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The results of two self-paced reading studies of a syntactic ambiguity involving conjoined noun phrases
to three potential noun phrase sites were compared to the corpus frequencies of the resolutions of the same
ambiguity. The reading times for the attachment to the first noun phrase were faster than for the attachment
to the second noun phrase, but, to the extent that any differences were observed in the corpus frequencies,
attachments to the second noun phrase were more frequent. We therefore argue that the sentence
comprehension mechanism is not using corpus frequencies in arriving at its preference in this ambiguity,
and hence the decision principles of sentence comprehension and sentence production must be partially
distinct. It is proposed that there is a factor operative in sentence comprehension that is not operative in
sentence production, and this factor favors attachment to the first noun phrase.© 1999 Academic Press
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related proposals by Christiansen, 1996; Ta
Juliano, & Tanenhaus, 1997). Under this p
posal—the exposure-based or “tuning” hypo
esis—people are assumed to tabulate the
lutions of ambiguities as the ambiguities
encountered, with the result that the most
quently occurring resolution of an ambiguity
the resolution that people prefer. The expos
based hypothesis was originally put forward
order to account for parsing preference dif
ences between Spanish and English in rela
clause (RC) attachment ambiguities such as
following:

(1) a. El periodista entrevisto a [NP1
la hija del [NP2

coronel]] [CP que tuvo el accidente ]

b. The journalist interviewed [NP1
the daughter of

[NP2
the colonel ]] [CP who had had the accident].

In examples like these, Spanish speakers p
attachment to the first (high) noun phrase (
site, whereas English speakers prefer attach
to the second (low) NP site inside the prep
tional phrase (PP) (Cuetos & Mitchell, 198
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first attachment site is referred to as the “hi
attachment site because it is the site that app
higher in the tree structure of the complex NP
hija del coronel” / “the daughter of the colone
For similar reasons, the second site is referre
as the “low” site.) Mitchell, Cuetos and colleagu
hypothesized that the reason for the differe
between the English and the Spanish prefere
is that there is a difference in the relative frequ
cies of the resolutions of similar ambiguities in
input that English and Spanish speakers are
posed to (see Gilboy, Sopena, Clifton, & Fraz
1995; Frazier & Clifton, 1996; Gibson, Pearlm
ter, Canseco-Gonzalez, & Hickok, 1996; He
forth, Konieczny, & Scheepers, in press; Sa
land & Gibson, 1998, for alternative explanatio
of the cross-linguistic attachment preference
ference). Cuetos et al. (1996) reported that th
the case in a small-scale study of Spanish
English corpora. In their analyses of instance
two-site RC attachments, Cuetos et al. found
60% of the RCs in the Spanish examples atta
to the high site, whereas only 38% of the RC
the English examples attached to the high sit
expected under the exposure-based hypothe

In contrast to the high-attachment prefere
found for RC attachments to one of two prec
ing NP sites in Spanish, there is a low atta
ment preference when there are three prece
NP sites, as indicated by longer reading tim
on the region initiated by the disambiguat
verb in the RC in (2) (Gibson, Pearlmutt
Canseco-Gonzalez, & Hickok, 1996; Gibs
Pearlmutter, & Torrens, in press):

(2) a. High attachment:
Un alumno insulto´ a las secretarias del profesor
de la clase que no gustaron a los estudiante

b. Middle attachment:
Un alumno insulto´ a la secretaria de los pro-
fesores de la clase que no gustaron a los est
diantes.

c. Low attachment:
Un alumno insulto´ a la secretaria del profesor
de las clases que no gustaron a los estudiante
“An alumnus insulted the secretary(ies) of the
professor(s) of the course(s) that were disliked
by the students.”

The reading time studies indicate that atta
ment to the low site in (2c) is the easiest
make, followed by attachment to the high site
rs
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(2a), with the middle site (2b) the most diffic
of the three. Gibson, Pearlmutter, et al. did
have evidence about the relative frequencie
the disambiguations, so they did not test
exposure-based hypothesis. The present p
presents evidence about the self-paced rea
of a closely related ambiguity in English f
which there is good evidence about rela
frequency: an attachment conjoining an
with one of three previous NPs, as depicte
Fig. 1.

Evaluating the exposure-based hypoth
with respect to this kind of ambiguity require
specific hypothesis about the kinds of frequ
cies that are tabulated. In their corpus analy
Cuetos et al. hypothesized that the human
tence processing mechanism tabulates freq
cies at the level of a syntactic construction
the form “NP1 Prep NP2 RC.” However, man
other exposure-based “grain”-sizes are logic
possible, each of which may make differ
predictions about parsing preferences. An a
native to the Cuetos et al. syntactic-const
tion-based frequency proposal is one tha
lexically based, with the consequence that
quencies are tabulated at the world level (M
Donald, Pearlmutter, & Seidenberg, 19
Trueswell, Tanenhaus, & Garnsey, 1994), w
no construction-specific frequencies. There
much evidence that people tabulate lexical
quencies in ambiguity resolution (e.g., Tabo
Colombo, & Job, 1987; MacDonald, 199
1994; Trueswell, Tanenhaus, & Kello, 199
Juliano & Tanenhaus, 1994; MacDonald et

FIG. 1. Ambiguous attachment of an NP to three p
spective NP conjunction sites.
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swell, 1996; Garnsey, Pearlmutter, Myers
Lotocky, 1997; Tabor et al., 1997); howev
the lexical exposure-based hypothesis is
sufficient on its own to account for the pref
ences in the kind of ambiguity being explo
here. In particular, the lexical exposure-ba
hypothesis cannot account for the results of
Gibson et al. (in press) Spanish self-paced r
ing study. In this experiment, attachment to
low site was preferred in the three-NP-site a
biguity in (2), but attachment to the high s
was preferred in a closely related two-NP-
ambiguity, formed by omitting the first of th
three prospective NP attachment sites from
three-site examples:

(3) a. High attachment: Un alumno insulto´ a los pro-
fesores de la clase que no gustaron a los estudiant

b. Low attachment: Un alumno insulto´ al profesor
de las clases que no gustaron a los estudiantes.
“An alumnus insulted the professor(s) of the course(s
that were disliked by the students.”

