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A
 theory of parsing m

ust explain how
 sentences are processed, Speci-

fically, it m
ust explain how

 a serially presented surface string is ana-
lyzed into its underlying representation, T

w
o central com

ponents of the
underlying representation include (a) a specification of how

 any partic-
u
l
a
r
 
c
o
n
s
t
i
t
u
e
n
t
 
i
s
 
c
o
n
f
i
g
u
r
e
d
 
w
i
t
h
 
o
t
h
e
r
 
c
o
n
s
t
i
t
u
e
n
t
s , w

hich w
e refer

to as syntactic attachm
ent; and (b) an assignm

ent of sem
antic roles to

constituents , w
hich w

e refer to as them
atic role assignm

ent, T
his rep-

.
 
r
e
s
e
n
t
a
t
i
o
n
 
f
o
r
 
a
 
s
e
n
t
e
n
c
e
 
g
e
n
e
r
a
l
l
y
 specifies w

hat goes w
ith w

hat in
a
 
s
e
n
t
e
n
c
e , as w

ell as the sem
antic relations holding betw

een one con-
stituent and another. C

onstructing this representation under the lim
its

im
posed by the serial order of a sentence string constitutes a large part

of w
hat is required to read and understand a sentence,

C
onsider the tw

o parse trees show
n in Figure 11.1. T

hese trees con-
sist of the sam

e constituents , but they differ in how
 the constituents

attach into the tree, In the first case
clearly 

a
t
t
a
c
h
e
s
 
t
o
 
t
h
e
 
s
e
n
t
e
n
c
e

node (S), and in the s
e
c
o
n
d
 
c
a
s
e
 
i
t
 
a
t
t
a
c
h
e
s
 
t
o
 
t
h
e
 
v
e
r
b
 
p
h
r
a
s
e
 node

(V
P), D

oes this have any consequences? C
ertainly, T

he point of syntac-
tic attachm

ent constr,;S
.ins the possible them

atic roles that a constituent
can fill, In the exam

ple
,
 
w
h
e
n
 

clearly 
is attached to S

, it fills the role
of a parenthetical com

m
ent of the speaker; w

hen it is attached to V
P

i
t
 
m
o
d
i
f
i
e
s
 
t
h
e
 
v
e
r
b , specifying the m

anner in w
hich the w

riting w
as

done (Jackendoff ,
 
1
9
7
2
)
,
 
O
f
 
c
o
u
r
s
e , constraints in the other direction

m
ay also hold, T

hat is , the them
atic role that a constituent is to fill w

ill
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A
~
J
,
~
r
m
i
n
e
 
t
h
e
 
p
l
a
c
e
 w

here it attaches onto a parse tree, T
hus

, if one
w

anted to attach a parenthetical com
m

ent into a parse tree , it w
ould get

;!!ittached to S
 to provide sentential context rather than to V

P
 to specify

;'~~I\\Illethingabout the verb; if one w
anted to specify som

ething about the
Itction expressed by the verb, like t

h
e
 
m
a
n
n
e
r
 
i
n
 
w
h
i
c
h
 
a
n
 
a
c
t
i
o
n
 
w
a
s

p
e
r
f
o
r
m
e
d
 
o
r
 
t
h
e
 
i
n
s
t
r
u
m
e
n
t
 
t
h
a
t
 
w
a
s
 
u
s
e
d , then the constituent w

ould
get attached to the V

P node,

a m
odel in w

hich syntactic and sem
antic f

a
c
t
o
r
s
 
j
o
i
n
t
l
y
 
i
n
f
l
uence the

course of constructing the initial representation of a sentence,

T
W

O
 V

IE
W

S O
F PA

R
SIN

G

C
learly

John
w

rote
the letter

T
he relationship betw

een syntax and sem
antics cannot be dealt w

ith
independently of a consideration of the cognitive architecture in w

hich
these potential sources of influence have their effect

,
 
t
h
a
t
 
i
s, w

ithout a
consideration of parsing m

odels, T
his is because the architecture places

lim
its on the directionality of influence w

ithin a m
o
d
e
l
.
 
F
o
r
 
e
x
a
m
p
l
e

given the configuration show
n in F

igure 11.2A
, P

rocessor B
 could never

directly influence Processor A
; Processor B

 could only use w
hatever

output Processor A
 decided to send it, If P

r
o
c
e
s
s
o
r
 
B
 
c
o
u
l
d
 
g
e
n
e
r
a
t
e
 
a
 

feedback signal, as show
n in F

igure 11.2B
, then it could affect Processor

,
 
b
u
t
 
o
n
l
y
 
a
f
t
e
r
 
P
r
o
c
e
s
s
o
r
 A

 had produced som
e initial output and

Processor B
 had evaluated it. T

herefore, w
hatever contribution factors

associated w
ith Processor B

 m
ight m

ake to p
r
o
c
e
s
s
i
n
g
,
 
t
h
i
s
 
i
n
f
l
u
e
n
c
e
 
a
l

w
ill alw

ays be w
ith respect to the output of P

rocessor A
,

U
fi

John
w

rote
the letter

clearly

T
he Standard V

iew
: "

S
y
n
t
a
x
 
P
r
o
p
o
s
e
s
 
a
n
d
 
S
e
m
a
n
t
i
c
s
 

D
isposes

I
f
 
w
e
 
l
a
b
e
l
 
P
r
o
c
e
s
s
o
r
 
A
 
a
s
 
t
h
e
 

syntactic 
processor and P

rocessor B
:
 
U

a
s
 
t
h
e
 

sem
antic 

processor, then F
igure 1

1
.
2
A
 
a
n
d
 
2
B
 
s
c
h
e
m
a
t
a
 
c
a
n
 
b
e
 

used to describe the general constraints on inform
ation flow

 in one class -
of parsers, w

hich w
e w

ill refer to as syntax-first parsers, Processor A
 

'
 
"
'

does syntactic attachm
ent; Processor B

 instantiates and evaluates the

' :

them
atic roles of the attached constituents, In parsers of this class, se- ~

m
antic processes can filter syntactic output but cannot i

n
f
l
u
e
n
c
e
 
i
n
i
t
i
a
l
 
I
 
'

I '
syntactic processing (B

resnan &
 K

aplan
,
 
1
9
8
2
;
 
F
o
r
d, B

resnan &
 K

a- :
plan

? 1982; Forst
, 1979; K

aplan &
 B

resnan
, 1982; R

ayner, C
arlson , &

 

.
 
t

Frazier, 1983; W
m

ograd
, 1971; W

oods, 1972), 
T

he operation of the
, syntactic p

r
o
c
e
s
s
o
r
 
i
n
 
s
y
n
t
a
x
-
f
i
r
s
t
 
m
o
d
e
l
s
 
i
s
 

subject to tw
o types of guidance

, w
hiC

h are, by definition
, in the syntax.

T
hese tw

o types of guidance allow
 us to identify roughly tw

o subclasses
of syntax-first parsers,

1. 
Principled, 

O
n the one hand

,
 
t
h
e
 
p
a
r
s
e
r
 
c
o
u
l
d
 
b
e
 
g
u
i
d
e
d
 

general syntactic principles
,
 
t
h
a
t
 
i
s
,
 
b
y
 
a
 
s
e
t
 
o
f
 
r
u
l
e
s
 
t
h
a
t
 
s
p
e
c
i
f
y

the attachm
ent of a constituent based strictly on the gram

m
atical

category of w
ords and phrases (e,g" N

 V
 A

dv N
P

 P
P

 V
P

 S
'

and the partial configuration of the parse tree w
hen the principle is

applied, E
xam

ples of these sorts of principles are R
ight A

ssociation
(K

im
ball, 1973) and the C

anonical S
entoid S

trategy (F
odor, B

ever
&

 G
arrett

,
 
1
9
7
4
)
,
 
F
r
a
z
i
e
r
 
a
n
d
 colleagues (F

razier
,
 
1
9
7
8
;
 
F
r
a
z
i
e
r

1987; Frazier &
 Fodor, 1978; Frazier &

 R
ayner, 1982; R

ayner et al.
1983) have proposed various versions of syntax-first m

odels that are

, /1

FIG
U

R
E

 11.1. E
xam

ples of parse trees,

, - -T
hjs sim

ple exam
ple exem

plifies the m
ajor theoretical concern to be

t~
ckled in this chapter , w

hich can be sum
m

arized thus: In reading, can
tactors associated w

ith them
atic roles - specifically, sem

antic factors -
G
p
n
~
t
r
.
a
i
n
 
t
h
e
 
i
n
i
t
i
a
l
 syntactic attachm

ent of a constituent? T
he reason

i
~
s
 
q
:
u
e
s
t
i
o
n
 is particularly im

portant is because the initial constraints
i:1i,!lentence processing have often been view

ed as originating in the syn-
t
~
.
 
I
n
 this chapter w

e question this view
. W

e do not intend to deny
thE

i, pqssibility that syntactic considerations m
ay play som

e role, R
ather

w
e seek evidence for the influence of sem

antic factors in t
h
e
 
c
o
n
t
e
x
t
 
o
f

,
 
I
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influence initial syntactic analysis; if there are no strong lexically
based preferences , default syntactic preferences direct parsing,

T
he A

lternative V
iew

: M
ultiple C

onstraint Satisfaction
A

n alternative class of m
odels consists of those in w

hich construction
of syntactic and conceptual representations occurs in parallel , w

ith syn-
tax and sem

antics exerting m
utual influence on each o

t
h
e
r
,
 
F
o
r
.

purposes
of discussion

, w
e need only extend the syntax-first schem

ata as show
n

i
n
 
F
i
g
u
r
e
 
1
1
.
2
c
 
t
o
 
i
l
l
u
s
t
r
a
t
e
 
t
h
a
t
 
i
n
t
h
i
s
 
c
l
a
s
s
 
o
f
 m

odels syntactic princi-
ples, lexically encoded inform

ation about argum
ents and com

plem
ents

o
f
 
h
e
a
d
s
 
o
f
 
p
h
r
a
s
e
s
 
-
 
t
h
a
t
 
i
s, sub categorization fram

es - and conceptual
know

ledge can influence parsing from
 start to finish, M

odels in this
class include interactive m

odels of the type proposed by Just &
 C

ar-
penter (1980), M

acW
hinney (1986), M

arslen-W
ilson and T

yler (1980),
M

cC
lelland (1987), St, John &

 M
cC

lelland (in press), T
hibadeau

, Just
and C

arpenter (1982), and T
yler and M

arslen- W
ilson (1977), In these

m
odels, it is generally assum

ed that graded activation and com
petition

a
l
l
o
w
 
i
n
f
o
r
m
a
t
i
o
n
 
f
r
o
m
 
m
u
l
t
i
p
l
e
 
s
y
n
t
a
c
t
i
c
 
a
n
d
 
s
e
m
a
n
t
i
c
 
s
o
u
r
c
e
s
 
t
o
 
w
o
r
k

t
o
g
e
t
h
e
r
 
o
r
 
t
o
 com

pete w
ith each other

,
 
w
i
t
h
 
t
h
e
 
i
n
t
e
r
p
r
e
t
a
t
i
o
n
 
t
h
a
t

is m
ost consistent w

ith the inform
ation and m

ost internally consistent
w

inning out over other alternatives, Syntactic processes could dom
inate

in som
e cases, but sem

antic inform
ation could dom

inate in other cases
depending on the relative strength of each source,

lexical input =
?

signal

output
l
e
x
i
c
a
l
 
i
n
p
u
t

FIG
U

R
E

 11.2. Syntax- first schem
ata (A

 and B
) and m

ultiple-constraint schem
a (C

),
H

ow
 is C

om
prehension R

elated to Parsing?
A

ccording to syntax-first m
odels, syntactic attachm

ent is initially
done w

ithout c
o
n
s
i
d
e
r
i
n
g
 
s
e
m
a
n
t
i
c
 
i
n
f
o
r
m
a
t
i
o
n
,
 
O
f
 
c
o
u
r
s
e
,
 
i
t
 
i
s
 
t
r
u
e

t
h
a
t
 
t
h
e
 
s
y
n
t
a
c
t
i
c
 
r
e
l
e
v
a
n
c
e
 
o
f
 sem

antic inform
ation has 'been noted in

lexically based m
odels and that these m

odels incorporate into the syntax
features like anim

acy and a few
 other selectional features, D

etailed con-
sideration of roles and their plausible fillers is

, how
ever, against the spirit

of syntax-first proposals. T
hus , w

e w
ould not include w

ithin this class
those m

odels in w
hich the actual sem

antic characteristics of a phrase or
the them

atic roles it m
ight fill w

ith respect to other constituents could
influence the initial decisions m

ade by the syntactic processor.
M

ultiple-constraint m
odels include syntactic constraints on initial

processing, A
 m

ajor difference is that they a
l
s
o
 
i
n
c
l
u
d
e
 
s
e
m
a
n
t
i
c
 
c
o
n
-

straints, T
he syntactic attachm

ent of a constituent that is b
e
i
n
g
 
r
e
a
d

and the role that is a
s
s
i
g
n
e
d
 
t
o
 
t
h
i
s
 
c
o
n
s
t
i
t
u
e
n
t
 
a
r
e
 im

m
ediately sub-

ject to w
hat that constituent and other constituents in the context are

all about, For exam
ple

,
 
i
n
 
t
h
e
 
s
e
n
t
e
n
c
e
 
f
r
a
g
m
e
n
t
 

J
o
e
 
s
t
i
r
r
e
d
 

the 
coffee

w
ith 

a. 
" there is probably an expectation for an instrum

ent that
is like a spoon; if the fragm

ent 
w

ere 
J
o
e
 
s
t
i
r
r
e
d
 

the 
p
a
i
n
t
 
w
i
t
h
 

a, 

,
 
"

the expectation w
ould probably still be for an instrum

ent, but one that
w

as som
ew

hat different from
 a spoon, A

nd if the 
f
r
a
g
m
e
n
t
 
w
e
r
e
 

Joe
chose 

the 
p
a
i
n
t
 
w
i
t
h
 

a. . 
"
 
t
h
e
 
e
x
p
e
c
t
a
t
i
o
n
 
f
o
r
 
t
h
e
 
p
r
e
p
o
s
i
t
i
o
n
a
l
 
p
h
r
a
s
e

especially im
portant exem

plars of this subclass as the m
odels config-

ure phrases into a parse tree largely through guidance from
 principles

(e, g
"
 
