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Constituent Attachment and Thematic Role Assignment in Sentence

Processing: Influences of Content-Based Expectations
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The experiments reported here use individual word reading times in a self-paced word-
by-word reading task to examine the processing of prepositional phrase constituents.in
sentences like ‘““The spy saw the cop with a revolver but the cop didn’t see him.”’ In
Experiment 1 we show that reading times for words immediately following the prepositional
phrase (“‘with a revolver’’) are predictable from the consistency of subjects’ expectations
for the attachment of such prepositional phrases with the attachment dictated by the content
of the prepositional phrase itself. These expectations vary from sentence to sentence with
the content of the material preceding the prepositional phrase and do not appear to reflect
the syntactic principle of Minimal Attachment. Experiment 1 conflated violations of expec-
tations for prepositional phrase attachment with violations of role and filler expectations;
Experiment 2 examined the contribution of each of these three types of expectation viola-
tions to the slowing of reading times. Violations of filler expectations that did not change
expected role or attachment produced a small but significant slowdown in processing the
words just following the prepositional phrase. Violations of thematic role expectations and
filler expectations produced a much larger slowdown, but violation of attachment expecta-
tions as well as filler and role expectations did not produce any additional slowing of
processing. We interpret these results as supporting models of sentence processing in which
thematic role expectations for upcoming constituents play a role in guiding the interpretation

of these constituents as they are initially processed.

Understanding a sentence depends on as-
signing its;constituents to their proper the-
matic roles. Thus in interpreting the phrase
“with a stick”’ in ‘“The boy hit the girl with
a stick,”” we must determine whether the
stick is an instrument of the action of hit-
ting, or an object in the possession of the
girl. This is typically analyzed as involving
two separate decisions: one in which the
place of the constituent in a syntactic struc-
tural description is determined and another
in which the thematic role is assigned. We
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refer to the first of these as attachment and
to the second as role assignment. In many
cases, as here, the two co-vary; a differ-
ence in attachment entails a difference in
role. There are often several possible roles
consistent with the same attachment.

In the two experiments reported in this
paper we examine the kinds of information
that people use to guide on-line attachment
and role assignment decisions. We are par-
ticularly interested in examining a central
issue concerning how people deal with such
decisions. It has been proposed that people
use only general syntactic principles to
guide an initial syntactic parse of the sen-
tence, in which attachment decisions are
made. On this view it is only after con-
structing such a parse that people consider
the possible role assignments of the syntac-
tically organized constituents. Our question
is, is this view correct? Or, as others have
proposed, do people use the particular con-
tent of a sentence as one source of informa-
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tion that influences initial attachment and
role-assignment decisions? We refer to the
former view as the syntax-first view and to
the latter as content-guided processing.

Syntax-First Models

The suggestion that parsing decisions in-
cluding attachment are guided by syntactic
principles or strategies has been offered
many times (Kimball, 1973; Fodor, Bever,
& Garrett, 1974; Frazier & Fodor, 1978).
Principles are said to be ‘‘syntactic’’ when
the conditions for their execution refer to
the grammatical categories of the words un-
der consideration, the presence or absence
of function words or other grammatical
cues, and the configuration of the phrase
tree for the sentence at the time the deci-
sion is made, but not to the actual lexical/
semantic content of the sentence. An exam-
ple of one of these strategies is the canon-
ical sentoid strategy (Fodor et al., 1974)
which states roughly that when the surface
sequence Noun Phrase—Verb—Noun Phrase
is encountered, assume that these items are
syntactic Subject, Verb, and Object, re-
spectively. This strategy often works, since
many English sentences are consistent with
the strategy—e.g., [1a]:

[1] John believed Mary
(a) and Bill believed Sally.
(b) stole the cookies.
(c) to be a saint.

If we were to apply this strategy to [1b], the
fact that ‘“‘John,”” ‘“‘believed,”’ and ‘‘Mary”’
follow the canonical order of constituents,
and the function word ‘‘that”’ is not present
to signal the construction of a that-clause,
we would initially analyze ‘‘Mary’’ as the
Object Noun Phrase. However, upon read-
ing the verb ‘‘stole,”” we would have to re-
analyze the syntactic attachment of
““Mary’’ and assign it the new function of
Subject Noun Phrase. A model of human
sentence processing based on syntactic
principles would generally predict repro-
cessing in those instances in which later
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material reveals that the syntax-based ex-
pectations were incorrect.