These results are not compatible with
purely lexically based approach, because
ambiguities involve the same attaching phr
and two of the same potential NP sites imm
diately preceding it, yet one NP site is favo
in the two-site ambiguity (e.g., “profesores”
(3)), whereas the other site is favored in
three-site ambiguity (e.g., “clases” in (2)).
order to account for both the two-site and
three-site data under an exposure-based hy
esis, frequencies must be tabulated at a la
grain than lexical items. Furthermore, tabu
ing the resolution frequencies of two-NP-s
ambiguities alone is not adequate to accoun
these results, because the attachment pr
ences vary depending on the number of s
present: the first site is preferred in two-s
cases, whereas the last site is preferred in th
site cases. Thus, three-NP-site ambiguity r
lution frequencies must also be tabulated
account for the preferences that Gibson, Pe
mutter, et al. (1996) observed.

Similar to the three-NP-site RC attachm
ambiguity, the ambiguity to be investigated
this paper involves an attachment to one of th
previous NP sites. The arguments given ab
make a lexically based or a two-NP-site
posure-driven hypothesis unlikely to acco
t
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essary to explore the frequencies of three-
site ambiguity resolutions to see what the p
dictions of the exposure-based hypothesis
Gibson, Schu¨tze, and Salomon (1996) inves
gated the resolution of this temporary ambig
with respect to two one-million-word pars
corpora in the University of Pennsylvania Tr
bank (Marcus, Santorini, & Marcinkiewic
1993): the Brown corpus (Kucˇera & Francis
1967) and the Wall Street Journal (WSJ) c
pus. They found that attachments to the low
site (NP3) were the most frequent, followed
attachments to the middle site (NP2), with at-
tachments to the high site (NP1) the least fre
quent of all. Some examples from the corp
are provided in (4)–(6).

(4) Examples of low attached conjoined NPs from the
Brown corpus:

a. [NP1
strong opposition by [NP2

the coalition of
[[NP3

Southern Democrats ] and [NP4
conservative

Republicans ]]]]
b. [NP1

the running argument about [NP2
the relative

merits of [[NP3
Mays ] and [NP4

Mickey Mantle ]]]]

(5) Examples of middle attached conjoined NPs from
the Brown corpus:

a. [NP1
a fine big actor with [[NP2

a great head of
[NP3

blond hair]] and [NP4
a good voice ]]]

b. [NP1
correct observance of [[NP2

three hundred
major rules of [NP3

ritual ]] and [NP4
three thousand

minor ones ]]]

(6) Examples of high attached conjoined NPs from
the Brown corpus:

a. [[NP1
a man in [NP2

an occupation of [NP3
high

hazard ]]] and [NP4
a woman balanced on a knife-edge

between death from tuberculosis and recovery ]]
b. [[NP1

the question of [NP2
discrimination in [NP3

housing ]]] and [NP4
the part each man present played

in it ]].

This frequency ordering (low, middle, hig
was observed for all grain-sizes that Gibs
Schütze, and Salomon considered. The coar
grain-size that was considered was a three
site ambiguity for all possible attaching cate
ries, pooling conjoining NPs with RCs, PPs, a
other attaching categories. At this level of an
ysis, low attachments were significantly m
frequent than middle attachments in both c
pora, and middle attachments were significa
more frequent than high attachments in b
corpora. Analyzing just the conjoined NPs p
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266 GIBSON AND SCHÜTZE
ception that the difference between middle
high attachments did not quite reach sign
cance in the WSJ corpus.

Gibson, Schu¨tze, and Salomon analyzed n
rower grain-sizes for the comparison betw
middle and high attachments, considering o
attaching phrases that were not lexically bia
in one way or another. For example, items
which one of the NP sites was part of an
omatic expression, such as “in spite of ” or
connection with,” do not allow attachment
the NP forming part of the idiom. Similarl
NPs which are parts of proper names, suc
“United States of America,” are not possi
attachment sites. Examples like these w
therefore excluded from consideration for
more fine-grained counts. Relatedly, items
include the preposition “between” or the co
junction introducer “both” create a bias to ta
a following “and” matching at the same lev
so examples including these and related w
were excluded. The results of these cor
searches revealed that middle-attached e
ples were still more frequent than high-attac
examples, significantly so in the Brown corp
nonsignificantly so in the WSJ corpus.

Gibson, Schu¨tze and Salomon considered o
final grain-size, subdividing the high and m
dle attachments in terms of the definitenes
the NP sites. In every subcondition except
the uniformly definite case, there were at le
as many middle as high attachments. In
uniformly definite case, more high attachme
were observed than middle attachments in
corpora, but the numbers were extremely sm
Gibson, Schu¨tze and Salomon did not consid
any narrower grain-sizes than these becau
the huge quantity of input that such grain-si
would require in order for the parser to
reliable preferences. At the most narrow gra
size that was considered, there were o
around 10 instances from a two-million-wo
corpus.

Given the corpus frequencies observed
Gibson, Schu¨tze, and Salomon, the exposu
based hypothesis predicts that middle att
ments should be easier to process than
attachments in conjoined-NP three-site amb
ities. To test this hypothesis, Gibson, Schu¨tze,
d
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ing the comprehensibility of low, middle, a
high attachments of the form in (7):

(7) The salesman ignored a customer with a chil
with a dirty face and

a. a wet diaper. [low]

b. one with a wet diaper. [middle]

c. one with a baby with a wet diaper. [high]

The attachment site for the conjunction “an
was disambiguated to one of the three NP s
in two ways.1 First, the completions were d
ambiguated using plausibility information: ea
completion was plausible under only one of
three prospective attachments. Second, the
ond conjunct was manipulated so that it w
maximally parallel to the NP that it was co
joined with in terms of length and structure.
particular, the conjoined NPs in the compl
structures for each of the three versions of
contain the same number of PPs (zero, on
two, for low, middle, and high conjunctio
respectively) and are right branching. Assum
that there is a general preference for conjo
constituents to be maximally parallel, the
tended attachments will be the preferred on

The results of the Gibson, Schu¨tze, and
Salomon survey were that low attachments w
rated as least complex, followed by high atta
ments, with middle attachments rated as m
complex, the same pattern of results obse
for English RC attachments in three-NP-
ambiguities (Gibson, Pearlmutter, et al., 199
Thus, in contrast to the prediction of the ex
sure-based hypothesis, high attachments
rated as easier to process than middle att
ments, in spite of the fact that middle atta
ments were more frequent in the corpus.