M
i
n
i
m
a
l
 
A
t
t
a
c
h
m
e
n
t
 
a
n
d
 
L
a
t
e
 C

losure). T
hese principles are

presum
ably so pow

erful that the syntactic processor in these m
odels

initially com
putes just a single structurally preferred analysis of a

sentence consisting of phrasal configurations specified by these gen-
eral principles,

2, 
L

exical, 
A

nother subclass of syntax- first m
odels consists of m

odels
that use lexically specified argum

ents and com
plem

ents associated
w

ith heads of phrases (B
resnan &

 K
aplan

,
 
1
9
8
2
;
 C

hom
sky, 1981;

F
ord et a!. , 1982; K

aplan &
 B

resnan, 1982; M
itchell &

 H
olm

es
, 1985)

r
e
f
e
r
r
e
d
 
t
o
 
h
e
r
e
 
s
i
m
p
l
y
 
a
s
 
s
u
b
 
c
a
t
e
g
o
r
i
z
a
t
i
o
n
 
f
r
a
m
e
s
 
-
 
i
n
 
a
d
d
i
t
i
o
n
 
t
o

syntactic principles, F
ord et a!. (1982), for exam

ple
, use inform

ation
about the preferred gram

m
atical functions associated w

ith verbs in
order to m

ake initial decisions about syntactic attachm
ent, T

hese
s
u
b
 
c
a
t
e
g
o
r
i
z
a
t
i
o
n
 
f
r
a
m
e
s
 
a
r
e
 
s
t
o
r
e
d
 
i
n
 
t
h
e
 
l
e
x
i
c
o
n
 and are activated

w
hen the verb is initially encoded, T

he syntactic processor in a sense
looks at the verb and asks , W

hat do I expect from
 this w

ord syntacti-
cally? If the preferences that these fram

es represent are strong, they
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w
ould presum

ably be altogether different. T
hus

, according to this view
com

prehension and parsing cannot be separated,

T
H
E
 
R
I
G
O
R
S
 
O
F
 
R
E
A
D
I
N
G

,T
he analysis of a sentence in a left-to-right serial fashion is typical

ofreadirig, T
im

e and tim
e again

, the reader faces uncertainties about
a,itachm

ent and assignm
ent because inform

ation is not yet available to
fofce one or another d

e
c
i
s
i
o
n
.
 
F
o
r
 
i
n
s
t
a
n
c
e
,
 
u
p
o
n
 
r
e
a
c
h
i
n
g
 

clearly 

:
J
o
h
n
 
c
l
e
a
r
l
y
 
w
r
o
t
e
 
t
h
e
 
l
e
t
t
e
r
,
 
c
l
e
a
r
l
y
 

could be interpreted in accord w
ith

~tther Figure IL
Ia or 1

1
.
1
 
b
.
 
T
h
e
 
a
m
b
i
g
u
i
t
y
 
c
o
u
l
d
 
b
e
 
l
e
s
s
e
n
e
d
 

by 
con-

tent preceding the constituent - for exam
ple

.4s the handw
riting expert

him
self has testified , John 

c
l
e
a
r
l
y
 
W
1
'
O
t
e
 
t
h
e
 
l
e
t
t
e
r
 

-, or it could be re-
s6ived 

by 
c
o
n
t
e
n
t
 
f
o
l
l
o
w
i
n
g
 
t
h
e
 
a
m
b
i
g
u
i
t
y
 
,
-
 

John clearly w
rote the letter

and 
r
e
c
e
i
v
e
d
 
a
n
 

.4 
f
o
r
 
s
t
y
l
e
.
 

In som
e cases , the am

biguity encountered
arid m

anner of initial resolution lead to disastrous consequences , as in
the w

ell-
k
n
o
w
n
 
g
a
r
d
e
n
 
p
a
t
h
 
s
e
n
t
e
n
c
e
 

T
he horse raced past the barn fell.

H
ere

,
 
t
h
e
 

late 
o
c
c
u
r
r
i
n
g
 
f
i
n
a
l
 
v
e
r
b
 
i
s
 
a
 
c
u
e
 
t
h
a
t
 

T
h
e
 
h
o
r
s
e
 

fills the the-
m

;aticrole of patient rather than agent
,
 
a
n
d
 
t
h
a
t
 

raced 
is not the m

ain
vei'bbut rather a participial form

, w
hich requires m

ajor revisions that
s
o
m
e
 
p
e
o
p
l
e
 
a
r
e
 
u
n
a
b
l
e
 
t
o
 
g
r
a
s
p
 
e
v
e
n
 
a
f
t
e
r
 
c
o
n
s
i
d
e
r
a
b
l
e
 thought (W

arner
&

;(;lass , 1987).

Processing E
xpectations

W
hat does a reader do under these conditions of uncertainty? O

n
11li~

' one hand , it appears that readers are s
e
n
s
i
t
i
v
e
 
t
o
 
t
h
e
 
a
l
t
e
r
n
a
t
i
v
e

constructions possible w
hen faced w

ith am
biguities , as discussed in the

fesearch on verb-com
plexity (Fodor , G

arrett , &
 B

ever
,
 
1
9
6
8
;
 H

olm
es

&
'
 
F
o
r
s
t
e
r
,
 
1
9
7
2
;
 
S
h
a
p
i
r
o
,
 
Z
u
r
i
f, &

 G
rim

shaw
,
 
1
9
8
7
)
.
 
F
u
r
t
h
e
r
,
 
r
e
a
d
-

ers appear biased in the initial syntactic attachm
ent of constituents , as

d
i
s
c
u
s
s
e
d
 
i
n
 
p
a
r
t
 
i
n
 
t
h
e
 
r
e
s
e
a
r
c
h
 
o
n
 
v
e
r
b
 
p
r
e
f
e
r
e
n
c
e
s
 
(
C
l
i
f
t
o
n , F

razier
&

C
onnine

, 1984; C
onnine

,
 
F
e
r
r
e
i
r
a, Jones

,
 
C
l
i
f
t
o
n
,
 
&
 
F
r
a
z
i
e
r
,
 
1
9
8
4
;

H
olm

es
,
 
1
9
8
4, 1987; M

itchell &
 H

olm
es , 1985). It w

as our view
 that

readers w
ere sensitive to w

hat a sentence w
as about , and the content

of a sentence suggested itself as a potential source of processing prefer-
ences. It w

as our goal to s
h
o
w
 
t
h
a
t
 
t
h
e
 
o
n
g
o
i
n
g
 
p
r
o
c
e
s
s
 of constituent

attachm
ent and role 

a
s
s
i
g
n
m
e
n
t
 
w
a
s
 
i
n
f
l
u
e
n
c
e
d
 

by 
prior content. T

his
c
b
n
t
e
n
t
s
e
t
 
u
p
 

expectations 
for further processing and provided an im

-
pO

:rtant source of guidance.
O

ur studies centered on a particular syntactic am
biguity that has

b
e
e
n
 
t
h
e
 
f
o
c
u
s
 
o
f
 
p
r
e
v
i
o
u
s
 
s
t
u
d
i
e
s
 
t
h
a
t
 
p
u
r
p
o
r
t
e
d
 
t
o
 
f
i
n
d
 
e
v
i
d
e
n
c
e
 for

a/'syntax- first m
odel and

, in particular , for the view
 that initial parsing

d
e
c
i
s
i
o
n
s
 
a
r
e
 
g
u
i
d
e
d
 

by 
general syntactic principles. O

ur intuitions
k6w

ever , suggested to us that , in this particular construction
, syntactic

preferences w
ere in fact relatively w

eak and that attachm
ent and role

assignm
ent seem

ed m
ore susceptible to sem

antic guidance based on the
specific content of the sentence. W

e chose to study this c
o
n
s
t
r
u
c
t
i
o
n
 
a
s

T
he spy
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R
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G
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P
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saw

saw
the cop

w
ith a revolver

FIG
U

R
E

 11.3. E
xam

ples of parse trees. A
, M

inim
ally attached p

r
e
p
o
s
i
t
i
o
n
a
l
 
p
h
r
a
s
e
,

B
, N

onm
inim

ally attached prepositional phrase.

a
 
t
e
s
t
 
c
a
s
e, not because w

e felt that syntactic influences on processing
are necessarily w

eak in general, but because w
e felt that content-based

influences on initial processing w
ould be m

ost easily observed in the
absence of strong syntactic bias,

T
he am

biguity in question is the a
m
b
i
g
u
i
t
y
 
i
n
 
t
h
e
 
a
t
t
a
c
h
m
e
n
t
 
o
f

prepositional phrases in sentences like (1) and (2). T
he target con-

s
t
i
t
u
e
n
t
 
i
n
 
b
o
t
h
 
c
a
s
e
s
 
i
s
 
t
h
e
 
p
r
e
p
o
s
i
t
i
o
n
a
l
 phrase (PP) that follow

s the
object noun phrase (O

bject N
P) in the first clause. T

his P
P

 could at-
tach either to the V

P
 node or to the O

bject-N
P node, as show

n in Figure
11.3. A

s show
n in E

xam
ples 1

 
a
n
d
 
2
,
 
t
h
e
 
t
a
r
g
e
t
 
p
h
r
a
s
e
 
i
s
 
f
o
l
l
o
w
e
d
 

by 

conjunction signaling the beginning of a new
 clause.

237 '

;i""

1;'

iil

:;1t:/

\ .iii

'1111

iiII

!III..

:
 
!

:
 
I

;jO
(:

common
Pencil

common
Pencil

common
Pencil

common
Pencil

common
Pencil

common
Pencil

common
Pencil

common
Pencil

common
Pencil

common
Pencil

common
Pencil

common
Pencil

common
Pencil

common
Pencil

common
Pencil

common
Pencil

common
Pencil

common
Pencil



I
 
,

2:3'8
T
A
R
A
B
A
N
 
A
N
D
 
M
C
C
L
E
L
L
A
N
D

1
.
 
T
h
e
 
s
p
y
 
s
a
w
 
t
h
e
 
c
o
p
 
w
i
t
h
 

binoculars 
b
u
t
 
t
h
e
 
c
o
p
 
d
i
d
n

see him
,

2
,
 
T
h
e
 
s
p
y
 
s
a
w
 
t
h
e
 cop w

ith a revolver but the cop didn
see him

,

IS
 P

R
O

C
E

S
S

IN
G

 G
U

ID
E

D
 O

N
LY

B
Y

 G
E

N
E

R
A

L
 SY

N
T

A
C

T
IC

 PR
IN

C
IPL

E
S?