An illustration of this reasoning, and
an important exemplar of the class of syn-
tax-first models, comes from the work of
Frazier (Frazier, 1978; Frazier & Fodor,
1978). Frazier has proposed a syntactic pro-
cessing principle called Minimal Attach-
ment. This principle states that initial syn-
tactic decisions will favor the simplest at-
tachment of a phrase into the phrasal
representation of the sentence; that is, the
parser favors the structure with the mini-
mum number of nodes. In order to make
this notion concrete, consider sentences [2]
and [3]:

[2] The spy saw the cop with binoculars.
(minimal) _

[3] The spy saw the cop with a revolver.
(nonminimal)

According to Minimal Attachment the ini-
tial attachment of the prepositional phrase
(PP) in both sentences will be to the verb
phrase (VP) node—i.e., it will function as a
complement to the verb ‘‘saw,”’ as shown
in Fig. 1A for [2]. The reason is that such an
attachment of the prepositional phrase does
not, on Frazier’s account, require the con-
struction of new nodes in the syntactic tree
that represents the structure of the sen-
tence. Attachment as a constituent of a
complex noun phrase (NP) (as in ‘‘the cop
with a revolver’’), on the other hand, does,
according to Frazier, require the construc-
tion of a new node—the one that represents
the complex noun phrase as a whole, under
which the simple noun phrase ‘‘the cop”
and the prepositional phrase are both at-
tached.

Syntax guidance alone is not sufficient to
account for all attachment decisions that
are made in the course of processing, as [2]
and [3] make clear. People interpret ‘‘with
binoculars™ in [2] as attaching to the verb
phrase, filling the role of instrument of the
verb, while they interpret ‘‘with a
revolver’’ in [3] as attaching to the previous
noun phrase, specifying a possession of the
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saw

The spy saw the éop with a revolver

F1G. 1. Phrase trees. (A) Minimally attached prep-
ositional phrase. (B) Nonminimally attached preposi-
tional phrase. ‘

policeman. Such examples illustrate that at-
tachment is not ultimately immune to the
influence of content. As already noted,
though, the question is whether initial at-
tachment decisions are affected by content,
or whether content only enters in after an
initial attachment is proposed by syntax for
acceptance or rejection by an examination
of content. According to Frazier (Rayner,
Carlson, & Frazier, 1983; Frazier, 1986),
content considerations in sentences like [2]
and [3] can veto initial attachment consid-
erations, but cannot guide them. Thus in
[3], the initial attachment proposed by syn-
tax is dispreferred by the ‘‘Thematic
Processor,”” and so the prepositional
phrase must be reattached nonminimally—
as shown in Fig. 1B. Since syntactic repro-
cessing is required, on this account, it
should take longer to process [3] than [2].

Content-Guided Processing

An alternative to the view that initial at-
tachment decisions are governed only by
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general syntactic principles is the view that
the content of the sentence that has been
processed up to the point where an attach-
ment decision must be made can contribute
to initial attachment decisions. Several ver-
sions of this type of model have been pro-
posed. It has often been suggested that the
main verb in a sentence might specify an
argument structure for the noun phrases
and other phrases and complements that it
appears with. On some accounts, the infor-
mation associated with verbs has been
quite general, indicating factors like the
likelihood that a verb is transitive and will
be followed by an Object Noun Phrase
(Clifton, Frazier, & Connine, 1984; Mitch-
ell & Holmes, 1985) or that a verb will take
a clausal complement (Holmes, 1987;
Mitchell & Holmes, 1985). On other ac-
counts, the information that verbs carry is
more specific, indicating likely predicate
argument expansions for the verb, as in
Lexical-Functional Grammar (Kaplan &
Bresnan, 1982; Ford, Bresnan, & Kaplan,
1982). On yet other accounts, other constit-
uents in a sentence besides the verb are
candidates for influ encing and guiding pro-
cessing. For example, Crain and Steedman
(1985) have proposed that a Subject Noun
Phrase can influence whether a following
verb is seen as the main verb or as a verb in
a reduced relative clause. McClelland and
Kawamoto (1986) describe a model in
which all constituents in a sentence can in-
fluence attachment and role assignment de-
cisions about all other constituents. Other
models that are essentially content-guided
are described by Schank (1972, 1975), Tyler
and Marslen-Wilson (1977; Marslen-Wilson
& Tyler, 1980), Oden (1978, 1983), Thiba-
deau, Just, and Carpenter (1982), and
Kurtzman (1984). The content-guided view
does not deny that syntactic principles may
have some influence in processing. It sim-
ply claims that the content also plays a role.
Thus content is one source of guidance; de-
pending on the specific model there may be
other sources as well.