One possible explanation for the misma
between the corpus frequencies and the su
results is that the disambiguation in the surv
may not have been representative of the kind
structures that were enumerated in the co

1 When the conjunction itself is first processed, hig
attachment sites are possible, including VP- and S-
conjunction. The former is ruled out by the word follow
the conjunction. The latter remains possible in princ
until the end of the sentence; however, Frazier (1979
shown that S-level conjunction is dispreferred relativ
NP-conjunction, so participants were probably not purs
this possibility.



at-
ou
gh
g
dis
th

tha
ed
th
to
ch
s

n a
e’s
its

or-
on
is

be
the

ent
lud
ave
ch

en
the
fil-
on
dle
ow
co

pus, but there are only three matches altogether

exi-
is
in

rn of
uch
fig-
or-
us,

two
e-
rved

ore
ven

tems
re-
en-
r-
ver,
ting
the

ed
ot
It is
nce
ent

is
ing
ver
the
ot

is-
ut
m

usi-
s.
for
nts
ent
the
in

n-
at-
the
eri-
s us-
re

TABLE 1

NPs
C NP
A s
P ifier
(

A
F

lex
.

267CONJUNCTION AMBIGUITIES AND CORPUS FREQUENCY
counts. In particular, the middle and high
tachments are disambiguated using a pron
“one.” It could be that there are more hi
attachments which are disambiguated usin
pronoun than middle attachments which are
ambiguated using a pronoun, in contrast to
corpus counts reported by Gibson, Schu¨tze, and
Salomon. A further corpus search reveals
this is not a likely explanation of the observ
mismatch. Table 1 presents the counts from
WSJ and Brown corpora of NPs conjoined
the first or second of three preceding NP atta
ment sites, where the conjoined NP contain
pronoun as its head (e.g., “one,” “ones”) or i
prehead position (e.g., “its,” as in “Steel
comment on Swift’s change of parties and
effect on their friendship”).

Although the number of structures in the c
pora consisting of a pronominal element c
joined with one of three previous NP sites
small overall, the frequency breakdown
tween middle and high attachments follows
general trend observed by Gibson, Schu¨tze, and
Salomon: There are more middle attachm
than high attachments. In the counts that inc
all such structures (including some that h
lexical biases in the three preceding NP atta
ment sites) there are more middle attachm
than high attachments in both corpora. In
counts in which lexically biased cases are
tered using the same method as Gibs
Schütze, and Salomon, there are more mid
attachments than high attachments in the Br
corpus. The pattern is reversed in the WSJ

Frequencies in the Brown and WSJ Corpora of
onjoined to the First or Second of Three Preceding
ttachment Sites, Where the Conjoined NP Contain
ronoun as Its Head (e.g., “One,” “Ones”) Or Its Spec

e.g., “Its”)

Brown corpus WSJ corpus

Middle High Middle High

ll matching structures 9 4 7 3
iltered structuresa 5 1 1 2

a The frequencies of the matching structures without
ical biases in the three preceding NP attachment sites
n

a
-
e

t

e

-
a

-

-

s
e

-
ts

,

n
r-

in this case.
Because RCs are often introduced by a l

cal relative pronoun (e.g., “which,” “who”), it
worthwhile to check whether including RCs
the corpus counts has an effect on the patte
frequencies. However, there were very few s
RCs in the high and middle attachment con
urations following three NP sites in either c
pus. There were none at all in the Brown corp
and only four in the WSJ corpus, reduced to
after lexical filtering. Inclusion of these fr
quencies therefore does not change the obse
pattern.

Given the observation that there are m
middle attachments than high attachments e
when the corpus searches are restricted to i
containing pronouns in the disambiguating
gion, the mismatch between the corpus frequ
cies and the Gibson, Schu¨tze, and Salomon su
vey results remains unaccounted for. Howe
there are a number of problems in interpre
the results of their survey. First, because
Gibson, Schu¨tze, and Salomon study involv
an off-line rating task, this study might n
reflect the initial stages of sentence parsing.
possible that people’s initial parsing prefere
is for middle attachment over high attachm
for conjoined NPs, but that this preference
eventually overridden by a later process
stage in which high attachment is preferred o
middle attachment. Second, the items in
Gibson, Schu¨tze, and Salomon study were n
controlled for plausibility. The items were d
ambiguated using plausibility information, b
the different disambiguations within an ite
were not independently tested for their pla
bilities to control for potential difference
Thus, the observed complexity advantage
high attachments over middle attachme
could have resulted from the high attachm
disambiguations being more plausible than
middle attachment disambiguations. Third,
controlling for parallelism between the co
juncts, length was not controlled: The high
tachment completions were longer than
middle attachment completions. The exp
ments reported here address these concern
ing self-paced word-by-word reading of mo
controlled stimulus sentences.

a

-
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ethod

Participants.The participants were 32 nati
English speakers, students and other affiliate
MIT who were paid for their participation.

Materials. The 12 items used in this expe
ment were similar to the high- and midd
attachment items in the Gibson, Schu¨tze, and
Salomon off-line experiment. The form of t
items is as shown in (8). A sample item
provided in (9).

(8) Subject-NP Verb NP1 Prep1 NP2 Prep2 NP3 and
(the) one . . .

a. High attachment: Prep3 NP4 Prep4 NP5 . . .
b. Middle attachment: Prep4 NP5 . . .

(9) The talkshow host told a joke about a man with an
umbrella and one . . .

a. High attachment:
about a woman with a dog but hardly anybody
laughed.

b. Middle attachment:
with a dog but hardly anybody laughed.

The attachment site for the conjoined
“and (the) one” was disambiguated to the h
or middle attachment site in three ways. F
the word “one” requires a contrasting modifi
and there was no modifier available on the
attachment site for 10 of the 12 items, ruling
low attachment for these items. For the rem
ing two items, low attachment was ruled out
plausibility and parallelism, as discussed bel
Second, the preposition following the wo
“one” was the same as the preposition follow
the high or middle attachment site, thus bias
the attachment toward the matching site
cause it is more parallel to its conjoining e
ment in terms of lexical content. For examp
the preposition “with” following “one” in (9b
helps disambiguate the attachment toward
middle site because the middle attachment
is followed by a PP initiated by “with.”

Third, the completions were disambigua
toward the high or middle attachment us
plausibility information. For example, the P
“with a dog” can attach to the middle NP po
tion because it is plausible for a man to h
both an umbrella and a dog. However, this
cannot plausibly attach to the high site, beca
it makes no sense for a joke to have a d
of

,

t
-

.

g
-

,

e
e

e
.

the high site, because it is plausible for ther
be a second joke, a joke about a woman.
PP cannot plausibly attach to the middle s
because it makes no sense for a man to be a
a woman.