M
inim

al A
ttachm

ent
In the first experim

ent , w
e w

anted to sim
ply show

 that general syn-
tactic principles w

ere not adequate by them
selves for accounting for the

types of guidance people used for syntactic attachm
ent, W

e therefore
co,ntrasted expectations based on general s

y
n
t
a
c
t
i
c
 
p
r
i
n
c
i
p
l
e
s
 
t
o
 
t
h
o
s
e

b
a
s
e
d
 
o
n
 
s
e
n
t
e
n
c
e
 
c
o
n
t
e
n
t
,
 
T
h
e
 prediction that attachm

ent and as-
signm

ent of the critical prepositional phrase w
ould be influenced by the

specific content in the sentence com
es directly from

 the view
 in m

ultiple-
c
o
n
s
t
r
a
i
n
t
 
m
o
d
e
l
s
 
t
h
a
t
 
o
t
h
e
r
 
s
o
u
r
c
e
s
 
b
e
s
i
d
e
s
 
g
e
n
e
r
a
l
 
s
y
n
t
a
c
t
i
c
 
p
r
i
n
c
i
p
l
e
s

influence initial processing,
T

he syntactic principle that is relevant to guiding the attachm
ent for

p
h
r
a
s
e
s
 
l
i
k
e
 

w
i
t
h
 
b
i
n
o
c
u
l
a
r
s
 

or 
w

ith 
a revolver in E

xam
ples 1 and 2 is

Frazier
s m

inim
al attachm

ent principle (Frazier , 1978; Frazier &
 Fodor

1978; Frazier &
 R

ayner , 1982; R
ayner et al" 1983), w

hich states that
i
n
i
t
i
a
l
 
s
y
n
t
a
c
t
i
c
 
d
e
c
i
s
i
o
n
s
 
w
i
l
l
 
f
a
v
o
r
 
t
h
e
 
s
i
m
p
l
e
s
t
 
a
t
t
a
c
h
m
e
n
t
 

of 
a phrase

i
n
t
o
 
t
h
e
 
p
h
r
a
s
a
l
 
r
e
p
r
e
s
e
n
t
a
t
i
o
n
 

of 
the sentence; that is

,
 
t
h
e
 
s
y
n
t
a
c
t
i
c

p
r
o
c
e
s
s
o
r
 
f
a
v
o
r
s
 
t
h
e
 
s
t
r
u
c
t
u
r
e
 
w
i
t
h
 
t
h
e
 
m
i
n
i
m
u
m
 
n
u
m
b
e
r
 

of 
nodes, F

ig-
ure lL

3 m
akes this notion concrete, A

ccording to m
inim

al attachm
ent

t
h
e
 
i
n
i
t
i
a
l
 
a
t
t
a
c
h
m
e
n
t
 

of 
t
h
e
 
P
P
 
i
n
 

b
o
t
h
 
s
e
n
t
e
n
c
e
s
 

w
ill be to the V

P node
- that is

, it w
ill function as a com

plem
ent to the verb saw

, as show
n

in F
igure lL3a, T

he reason is that such an attachm
ent of the prepo-

sitional phrase does not , on F
razier

s account , require the construction
of 

new
 nodes in the syntactic tree 

t
h
a
t
 
r
e
p
r
e
s
e
n
t
s
 
t
h
e
 
s
t
r
u
c
t
u
r
e
 

of 
the

s
e
n
t
e
n
c
e
,
 
A
t
t
a
c
h
m
e
n
t
 
a
s
 
a
 
c
o
n
s
t
i
t
u
e
n
t
 

of 
a com

plex noun phrase - as in
~he,

cop 
w

ith 
revolver- 

on the other hand
, does , according to Frazier

require the construction of a new
 node - the o

n
e
 
t
h
a
t
 
r
e
p
r
e
s
e
n
t
s
 
t
h
e

com
plex'noun phrase as a w

hole
, under w

hich the sim
ple noun phrase

t
h
e
 
c
o
p
 
a
n
d
 
t
h
e
 
p
r
e
p
o
s
i
t
i
o
n
a
l
 
p
h
r
a
s
e
 
a
r
e
 
b
o
t
h
 
a
t
t
a
c
h
e
d

, as show
n in Fig-

ure lL
3b, If m

inim
al attachm

ent m
akes an im

plausible decision
,
 
a
s
 w

ith
revolver 

attached to V
P

 w
ould be

, a them
atic processor can veto this

decision , based on its access to likely them
atic argum

ents of verbs and
vy:orldknow

ledge , and could require syntactic reanalysis, T
his reasoning

fits,
a
 
s
y
n
t
a
x
- first m

odel of the F
igure lL2b type,

11, P
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R
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O
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P
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E
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E
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S
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E
x
p
e
r
i
m
e
n
t
 
1

A
l
t
h
o
u
g
h
 
r
e
s
u
l
t
s
 
i
n
 
R
a
y
n
e
r
 
e
t
 
a
l
.
 

(1983) 
for 

sentences like I and
2 fit the predictions of m

inim
al attachm

ent and supported a syntax-
first m

odel , it seem
ed intuitively possible, and consistent w

ith reason-
ing according to a m

ultiple-constraint m
odel,

 
t
h
a
t
 
t
h
e
 
s
p
e
c
i
f
i
c
 
c
o
n
t
e
n
t

preceding the prepositional phrase in their stim
uli predisposed so-called

m
i
n
i
m
a
l
 
a
t
t
a
c
h
m
e
n
t
,
 W

e therefore used the original pairs of m
atched

s
e
n
t
e
n
c
e
s
 
f
r
o
m
 
R
a
y
n
e
r
 
e
t
 
a
l
,
 
a
n
d
 
c
o
n
s
t
r
u
c
t
e
d
 
a
n
 
a
d
d
i
t
i
o
n
a
l
 
s
e
t
 

of 
sen-

t
e
n
c
e
 
p
a
i
r
s
 

for 
w

hich w
e felt the content preceding the prepositional

phrase predisposed subjects tow
ards non-m

i
n
i
m
a
l
 
a
t
t
a
c
h
m
e
n
t

, as illus-
trated in E

xam
ples 3 and 4,

3
,
 
T
h
e
 
c
o
u
p
l
e
 
a
d
m
i
r
e
d
 
t
h
e
 
h
o
u
s
e
 
w
i
t
h
 
a
 

friend 
but knew

 that
it w

as overpriced.
4
,
 
T
h
e
 
c
o
u
p
l
e
 
a
d
m
i
r
e
d
 
t
h
e
 
h
o
u
s
e
 
w
i
t
h
 
a
 

garden 
but knew

 that
it w

as overpriced.
In order to quantify subjects' expectations for either m

inim
al or non-

m
inim

al attachm
ent , w

e subm
itted the R

ayner et al. stim
uli and the

T
araban and M

cC
lelland stim

uli to tw
o tests of 'expectedness,' O

ne w
as

a
 
c
l
o
z
e
 
t
a
s
k
 
i
n
 
w
h
i
c
h
 
s
u
b
j
e
c
t
s
 
c
o
m
p
l
e
t
e
d
 
s
e
n
t
e
n
c
e
 

fram
es 

(
t
h
a
t
 
p
a
r
t
 

the test sentence up to the noun in the prepositional phrase) w
ith the

first com
pletion that cam

e to m
ind; the other test w

as a rating task in
w
h
i
c
h
 
s
u
b
j
e
c
t
s
 
p
r
e
v
i
e
w
e
d
 

fram
es 

a
n
d
 
r
a
t
e
d
 
p
r
e
p
o
s
i
t
i
o
n
a
l
 
p
h
r
a
s
e
 
c
o
m
p
l
e
-

tions using a scale w
orded in term

s of 'expectations' (these com
pletions

w
e
r
e
 
u
s
e
d
 
i
n
 
a
 
r
e
a
d
i
n
g
 
t
a
s
k
 
w
i
t
h
 
a
n
o
t
h
e
r
 
g
r
o
u
p
 

of 
subjects), T

he results
f
r
o
m
 
b
o
t
h
 
o
f
 
t
h
e
s
e
 
t
e
s
t
s
 

of 
the stim

uli clearly show
ed that subjects

' ex-
pectations for R

ayner et al. fram
es w

ere for m
inim

al attachm
ent of the

prepositional phrases, w
hereas expectations for the T

araban and M
c-

C
l
e
l
l
a
n
d
 
f
r
a
m
e
s
 
w
e
r
e
 
f
o
r
 
n
o
n
m
i
n
i
m
a
l
 
a
t
t
a
c
h
m
e
n
t
 

of 
t
h
e
 
p
r
e
p
o
s
i
t
i
o
n
a
l

phrases,
W

e then collected w
ord-by-w

ord reading tim
es for the sentences, us-

ing a self-paced task in w
hich subjects answ

ered a com
prehension ques-

tion after each sentence that they read, O
ur m

ain goal w
as to determ

ine
the am

ount of guidance provided by the m
inim

al attachm
ent principle

and the am
ount contributed by the s

p
e
c
i
f
i
c
 
c
o
n
t
e
n
t
 
o
f
 
t
h
e
 
s
e
n
t
e
n
c
e

w
hich, as noted

, are tw
o distinct sources of influence, T

he results for
t
h
e
 
R
a
y
n
e
r
 
e
t
 
a
l
,
 
s
t
i
m
u
l
i
 
a
r
e
 
s
h
o
w
n
 
i
n
 
F
i
g
u
r
e
 
1
 
L
4
a, indicating that

m
i
n
i
m
a
l
l
y
 
a
t
t
a
c
h
e
d
 
p
h
r
a
s
e
s
 
h
a
d
 
a
 significant total reading tim

e advan-
tage 

of 
94 m

s com
pared to m

atched nonm
inim

ally a
t
t
a
c
h
e
d
 
p
h
r
a
s
e
s

com
puted over the noun-filler and the three w

ords that follow
ed (e,

binoculars 
b
u
t
 
t
h
e
 
c
o
p
 
v
s
,
 

revolver 
but the cop), T

his replicated the m
a-

jor finding in the R
ayner et al. study, T

he results for the T
araban and

M
cC

lelland stim
uli produced just the opposite effect on reading tim

es

1 T
he com

plete set of stim
uli for this e

x
p
e
r
i
m
e
n
t
 
a
n
d
 
f
o
r
 
t
h
e
 
n
e
x
t
 
e
x
p
e
r
i
m
e
n
t
,
 
a
s

w
ell as a full description of the procedure and the statistical results

, are provided in
T

araban and M
cC

lelland (1988),
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w
ith nonm

inim
ally attached phrases show

ing a total significant reading
t;Ip.e advantage of 69 m

s w
hen com

pared to m
atched m

inim
ally attached

p'llrases, as show
n in Figure llA

b.

m
s ..~1;

revolve' (N
P

-N
o"nm

lnlm
al)

blnocula,a (V
P

-M
lnlm

al)

un-Illlo,
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2
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 1
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3

W
O

R
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 PO
SIT
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N

m
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V
P-M
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3

W
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R
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N
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C
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rinciples. M
akes the D

ifference
T

he expectation ratings and doze task 
s
h
o
w
e
d
 
t
h
a
t
 
o
n
e
 
s
e
t
 

of 
sen-

tence fram
es set subject's expectations to favor V

P attachm
ent of the

prepositional phrase, w
hereas another set of sentence fram

es set ex-
pectations to favor O

bject-N
P attachm

ent. T
he r

e
a
d
i
n
g
 
t
i
m
e
s
 
s
h
o
w
e
d

that these expectations w
ere not epiphenom

enal w
ith respect to reading;

rather, they produced significant differences in reading tim
e. W

hen at-
t
a
c
h
m
e
n
t
 
e
x
p
e
c
t
a
t
i
o
n
s
 
f
i
t
 
t
h
e
 
a
t
t
a
c
h
m
e
n
t
 
r
e
q
u
i
r
e
d
 
b
y
 
t
h
e
 
c
o
n
t
e
n
t
 

of 
the

sentence, reading tim
es w

ere faster com
pared to cases in w

hich expec-
tations did not fit. T

o determ
ine w

hether there w
as any evidence that

m
inim

al attachm
ent played any role in perform

ance w
ith these stim

uli
w

e sim
ply com

bined the results from
 both sentence sets and looked at the

overall advantage of m
inim

ally versus nonm
inim

ally attached sentences.
A

s show
n in Figure ll.4c, the principle itself m

ade little difference in
r
e
a
d
i
n
g
 
t
i
m
e
s, producing an insignificant total difference of 12 m

s over
the four critical w

ord positions,
A

lthough these results do not strictly rule out the m
inim

al attach-
m

ent principle as one source of guidance
,
 
t
h
e
y
 
r
e
f
l
e
c
t
 
t
h
e
 
i
n
f
l
u
e
n
c
e
 
o
f

other sources besides general syntactic principles on the attachm
ent that

a
 
s
u
b
j
e
c
t
 
i
n
i
t
i
a
l
l
y
 
e
x
p
e
c
t
s
.
 
S
p
e
c
i
f
i
c
a
l
l
y
,
 subjects are influenced to expect

a particular attachm
ent for a constituent based on the specific content

that precedes that constituent in the string, T
hus, an im

portant factor
i
n
 
t
h
e
 
o
n
-line processing of sentences is the degree to w

hich the ulti-
m

ate attachm
ent of constituents in the sentence actually m

atches the
subject's expectations for these constituents, W

hen these expectations
a
r
e
 
v
i
o
l
a
t
e
d, subjects experience difficulty relative to cases in w

hich ex-
pectations are fulfilled. It should be noted that the particular interaction
betw

een expectations, attachm
ent, and

reading difficulty that w
e have

reported here cannot be accounted for by any general syntactic prinC
iple

of w
hich w

e are aw
are - that is, by any principle that does not consider

the content of the sentence -
, as' the expectation effects occurred in sen-

tences that differed in the content, and not the syntactic constituents
, of

the sentence fram
es, M

inim
al attachm

ent m
ay have played a sm

all role
below

 the level of detection possible in our d
e
s
i
g
n
.
 
F
o
r
 
t
h
e
 
r
e
m
a
i
n
i
n
g

studies, though
, w

e continued to focus on the role of content.

ga,don (N
P

-N
onm

lnlm
al)
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f+

 1W
O

R
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T
he violation of content-

b
a
s
e
d
 
e
x
p
e
c
t
a
t
i
o
n
s
 
a
p
p
e
a
r
s
 
t
o
 
c
a
u
s
e
 
p
r
o
-

cessing difficulty, as w
e found in E

xperim
ent 1. I

n
 
t
h
a
t
 
e
x
p
e
r
i
m
e
n
t

, w
e

tried to quantify expectations for syntactic attachm
ent, in accord w

ith
the specific type of prediction that m

inim
al attachm

ent m
akes. B

ut
several aspects of subject's expectations m

ay have been violated in that
experim

ent, because presum
ed violations of attachm

ent expectations
covaried w

ith possible violations of them
atic role expectations for the

FIG
U

R
E

 11, 4
.
 
