times prior to the clause-final phrase, aEwen though Howard sent [a large check/large
checks] to his daughter for many yearnd.odorova et al., 2000). Aspectual shift effects on
lexical decision times appear 250 ms after theadride clause, as ifhe man kicked the little
bundle of fur for a long time(Rinango et al., 1999). Aspectual type-shiftingire secretary
began the memo about the new office padioyurs only in total reading times, not in firstsp
reading times, or on the next (post-boundary) worsklf-paced reading (Traxler et al., 2002).
The type-shifting effect on self-paced readinghaf tbject does not differ from the effect of a
non-preferred verb (de Almeida, 2004).

These studies and the present one demonstrat@stiflsévidence for a derived event
structure. Is this derived event structure represkat the syntactic level or at the
syntax/semantic interface?

The Locus of Telicity in a Linguistic Representatio

If telicity were represented at the lexical levabdifications of telicity through syntactic
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means would be limited. As we have noted, this cdmes@ppear to be the case. For example, the
basic semantic category lobpis an achievement, but it takes on an iterativerpretation in

John hopped for several minut@gdnango et al., 1999). Similarly, the basic semcacdtegory of
playis an activity, but several phrases change itscsakinterpretation it took me two days

to play the Minute Waltz in less than sixty secdndsnore than an houiMoens & Steedman,
1988).

If telicity is syntactic, it will not be possible imodify its value through discourse context.
This does not seem to be the case either, sinamtitext outside the clause\WWalter hopped
and he hopped and he hoppethnges the meaning lebpinto an iterative activityHay,

Kennedy, & Levin (1999) have noted that non-syn¢gatocesses of conversational implicature
play a role in determining telicity (see also Fo&drepore, 1998). They point out that sentences
like The soup cooledre ambiguous in their telicity. Such a sentesdelic when there is a
salient bound to the endpoint of the change oéstatch as room temperature, ahe soup
cooled in an hourbut a durative adverbial can cancel this convesgsatiimplicature and make
the event atelic as ifihe soup cooled for an hourhis ambiguity arises when an endpoint can
be inferred. These observations suggest that fattat are outside the syntax as well as outside
the lexicon influence event structure (see Bevail.e1998). These facts suggest that telicity is
represented at the syntax/semantics interfacegrétan in the syntax.

Comparing telicity with other linguistic phenomethat are uncontroversially located at one
or the other level, that is, in the syntax or temantics, also leads to the conclusion that tglicit
is represented at the level of the syntax/semaintiesface.

The Syntactic Level.ense is a syntactic category that also has setnamtsequences. The

evidence for the syntactic status of tense isithiays a role in a variety of syntactic processes
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such as subject-verb agreement. In English, fomgka, only present-tense verbs show overt
subject-verb agreemerghe runsandthey rur), except that forms dfe show number agreement
in the past tense as wetlhe is fast; they are fast; she was fast; they viast It is generally
assumed that tense is a functional category theatphcitly represented in the syntax of a
sentence in the form of a category T(ense).

It is also obvious that tense has a semantic valaddition to its syntactic role. In English,
for example, verbs in the past tense almost alwlayste events, states, etc., that occurred at a
time before the time of their reporting. It is irdgsting to note, however, that so-called present-
tense forms often do not refer to present tim¢hadollowing examples show:

34. | leave for Paris next Thursday. [future time]

35. So I'm sitting on the subway this morning and gug starts shouting at m@ast time]

36. Fred works at Pathmark. [“general" time]
In the first two sentences, the context forceséerpretation other than the present-time one.
The third sentence illustrates one of the most comuases of the present tense, to refer to
"general” time, and to describe a sort of stateerathan an action or an event. Note that the
following sentence is not contradictory becausefitseclause does not refer to present time.

37. Fred works at Pathmark, but today is his day off.
Because the so-called present-tense forms aregoeintly used to refer to something other than
present time, many linguists prefer to call it then-past” form.

Thus tense is a syntactic category that also dartes, in a complex way, to the semantic
interpretation of a sentence.

The Semantic LeveCausation is a semantic category, not a syntangc While there are

clearly lexical items that include causative megniherently (e.g., verbs likeause, makegnd
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have conjunctions likeboecausg the usual case is that causation is an inferbased on a
sentential or discourse context. Consider the fotg example:

38.Lucy kicked the television set and it started plgyi
There is nothing in either of the conjoined senésna (39) that expresses causative meaning,
nor is the conjunctioandone that inherently means “causes”. Neverthetassnormal
interpretation of this sentence (perhaps incorygdlthat Lucy’s kicking of the TV was the
cause of its playing.

On the other hand, there are no instances in wlhgyntactic process such as agreement or
movement refers to a feature CAUSE, so there i®ason to suppose that causation is a
syntactic category -- it is strictly semantic.

Telicity. The question we now ask is whether telicity bekawere like tense or more like
causation. While interpretations of events areexttlip a sentential or discourse context, like
both tense and causation, there are no known itessan which a syntactic process like
movement or agreement makes reference to tellEign the selection of PP adjuncts, which
might seem to depend on the telicity of the venbasstrictly limited by telicity (recall than/for
+ NP studies reported earlier). For example, comfpa following sentences:

39.Jane pushed the cart in/for an hour

40.Joan drew a circle in/for ten minutes.