In this paper we discuss two experiments
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in which attachment and role assignment
are examined in a word-by-word reading
task using single sentences. Experiment 1
examines Frazier’s claim that initial attach-
ment decisions for prepositional phrases
are governed by Minimal Attachment. The
results indicate that it is not the ultimate
attachment of the prepositional phrase to
the Verb Phrase node or to the Object Noun
Phrase node that determines reading times.
Rather, reading times are predictable from
the consistency of subjects’ expectations
for attachment with the attachment re-
quired for the prepositional phrase. These
expectations vary from sentence to sen-
tence, based on its content, and so the re-
sults demonstrate that the processing diffi-
culty subjects have with sentences like [3]
is not a result of a general syntactic princi-
ple, but of the violation of content-based
expectations.

In Experiment 2 we carefully examine
the circumstances under which reading
times are slowed by a violation of content-
based expectations. These expectations
can specify a particular expected filler for
the noun that completes the prepositional
phrase, a thematic role for the phrase, and
an attachment of the phrase consistent with
the role. In Experiment 1, all three sorts of
expectations tended either to be confirmed
or disconfirmed together by the content of
the prepositional phrase. It may be that the
slowing of reading times reflects a process
of reattachment, as we assumed for Exper-
iment 1, following Rayner et al. (1983). But
they might be slowed instead by a process
of reassigning roles or of replacing the ex-
pected filler with an unexpected filler, even
when it plays the same role and has the
same attachment as the one subjects were
expecting. In Experiment 2, we attempt to
disentangle these issues.

EXPERIMENT 1

The striking claim of Minimal Attach-
ment is that a single syntactic principle
based on the complexity of alternative syn-
tactic representations governs a wide range
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of initial parsing decisions and determines
which syntactic structures will be easy to
process and which will require reprocessing
and therefore extra time. These include,
among others, the prepositional phrase at-
tachment discussed above, analysis of re-
duced relative clauses (Rayner et al., 1983;
Ferreira & Clifton, 1986), and sentential
complements (Frazier & Rayner, 1982).

This experiment examines the evidence
for the claim made for the minimal attach-
ment of prepositional phrases in sentences
like [2] and [3]. Prepositional phrase attach-
ment represents only a small part of syntac-
tic and thematic processing, and we stress
that our evidence here cannot refute the
claim that the Minimal Attachment princi-
ple might apply in other cases. The process-
ing of sentences like [2] and [3] is an attrac-
tive place to begin our inquiry, though,
since it was our preexperimental impres-
sion that the specific content of particular
sentences appeared to govern whether a
minimal or nonminimal attachment was ex-
pected in this case. Others, too, have con-
ceded that prepositional phrase attachment
is a likely candidate for guidance by content
(Marcus, 1980).

The major source of evidence for mini-
mal attachment of prepositional phrases is
in a study by Rayner et al. (1983). They
showed that the prepositional phrase noun-
filler' (e.g., “‘revolver’” in ‘“‘with a re-
volver”’), which disambiguated preposi-
tional phrase attachment, and the words
that immediately followed it, were read
more quickly in sentences like [2], for
which the correct attachment is the minimal
attachment, than in sentences like [3],
where the correct attachment is nonmini-
mal. However, based on a review of the
Rayner et al. materials, we suspected that
the sentence content preceding the noun-

! This “‘noun-filler’’ is more properly referred to as
part of the Object of the preposition heading the prep-
ositional phrase, or as part of the Noun Phrase of the
Prepositional Phrase. Using ‘‘noun-filler”* allows us to
refer clearly to the word of interest, and we will use it
consistently throughout this paper.
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filler in their materials produced expecta-
tions for verb phrase attachment, and that it
was these expectations, rather than mini-
mal attachment per se, that favored sen-
tences like [2] over sentences like [3].2 If
this were true, we reasoned it would be pos-
sible to construct another set of sentences
in which the content prior to the disambig-
uating noun-filler produced expectations
for attachment to the Object Noun Phrase
(nonminimal) and facilitated reading for
nonminimal sentences. Thus, in Experi-
ment 1 we used the Rayner et al. materials,
which consisted of sentence pairs like [2]
and [3], and we constructed an additional
set of sentence pairs like [4] and [5]:

[4] The reporter exposed corruptidn in
the article. (minimal)

[5] The reporter exposed corruption in -

the government. (nonminimal)

As we shall show, the content of the sen-
tences leading up to the noun-filler in the
Rayner et al. stimuli does indeed lead sub-
jects to expect a prepositional phrase that
attaches to the verb phrase (minimal) more
often than one that attaches to the Object
Noun Phrase (nonminimal), whereas the
content in our stimuli produces the con-
verse expectation, which is for nonminimal
rather than minimal attachment. We then
used these two sentence sets in an on-line
reading task with the goal of determining
whether the reading times in Rayner et al.
were due to the Minimal Attachment prin-
ciple or whether they could be accounted
for with independent measures of expecta-
tions that depended on the specific content
of the sentence. If expectations were used
to guide processing, then we could replicate
the Rayner et al. effects using their stimuli
but not ours. If, however, the processing
difficulty reported by Rayner et al. really
reflects the operation of Minimal Attach-

2 Kurtzman (1984) also suggests a content-based ac-
count of the Rayner et al. (1983) results. Oden (1978,
1983) considers the effects of differences in the plau-
sibility of attachments like those in [2] and [3].
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ment per se, then we should expect to rep-
licate their results with both sets of mate-
rials.