E
x
p
e
r
i
m
e
n
t
 1: R

eading tim
es (m

s) for th"" noun-filler and the three
~
~
r
d
s
 
t
h
a
t
 
f
o
l
l
o
w
e
d
 
f
o
r
 
R
a
y
n
e
r
 
e
t
 
a
l
.
 
s
t
i
m
u
l
i
 

(e,g" 
binoculars 

b
u
t
 
t
h
e
 
c
o
p
)
 
(
P
a
n
e
l

A
)"j for T

araban and M
cC

lelland stim
uli (P

anel B
)j and fD

r m
i
n
i
m
a
l
l
y
-
a
t
t
a
c
h
e
d
 
v
e
r
s
u
s

nonm
inim

ally-attached stim
uli (Panel C

),
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prepositional phrase and also w
ith possible expectations for the noun-

fll).er for the prepositional p
h
r
a
s
e
,
 
F
o
r
 
e
x
a
m
p
l
e
,
 
t
h
e
 
c
r
i
t
i
c
a
l
 
p
h
r
a
s
e
s

~iiE
xam

ples 1 and 2 require different attachm
ents , but they also re-

d
~
J
v
e
d
i
f
f
e
r
e
n
t
 
t
h
e
m
a
t
i
c
 
r
o
l
e
s
 
(
i
n
s
t
r
u
m
e
n
t
 
o
f
 
s
e
e
i
n
g
 
i
n
 
1
 
a
n
d
 
p
o
s
s
e
s
s
i
o
n

O
J
 
t
h
e
 
c
o
p
 
i
n
 
2
)
,
 
a
n
d
 
t
h
e
s
e
 
a
r
e
 
i
n
s
t
a
n
t
i
a
t
e
d
 
w
i
t
h
 different noun-fillers

tl;)i:Jloculars vs. revolver), Perhaps it w
as the violation of the expected

t~em
atic role of the prepositional phrase that determ

ined processing
d,ifficulty, rather than the violation of the expected attachm

ent per se,
Q

.(perhaps it w
as neither the violation of the expected attachm

ent of
ffi,eprepositional phrase nor of the expected them

atic role of the prepo-
~

i'tional phrase that produced the effects but sim
ply a v

i
o
l
a
t
i
o
n
 
o
f
 
a

s~:bject' s expectations for a particular noun- filler. Subjects m
ay have

h~
d Ii. select pool of candidates

, or perhaps a single candidate
, in m

ind
f&

I the noun- filler , given the prior content of the s
e
n
t
e
n
c
e
,
 
F
o
r
 
a
 
v
e
r
b

:ti:hrase attachm
ent , for exam

ple
, and a particular role

, like instrum
ent

there are clearly better and w
orse instances of appropriate instrum

ents
in the context of a particular sentence, T

he data from
 E

xperim
ent 1

d
o
 
n
o
t
 
h
e
l
p
 
t
o
 
s
e
p
a
r
a
t
e
 
o
u
t
 
t
h
e
s
e
 
v
a
r
i
o
u
s
 
s
o
u
r
c
e
s
 
o
f
 influence, In fact

he tw
o conditions for the R

ayner et a1. and T
araban and M

cC
lelland

~
tiinuli confound all three sources. It w

as im
portant to ascertain that w

e
w
e
r
e
 
i
n
d
e
e
d
 
t
a
p
p
i
n
g
 
i
n
t
o
 factors associated w

ith syntactic attachm
ent

Ij-nd role assignm
ent , and not sim

ply factors associated w
ith particular

nqun- fillers, If processing w
as in fact subject to all three influences

, w
e

w
a~ted to know

 their relative effects.

a discussion of how
 them

atic roles w
ere identified,)

 
T
o
 
d
e
t
e
r
m
i
n
e
 (1)

w
e used a doze task identical to the one in E

xperim
ent 1. T

he set of
fram

es selected for the experim
ent show

ed 90%
 agreem

ent betw
een the

attachm
ent and role associated w

ith com
pletions in the doze task and

the attachm
ent and role required of noun-fillers in the fully consistent

condition. T
o determ

ine (2) a separate group of s
u
b
j
e
c
t
s
 
r
a
t
e
d
 
t
h
e
 
e
x
-

pectedness of the noun-fillers, as in E
xperim

ent 1
, and they additionally

rated the plausibility of the fillers in the context of the sentence fram
es.

T
he sentences in the rem

aining conditions violated expectations for
the filler; filler and role; and filler, role

, and attachm
ent, as follow

s, T
he

second condition' used less-expected and less-
plausible noun-fillers

,
 
a
c
-

cording to the results of the rating tasks, but fillers that w
ere consistent

w
ith the expected attachm

ent and role for the phrase. T
he sentences

i
n
 
t
h
e
 
r
e
m
a
i
n
i
n
g
 
c
o
n
d
i
t
i
o
n
s
 
i
n
c
l
u
d
e
d
 
t
h
e
 
e
x
p
e
c
t
a
t
i
o
n
 violations of the

previous conditions and added a new
 one: the them

atic role of the
p
r
e
p
o
s
i
t
i
o
n
a
l
 
p
h
r
a
s
e
s
 
i
n
 
c
o
n
d
i
t
i
o
n
 
(
c
)
 
d
i
d
 
n
o
t
 fill a role subjects w

ere
expecting; the attachm

ent of prepositional phrases in c
o
n
d
i
t
i
o
n
 
(
d
)
 
w
a
s

not the attachm
ent subjects w

ere generally expecting, in addition to the
roles being unexpected, as in (c). T

he results .from
 the rating task for

the noun-fillers show
ed a significant difference in expectedness and plau-

sibility betw
een conditions (a) and (b), and no differences betw

een (b)
and (c) or betw

een (c) and (d), as w
as hoped for. A

s w
e closely m

atched
the plausibility and expectedness of noun-fillers in conditions (b), (c),
and (d), the com

parison of conditions (b) and (c) in t
h
e
 
r
e
a
d
i
n
g
 
t
a
s
k

w
as a relatively pure indication of the processing cost of violating role.

expectations, and the com
parison of (c) and (d) w

as a relatively pure
indication of the processing cost of violating attachm

ent expectations
over and above the cost of role expectation violations, A

 com
parison

of conditions (a) and (b), on the other hand
, w

hich differed in term
s

of the plausibility and the e
x
p
e
c
t
e
d
n
e
s
s
 
o
f
 
t
h
e
 
n
o
u
n
-

fillers, indicated
the effects of m

anipulating these factors for the noun-filler itself, w
hile

holding everything else constant,

E
x
p
e
r
i
m
e
n
t
 
2

W
e needed to consider , then

, how
 to m

easure the effects of violations
of expectations for each of these sources of influence w

ithout confound-
i
n
g
 
t
h
e
m
 
w
i
t
h
 
t
h
e
 
o
t
h
e
r
s
.
 O

ne w
ay w

as to identify a set of sentence
f
r
a
m
e
s
 
s
u
c
h
 
t
h
a
t
 
e
a
c
h
 
o
n
e
 
e
v
o
k
e
d
 
a
 consistent expectation for' an at-

tachm
ent and role for the prepositional phrase, W

e could then find four
different noun- fillers for each fram

e , creating four different prepositional
phrases, T

hese four prepositional p
h
r
a
s
e
s
 
a
s
s
o
c
i
a
t
e
d
 
w
i
t
h
 
t
h
e
 sam

e
frainew

ould differ according to the w
ay in w

hich they violated subject'
expectations. T

he follow
ing is an exam

ple set of four sentences , w
ith

the labels used for the experim
ental conditions show

n in parentheses:

5, T
he janitor cleaned the storage area w

ith the
a, broom

 (Fully C
onsistent)

b
,
 
s
o
l
v
e
n
t
 
(
L
e
s
s
- E

xpected F
iller)

c, m
anager (Less- E

xpected R
ole)

d
,
 
o
d
o
r
 
(
L
e
s
s
-
E
x
p
e
c
t
e
d
 
A
t
t
a
c
h
m
e
n
t
)

because of m
any com

plaints,
Phrases in the first c

o
n
d
i
t
i
o
n
 
a
r
e
 
(
1
)
 
c
o
n
s
i
s
t
e
n
t
 
w
i
t
h
 
s
u
b
j
e
c
t
'
s
 
e
x
-

pectations for the attachm
ent and role of the prepositional phrase

, and
(2) the particular w

ord used for the noun- filler is actually quite good
for that rol e

 
a
n
d
 
a
t
t
a
c
h
m
e
n
t
,
 
(
S
e
e
 
T
a
r
a
b
~
n
 &

 M
cC

lelland
,
 
1
9
8
8
,
 
f
o
r

E
xpectations for T

hem
atic R

oles and for T
hem

atic R
ole F

illers
C

ount for a Lot
T

he reading data w
ere collected in a m

anner identical to E
xperi-

m
e
n
t
 
1
.
 
A
n
 
e
x
a
m
i
n
a
t
i
o
n
 of m

ean reading tim
es by position in F

igure
11.5 show

s significant effects for tw
o types of expectations, O

ne is an
expectation for the noun-filler that instantiates a them

atic r
o
l
e
.
 
H
i
g
h

expectedness and high plausibility for noun-fillers in the fully consistent
condition and m

oderate expectedness and plausibility for noun-fillers
in the less-expected filler condition produced a significant difference in
reading tim

e of 40 m
s, sum

m
ed over the noun-filler and the three w

ords
f
o
l
l
o
w
i
n
g
 
i
t
.
 T

hat is
, there w

as a total advantage of about 40 m
s over all

four w
ords w

hen noun-fillers w
ere m

ore highly expected and plausible
(e.

g" 

b
r
o
o
m
 
b
e
c
a
u
s
e
 
o
f
 
m
a
n
y
)
 

than w
hen they w

ere not (e,
solvent
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b
e
c
a
u
s
e
 
o
f
 

m
any), T

his effect w
as produced in sentences that w

ere con-
sistent both w

ith respect to subject'
s
 
e
x
p
e
c
t
a
t
i
o
n
s
 

for 
attachm

ent 
of 

the
p
r
e
p
o
s
i
t
i
o
n
a
l
 
p
h
r
a
s
e
 
a
r
i
d
 
t
h
e
m
a
t
i
c
 
r
o
l
e
 
a
s
s
i
g
n
m
e
n
t
 

of 
t
h
e
 
p
r
e
p
o
s
i
t
i
o
n
a
l

phrase,

L
e
s
s
-
E
x
p
e
c
t
e
d
 
A
t
t
s
c
h
m
e
n
t

L
e
s
s
-
E
x
p
e
c
t
e
d
 
R
o
l
e

Less-E
xpected F

iller

Fully-C
onsistent

460
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400

380

360

340

noun-filler
f+

2
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3
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FIG
U

R
E

 11. 5, E
xperim

ent 2: R
eading tim

es in m
s for the noun-

f
i
l
l
e
r
 
a
n
d
 
f
o
r
 
e
a
c
h
 

the three w
ords that follow

ed (e,g.
b
r
o
o
m
 
b
e
c
a
u
s
e
 
o
f
 

m
any),

T
h
e
 
s
e
c
o
n
d
 
t
y
p
e
 

of 
expectation that w

as im
portant w

as for the the-
m

atic role of a phrase, A
 violation of this expectation produced the m

ost
q
r
a
m
a
t
i
c
 
e
f
f
e
c
t
 
i
n
 
t
h
i
s
 
s
t
u
d
y
.
 T

he less-expected filler condition show
s

reading tim
es for sentences in w

hich the noun- fillers disam
biguated the

role of the prepositional phrase in accord w
ith subject'

s
 
e
x
p
e
c
t
a
t
i
o
n
s

for the them
atic role of the phrase

, w
hereas the less-expected role con-

clition show
s reading tim

es w
hen the role required by a sentence for

the prepositional phrase w
as inconsistent w

ith expectations, A
ttach-

~ent w
as held constant for sentence pairs in these conditions , and filler

expectedness and plausibility w
ere controlled, Phrases t

h
a
t
 
c
o
u
l
d
 
b
e
 
a
s
-

~igned a role in accord w
ith expectations (less-expected filler) produced

a
b
i
g
h
l
y
 
s
i
g
n
i
f
i
c
a
n
t
 
t
o
t
a
l
 
a
d
v
a
n
t
a
g
e
 
o
f
 
a
b
o
u
t
 

120 
m

s over all four w
ords

(~.g" 

s
o
l
v
e
n
t
 
b
e
c
a
u
s
e
 
o
f
 

m
any) com

pared to those phrases for w
hich the

role required by the sentence for the phrase w
as not in accord w

ith role

T
"'"""'
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expectations (less-expected role) (e,g.
m

anager 
b
e
c
a
u
s
e
 
o
f
 

m
any), R

el-
a
t
i
v
e
 
t
o
 
o
n
-line reading effects in general, this violation of them

atic role
expectations produced a substantial slow

dow
n in processing, ,

Q
uite surprisingly, violations of subject' s expectations for the syntac-

tic ~ttac~m
ent of prepositional phrases produced little addition

1l;1 pro-
cessm

g dIfficulty over and above that already produced by them
atIc rolei'

violations, T
he phrases that w

ere neither in accord w
ith attachm

ent,
expectations nor them

atic role expectations (less-expected attachm
ent),

show
ed a nonsignificant total additional disadvantage of about 16 m

s \
over the critical four 

w
o
r
d
s
 
(
e
,
g
"
 

o
d
o
r
 
b
e
c
a
u
s
e
 
o
f
 

m
any) com

pared to ,
the condition in w

hich attachm
ent w

as in accord w
ith expectations but

the them
atic role required by the sentence for the prepositional phrase

w
as not (less-expected role) (e,

g" 

m
anager 

b
e
c
a
u
s
e
 
o
f
 

m
any),

S
em

antic V
iolations?