The plausibilities of the high and middle
tachments were matched using an off-line p
sibility rating study. In order to preserve me
ing and lexical content in the plausibility surv
while removing the target temporary ambigu
the high and middle attachment examples w
transformed into descriptions including lists
two elements, as follows:

(10) a. High attachment plausibility:
The talkshow host told two jokes: one joke
about a man with an umbrella; and a secon
joke about a woman with a dog.

b. Middle attachment plausibility:
The talkshow host told a joke about two men:
one man with an umbrella; and a second ma
with a dog.

Two lists of 20 items, consisting of 10 ea
from the middle and high attachment con
tions, were constructed. Twenty filler desc
tions were added to each list, giving a total of
items in each list. Forty participants who did
take part in either of the self-paced read
experiments rated the descriptions accordin
their naturalness in the real world on a sc
from 1 (natural) to 7 (unnatural). Of these
items, 12 were selected for use in the on-
study based on matched plausibility ratin
(high attachment 2.22, standard error5 0.11;

iddle attachment 2.26, standard error5 0.11),
in addition to being matched for word leng
and word frequency in the disambiguating
region following “one” (mean length of disam
biguating PP region for the high attachm
condition: 14.0 characters; mean length of
ambiguating PP region for the middle atta
ment condition: 14.7 characters).

These materials address the problems
cussed earlier in interpreting the Gibs
Schütze, and Salomon off-line survey. First,
experiment measured on-line reading times
its results are likely to reflect early stages
processing. Second, the items were preteste
plausibility, so any reading time differences
served are not due to plausibility differenc
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for length, so reading time differences in t
region are not due to length differences.

There were a total of 10 different prepositio
used in the items. Of these, three occurre
both the first and the second preposition p
tions (“about,” “by,” “with”), three occurre
only as the first preposition (“on,” “off,” “be
side”), and four occurred only as the sec
preposition (“in,” “from,” “to,” “near”).

Because corpus analyses demonstrated
the greater frequency of middle versus h
attachments was more consistent across in
nite NP-sites, the items were constructed s
that most of the NP attachment sites were
definite. In particular, 8 of the 12 items co
tained all indefinite NPs initiated by the ind
inite article “a” (or “an”), as in (9). In thre
items, the high and middle NP attachment s
were indefinite, whereas the low attachment
was definite, initiated by the definite artic
“the.” In these 11 items, the conjoining NP w
initiated by the indefinite pronoun “one
matching either the high or the middle sites
the remaining item, all three sites were defin
initiated by the definite article “the,” and t
conjoining NP was initiated by the definite e
pression “the one.”

In 19 of the 24 completions, the PP reg
following the word “one” was three words lon
consisting of a preposition, an article, an
noun. In the remaining five completions (th
middle-attachment items and two high-atta
ment items) the disambiguating PP region
contained an adjectival modifier, making it fo
words long, as in (11b):

(11) Today’s newspaper has an article about a mov
with a French actor and one

a. High attachment:
about a film with a Spanish actress but there i
nothing about the new Walt Disney film.

b. middle attachment:
with a Spanish actress but there is nothing abou
the new Walt Disney film.

See Appendix A for a complete list of t
stimuli along with each item’s correspond
mean plausibility rating from the pretest.

Each sentence was followed by a yes/no c
prehension question. The comprehension q
tions for 10 of the 12 experimental items w
n
i-

at

fi-
h
-

s
e

,

-
o

-
s-

the reader obtained the appropriate interpr
tion for the sentence. To achieve this goal,
number of objects named by NP1 was ques
tioned. If high attachment was required, th
there were two objects corresponding to N1,
and one corresponding to NP2. On the othe
hand, if middle attachment was required, t
there was only one object corresponding to1

and two corresponding to NP2. For example, i
the high attachment completion in (9a), the ta
show host told two jokes (NP1), and the firs
joke was about exactly one man (NP2). In the
middle attachment completion in (9b), the ta
show host told only one joke (NP1), and tha
joke was about two men (NP2). The compre
hension questions therefore asked whether
were one or two of the objects named by
high attachment site. For example, the ques
for (9) is (12):

(12) Did the talkshow host tell two jokes?

For the 10 items having this form of comp
hension question, 5 asked whether there w
two objects indicated by NP1 (the correct an
swer is “yes” for high attachment completio
and “no” for middle attachment completion
and 5 asked whether there was one object
cated by NP1 (the correct answer is “no” fo
high attachment completions and “yes” for m
dle attachment completions).

Each participant read one version of e
test sentence. The 12 items were interspe
with 60 filler sentences of various types,
cluding items from other experiments w
unrelated hypotheses. Each participant
countered the sentences in a different p
dorandom order.

Procedure. Participants were timed in
word-by-word self-paced noncumulative m
ing-window reading task (Just, Carpenter,
Woolley, 1982) controlled by an IBM PS2 co
puter running Micro-Experimental Laborato
(MEL) software. Participants pressed the sp
bar to reveal each subsequent word and c
all other words to revert to dashes. At the en
each sentence, a yes/no question appeare
the screen, which participants answered
pressing one of two keyboard keys. Participa
were informed by a screen message when
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answered incorrectly, in order to encour
them to keep paying attention to the conten
the sentences.

The experimental trials were preceded by
screens of instructions and eight practice tr
All sentences spanned at least two lines on
screen, and no sentence spanned more
three. Because the MEL software allowed
most 80 characters per line, and because
target items were mostly much longer than t
the disambiguating region occurred on the
ond line of each target item. To control
potential slowdowns caused by initiating a n
line within a sentence, the target items w
presented so that a new line was always initi
immediately before the conjoined NP start
with the words “and (the) one . . .,” as show
below in (13). The experiment took participa
approximately 20 min.

Analysis. We analyzed the comprehens
question response accuracy and the rea
times. For the purposes of analysis and pre
tation of the data only, items were separa
into five regions as illustrated in (13). The c
ical region is the disambiguating prepositio
phrase following the word “one.” As discuss
above, this region consisted of three words
19 of the 24 completions, and four words for
remaining 5 because of the presence of an
jectival modifier.

FIG. 2. Comprehension question response accu
f
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(13) The talkshow host told a joke / about a man with
an umbrella /

a. High attachment:
and one / about a woman / with a dog but hardly
anybody laughed.

b. Middle attachment:
and one / with a dog / but hardly anybody
laughed.