The method and measures that we have
used here are not identical to those used by
Rayner et al. (1983). They monitored eye
movements in reading the sentences and
measured fixation duration on the critical
word and the next few words following. We
have used a word-by-word reading task, in
which subjects press a key to obtain each
successive word, and we have measured
the time spent on the critical word and the
next few words following. While this
method in which word reading times as
measured by inter-word key press intervals
may reflect slightly different processes than
fixation dwell times and may introduce
some distortions into the reading process,
we reasoned that, if we were able to repli-
cate Rayner et al.’s effects with their mate-
rials, such a replication would favor the
view that our method does indeed reflect
the factors that produced the reading time
results in Rayner et al.’s experiment. An
examination of performance on our new
materials would indicate whether the oper-
ative factors were general syntactic ones or
factors that depended on the particular con-
tent of the sentences.

Method

For the sake of simplicity, in our first
study—Experiment 1A—we used sentence
pairs like those in [2]-[5] that did not con-
tinue beyond the noun-filler for the prepo-
sitional phrase—the word that determines
the ultimate prepositional phrase attach-
ment decision. We then replicated our
results in Experiment 1B using longer ver-
sions of the sentences, in which the noun-
filler appeared within the sentence, fol-
lowed by a word indicating the beginning of
a new clause. The longer versions were
used to confirm that the effects from 1A
were not simply end-of-sentence effects
and that they would hold up even when the
ambiguous attachment occurred within a
sentence. All the critical sentences that
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were used in these experiments are shown
in Appendix I.

Subjects. The 28 subjects in Experiment
1A and 42 subjects in Experiment 1B were
undergraduates at Carnegie Mellon Univer-
sity who participated for course credit or
for $3. Twenty-four students from the same
population rated the stimuli, and an addi-
tional 24 students at a local community col-
lege pretested the stimuli using a cloze task.
All the participants were native speakers of
English.

Stimuli. Thirty-two sentence pairs were
used in this study. Each pair has one sen-
tence with the prepositional phrase at-
tached to the Verb Phrase node in a phrase
tree representation,> and a matched sen-
tence with the prepositional phrase at-
tached to the Object Noun Phrase node.
The former attachment will be referred to in
the remainder of this paper as a Verb
Phrase Attachment and corresponds to
minimal attachment of the prepositional
phrase; the latter will be referred to as a
Noun Phrase Attachment and corresponds
to nonminimal attachment. The two sen-
tences in each pair are identical, except for
the noun-filler. One set of 12 pairs included
all the sentences that Rayner et al. (1983)
used to test the minimal attachment of
prepositional phrases.* These sentences
were used with an interest in replicating the
Rayner et al. finding. We constructed an

3 Not everyone would agree that all the Verb Phrase
Attachments are attached to the Verb Phrase node in
the phrase markers for these sentences. According to
a criterion that Marcus (1980) uses, ‘‘a prepositional
phrase attaches to a verb phrase node only if it fills an
‘intrinsic case’ slot of the verb that is the head of the
verb phrase; if it serves as a general modifier of the
clause, then it attaches to the S node’ (p. 84). Jack-
endoff (1972), on the other hand, tends to attach prep-
ositional phrases to the S node only if they serve a
‘‘speaker-oriented’’ role (p. 95), as ‘‘in my opinion”’
would. The issue is not strictly relevant to minimal
attachment, however, since neither S nor Verb Phrase
node attachment requires the formation of a new node
in the parse tree, and thus both are equally minimal.
Nevertheless, we consider whether our results differ
for more and less intrinsic prepositional phrases be-
low.
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additional set of 20 pairs in order to test the
content-guided processing hypothesis. We
will refer to the Rayner et al. (1983) stimuli
as the Rayner, Carlson, and Frazier sen-
tences and to our sentences as the Taraban
and McClelland sentences. We will call that
portion of either the Rayner, Carlson, and
Frazier sentences or Taraban and McClel-
land sentences up to the noun-filler as the
sentence frame. In the original Rayner,
Carlson, and Frazier sentences, the noun-
filler is followed by an additional phrase or
clause, which was dropped for the sake of
simplicity in Experiment 1A, as noted
above. In Experiment 1B, we used the
Rayner, Carlson, and Frazier stimuli verba-
tim, in which the prepositional phrase oc-
curred within the sentence, and modified
the Taraban and McClelland stimuli from
Experiment 1A to include a clause that im-
mediately followed the prepositional
phrase. The first word of the clause in the
Taraban and McClelland stimuli signalled
the beginning of the clause, and the other
two words were generally high-frequency
words with'a simple interpretation, like
pronouns and auxillary verbs. Example
clause continuations are though she wasn’t
. . . and so that she. . . . Continuations like
these were used to give subjects a clear sig-
nal that the prepositional phrase was com-
plete and that what followed was not at-
tached to that prepositional phrase. For all
pairs, including the Rayner, Carlson, and
Frazier sentences, the same continuation
was used for the two members of a sentence
pair. The mean word frequency (Francis &
Kucera, 1982) and mean word length for the
noun-fillers by Source (Rayner, Carlson, &
Frazier; Taraban & McClelland) and At-
tachment (Verb Phrase; Noun Phrase) are
shown in Table 1.