T
he evidence so far is consistent w

ith the view
 that the guidance that ;Jil

content provides requires com
prehension processes, T

his is m
ost dearly '

S
o for the instantiation of a them

atic role filler
,
 
w
h
i
c
h
 
r
e
s
u
l
t
e
d
 
i
n
 
d
e
a
r
 
(
 

d
i
f
f
e
r
e
n
c
e
s
 
i
n
 
d
i
f
f
i
c
u
l
t
y
,
 
F
i
l
l
e
r
s
 
l
i
k
e
 
b
r
o
o
m
 
o
r
 

solvent
for exam

ple
, cannot '

be evaluated for their value as instrum
ents unless one a

l
s
o
 
c
o
n
s
i
d
e
r
s

w
h
a
t
 
t
h
e
y
 
a
r
e
 
i
n
s
t
r
u
m
e
n
t
s
 
f
o
r
 
a
n
d
 

w
ho 

is using them
, It seem

s that 
1
 
~

c
o
m
p
r
e
h
e
n
s
i
o
n
 
i
n
v
o
l
v
e
s
 
j
u
s
t
 
t
h
e
s
e
 
s
o
r
t
s
 

of 
i
n
t
r
i
c
a
t
e
 
w
e
b
s
 
o
f
 
w
e
i
g
h
t
i
n
g
s

\
 
:

betw
ee

~
 
~
g
e
n
t
s, objects, and actions, , ,

A
 
s
I
m
I
l
a
r
 
c
a
s
e
 
c
a
n
 
b
e
 
m
a
d
e
 

for 
them

atIc role vIO
latIO

ns, T
he doze "

task that, w
e used to e:cam

ine subject' s expectations for the
I?-atic roles: '

gave subjects am
ple tIm

e to form
 a conceptual representatIO

n of the ,
fram

e, and it is presum
ably on this basis that subjects p

r
o
v
i
d
e
d
 
c
o
m
-

'
 
'

pletions in that task, T
he predictive value of the doze data is dear in the.. ~

reading data, T
his com

bination of data s
u
g
g
e
s
t
s
 
t
h
a
t
 
t
h
e
 
e
x
p
e
c
t
a
t
i
o
n
s

'
 
;
;
1
 
'

for them
atic roles in the on-line reading task

, lik
e the expectations for

the fillers of those roles, w
ere activated in the course of com

prehending; r
the sentence (cf" Schank

,
 
1
9
7
2
,
 
1
9
7
5
)
,
 
r
a
t
h
e
r
 
t
h
a
n
 
t
h
r
o
u
g
h
 
p
r
o
c
e
s
s
e
s
:
 

t
h
a
t
 
d
i
d
 
n
o
t
 
r
e
q
u
i
r
e
 
c
o
m
p
r
e
h
e
n
s
i
o
n, like the activation of lexical sub- ; i.

c
a
t
e
g
o
r
i
z
a
t
i
o
n
 
f
r
a
m
e
s
,
 
.

F
inally, the tim

e course for all the violations - noun filler, them
atic _.

role, and attachm
ent - pr~

vides additional sup~
ort for the v~

ew
 that the '

effects depend on sem
antically based expectatIO

ns that gU
Ide the first , ; ,

attem
pts at integrating the p

r
e
p
o
s
i
t
i
o
n
a
l
 
p
h
r
a
s
e
 
i
n
t
o
 
a
 
r
e
p
r
e
s
e
n
t
a
t
i
o
n
!
 

f
o
r
 
t
h
e
 
s
e
n
t
e
n
c
e
,
 
F
i
g
u
r
e
 
1
1
,
5
 
s
h
o
w
s
 
t
h
a
t
 
r
e
g
a
r
d
l
e
s
s
 
o
f
 
t
h
e
 
t
y
p
e
 
o
f
 
v
i
-
 
,

olation
, a slow

dow
n in, processing occurs alm

ost im
m

ediately to som
e J ~

;
aspect of the com

pletion that does not fit, T
he type of v

i
o
l
a
t
i
o
n
 
d
e
t
e
r
-

'
 
i
.

m
ines how

 m
uch additional processing is required for resolution, W

ith ,
j i

m
ore accurate tracking equipm

ent, w
e could perhaps find a detectablej

diff~rence in the point w
here the various violations ,

a
r
e
 
n
o
t
i
c
e
d
 
b
y
 
~
h
e
 

subject, B
ut for now

, the effects seem
 to fall prIm

arIly on the w
ord 1m

-
m

ediately follow
ing the w

ord that instantiates a filler and disam
biguates

!
 
"

the attach~
ent and role assignm

ent of the prepositional phrase, A
gain

,
 
!
 
"
 
I
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i~, j
~
 
e
a
s
i
e
r
 
t
o

, argue that w
hat all these violations have in com

m
on is

P,M
eci , on readers

'
 
a
t
t
e
m
p
t
s
 
t
o
 
m
a
k
e
 
s
e
n
s
e
 

of 
a
 
s
e
n
t
e
n
c
e
 
a
s
 
t
h
e
y
 
g
o
 
a
l
o
n
g

.".tl;J.at is , on com
prehension processes - rather than arising from

 lexical
!!J!, h

c
a
t
e
g
o
r
i
z
a
t
i
o
n
 
f
r
a
m
e
s
,

in a sentence is not alw
ays that sim

ple but m
ay depend on the influence

of constituents beyond just the verb head. T
herefore

,
 
i
n
 
t
h
e
 
n
e
x
t
 
e
x
-

perim
ent , w

e sought to dem
onstrate the effects of another constituent

-
 
t
h
e
 
O
b
j
e
c
t
 
N
P
 
-
 
o
n
 
e
x
p
e
c
t
a
t
i
o
n
s
 
f
o
r
 
a
t
t
a
c
h
m
e
n
t
 
a
n
d
 
r
o
l
e
 
a
s
s
i
g
n
m
e
n
t

i
n
 
o
n
-line reading, as before,

T
H

E
 ST

R
O

N
G

 PR
E

D
IC

T
IO

N
 O

F
M

U
L

T
IPL

E
-C

O
N

S
T

R
A

IN
T

 M
O

D
E

LS
E
x
p
e
r
i
m
e
n
t
 
3

T
his experim

ent used the sam
e sequence of syntactic phrases as the

previous experim
ents

, and the constituent. of interest again w
as the post-

verbal prepositional phrase but w
ith the follow

ing difference, In this
experim

ent, w
e constructed sets of four sentences that held the subject

noun phrase
, m

ain verb
, and preposition constant, but varied the object

noun phrase, as show
n in the follow

ing exam
ples:

6, T
he dictator view

ed the m
asses from

 the
steps (verb phrase attachm

ent in locative role;
consistent 

w
ith subject's expectations)

c
i
t
y
 
(
n
o
u
n
 phrase attachm

ent in source role;
inconsistent 

w
ith subject's expectations)

b
u
t
 
h
e
 
w
a
s
 
n
o
t
 
v
e
r
y
 
s
y
m
p
a
t
h
e
t
i
c
,

Lexical m
odels and m

ultiple-constraint m
odels differ in how

 they use
sem

antic inform
ation to guide initial processing, M

ultiple-constraint
m
,
o
d
e
l
s
 
a
l
l
o
w
 
f
o
r
 
t
h
e
 
i
n
f
l
u
e
n
c
e
 

of 
lexically encoded inform

ation on initial
processing, but as w

e have stressed
, they also allow

 for the influence of
s
e
m
a
n
t
i
c
 
i
n
f
o
r
m
a
t
i
o
n
 
t
h
a
t
 
i
s
 
n
o
t
 easily encoded in a lexicon , like con-

s
t
r
a
i
n
t
s
 
a
r
i
s
i
n
g
 
f
r
o
m
 
t
h
e
 
i
n
t
e
r
a
c
t
i
o
n
 

of 
specific participants and things

d
e
s
c
r
i
b
e
d
 
i
n
 
a
 
s
e
n
t
e
n
c
e
,
 
I
n
 
c
o
n
t
r
a
s
t , in lexical m

odels constituents are
initially configured w

ithout sem
antic guidance, Specifically, inform

ation
t
h
a
t
 
i
s
 
s
t
o
r
e
d
 
i
n
 
s
u
b
 
c
a
t
e
g
o
r
i
z
a
t
i
o
n
 fram

es about likely argum
ents and

om
plem

ents for heads of phrases can be a
c
c
e
s
s
e
d
 
a
n
d
 
u
s
e
d
 
i
n
 
o
r
d
e
r

t
o
;
c
o
n
f
i
g
u
r
e
 
t
h
e
 
s
y
n
t
a
c
t
i
c
 
a
t
t
a
c
h
m
e
n
t
 

of 
t
h
e
 
c
o
n
s
t
i
t
u
e
n
t
s
 
i
n
 
a
 
s
e
n
t
e
n
c
e

and
,
 
a
d
d
i
t
i
o
n
a
l
l
y
,
 
t
o
 
l
a
b
e
l
 
t
h
e
i
r
 
t
h
e
m
a
t
i
c
 
r
o
l
e
s
,
 
w
i
t
h
o
u
t
 
g
i
v
i
n
g
 
t
h
e
s
e

onstituents a sem
antic interpretation, T

his allow
s for the m

ajor w
ork

o
f
 
s
e
n
t
e
n
c
e
 
r
e
p
r
e
s
e
n
t
a
t
i
o
n
 
t
o
 
b
e
 
d
o
n
e
 
i
n
 the syntax and reflects the

rationale behind syntax- first m
odels,

C
hom

sky (1981) provides the theoretical im
petus for this view

, by
providing a strictly feed- forw

ard connection betw
een the lexicon and

g
r
a
m
m
a
r
 
t
h
a
t
 
c
o
n
s
t
r
u
c
t
 
t
h
e
 
s
y
n
t
a
c
t
i
c
 
r
e
p
r
e
s
e
n
t
a
t
i
o
n
 

of 
a sentence and

that com
ponent that interprets the sentence, T

he M
arcus (1980) parser

is!dosely related to this sort of thinking in that syntactic representation
is. view

ed as relatively foolproof w
ithout requiring close com

m
unication

w
ith interpretive m

echanism
s, T

he syntactic processor passes its output
o
n
t
o
 
a
 
c
a
s
e
 
f
r
a
m
e
 processor in a strictly feed forw

ard m
anner , and any

syntactic am
biguity that requires sem

antic resolution is handled w
ith

a
n
 
i
n
t
e
r
r
u
p
t
 
t
o
 
t
h
e
 
s
y
n
t
a
c
t
i
c
 
p
r
o
c
e
s
s
o
r
,
 F

inally, the lexical-functional
gram

m
ar (LF

G
) parser of K

aplan and B
resnan (1982) fits a sim

ilar m
old,

T
hem

atic role labels are accessed in the lexicon and are associated w
ith

t
h
e
l
1
e
s
p
e
c
t
i
v
e
 
c
o
n
s
t
i
t
u
e
n
t
s
 
i
n
 
a
 
r
e
p
r
e
s
e
n
t
a
t
i
o
n
 
o
f
 
s
t
r
u
c
t
u
r
e
 
a
n
d
 
g
r
a
m
-

1T
Iatical function

,
 
b
u
t
 
t
h
e
 
r
o
l
e
 
i
n
f
o
r
m
a
t
i
o
n
 is sufficiently independent

of syntactic processing to be passed on and interpreted by a
 
s
e
p
a
r
a
t
e

echanism
 (H

alvorsen
, 1983), Indeed

, processing in an L
FG

 parser is
intricately w

orked out w
ithout m

uch concern for sem
antic/conceptual

interaction (B
resnan &

 K
aplan

, 1982; F
ord et al" 1982; K

aplan &
 B

res-
nan

, 1982),
"
 