Results

Comprehension question response accur
The response accuracies for the high- and
dle-attachment conditions, expressed as
centages, are presented in Fig. 2. Particip
were correct in answering questions to the h
attachment condition significantly more of
than in answering questions to the middle
tachment condition (mean for high atta
ment 5 88%; mean for middle attachment5
39%;F1(1,31)5 187.4,MSe 5 2.00,p , .001;
F2(1,11) 5 24.3,MSe 5 5.79,p , .001). The
comprehension questions for two middle
tachment condition items were answered
tremely poorly, with two or fewer correct a
swers each across all 32 participants.
extreme difficulty with these questions sugg
that the corresponding stimuli were interpre
differently than was intended, so analyses w
also performed without these items. Even w
out these two items, a highly significant diff
ence between high- and middle-attachmen
mains with respect to comprehension ques

y in Experiment 1. The error bars represent standard e
rac
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271CONJUNCTION AMBIGUITIES AND CORPUS FREQUENCY
response accuracy (mean for high attachme5
86%; mean for middle attachment5 46%;
F1(1,31)5 81.9,MSe 5 3.03,p , .001;F2(1,9)

17.9,MSe 5 4.34,p , .005).
Reading times.We omitted the data from th

wo items whose comprehension questions
eived two or fewer correct answers each for
hole experiment. We also omitted all d

rom participants who answered at most on
he middle-attachment questions correctly,
ulting in the omission of the data for 5 of the
articipants. (No participants had compara
ifficulty in answering the high-attachme
uestions: All participants answered at le

hree of the six high-attachment questions
ectly). For the remaining data, trials on wh
he question was answered incorrectly were
xcluded from the analysis. This remov
0.4% of the remaining data (a 13.3% error

or high attachments; a 48.4% error rate
iddle attachments). In addition to analyz

aw reading times per word, we also analy
esidual reading times per word (Ferreira
lifton, 1986), derived by subtracting from ra

eading times each participant’s predicted t
o read words of the same length, calculated

FIG. 3. Residual reading times in Exper
-
e

f
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t
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e
r

d

y

linear regression equation across all sente
n the experiment. Residual reading times
tandard errors are displayed in Fig. 3. R
eading times are presented in Table 2,
ppendix B presents raw reading times for d

rom all participants and all items, whether
ot the comprehension question was answ
orrectly. The patterns for all of the sets of d
re similar.
There were no significant reading time d

erences between the conditions before
isambiguating region (allps $ 0.15). (Note

hat although the standard error bars do
verlap in Region 2 in Fig. 3, the readi

imes are not significantly different in th

nt 1. The error bars represent standard errors.

TABLE 2

Mean Raw Reading Times per Word (in Milliseconds
for Experiment 1

Condition

Sentence region

1 2 3 4 5

Middle 366 349 459 456 42
High 378 376 443 364 39
ime
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272 GIBSON AND SCHÜTZE
region, the high attachment condition w
read faster than the middle attachment co
tion (F1(1,26) 5 10.29, MSe 5 9917, p ,
.005,F2(1,9) 5 6.48,MSe 5 10878,p , .05).

his difference was also significant in th
egion for the comparison of raw readi
imes, although only marginally so in t
tems analysis (F1(1,26) 5 10.92, MSe 5
10336, p , .005; F2(1,9) 5 4.62, MSe 5
17454,p 5 .06). There was a tendency towa
a difference in reading times in Region 5,
region following the disambiguating regio
Reading times were slower in this region
the middle attachment condition than for
high attachment condition, but only marg
ally in the participants analysis (F1(1,26) 5
3.37, MSe 5 3790, p 5 .08) and nonsignifi
cantly in the items analysis (F2(1,9) 5 1.78,
MSe 5 2356, p 5 .21). The comparison o
raw reading times in this region resulted i
significant difference in the participants an
ysis (F1(1,26)5 4.67,MSe 5 3697,p , .05),
but not in the items analysis (F2(1,9) 5 2.73,
MSe 5 3095,p 5 .13).

In order to evaluate the possibility that pla
sibility differences among the items might
contributing to the observed differences in
disambiguating region, we tested to see if th
was a correlation between the plausibility d
ference scores obtained in the pretest and
reading time differences on an item-by-it
basis, averaging over participants. The resu
correlation was not significant (r 5 .18;p . .6),
suggesting that reading time differences w
not due to plausibility differences among
items.

Discussion

The results of Experiment 1 demonstr
the difficulty that people have in comprehe
ing the middle attachment completions
compared with the high attachment comp
tions, thus replicating the Gibson, Schu¨tze,
and Salomon findings. Many of the parti
pants in Experiment 1 could not understa
the middle attachment completions w
enough to answer the comprehension q
tions at chance or better. The same grou
participants had no comparable difficulty w
i-

e

e

g

e

-

s-
f

more, the participants read the middle atta
ment completions significantly more slow
than the high attachment completions.

Although the results of Experiment 1 a
suggestive, a problem remains in interpre
the results. It could be that the difference
tween high and middle attachments stems
tially from the line break which occurred im
mediately before the conjunction. The prese
of the line break led to increased reading tim
as shown in Fig. 3. It is possible that the pr
ence of the line break caused participant
close off the lower two attachment sites wit
the complex NP, with the result that it w
possible to conjoin only the whole NP once
new line had been initiated. Experiment 2
dresses this concern.

EXPERIMENT 2

Method

Participants.The participants were 47 nati
English speakers, students and other affiliate
MIT who were paid for their participation, no
of whom participated in Experiment 1 or t
plausibility survey described there.

Materials.The target items were the same
in Experiment 1, with one exception: the o
item whose prospective attachment sites w
all definite. In order to obtain greater uniform
among the items, this item was replaced by
item with uniformly indefinite attachment sit
taken from the plausibility pretest described
Experiment 1. The new set of 12 items were
matched for plausibility ratings (high attac
ment 2.28, standard error5 0.10; middle at
tachment 2.23, standard error5 0.10), in addi
tion to being matched for word-length a
word-frequency in the disambiguating PP
gion following “one” (mean length of disam
biguating PP region for the high attachm
condition 13.7 characters; mean length of
ambiguating PP region for the middle atta
ment condition, 14.6 characters).