4 Rayner et al. actually had a longer and shorter
version of the same basic sentence—‘‘The spy saw the
cop with binoculars but the cop didn’t see him’’ and
““The spy saw the cop with an extremely powerful pair
of binoculars but the cop didn’t see him”’—for which
they reported no significant differences in reading
times. We used only the shorter version.
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Stimulus pretesting. Subjects’ expecta-
tions for prepositional phrase attachment
for both sets of sentences were pretested in
two ways. One group of pretest subjects
was tested individually. These subjects
came from the same population as those
used in the experiment proper. Each of
these subjects was shown Rayner, Carlson,
and Frazier and Taraban and McClelland
sentence frames one at a time and was
asked to complete each of these frames out
loud with the first word or phrase that came
to mind. This part was like a cloze task. The
subject was then shown one of the noun-
fillers for the sentence frame and was asked
to rate it using the scale shown here:

The completion is

5 the exact word or phrase I expected

4 not the exact word or phrase I ex-
pected, but close to it

3 easy to make sense of, but not the
word or phrase I expected

2 hard to make sense of—I had to
work at it

1 nonsensical or incomprehensible

This scale is worded in terms of ‘‘expec-
tations’’ and we will refer to these ratings
as measures of ‘‘fit-to-expectations,’” al-
though other factors might influence the
ratings, particularly at the lower end of the
scale. After rating the noun-filler, the sub-
ject was asked to paraphrase the sentence
as completed with that word. This allowed
us to determine whether subjects inter-
preted the prepositional phrase as in-
tended—i.e., either minimally or nonmini-
mally, depending on the condition to which
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the sentence belonged. One version of each
of the 32 test sentence frames was mixed in
with 40 distractor sentences and presented
in random order to each subject on an IBM
XT, under the constraint that each test sen-
tence was separated from the next test sen-
tence by at least one distractor sentence,
and that both versions of a sentence frame
were rated an equal number of times across
subjects.

Paraphrase data collected for the test
sentences indicated that three of these were
interpreted differently than intended. The
three pairs containing these sentences (one
from Rayner, Carlson, & Frazier and two
from Taraban & McClelland) were ex-
cluded from further consideration. This left
11 (out of 12) sentence frames in the
Rayner, Carlson, and Frazier set and 18 in
the Taraban and McCelland set. For these
remaining 29 frames, the paraphrase data
indicated that on 99% of the trials subjects
interpreted the sentence with the noun-
filler we provided as having the attachment
that was intended for the experimental con-
dition. The mean ratings for the two sets of
stimuli, by condition, are shown in Table 2.
These are based on the 99% of sentences
for which the subject provided the condi-
tion-appropriate interpretation. The Verb
Phrase Attachment noun-fillers from
Rayner, Carlson, and Frazier were rated
significantly higher than the Noun Phrase
Attachment noun-fillers (3.65 vs. 2.93; #(23)
= 9.97, p < .001). The results for Taraban
and McClelland sentences were just the op-
posite, with the Noun Phrase Attachment
noun-fillers rated significantly higher than

TABLE 1
EXPERIMENTS 1A AND 1B: MEAN WORD FREQUENCIES AND WORD LENGTHS FOR NOUN-FILLERS
‘ Word frequency Length
Source Attachment (tokens/million) (in characters)

Rayner et al. Verb phrase 71.7 7.3
Noun phrase 47.3 7.3

Taraban & McClelland Verb phrase 164.8 71
Noun phrase 166.3 7.2
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TABLE 2
MEAN RATINGS FOR NOUN-FILLERS IN EXPERIMENT 1
Attachment
Source Verb phrase Noun phrase
Rayner, Carlson & Frazier 3.65 2.93
Taraban & McClelland 2.99 3.97

the Verb Phrase Attachment noun-fillers
(3.97 vs. 2.99; £(23) = 14.20, p < .001). (In
this paper, ¢ tests for ratings are all two-
tailed.)