A
s
 
l
o
n
g
 
a
s
 
o
n
e
 
l
i
m
i
t
s
 
o
n
e
s
 
v
i
e
w
 
t
o
 
v
e
r
b
- based subcategorization

fram
es (cf. F

ord et aI.
,
 
1
9
8
2
)
,
 
s
y
n
t
a
x
- first guidance appears to be

m
1
J
.
n
a
g
e
a
b
l
e
 
y
e
t
 
p
o
w
e
r
f
u
l
 under som

e sort of priority ordering system
f
p
r
;
e
x
a
m
i
n
i
n
g
 
a
l
l
 
p
o
s
s
i
b
l
e
 
e
x
p
a
n
s
i
o
n
s
 
o
f
 
t
h
e
 
v
e
r
b
 
p
h
r
a
s
e
,
 A

 m
ultiple-

~!!)J.'l~traint m
odel predicts that guidance based on the w

ords that appear

7, T
he dictator view

ed the petitions from
 the

prisoners (noun phrase attachm
ent in source role;

consistent 
w

ith subject's expectations)
podium

 (verb phrase attachm
ent in locative role;

inconsistent 
w

ith subject's expectations)
b
u
t
 
h
e
 
w
a
s
 
n
o
t
 
v
e
r
y
 
s
y
m
p
a
t
h
e
t
i
c
,

W
ith one object the attachm

ent and role for the prepositional phrase
t
h
a
t
 
a
r
e
 
c
o
n
s
i
s
t
e
n
t
 
w
i
t
h
 
s
u
b
j
e
c
t
' s expectations are different from

 the
attachm

ent and role that are 
c
o
n
s
i
s
t
e
n
t
 
w
i
t
h
 
t
h
e
 
o
t
h
e
r
 

object. 
For

exam
ple

m
asses 

e
v
o
k
e
s
 
a
n
 
e
x
p
e
c
t
a
t
i
o
n
 
f
o
r
 
v
e
r
b
 
p
h
r
a
s
e
 
a
t
t
a
c
h
m
e
n
t
 
i
n

t
h
e
 
r
o
l
e
 
o
f
 
l
o
c
a
t
i
o
n
,
 
w
h
e
r
e
a
s
 

petitions 
evokes an expectation for noun

phrase attachm
ent in the role of source

,
 
w
h
e
n
 
u
s
e
d
 
i
n
 
t
h
e
 
c
o
n
t
e
x
t
 

of 
the

sentence fram
e in the exam

ple, For each object , there w
ere tw

o prepo-
sitional phrase noun-fillers: one that w

as consistent w
ith expectations

g
i
v
e
n
 
t
h
a
t
 
p
a
r
t
i
c
u
l
a
r
 

object 
a
n
d
 
o
n
e
 
t
h
a
t
 
w
a
s
 
i
n
c
o
n
s
i
s
t
e
n
t
 
w
i
t
h
 
t
h
o
s
e

expectations,
T

he goal in using these stim
uli w

a
s
 
t
o
 
s
h
i
f
t
 
e
x
p
e
c
t
a
t
i
o
n
s
 
f
r
o
m
 
o
n
e

particular attachm
ent and role assignm

ent for the prepositional phrase
to an alternative attachm

ent and role 
a
s
s
i
g
n
m
e
n
t
 
b
y
 
c
h
a
n
g
i
n
g
 
t
h
e
 

ob-
ject noun phrase. If expectations actually shift w

ith a change in this
constituent, then w

e should predict faster r
e
a
d
i
n
g
 
t
i
m
e
s
 
i
n
 
a
n
 
o
n
-line

reading task for all sentences in the consistent conditions com
pared to

t
h
o
s
e
 
i
n
 
t
h
e
 
i
n
c
o
n
s
i
s
t
e
n
t
 
c
o
n
d
i
t
i
o
n
s
.
 
A
 
s
t
r
o
n
g
e
r
 
t
e
s
t
 
o
f
 
t
h
e
 
e
x
p
e
c
t
a
t
i
o
n

shift w
ould require O

ne analysis using the sets of consistent and inconsis-
tent sentences for w

hich subjects are expecting verb phrase attachm
ent
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T
A
R
A
B
A
N
 
A
N
D
 
M
C
C
L
E
L
L
A
N
D

(V
P-expectation) and a separate analysis using the sets of consistent

aD
:d inconsistent sentences for w

hich subjects are expecting noun phrase
attachm

ent (N
P-expectation). A

fter all, the change in the object is
0stted to m

odulate expectations for attachm
ent regardless of the site

of attachm
ent, T

he V
P-expectation and N

P-expectation sets each pro-
vide for a test of consistency over fram

es that use the sam
e verb

, and
could show

 w
hether there is actually only one consistent cell over the

(
g
~
r
 
c
o
n
d
i
t
i
o
n
s
 
a
s
s
o
c
i
a
t
e
d
 
w
i
t
h
 
a
 verbal' w

hether there are truly tw
o

~p-nsist ent cells, as required for a clear test of the hypothesis at hand,

:;,i E
ighteen stim

ulus quadruples like E
xam

ples 6 and 7 w
ere used for

Fm
~, experim

ent, 2 T
he sequence of pretesting and reading w

as identical
~B

! ;
E
x
p
e
r
i
m
e
n
t
 
2
,
 

c
 
t
h
e
 
O
b
j
e
c
t
 
N
o
u
n
 
P
h
r
a
s
e
 Influences E

xpectations and R
eading

T
jl:nes

W
hen w

e com
pared reading tim

es for noun-fillers and the four w
ords

t
h
a
t
 
f
o
l
l
o
w
e
d
 
i
n
 
s
e
n
t
e
n
c
e
s
 
i
n
 
t
h
e
 
c
o
n
s
i
s
t
e
n
t
 
c
o
n
d
i
t
i
o
n
 
t
o
 
t
h
o
s
e
 
i
n
 
t
h
e

ineonsistent condition there w
as a significant total net advantage of 90

rn:sfor consistent prepositional phrases, W
ord-by-w

ord reading tim
es

forthe overall com
parison of consistent to inconsistent sentences are

show
n in Figure 11.6a, and separate tim

es for objects that evoked 
expectation for prepositional phrase attachm

ent to the verb phrase and
those that evoked an expectation for prepositional phrase attachm

ent
to the N

oun Phrase are show
n in Figures 11.6b and 11.6c,

I
n
 
t
h
e
 
o
v
e
r
a
l
l
 
a
n
a
l
y
s
i
s, faster reading tim

es could not be dependent
on a single specific attachm

ent, because the consistent conditions cross
attachm

ents, In the analysis by type of attachm
ent expectation (V

P-
o
r
 
N
P
-
e
x
p
e
c
t
a
t
i
o
n
)
,
 
t
h
e
 
a
d
v
a
n
t
a
g
e
 
o
f
 consistent sentences could not

depend exclusively on a particular verb fram
e

, since the verb w
as held

cC
;nsta,nt across the V

P- and N
P

-expectation sets, In fact, m
inim

al
attachm

ent and verb-based lexical m
odels w

ould both predict null effects
f6rC

onsistency, for these reasons. Faster reading tim
es for the consistent

c0riclitions w
ere found though and can reasonably be a

t
t
r
i
b
u
t
e
d
 
t
o
 
t
h
e

:
r
D
:
o
d
u
l
a
t
i
n
g
 
e
f
f
e
c
t
 
o
f
 
t
h
e
 particular object noun phrase on the attachm

ent
arid role assignm

ent that subjects w
ere expecting for t

h
e
 
p
r
e
p
o
s
i
t
i
o
n
a
l

Phrase,

,;,,'b pointing out that the object noun phrase is a source of influence
on attachm

ent and role assignm
ent, w

e definitely do not w
ant to suggest

thlit it has this influence on its ow
n, A

lthough the o
t
h
e
r
 
c
o
n
s
t
i
t
u
e
n
t
s

iria fram
e w

ere held constant for purposes of this dem
onstration it is

w
e believe, fairly clear that the particular objects had their influence by

'V
'irtue ofthe other constituents that appeared w

ith them
 in the fram

e,

.-\.Jull description of this experim
ent and a list of the stim

uli is in T
araban (1988),

and.c
a
n
 
b
e
 
o
b
t
a
i
n
e
d
 
f
r
o
m
 
t
h
e
 
f
i
r
s
t
 
a
u
t
h
o
r
,
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U

R
E

 11,6
,
 
E
x
p
e
r
i
m
e
n
t
 
3
:
 
R
e
a
d
i
n
g
 
t
i
m
e
s
 
i
n
 
m
s
 
f
o
r
 
t
h
e
 
n
o
u
n
-filler and the four

w
ords that follow

ed (e,g.
s
t
e
p
s
 
b
u
t
 
h
e
 
w
a
s
 
n
o
t
)
 

(
P
a
n
e
l
 
A
)
j
 
f
o
r
 
s
e
n
t
e
n
c
e
 
f
r
a
m
e
s
 
w
i
t
h

verb phrase attachm
ent expectations (Panel B

)j and for sentence fram
es w

ith noun
phrase attachm

ent expectations (P
anel C

).
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11. PA
R

SIN
G

 A
N

D
 C

O
M

PR
E

H
E

N
SIO

N
T
A
R
A
B
A
N
 
A
N
D
 
M
C
C
L
E
L
L
A
N
D

T
h
e
 
p
o
i
n
t
 
o
f
 
t
h
i
s
 
e
x
p
e
r
i
m
e
n
t
 
w
a
s
 

to 
show

 that the m
ain verb in a sen-

tence is not necessarily the sole bearer of inform
ation about the likely

arrangem
ent of constituents in a sentence

,
 
b
u
t
 
t
h
a
t
 
t
h
a
t
 
i
n
f
o
r
m
a
t
i
o
n

m
ay in fact be m

ore w
idely distributed, W

ith even just a single other
p
o
t
e
n
t
i
a
l
 
s
o
u
r
c
e
 
o
f
 
i
n
f
l
u
e
n
c
e , any sort of priority ordering of prom

ising
attachm

ents and assignm
ents to adopt in advance of definite inform

a-
tion

, as suggested in verb- based lexical m
odels , becom

es quite unw
ieldy

and inefficient, If it turns out that inform
ation is as w

idely distributed
as suggested , then a priority ordering is m

ost definitely out of the ques-
t
i
o
n
.
 
T
h
e
r
e
f
o
r
e
,
 
n
o
t
 
o
n
l
y
 
i
s
 
t
h
e
 
v
e
r
b
 
q
u
e
s
t
i
o
n
e
d
 
a
s
 
a
 sole source of

influence by the experim
ental results at hand , but the m

ethod of im
-

p
l
e
m
e
n
t
i
n
g
 
i
n
f
o
r
m
a
t
i
o
n
 
f
r
o
m
 
t
h
a
t
 
p
a
r
t
i
c
u
l
a
r
 
s
o
u
r
c
e
,
 
t
h
a
t
 
i
s , through

sub categorization fram
es

,
 
i
s
 
a
l
s
o
 

to 
b
e
 
q
u
e
s
t
i
o
n
e
d
.

,
 
T
h
i
s
 
e
x
p
e
r
i
m
e
n
t
 
s
h
o
w
e
d
 
t
h
e
 influence of just a single particular con-

stituent - the object noun phrase - on the attachm
ent and assignm

ent
o
f
 
a
n
o
t
h
e
r
 
c
o
n
s
t
i
t
u
e
n
t
,
 
I
t
 
i
s
 
r
e
a
s
o
n
a
b
l
e
 

to 
suppose that there are other

.sources, Som
e of these m

ight be m
ajor constituents , like the subject

noun phrase
, as suggested by som

e off- line w
ork by O

den (1978), O
ther

i
~
O
u
r
c
e
s
 
c
o
u
l
d
 be outside the m

ajor clause in a subordinate clause (e,
'I'yler &

 M
arslen- W

ilson
, 1977) or could be quite abstract , like the ref-

erential presuppositions of a phrase (A
ltm

ann, 1987; A
ltm

ann &
 Steed-

;m
an , 1988; C

rain &
 Steedm

an
, 1985), T

hus the finding here
, although

lim
ited in scope , does fit the pattern of other findings and falls w

ithin
the predictions one w

ould m
ake w

ith any of a num
ber of m

odels that
fan)n the class of m

ultiple-constraint m
odels.

these expectancies w
ith the disam

biguating m
aterial. 3

 
W
h
e
n
 the fit is

good
, the pre-activated expectations and the subsequent activation of

constituents com
posing ,the disam

biguating m
aterial go through easily,

relative to the case in w
hich the fit is not so good, T

he distinguishing
feature of this view

 is that the e
x
p
e
c
t
a
t
i
o
n
s
 
t
h
a
t
 
a
 
p
e
r
s
o
n
 
h
o
l
d
s
 
a
r
e

a
c
t
i
v
a
t
e
d
 
t
o
 
s
o
m
e
 
d
e
g
r
e
e
 
p
r
i
o
r
 

to 
b
e
i
n
g
 
u
s
e
d
 
t
o
 
p
r
o
c
e
s
s
 
f
o
r
t
h
c
o
m
i
n
g

m
aterial. In the latent m

odel, this is not so, A
 person reads through

the content of a sentence and only attem
pts to form

 a representation for
content as it is m

ade available, M
ultiple possible syntactic attachm

ents
and role assignm

ents for constituents do not com
e into play until the

person reaches the disam
biguating m

aterial and m
ust p

r
o
c
e
s
s
 
i
t
,
 
A
t

t
h
i
s
 
p
o
i
n
t, som

e role assignm
ents and attachm

ents g
o
 
t
h
r
o
u
g
h
 
m
o
r
e

easily than others given the ,particular p
r
e
c
e
d
i
n
g
 
c
o
n
t
e
n
t, not because

they are already active but because the preceding content affords som
e

constructions of the constituent m
ore readily than others,

T
he end result, em

pirically, of the active and latent m
o
d
e
l
s
 
w
o
u
l
d

be the sam
e, at least in the experim

ental paradigm
 that w

e
 
a
d
o
p
t
e
d
.
 