The comprehension questions for the ite
were rewritten so that all 12 items had quest
whose responses could distinguish whethe
reader obtained the appropriate interpreta
for the sentence, by asking about the numbe
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273CONJUNCTION AMBIGUITIES AND CORPUS FREQUENCY
objects in the sentence named by the hig
middle attachment sites. Six of the items
questions which asked about the numbe
objects indicated by NP1, and the other si
items had questions which asked about the n
ber of objects indicated by NP2. Half of each o
these sets of six were constructed so that
correct answer for the question was “yes” in
high attachment and “no” in the middle atta
ment, and the other half were constructed in
opposite manner.

Each participant read one version of each
sentence. The 12 items were interspersed
68 filler sentences of various types. These
cluded items from other experiments with
related hypotheses. Each participant enc
tered the sentences in a different pseudoran
order.

Procedure.The experimental procedure w
the same as that for Experiment 1, except th
was run on a Macintosh Centris computer us
custom software which allowed 100 charac
per line. This additional screen width made
possible to present regions 1 through 4, inc
ing the conjunction region (region 3) and
disambiguating region (region 4) all on t
same line. The items all continued on a sec
line, but only after at least four words of d
ambiguation were presented on the first l
The experiment took participants approxima
20 min.

FIG. 4. Comprehension question response accu
r
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Results

One participant was omitted from the ana
sis because he discovered what the target
biguity was that was being tested during
experiment. However, his data was similar
that of the other participants in the experime
including his data has no effect on the res
reported here.

Comprehension question response accur
The response accuracies for the high- and
dle-attachment conditions, expressed as
centages, are presented in Fig. 4. Particip
were correct in answering questions to the h
attachment condition significantly more of
than in answering questions to the middle
tachment condition (F1(1,45) 5 187.5,MSe 5
2.20,p , .001; F2(1,11) 5 48.6,MSe 5 2.22,

, .001).
Reading times.As in Experiment 1, we omi

ed data from participants who answered at m
ne of the middle-attachment questions
ectly, resulting in the omission of the data fo
f the 46 participants. For the remaining d

rials on which the question was answered
orrectly were also excluded from the analy
his removed 34.4% of the remaining data
5.4% error rate for high attachments, a 53
rror rate for middle attachments). Resid
eading times and standard errors are displ
n Fig. 5. Raw reading times are presented

y in Experiment 2. The error bars represent standard e
rac
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274 GIBSON AND SCHÜTZE
Table 3, and Appendix C presents raw read
times for data from all participants and
items, whether or not the comprehension q
tion was answered correctly.

There were no significant reading time d
ferences between the conditions before the
ambiguating region (allps . 0.3). In the dis
ambiguating region, the high attachm
condition was read faster than the middle
tachment condition, significantly by participa
(F1(1,37)5 4.37,MSe 5 8618,p , .05), mar
ginally by items (F2(1,11)5 3.87,MSe 5 5907,
p 5 .08). This difference was also significan
his region for the comparison of raw read

FIG. 5. Residual reading times in Exper

TABLE 3

Mean Raw Reading Times per Word (in Milliseconds
for Experiment 2

Condition

Sentence region

1 2 3 4 5

Middle 391 416 414 489 51
High 381 398 424 413 42
g

-

-

t
-

times (F1(1,37)5 4.42,MSe 5 8754,p , .05;
F2(1,11) 5 7.34, MSe 5 4304,p , .05). The
high attachment completions were also read
nificantly faster in the region containing the r
of the sentence, including the line bre
(F1(1,37) 5 9.55, MSe 5 6760, p , .005;
F2(1,11)5 10.81,MSe 5 3130,p , .01). The
omparison of raw reading times in this reg
lso resulted in a significant differen
F1(1,37) 5 12.70, MSe 5 6696, p , .001;

2(1,11)5 18.76,MSe 5 2737,p , .001).
As in Experiment 1, we also tested to se

there was a correlation between the plausib
difference scores obtained in the pretest
Experiment 1 and the reading time differen
on an item-by-item basis, averaging over p
ticipants. Similar to the results from Experim
1, the resulting correlation was not signific
(r 5 .05; p . .8), suggesting that reading tim

ifferences were not due to plausibility diffe
nces among the items.

iscussion

The same pattern of data was observe
xperiment 2 and in Experiment 1. The mid

nt 2. The error bars represent standard errors.
ime
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understand than the high attachment com
tions, as indicated by the question–answe
data. In addition, participants read the dis
biguating region more slowly for the midd
attachment completions than for the high
tachment completions. Furthermore, the rea
time differences observed here are not relate
processing sentences across line breaks
cause the line break occurred after the dis
biguating region for the items in this expe
ment. It is concluded that the middle attachm
completions are harder to understand than
high attachment completions.

GENERAL DISCUSSION

The results of Experiments 1 and 2 dem
strate that middle conjunction attachments
more difficult to process than high conjunct
attachments. In contrast, middle attachment
more frequent than high attachments in the
pora that were analyzed by Gibson, Schu¨tze,
and Salomon. This pattern of results is not
pected under the Mitchell and Cuetos expos
based framework for any grain-size that w
explored, nor is it predicted by other exposu
based accounts of ambiguity resolution in s
tence comprehension, including lexically ba
constraint-satisfaction proposals (e.g., M
Donald et al., 1994; Trueswell et al., 1994)
connectionist-network accounts (Christians
1996; Tabor et al., 1997). Of course, the
that the grain sizes investigated by Gibs
Schütze, and Salomon fail to account for t
complexity preferences is not a proof that th
is no grain size that makes the right predictio
In principle, there could be other grain sizes
have not yet been identified which allow ex
sure-based explanations of the reading-t
findings. Another possible explanation for
noncorrelation between frequency and c
plexity is that the input from which the beha
ioral patterns are learned may be different fr
the corpora that were analyzed. That is, it co
be that the parsed corpora that were anal
are not representative of typical English te
Some doubt is cast on this possibility by
observation that the frequency distributions
the constructions in question are quite simila
the two corpora. A related potential explanat
-
g
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preferences for a given language might be b
on spoken language rather than written
guage, so that the analysis of written texts m
not be directly relevant to the issue in quest
This possibility should be taken seriously,
pecially if parsing preferences are establis
while the grammar of a language is be
learned, before children are reading very mu
However, until large corpora of adult-to-ch
speech are available, there is no way to as
whether they differ from the written corpora
terms of the relative frequencies under disc
sion.