Another pretest was conducted in small
groups using students at a local community
college. These subjects were given a typed
list of the Rayner, Carlson, and Frazier and
Taraban and McClelland sentence frames,
along with additional sentence fragments
that were distractors, and were asked to
complete each one with the first word or
phrase that came to mind. The 29 test sen-
tence frames and 70 distractors were pre-
sented to each subject in a different random
order, under the constraint that each test
item was separated from the next test item
by at least one distractor item. After com-
pleting this cloze task, subjects provided a
written paraphrase of the test sentences,
which we used to clarify prepositional
phrase attachment ambiguities in their com-
pletions. When presented with Rayner,
Carlson, and Frazier sentence frames, sub-
jects were inclined to complete the sen-
tences with prepositional phrases that were
minimally attached, with 59% completing
the frame with a Verb Phrase Attachment
prepositional phrase. When presented with
Taraban and McClelland sentence frames,
subjects showed a preference for nonmini-
mal attachment, with 76% completing the
frames with a Noun Phrase Attachment
prepositional phrase.’ Similar data were

3 An examination of Appendix I shows that 20 of the
prepositions in the prepositional phrase are followed
by an article or adjective. In order to determine
whether these words had an effect on subjects’ com-
pletions, half of the cloze test sentence frames in-
cluded these words and half did not, as a between-
subjects variable. When these words were present

available from the first group of pretest sub-
jects. These subjects completed the
Rayner, Carlson, and Frazier frames with
Verb Phrase Attachments 70% of the time
and completed the Taraban and McClelland
frames with Noun Phrase Attachments 86%
of the time.®

The results from both of the pretests
demonstrated that by varying the content of
the sentence frame, we could manipulate
subjects’ expectations for attachment of the
prepositional phrase. There were clear dif-
ferences in the expectations evoked by the
two sets we pretested. The Rayner, Carl-
son, and Frazier set evoked more comple-
tions of the minimal attachment type (Verb
Phrase Attachment) in the cloze task, and
the Taraban and McClelland set evoked
more attachments of the nonminimal type
(Noun Phrase Attachment). When the test
phrases conformed to the type of attach-
ment subjects produced on their own, these
phrases were rated as more consistent with

73% of the completions were consistent with their con-
dition (Verb Phrase Attachment for Rayner, Carlson,
& Frazier and Noun Phrase Attachment for Taraban &
McClelland) and when they were absent 70% were, by
subjects and by items. This difference was nonsignif-
icant over subjects F(1,22) = 0.81, ns) and over items
F(1,19) = 1.24, ns), indicating that these extra words
did not produce any reliable differences in subjects’
completions.

6 We did not ask subjects who did the rating pretest
to paraphrase the sentence that they generated with
their continuation. However, based on our experience
with the cloze pretest subjects, we determined that the
intended reading rarely diverged from what appeared
to us to be the most obvious reading. For example, in
The kids played all the records on the stereo the prep-
ositional phrase is most obviously the instrument of
“‘played’” and not the location of the records. An un-
expected reading like the latter was found for only a
very small percentage of the paraphrases.
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their expectations than if the phrases used
the alternate attachment.

The 29 surviving pairs of critical sen-
tences and 65 filler sentences were used in
an on-line reading task described below.
Seven of the distractor sentences were sim-
ilar to the test sentences and evoked an ex-
pectation for Verb Phrase Attachment.
These distractors were used to assure that
each subject was exposed to an equal num-
ber of sentences that evoked Verb Phrase
and Noun Phrase Attachments. The re-
maining distractors in Experiment 1A were
simple sentences without prepositional
phrases; in Experiment 1B, one quarter of
the distractor sentences had an additional
clause attached, using the conjunctions of
the post-phrase clauses in that experiment.
A simple comprehension question was con-
structed for each test and distractor sen-
tence. For about half of the test sentences,
the question probed for information related
to the condition-appropriate attachment of
the prepositional phrase. In the remaining
cases, the question queried other informa-
tion in the sentence.