I
n

b
o
t
h
 
c
a
s
e
s, processing w

ould be slow
er in the region of disam

biguation
w

hen the disam
biguating m

aterial did not fit together very w
ell w

ith
the w

ay that the prior content disposed subjects to initially process it.
T

he data that w
e collected do not help to distinguish betw

een these tw
o

possibilities, In fact
.it is not clear w

hat paradigm
 w

ould,
T

he force of the argum
ent m

ade in this chapter, though
, does not

in the end depend on w
hich m

odel - active or latent...,. m
ost accurately

describes the course of processing. T
he thesis is that t

h
e
 
c
o
n
t
e
n
t
 
p
r
i
o
r

t
o
 
t
h
e
 
d
i
s
a
m
b
i
g
u
a
t
i
n
g
 
i
n
f
o
r
m
a
t
i
o
n
 sets people up to initially attachc

constituent and assign it a role according to one set of possibili,ties
J,:,ather

t
h
a
n
 
a
n
o
t
h
e
r, and all the data are consistent w

ith this claim
. '

T
H

E
 M

A
JO

R
 ISSU

E
S C

O
N

SID
E

R
E

D

D
i
d
 
S
u
b
j
e
c
t
s
 

U
se P

rior C
ontent to G

uide the Initial A
ttachm

ent
iI. nd 

R
o
l
e
 
A
s
s
i
g
n
m
e
n
t
 
o
f
 
a
 
C
o
n
s
t
i
t
u
e
n
t
?
 

T
hroughout this chapter w

e have argued that our findings suggest
that the sentence content preceding a constituent evokes expectations for
the them

atic role and attachm
ent of the constituent, Is this argum

ent
justified?

Fit of the Filler as a Possible C
onfound

T
here is a possible alternative explanation of the data that has noth-

ing to do w
ith expectations. A

s an alternative explanation w
ould w

eaken
t
h
e
 
t
h
e
s
i
s, it deserves careful consideration,

Perhaps, it m
ight be argued

, w
e w

ere not so m
uch observing a vio-

lation of expected roles and attachm
ents in the data but a difficulty in

integrating the noun-filler of a prepositional phrase into the attachm
ent

and role to w
hich it ultim

ately fits, T
o m

ake this argum
ent concrete

consider Sentences 8 and 9 from
 E

xperim
ent 1.

8. T
he doctor exam

ined the patient w
ith a stethoscope, , ,

9
.
 
T
h
e
 
d
o
c
t
o
r
 
e
x
a
m
i
n
e
d
 
t
h
e
 
p
a
t
i
e
n
t
 
w
i
t
h
 
a
 
t
o
o
t
h
a
c
h
e
,
 

,
 
,

S
u
b
j
e
c
t
s
 
p
r
o
c
e
s
s
 
S
e
n
t
e
n
c
e
 
8
 
m
o
r
e
 
q
u
i
c
k
l
y
 
t
h
a
n
 
S
e
n
t
e
n
c
e
 
9, it m

ight
b
e
 
a
r
g
u
e
d, not so m

uch because the prepositional phrase in 9 actually

H
aving an E

xpectation
"
 
R
e
c
o
n
s
i
d
e
r
e
d

T
he argum

ent rem
ains som

ew
hat opaque and difficult to evaluate

w
ithout first considering w

hat it m
eans to have an expectation. T

here
are .various w

ays of construing the capacity of an expectation to exert
its influence. W

e consider tw
o distinct w

ays , w
hich w

e very loosely label
h
e
l
'
e
 
a
s
 
t
h
e
 

active 
m
o
d
e
l
 
a
n
d
 
t
h
e
 

latent 
m

odel. A
ccording to the active

m
odel , expectancies about attachm

ent and role assignm
ent are activated

riorto 
reaching the disam

biguating m
aterial that determ

ines the fit of
3
 
K
u
r
t
z
m
a
n
 (1985) described a num

ber of possible m
odels of this sort

,
 
t
h
a
t
 
v
a
r
y

according to the point and extent of activation
,
 
a
n
d
 
t
h
e
 
p
r
o
c
e
s
s
e
s
 
t
h
a
t
 
a
r
e
 
i
n
c
l
u
d
e
d

l
i
k
e
 
t
h
e
 

abandonm
ent 

a
n
d
 
r
e
i
n
s
t
a
t
e
m
e
n
t
 
o
f
 
h
y
p
o
t
h
e
s
e
s
,

, 251 '

;!II'

if'1:'

I~'Ii:

:
 
t

:
 
,
I



~~(~

y
i
9
1
a
t
e
s
 
t
h
e
i
r
 
e
x
p
e
c
t
a
t
i
o
n
s
 
f
o
r
 
r
o
l
e
 and attachm

ent - they m
ight test

aiJlr:oles and attachm
ents in parallel w

ithout any preference for 
one 

over

~
o
.
t
h
e
r
-
 
b
u
t
 
b
e
c
a
u
s
e
 

toothache 
f
i
t
s
 
l
e
s
s
 
w
e
l
l
 
i
n
t
o
 
t
h
e
 
r
o
l
e
 

of 
m

odifier-of-
t
)
l
~
~
p
a
t
i
e
n
t
 
t
h
a
n
 

stethoscope 
fits into the role of instrum

ent-of- the-verb,

,; T
his interpretation seem

s quite consistent w
ith the results of E

xper-
J
m
~
~
t
 
1 , because in that experim

ent , it is possible that (on the average

~
:
Y
:
Y
'
~
a
y
)
 
t
h
e
 
p
r
e I?ositional phrase noun- fillers that , supposedly viol ~ted

;~~bJects ' role assIgnm
ent and attachm

ent expectatIO
ns fit less w

ell Into

I
 
t
h
e
i
r
 
u
l
t
i
m
a
t
e
 
r
o
l
e
 
g
i
v
e
n
 
t
h
e
 
p
r
i
o
r
 
c
o
n
t
e
n
t
 

of 
t
h
e
 
s
e
n
t
e
n
c
e
,
4
 
T
h
i
s
 
b
e
i
n
g

I , J~ecase , it could w
ell be that the difficulty subjects had w

ith the un-
I ,

~
~
p
e
c
t
e
d
 
v
e
r
s
i
o
n
s
 

of 
the prepositional phrases in that experim

ent could
h~ye reflected a difficulty finding a coherent interpretation 

of 
the entire

n
t
e
n
c
e
,
 
T
h
e
r
e
f
o
r
e , beginning w

ith E
xperim

ent 2
,
 
w
e
 
t
r
e
a
t
e
d
 
t
h
e
 

fit
o
l
a
 
n
o
u
n
-
f
i
l
l
e
r
 

for a particular attachm
ent and role as a factor distinct

f
r
o
m
 
t
h
e
 

f
i
t
 
o
f
 
t
h
e
 
a
t
t
a
c
h
m
e
n
t
 
a
n
d
 
r
o
l
e
 
a
s
s
i
g
n
m
e
n
t
 
o
f
 

a phrase; the first
factor w

as quantified using expectation and plausibility ratings for the
noun-

f
i
l
l
e
r
s
 
(
e
,

g" 

broom
 

vs, 
solvent 

vs. 
m

anager 
vs, 

odor) 
a
n
d
 
t
h
e
 
s
e
c
-

o
u
d
I
a
c
t
o
r
 
w
a
s
 quantified using a cloze task for sentence fram

es (e.g"
T
.
h
e
 
j
a
n
i
t
o
r
 
c
l
e
a
n
e
d
 
t
h
e
 
s
t
o
r
a
g
e
 
a
r
e
a
 
w
i
t
h
 
t
h
e
 

, In E
xperim

ent 2
, w

e show
ed that noun- fillers that are judged to fit

l~ss w
ell w

ith the prior content result in longer reading tim
es relative to

fillers w
ith a better fit, H

ow
ever

,
 
t
h
e
 
r
e
m
a
i
n
i
n
g
 
r
e
s
u
l
t
s
 

of 
E

xperim
ents

and 3 are difficult to reconcile w
ith the view

 that all w
e found w

ere ef-
fects 

of 
this sort. For in these experim

ents , w
e found that prepositional

p~'ra.ses w
hose noun- fillers w

ere m
atched for plausibility and indeed also

loR
ril!t~d expectedness could still differ in the am

ount of slow
ing they

pr(), duced
,
 
a
s
 
a
 
f
u
n
c
t
i
o
n
 

of 
w

hether the attachm
ent and role that the

prepositional phrase w
as interpreted as filling m

atched the attachm
ent

and role that the subject expected based on the prior content of the sen-
tence. T

his fit- to-expectation effect for attachm
ent and role assignm

ent
w
a
S
 
t
h
e
r
e
b
y
 
s
h
o
w
n
 
t
o
 
b
e
 separate from

 problem
s w

ith integrating the
noun- filler into its ultim

ate role and attachm
ent,

T
A
R
A
B
A
N
 
A
N
D
 
M
C
C
L
E
L
L
A
N
D

SuM
m

ary

'In sum
m

ary, the results of E
xperim

ents 2 and 3 are all consistent
w
i
t
h
 
t
h
e
 
g
e
n
e
r
a
l
 
c
o
n
c
l
u
s
i
o
n
 
t
h
a
t
 
s
u
b
j
e
c
t
s
 
g
e
n
e
r
a
t
e
 
e
x
p
e
c
t
a
t
i
o
n
s
 
f
o
r
 
t
h
e

'attachm
ent and role assignm

ent of upcom
ing constituents and use these

expectations to guide the processing of those constituents, T
he differ-

ences w
e obtained betw

een conditions in w
hich the prepositional phrase

attached and took a role as expected and those conditions in w
hich it

did n ot seem
 to indicate that the prior content of the sentence leads the

4
 
K
u
r
t
z
m
a
n
 
(
1
9
8
5
)
 
p
r
o
v
i
d
e
d
 
a
n
 
a
n
a
l
y
s
i
s
 
o
f
 
t
h
e
 
R
a
y
n
e
r
 
e
t
 
a
l
,
 
(
1
9
8
3
)
 stim

uli that
i
s
 
c
o
m
p
a
t
i
b
l
e
 
w
i
t
h
 
t
h
i
s
 
v
i
e
w
,
 
I
n
 
a
 
r
a
t
i
n
g
 
s
t
u
d
y
 
h
e
 
c
o
n
d
u
c
t
e
d , he found that the

n
o
n
-
m
i
n
i
m
a
l
 
c
o
m
p
l
e
t
i
o
n
s
 
w
e
r
e
 
" m

ore unlikely, unusual , unexpected
, or im

plausible

'~p,

"
2
1
3
)
 
t
h
a
n
 
m
i
n
i
m
a
l
 
c
o
m
p
l
e
t
i
o
n
s
.
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c!'

subject to set up som
e m

ental structure that is m
ore r

e
a
d
y
 
t
o
 
a
c
c
o
m
-

m
odate a prepositional phrase filling one attachm

ent and role than a
prepositional phrase filling another attachm

ent and role, W
hen a com

-
pleted prepositional phrase fits these expectations - even if it does not fit
it particularly w

ell - processing goes through m
uch m

ore quickly than it
does w

hen the prepositional phrase requires a different attachm
ent and

role,

,~,

D
id S

ubjects U
se G

eneral S
yntactic P

rinciples for the
Initial A

ttachm
ent of C

onstituents?
T

he m
ajor goal in E

xperim
ent 1 w

as to see how
 m

uch of the total
processing difference betw

een m
atched pairs of sentences could be ac-

counted for by the specific content com
posing the test sentences, B

ut
w

e also w
anted to see w

hether any effect rem
ained to be accounted for

by general syntactic principles that could arrange constituents into the
ultim

ate configuration they w
ould hold, Principles such as these w

ould
be useful for guiding processing, T

he r
e
l
e
v
a
n
t
 
p
r
i
n
c
i
p
l
e
 
w
a
s
 
F
r
a
z
i
e
r

m
inim

al attachm
ent principle, A

s w
e
 
s
h
o
w
e
d
 
i
n
 
E
x
p
e
r
i
m
e
n
t
 
1

, the pre-
diction m

ade by this principle did not hold up to the data
, specifically,

t
h
e
 
p
r
i
n
c
i
p
l
e
 
d
i
d
 
n
o
t
 
a
p
p
e
a
r
 
t
o
 
p
l
a
y
a
 
r
o
l
e
 
i
n
 
g
u
i
d
i
n
g
 
s
u
b
j
e
c
t
s' attach-

m
ent decisions. T

he evidence w
e provided

, adm
ittedly, is only relevant

to the prepositional phrase attachm
ent at hand. E

vidence for m
inim

al
attachm

ent in other cases, or evidence for other principles
, needs to be

e
v
a
l
u
a
t
e
d
 
o
n
 
i
t
s
 
o
w
n
 
m
e
r
i
t
s
.
 