We have used the expressignssh the caranddraw a circleas examples of atelic and telic
events, respectively. Note, however, that both+ NP andin + NP phrases can occur with both
(39) and (40), with semantic consequences. Thus #nestandard test for telicity is not rigidly
enforced at the selectional level. We conclude tiiate is no evidence for a syntactic

representation of telicity and that telicity is tbire a semantic category, and that the late tsffec
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of event structure occur because of a generativasgc system such as proposed by
Pustejovsky (1995).
Conclusion

We have presented experimental and linguistic ttetahave theoretical implications for the
representation and processing of event structure lihguistic data show that it is rarely the case
that a verb is always telic or atelic. Sentenceitgldepends nearly always on phrases that
appear in the sentence. Thus, most verbs can oteither telic or atelic sentences. It is
therefore hard to maintain the view that properbiethe verb project event structure. In light of
the linguistic evidence, it is perhaps not surpgdhat the experimental data suggest that telicity
does not have an immediate, independent effectasepsing.

Thein-for acceptability data showed that telic verbs arg@guakl at best, only slightly more
acceptable witlin-temporal phrases than witbr-temporal phrases. Atelic verbs, on the other
hand, show a greater preferenceftorphrases than fan-phrases. One conclusion from these
results is that meaning flexibility is greater telic verbs than for atelic verbs, contrary to the
prediction of the verb class model. A second caioluis that the telicity of verbs in general is
not as fixed as has been assumed.

The association between telicity and transitivityiot perfect, since corpus analysis reveals
telic sentences that contain unergative verbs, wtiacnot have an object at any level.
Furthermore, if telic verbs required a direct obgelimiter we would expect that they would be
judged more acceptable in null object sentencedgatinan in unaccusative sentence frames,
since the object is more accessible in a null ddjame. In contrast, our data show that
intransitive atelic verbs prefer null object franvésereas intransitive telic verbs prefer

unaccusative frames.
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The theoretical issue we have considered is whethemt structure is a property of verbs, or
whether it is represented at a higher level. Ota dhow that event structure is not primarily
lexical, but rather is a property of the entiredicate. Verbs do have meaning that influences
event structure, but the effect of verb meaning@went structure is not straightforward.

We examined the processing implications of theasfdbe linguistic representation of
telicity. The delimiter search hypothesis followsrh the view that telic verbs project an object
to delimit the event. If the delimiter search hypegtis were true, the effect of a reduced relative
garden path would be smaller for telic verbs tharatelic verbs. Our results contradict the
delimiter search hypothesis on the word immedidi@lpwing the embedded verb and on the
main verb. Correlations between measures of tglaid the size of the garden path show that
atelicity is related to an immediate decreasedeyamith.

The specificity constraint hypothesis predicts thatmiter search effects are limited to
sentences in which the initial noun phrase wasipegince these phrases are better delimiters
than non-specific phrases. The preposition comdthgipothesis predicted that the verb telicity
effect are limited to sentences in which the pa&stal preposition wasy, since this is a strong
cue that the initial verb is a passive participld gherefore requires an object. Our results do not
support either the specificity constraint hypotkesithe preposition constraint hypothesis.

Argument structure preferences of verbs, on therdtlhnd, have clear effects on the garden
path. The garden path effect is greater for traugsianly verbs than for potentially intransitive
verbs (Experiment 1). Correlations between varimeasures of verb transitivity and the size of
the garden path confirms that transitivity is rethto an immediate increased garden path, and,
on the main verb, a decreased garden path. Gaedkreffects are limited to telic verbs

(Experiment 2). For these verbs, transitive-onlgbggroduce an immediate garden path when
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the preposition was ndty, but potentially intransitive verbs produce an immsglgarden path
when the preposition wdwy. These results support the view that, comparedeicc verbs, telic
verbs are more constrained in the range of strestimrwhich they appear.

The template augmentation hypothesis follows froewiew that telic verbs constrain syntax
more than atelic verbs. This hypothesis predias ¢ind of clause processing times are greater
for atelic verbs than for telic verbs, since thetagtic flexibility of atelic verbs requires more
integration at the end of the clause. Reading tiata from Experiment 2 support his prediction.
Negative correlations between number of dictiorssnyses and the size of the garden path within
the embedded clause show that verbs that have meaieings produce a smaller garden path.

The derived event structure hypothesis predictispgtaessing is faster for sentences when
the verb is telic and the object is specific. Tieedurse integration hypothesis predicts that
processing is faster when the sentence contaglgcaverb than when it contains an atelic verb,
since telic events move a narrative forward in tifi®be recognition data support both of these
hypotheses.

The results therefore suggest some variant of m@nsbased processing in which sub-
categorization preferences and verb strength inflaenitial hypotheses about meaning and
structure. While constraint-based models do allomrhmediate effects of lexical meaning, our
results suggest that these meanings are not surfigistrong to be effective cues for assigning
structure. Instead, the parser uses other infoomationg with verb meaning, including the
structure and meaning of phrases and discoursexiptd assemble the event structure of the
sentence. The parser integrates this assemblet gwecture into a conceptual representation of
the sentence relatively late during sentence psiegsThe sentence boundary is a natural point

for integrating this information into a conceptuabresentation of discourse.
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The Linguistic Representation

Errata
Townsend, D. J., & Seegmiller, M. S. (2004). Tmgliistic representation and
processing of event structutkurnal of Cognitive Science, $57-244.
Figures 3 and 4 incorrectly depict the resultsterverb position. As Table 12 shows,
mean reading times for the initial verb numericaligshorterin the reduced relative
condition than in the unreduced relative conditiéigures 3 and 4 have reversed the
direction of these differences in the verb position

In Figure 4 the labels on the lines are reverséed.lihe with filled circles actually refers

to the atelic condition. The line with unfilled cies actually refers to the telic condition.

The key to Figure 4 assigns these labels incoyrectl
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