Procedure. The sentences in this experi-
ment were presented on an IBM XT using a
moving window procedure (Just, Carpen-
ter, & Woolley, 1982). The initial display
for a sentence presented a dash in place of
each letter of all words in the sentence and
preserved spaces between the words. The
subjects pressed a microswitch to bring up
each word; when the switch was pressed
for the next word, the previous word was
replaced with dashes. Subjects read the
sentences silently. A question was dis-
played following a button press after the
final word. The question was answered
orally. Each subject read 29 test sentences
and 635 distractor sentences. Test sentences
were selected randomly for each subject,
under these conditions: each subject
viewed one of the sentences from each sen-
tence pair in the complete stimulus set; half
of the sentences from our set and 5 or 6 out
of 11 from Rayner, Carlson, and Frazier
were Verb Phrase Attachment sentences;
and both versions of a sentence frame ap-
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peared an equal number of times across
subjects. Each test sentence was separated
from the next test sentence by at least one
distractor sentence. Eight distractor sen-
tences were used for practice. Subjects
were instructed to read the sentences as
naturally as possible and were informed
that the times spent reading each word in
the sentence and initiating a response to the
question would be recorded. Subjects’ re-
sponses to the questions were recorded by
the experimenter. The error rate for ques-
tions was in fact a low 6% for test sen-
tences. If a subject answered a question in-
correctly, the reading times for the associ-
ated sentence were excluded from the
analyses below. This helped assure that our
findings would characterize relatively er-

‘ror-free effective sentence processing.

Results for Experiment 1A

The most important finding in this exper-
iment was a highly significant effect for
subjects’ expectations and a null effect for
Minimal Attachment on reading times.
When we examine the mean reading time
for noun-fillers in the Rayner, Carlson, and
Frazier set, we find a 112-ms facilitation for
the Verb Phrase Attachment condition (719
ms vs. 831 ms). However, in the Taraban
and McClelland set, this facilitative effect is
reversed, with Noun Phrase Attachment
sentences showing a 94-ms facilitation
(Noun Phrase Attachment: 644 ms vs. Verb
Phrase Attachment: 738 ms). These results,
based on subjects, are illustrated in Fig. 2.
Similar effects were found in the item anal-
ysis (Rayner, Carlson, & Frazier: Verb
Phrase Attachment 727 ms vs. Noun Phrase
Attachment 831 ms; Taraban & McClel-
land: Noun Phrase Attachment 648 ms vs.
Verb Phrase Attachment 737 ms). When
the reading times for the two conditions are
combined across the Rayner, Carlson, &
Frazier and Taraban & McClelland sen-
tence sets, the mean reading time for noun-
fillers in Verb Phrase Attachment sen-
tences (729 ms) does not appear to be sig-
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nificantly different from the mean reading
time for noun-fillers in Noun Phrase At-
tachment sentences (737 ms).

These effects were examined more
closely using an ANOVA with Source
(Rayner, Carlson, & Frazier; Taraban &
McClelland) and prepositional phrase At-
tachment (Verb Phrase; Noun Phrase).
Given the above results, a highly significant
interaction between Source and Attach-
ment would be expected. Indeed this inter-
action was found in analyses over subjects
(F(1,27) = 10.89, p < .003) and over items
(F(1,54) = 8.45, p < .005). There was no
effect whatsoever for Attachment, either
by subjects (F(1,27) = 0.21, ns) or by items
(Verb Phrase Attachment: 733 ms vs. Noun
Phrase Attachment: 717 ms) (F(1,54) =
0.25, ns). Minimal Attachment predicted a
significant processing advantage for Verb
Phrase Attachment sentences over Noun
Phrase Attachment sentences, which sim-
ply was not found.

O : Taraban & McClelland Stimuli (TM)
@ . Rayner, Carlson & Frazier Stimuli (RCF)
@ : Average of TM and RCF
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FiG. 2. Experiment 1A. Mean reading times in ms
for noun-fillers in the Rayner, Carlson, and Frazier
sentences and Taraban and McClelland sentences.

Noun Phrase
Attachment

Verb Phrase
Attachment

TARABAN AND MCCLELLAND

When we plot the reaction time data
against the rating data, as shown in Fig. 3,
we notice the close similarity of the two. In
general, processing times for syntactic at-
tachments seem to grow smaller or larger as
subjects’ expectations are fulfilled or disap-
pointed. Separate ANOVAs were used for
a closer analysis of effects in the Rayner,
Carlson, and Frazier and Taraban and Mc-
Clelland sentences. The F values (df nu-
merator = 1) for the main effects in these
analyses, and in similar analyses for Exper-
iment 1B, were used for one-tailed ¢ tests.
We justify a one-tailed test on the basis of
the strong predictions we had for the direc-
tion of these effects. The 112-ms advantage
in the Rayner, Carlson, and Frazier data for
Verb Phrase Attachment (#(27) = 2.63,p <
.01) and the 94-ms advantage in the Tara-
ban and McClelland data for Noun Phrase
Attachment (#(27) = 3.25, p < .002) were
both significant over subjects, as were the
associated effects over items (Rayner, Carl-
son, & Frazier: 104 ms; #(20) = 1.99, p <
.04; Taraban & McClelland: 89 ms; 1(34) =
2.18, p < .02). These are important find-
ings, since they suggest that the Rayner et
al. (1983) effects may have been due to ex-
pectations that were generated on-line by
the subjects, based on the particular con-
tent of the sentences.