In any case, the discrepancy between c
prehension complexity and corpus freque
for the corpora under consideration requires
explanation. While exposure may play a c
siderable role in sentence comprehension, o
factors also seem to apply in the construct
under consideration. We propose that, bec
of working memory constraints, both sente
production and comprehension are sensitiv
locality considerations, such that more local
lationships are easier to process than lo
distance ones (Gibson, 1998; cf. Ross, 19
Bever, 1970; Kimball, 1973; Frazier & Fodo
1978; Frazier, 1979; Hawkins, 1990, 1994; G
son, 1991; Stevenson, 1994). There is m
evidence for a locality principle in senten
comprehension (see Gibson, 1998, for a s
mary). Under locality considerations alone, l
attachment structures should be favored
middle attachment structures in sentence c
prehension, and middle attachment struct
should be favored over high attachment st
tures, because the attachment site is most
in low attachments, and least local in high
tachments.

Corpus analyses suggest that a locality p
ciple is also active in sentence production:
most complex components of a sentence ge
ally occur sentence-finally in head-first la
guages, thereby maximizing local relationsh
Hawkins (1994) provides data from English a
other head-initial languages showing that lon
(“heavier”) items do generally occur later wh
there is a choice of word orders. Gibson et
(1996) provide corpus analyses of English c
joined NPs in the Penn Treebank, and show
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276 GIBSON AND SCHÜTZE
the first on average. Furthermore, Gibs
Schütze, and Salomon show that the greater
length discrepancy between two conjuncts,
greater the likelihood that the longer one w
occur second, as expected under the loc
hypothesis.

We suggest that there is more effort involv
in producing structures with nonlocal atta
ments than with local attachments, other fac
being equal, because the earlier attachment
decay in working memory as more materia
produced. A low attachment structure sho
therefore be the easiest to produce among
three possibilities for the three-NP-site ambi
ity under consideration here, followed by
middle attachment structure, with the high
tachment structure being hardest. Assuming
structures that are harder to produce are
duced less frequently, locality in producti
predicts the observed frequencies in the cor
for this ambiquity (cf. Gibson & Pearlmutte
1994; Frazier, 1995; Stevenson & Merlo, 199
Locality is of course but one factor applying
production, in addition to lexical constraints a
other factors such as parallelism, favoring b
anced attachments. (see Gibson, Schu¨tze, and
Salomon for an alternative explanation for
corpus frequencies).

In order to account for the discrepancy
tween this pattern of production and the co
prehension complexity results, we suggest
an additional factor is involved in senten
comprehension, one which is not applicable
sentence production. This factor favors h
attachments over all others in cases of amb
ity such as the constructions under consi
ation. One proposal for such a factor ispredi-
cate proximity (Gibson et al., 1996), whic
states that attachments should be made as
as possible to the head of a predicate ph
(typically a verb phrase). The motivation giv
for this proposal was that because all gramm
ical utterances have a predicate (verb) at t
core, a verb is kept in memory more stron
than other categories. Because there are c
linguistic differences in attachment preferen
involving RCs and preceding NP sites, Gibs
Pearlmutter, et al. hypothesized that the stre
of predicate proximity is determined by exp
,
e
e

y

s
es

e
-

-
at
-

a

.

-

-
-
t

-
-

se
e

t-
ir

s-
s
,
th

average distance from the head of a predi
(verb) to its arguments (e.g., subject and obje
It was proposed that languages with larger
erage distances between verbs and their a
ments will require that predicates be m
highly activated to permit the necessary atta
ments over longer distances. This larger pr
cate activation then results in a greater pre
ence to attach close to the predicate in
ambiguity and thus to a larger influence of pr
icate proximity in such languages.

An alternative candidate for this factor is
Hemforth et al. (in press)anaphoric binding
hypothesis, which specifies that the parser
tiates a search for the appropriate referent f
pronoun when the pronoun is first encounte
This process influences RC attachment bec
a search is initiated for the referent of a rela
pronoun heading an RC (e.g., “who”
“which”), just as for any other pronoun. Th
process would also influence the conjoined
attachments in the kinds of items in the Gibs
Schütze, and Salomon acceptability rating
periment and the two self-paced reading ex
iments presented here, because the conjo
NP in the middle and high attachment items
initiated with a pronominal element “(the) on
Hemforth et al. argue that the parser prefer
coindex pronouns with elements which are
of the main assertion of a sentence (cf.
Vincenzi & Job, 1995; Frazier, 1990; Frazier
Clifton, 1996; Gibson, Pearlmutter et al. 199
and thus coindexations with the structura
highest NPs are preferred. The combined eff
of locality and a high-favoring factor along
ther of these lines will make the middle atta
ment site least preferred in comprehension,
cause it is favored by neither principle. W
suggest that the high favoring factor is a dis
biguation mechanism, and hence does not a
in production, where the intended meaning
known.

CONCLUSIONS

This paper has evaluated the exposure-b
framework with respect to conjunctions of no
phrases in constructions with three available
sites in English. Although the experiments de
onstrated a preference for high-site attachm
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the corpora reflect this complexity ordering
any of the grain-sizes that were evaluated
purely exposure-based framework is difficul
reconcile with these data. The results can
accounted for by a combination of two fact
(in addition to the possibility of exposure-bas
influences): (1) a locality principle for both pr
duction and comprehension and (2) a fa
favoring high attachments—such as predi
proximity or anaphoric binding—in ambigui
resolution in sentence comprehension only.

APPENDIX A

Items for Experiments 1 and 22

The high attachment versions of the items below inc
the prepositional phrase in parentheses. The middle a
ment versions omit the parenthetical prepositional ph
The plausibility rating for the disambiguated form of e
item is presented in parentheses following each item. T
ratings were obtained in the pretest described in Experi
1. The plausibility scale goes from 1 (natural) to 7 (un
ural).