Figure 3 also shows an overall disadvan-
tage for Rayner, Carlson, and Frazier sen-
tences compared to Taraban and McClel-
land sentences (775 ms vs. 691 ms), which
appeared as a significant effect for Source,
by subjects (F(1,27) = 13.33, p < .01) and
by items (Rayner, Carlson, & Frazier: 779
ms vs. Taraban & McClelland: 692 ms)
(F(1,54) = 6.81, p < .02). Part of the offset
between the two curves might be explained
by lower word frequencies for the Rayner,
Carlson, and Frazier test words (See Table
2)—lower frequency words generally take
longer to process and could have raised the
overall processing times for the Rayner,
Carlson, and Frazier items. There is other
evidence that the Rayner, Carlson, and
Frazier sentences were more difficult over-



CONTENT INFLUENCES IN SENTENCE PROCESSING

ms
Q: Taraban & McClelland Stimuli

@ : Rayner, Carlson & Frazier Stimuli

850

800

750

700

650

¢

2.90

315 340 365 3.90
Mean Expectation Rating

4.15

Fic. 3. Experiment 1A. Reading times in ms as a
function of expectation ratings for the Rayner, Carl-
son, and Frazier sentences and the Taraban and Mc-
Clelland sentences.

all. This is indicated by reading times in the
region up to the preposition—for the Tara-
ban and McClelland sentences, the average
per character reading time was 70 ms, while
for the Rayner, Carlson, and Frazier sen-
tences, it was 78 ms.

Results for Experiment 1B

This experiment was a replication of Ex-
periment 1A, using the longer versions of
the test sentences shown in Appendix I.
These longer versions allowed us to mea-
sure processing times for the noun-filler—
the noun completing the prepositional
phrase—when that word was not the last
word in the sentence. This was done to al-
low us to separate attachment effects from
end-of-sentence wrap-up effects (Just &
Carpenter, 1980; Thibadeau et al., 1982;
Daneman & Carpenter, 1983), which are
evidenced by somewhat longer reading
times for our noun-fillers relative to earlier
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words in the test sentences in Experiment
1A. The primary data for Experiment 1B
consisted of the time spent reading the
noun-filler and the three words that fol-
lowed it. The manner in which this experi-
ment was conducted was otherwise identi-
cal to Experiment 1A.

Positioning the noun-filler in the middle
of a sentence produced effects that were
very consistent with the results in Experi-
ment 1A for the Rayner, Carlson, and Fra-
zier and Taraban and McClelland sen-
tences. In order to examine the overall ef-
fects, we summed over the noun-filler and
the three words that followed it, and then
compared Verb Phrase Attachments to
Noun Phrase Attachments using this for-
mula: Verb Phrase Attachments minus
Noun Phrase Attachments. The total effect,
based on subjects, for the Taraban and Mc-
Clelland sentences was 69 ms, and the total
effect for the Rayner, Carlson, and Frazier
sentences was —94 ms, the negative sign
corresponding to a shift in the direction of
expectations for the respective attach-
ments. As shown in Fig. 4, which breaks
these effects down word by word, there
was no evident effect for disambiguation on
the noun-filler itself. On both the first and
second word following the noun-filler,
there was about a 35-ms facilitation for the
expected attachment (Noun Phrase Attach-
ment for Taraban & McClelland and Verb
Phrase Attachment for Rayner, Carlson, &
Frazier). On the third word following the
noun-filler the facilitation decreased, but
was still present at a level of about 15 ms.”

An overall ANOVA using Source (Ray-
ner, Carlson, & Frazier; Taraban & Mc-
Clelland), Attachment (Verb Phrase; Noun
Phrase), and word Position (the noun-filler
and the three words following it) showed a
significant effect for Source (F(1,41) =

7 Up to the third word after the noun-filler, all words
were on the same line. Subsequent words, however,
could occur on the next line on the screen. Thus read-
ing times beyond the third word are confounded with
line changes for some of the sentences. For this reason
they are not reported.