1. The kids’ magazine printed a story about a hau
house near a pond and one (about an old mansion) n
river because Halloween was coming soon. (High, 2
Middle, 2.05)

2. The detective memorized the address on the no
the victim and the one (on the letter) to the suspect be
going to look for witnesses. (High, 2.45; Middle, 2.70)

3. At the exhibit, Mary’s aunt admired a photo of a ch
on the beach and one (of a man) in the ocean bu
decided not to buy anything. (High, 2.05; Middle, 2.55

4. The sportswriter wrote a column about a soccer t
from the suburbs and one (about a baseball team) from
city for the paper’s Sunday magazine. (High, 2.00; Mi
2.55)

5. The talkshow host told a joke about a man with
umbrella and one (about a woman) with a dog but ha
anybody laughed. (High, 2.80; Middle, 2.45)

6. The journalist wrote a report on a lecture by a pr
inent businessman and one (on a speech) by a fa
economist for a political newsletter. (High, 2.15; Midd
1.75)

7. The careful student noticed a notepad beside a
about the Revolution and one (beside a text) about the
War when she was doing research. (High, 2.25; Mid
2.45)

2 The items for Experiment 2 were identical to those
Experiment 1, with the exception that item 2 was repla
with the following item: The travel agency organized a
to a village in the mountains and one (to a town) in
plains but very few people signed up (High, 3.05; Mid
2.10).
e

r
e

h-
.

e
nt

d
a

;

to
e

e

e

us

k
il
,

from the midwest and one (by a professor) from the s
before deciding which proposals to fund. (High, 1.85; M
dle, 1.75)

9. The costume designer drew a sketch of a dress w
zipper and one (of a coat) with a belt to show the direc
(High, 2.50; Middle, 2.50)

10. Today’s newspaper has an article about a movie
a French actor and one (about a film) with a Spanish ac
but there is nothing about the new Walt Disney film. (H
1.90; Middle, 2.05)

11. The salesman ignored a customer with a baby
stroller and one (with an infant) in a carriage while
helped a rich-looking woman. (High, 2.65; Middle, 2.7

12. The supervisor was given a note about a me
with a supplier and one (about an appointment) wi
customer when he came in on Tuesday morning. (H
1.85; Middle, 1.85)

APPENDIX B

Mean Raw Reading Times per Word
(in Milliseconds) for Experiment 1 for Data

from All Subjects and All Items

Condition

Sentence region

1 2 3 4 5

Middle 364 352 410 387 38
High 381 367 433 357 35

APPENDIX C

Mean Raw Reading Times per Word
(in Milliseconds) for Experiment 2 for Data

from All Subjects and All Items

Condition

Sentence region

1 2 3 4 5

Middle 365 364 377 390 38
High 368 360 379 364 36
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South Wales, August 19–21.
Cuetos, F., & Mitchell, D. C. (1988). Cross-linguistic d

ferences in parsing: Restrictions on the use of the
Closure strategy in Spanish.Cognition,30, 73–105.

Cuetos, F., Mitchell, D. C., & Corley, M. M. B. (1996
Parsing in different languages. In M. Carreiras, J
Garcı́a-Albea, & N. Sebastia´n-Gallés (Eds.),Language
processing in Spanish(pp. 145–187). Mahwah, N
Erlbaum.

De Vincenzi, M., & Job, R. (1995). An investigation of La
Closure: The role of syntax, thematic structure,
pragmatics in initial and final interpretation.Journal of
Experimental Psychology: Learning, Memory a
Cognition,21, 1305–1321.

Ferreira, F., & Clifton, C., Jr. (1986). The independenc
syntactic processing.Journal of Memory and Lan
guage,25, 348–368.

Frazier, L. (1979).On comprehending sentences: Synta
parsing strategies.Univ. of Connecticut doctoral di
sertation. Bloomington, IN: Indiana University Li
guistics Club.

Frazier, L. (1990). Parsing modifiers: Special purpose
tines in the human sentence processing mechanis
D. A. Balota, G. B. Flores d’Arcais, & K. Rayn
(Eds.),Comprehension processes in reading(pp. 303–
330). Hillsdale, NJ: Erlbaum.

Frazier, L. (1995). Constraint satisfaction as a theor
sentence parsing.Journal of Psycholinguistic R
search,24, 437–468.

Frazier, L., & Clifton, C., Jr. (1996).Construal.Cambridge
MA: MIT Press.

Frazier, L., & Fodor, J. D. (1978). The Sausage Machin
new two-stage parsing model.Cognition,6, 291–325

Garnsey, S. M., Pearlmutter, N. J., Myers, E., & Lotocky
(1997). The relative contributions of verb bias a
plausibility to the comprehension of temporarily a
biguous sentences.Journal of Memory and Languag
37, 58–93.

Gibson, E. (1991).A computational theory of human li
guistic processing: Memory limitations and process
breakdown.Unpublished doctoral dissertation, Car
gie Mellon University, Pittsburgh, PA.

Gibson, E. (1998). Linguistic complexity: Locality of sy
tactic dependencies.Cognition,68, 1–76.

Gibson, E., & Pearlmutter, N. J. (1994). A corpus-ba
analysis of psycholinguistic constraints on preposit
al-phrase attachment. In C. Clifton, L. Frazier, &
Rayner (Eds.),Perspectives on sentence proces
(pp. 181–198). Hillsdale, NJ: Erlbaum.

Gibson, E., Pearlmutter, N., Canseco-Gonzalez, E
Hickok, G. (1996). Recency preference in the hum
sentence processing mechanism.Cognition,59,23–59

Gibson, E., Pearlmutter, N., & Torrens, V. (in press).
cency and lexical preferences in Spanish.Memory and
Cognition.

Gibson, E., Schu¨tze, C. T., & Salomon, A. (1996). Th
relationship between the frequency and the comple
e

,

f

-
In

f

-

y

search,25, 59–92.
Gilboy, E., Sopena, J. M., Clifton, C., Jr., & Frazier,

(1995). Argument structure and association pre
ences in Spanish and English complex NPs.Cognition,
54, 131–167.

Hawkins, J. A. (1990). A parsing theory of word or
universals.Linguistic Inquiry,21, 223–262.

Hawkins, J. A. (1994).A performance theory of order a
constituency.Cambridge, UK: Cambridge Univ. Pre

Hemforth, B., Konieczny, L., & Scheepers, C. (in pre
Syntactic attachment and anaphor resolution:
sides of relative clause attachment. In M. Crocker
Pickering, & C. Clifton, Jr. (Eds.),Architectures an
mechanisms for language processing.Cambridge, UK
Cambridge Univ. Press.

Juliano, C., & Tanenhaus, M. K. (1994). A constraint-ba
lexical account of the subject/object attachment p
erence. Journal of Psycholinguistic Research,23,
459–472.

Just, M. A., Carpenter, P. A., & Woolley, J. D. (198
Paradigms and processes in reading comprehen
Journal of Experimental Psychology: General,3, 228–
238.

Kimball, J. (1973). Seven principles of surface struc
parsing in natural language.Cognition,2, 15–47.
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