~tl

::nt.
W

hat is the L
ocus of C

ontent-
B
a
s
e
d
 
G
u
i
d
a
n
c
e
?

T
he hypothesis that w

e w
ere pu rsuing here suggested that the lo-

c
u
s
 
o
f
 
c
o
n
t
e
n
t
-
b
a
s
e
d
 
g
u
i
d
a
n
c
e
 
w
o
u
l
d
 
n
o
t
 
h
e
 
l
i
m
i
t
e
d
 
t
o
 
t
h
e
 
i
n
f
l
u
e
n
c
e

of the m
ain verb in a sentencE

', O
nce one entertains the possibility

t
h
a
t
 
o
t
h
e
r
 
c
o
n
s
t
i
t
u
e
n
t
s
 
b
e
s
i
d
e
s
 
t
h
e
 
v
e
r
b
 
c
a
n
 
i
n
f
l
u
e
n
c
e
 
a
t
t
a
c
h
m
e
n
t
 
a
n
d

assignm
ent expectations, one is left w

ith a m
ultitude of additional pos-

s
i
b
l
e
 
s
o
u
r
c
e
s, for exam

ple
,
 
t
h
e
 
s
u
b
j
e
c
t
,
 
t
h
e
 
o
b
j
e
c
t, m

odifiers of these
phrases

,
 
o
r
 
e
v
e
n
 
a
 
d
e
f
i
n
i
t
e
 

the 
v
s
.
 
i
n
d
e
f
i
n
i
t
e
 
a
 
f
o
r
m
 
f
o
r
 
t
h
e
s
e
 
p
h
r
a
s
e
s
.

W
e w

ere unable to exam
ine the influence of each potential additional

s
o
u
r
c
e
 
a
n
d
 
c
h
o
s
e
 
r
a
t
h
e
r
 
t
o
 
a
t
t
e
m
p
t
 
t
o
 
s
h
o
w
 
t
h
e
 influence of the object

n
o
u
n
 
p
h
r
a
s
e
,
 
D
e
m
o
n
s
t
r
a
t
i
n
g
 
t
h
e
 
i
n
f
l
u
e
n
c
e
 

of 
this constituent w

ould at
least show

 that the verb is not the 
s
o
l
e
 
s
o
u
r
c
e
 

of 
guidance, In E

xperi-
m
e
n
t
 
3

,
 
w
e
 
t
h
e
r
e
f
o
r
e
 
c
o
n
s
t
r
u
c
t
e
d
 
p
a
i
r
s
 

of 
sentence fram

es (the content
up to and including the p

r
e
p
o
s
i
t
i
o
n
)
 
t
h
a
t
 differed in the object used

b
u
t
 
t
h
a
t
 
w
e
r
e
 
o
t
h
e
r
w
i
s
e
 identical. If the object w

e
r
e
 
n
o
t
 
a
 
s
o
u
r
c
e
 
o
f

guidance, the sam
e attachm

ent and role should have been expected for
both fram

es and that attachm
ent and role should have outperform

ed
other possible attachm

ents and roles in on-line reading. W
e show

ed
how

ever
,
 
t
h
a
t
 
f
o
r
 
t
h
e
s
e
 
p
a
r
t
i
c
u
l
a
r
 
t
e
s
t
 
s
e
n
t
e
n
c
e
s, it w

as n
o
t
 
p
o
s
s
i
b
l
e

to predict w
hich particular attachm

ent and role w
ould be facilitated in

on-line reading by sim
ply looking at the m

ain verb. T
here are findings

.J,

,~I'

;JilW
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A
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N
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M
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ill the literature (A
ltm

ann
, 1987; A

ltm
ann &

 Steedm
an

, 1988; C
rain

~Steedm
an

, 1985; O
den

, 1978) indicating influences of other factors
though not all of these studies show

ed their effects on on- line processing,

A
re T

hem
atic R

oles A
ssigned by the Syntax?

W
e know

 that violations of them
atic role expectations produce slow

er

processing relative to the case in w
hich role expectations are fulfilled,

T
his w

as a finding in E
xperim

ent 2, A
 question of m

ajor theoretical
im

portance is w
hether the them

atic role inform
ation had been sem

anti-
cally interpreted at the point w

hen the slow
er processing tim

es occurred

as an answ
er to this question is relevant to determ

ining w
hat the un-

derlying cognitive architecture m
ust be like,

O
ne could place them

atic role inform
ation associated w

ith heads of
phrases in the lexicon, T

his inform
ation as w

ell as inform
ation about

the argum
ents and m

odifiers of these lexical item
s could then be used

to construct a structural representation of a sentence, C
hom

sky (1981
1986) does so w

ithin core gram
m

ar. K
aplan and B

resnan (1982; B
res-

n(l,n&
K

aplan
,
 
1
9
8
2
;
 
F
o
r
d
 
e
t
 
1
1
,
1
. , 1982) use lexical entries sim

ilar to

C
hom

sky
s
,
 
I
n
 
b
o
t
h
 
c
a
s
e
s , them

atic roh~
 inform

ation is passed on to

a
 
s
e
m
a
n
t
i
c
 
p
r
o
c
e
s
s
o
r , but the them

atic roles them
selves can be view

ed

initially, at least , as part of syntax, T
hat is

,
 
c
o
n
s
t
i
t
u
e
n
t
s
 
a
r
e
 
p
l
a
c
e
d

into a structural representation w
ith various labels , like agent and in-

strum
ent , but these labels are initially assigned w

i
t
h
o
u
t
 
c
o
n
s
i
d
e
r
a
t
i
o
n

for the m
eaning of the constituents filling these roles, A

ccording to this

view
, sem

antic interpretation is not required in order to benefit from
 the

guidance provided by them
atic role inform

ation
, resulting in a m

odel like

Figure 1
1
.
2
1
1
,
 
o
r
 11.2b,

D
o the longer reading tim

es in our data reflect a m
islabeling of con-

stituents based on a projection of role labels from
 individual l

e
x
i
c
a
l
 
e
n
-

t
r
i
e
s
?
 
I
t
 
i
s
 
p
o
s
s
i
b
l
e , one could argue

, that each lexical h
e
a
d
 
c
o
u
l
d
 
h
a
v
e

preferred structural and them
atic a

s
s
i
g
n
m
e
n
t
s
 
s
t
o
r
e
d
 
w
i
t
h
 
i
t
,
 
A
f
t
e
r
 
a

role is assigned and subm
itted to sem

antic processing, reassignm
ent of

roles m
ay take place based on w

orld know
ledge

, for exam
ple , that a

m
anager 

i
s
 
n
o
t
 
a
 
g
o
o
d
 
i
n
s
t
r
u
m
e
n
t
 
o
f
 
c
l
e
a
n
i
n
g
 
i
n
 

T
h
e
 
j
a
n
i
t
o
r
 
c
l
e
a
n
e
d
 
t
h
e

s
t
o
r
a
g
e
 
a
r
e
a
 
w
i
t
h
 
t
h
e
 
m
a
n
a
g
e
r
 
b
e
c
a
u
s
e
,
 

. , T
here are a num

ber of prob-

lem
sw

ith this view
, although w

e w
ill not totally reject this possibility,

T
he im

plications of this view
, though

, are w
orth pondering,

In the , first place , heads m
ay h

ave m
ultiple sets of attachm

ents and
l'olesassociated w

ith them
, T

his is evident for verbs
, w

hich often can be

transitive , intransitive , or associated w
ith sentential com

plem
ents, T

he
sam

e could be true of noun heads in noun phrases , w
hich could have

m
odifiers that are likely to appear w

ith them
 to one degree or another

for exam
ple

,
 
m
o
d
i
f
i
e
r
s
 
l
i
k
e
 

w
i
t
h
 
a
 
g
a
r
d
e
n
 

for 
house 

or 
w
i
t
h
 
p
e
p
p
e
r
o
n
i

for 
pizza, 

T
hus , the lexicon could provide inform

ation about individual
i
t
e
m
s
 
t
o
 
a
 
s
y
n
t
a
c
t
i
c
 
p
r
o
c
e
s
s
o
r , but (a) this w

ould m
ost probably need

:t.9 bea w
eighted list of possibilities

, and (b) these w
ould probably have

-'--
-
-
-
-
 
'
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to be evaluated in parallel in order for the processor to eventually find ,
a m

utually consistent representation for all the constituents.
T

he notion of a w
eighted list of possible expansions for heads of

phrases presents a possible paradox for a lexically based
, head-driven

m
odel. T

his is 
b
e
c
a
u
s
e
 
m
a
n
y
 
h
e
a
d
s
 
o
f
 
p
h
r
a
s
e
s
 
m
a
y
 
n
o
t
 

i
n
 
t
h
e
m
s
e
l
v
e
s

strongly support a preference but m
ay n

e
v
e
r
t
h
e
l
e
s
s
 
c
o
n
t
r
i
b
u
t
e
 
t
o
 
a

s
t
r
o
n
g
 
e
x
p
e
c
t
a
t
i
o
n
 
a
b
o
u
t
 
f
o
r
t
h
c
o
m
i
n
g
 
c
o
n
s
t
i
t
u
e
n
t
s
 
w
h
e
n
 
t
a
k
e
n
 
t
o
g
e
t
h
e
r

w
ith other inform

ation in the sentence, F
or exam

ple
m

arried
as, head 

of a verb phrase
, allow

s m
any possible attachm

ents and roles , so that if
one w

ere to sim
ply look at the distribution of 

p
o
s
s
i
b
i
l
i
t
i
e
s
 
f
o
r
 

m
arried

there m
ight not be a s

i
n
g
l
e
 
s
t
r
o
n
g
 
c
o
n
t
e
n
d
e
r
 
t
o
 
r
e
l
y
 
o
n
 
f
o
r
 
g
u
i
d
a
n
c
e
,

H
ow

ever , hypotheses about the right role and 
a
t
t
a
c
h
m
e
n
t
 
f
o
r
 
a
 

w
ith- 

, in advance of the com
plete prepositional phrase , m

ay be strong by 
1.,

virtue of all the 
p
r
e
c
e
d
i
n
g
 
c
o
n
s
t
i
t
u
e
n
t
s
,
 
I
n
 
t
h
e
 
c
o
n
t
e
x
t
 
o
f
 

T
he w

om
an

m
a
r
r
i
e
d
 
t
h
e
 
m
a
n
 
w
i
t
h
,
 

.
 
t
h
e
 
p
r
e
p
o
s
i
t
i
o
n
 reliably evokes an expec-

tation for syntactic attachm
ent of the prepositional phrase to the noun 

phrase 
t
h
e
 
m
a
n
 

as a descriptor of a possession
,
 
l
i
k
e
 

m
oney 

or 
a
 
C
o
r
v
e
t
t
e
,

If the verb 
w

ere 
beat 

a
n
d
 
t
h
e
 
o
b
j
e
c
t
 

the m
an

w
e
 
m
i
g
h
t
 
e
x
p
e
c
t
 

w
i
t
h
 
a

m
op, 

a
n
d
 
i
f
 
t
h
e
 
v
e
r
b
 
w
e
r
e
 

kissed 
a
n
d
 
t
h
e
 
o
b
j
e
c
t
 

the m
an

w
e m

ight '
expect 

w
i
t
h
 
a
f
f
e
c
t
i
o
n
,
 

A
s is evident , these three verbs are associated ~

w
ith varied attachm

ents and roles, T
he verb itself m

ay in m
any cases

constrain the possibilities for how
 the sentence w

ill be elaborated, B
y 

itself, it m
ay only w

eakly constrain the possibilities; in concert w
ith the

'
 
"

other constituents it m
ay strongly constrain the possibilities, C

om
plex :

associations betw
een lexical item

s are not typically considered to be part

: '

of a lexicon so it w
ould prob

~
bly fall ,t

o
 
t
h
e
 
w
o
r
k
 
o
f
 
~
h
e
 
~
y
n
t
a :tic pro- '

c
e
s
s
 
o
r
 
t
o
 s
o
r
t
 
t
h
r
o
u
g
h
 
t
h
e
 
w
e
I
g
h
t
e
d
 
l
i
s
t
s
 
f
o
r
 
e
a
c
h
 
l
e
X
I
c
a
l
 Item

 1
1
1
 
o
r
d
e
r

to find a representation for the constituents, B
ut facts about w

om
en

liking m
en w

ith C
orvettes seem

 to be outside the purview
 of a syntactic

processor and an associated gram
m

ar. T
herefore

, a m
odel that relies

on a w
eighted list of options for individual entries and a pure syntactic

processor that uses this inform
ation w

ould probably fail to account for
the effects .of conjunctions of constraints em

anating from
 com

binations
of heads of phrases,

O
ne w

ay out of this m
ight be to posit c

o
m
p
l
e
x
 
l
e
x
i
c
a
l
 
e
n
t
r
i
e
s
 
t
h
a
t
 

Ifi
captured intricate w

eightings betw
een agents

,
 
a
c
t
i
o
n
s
,
 
a
n
d
 objects. '

T
hen

, conjunctive e
f
f
e
c
t
s
 
o
f
 
t
h
e
 
s
o
r
t
 w
e
 
f
o
u
n
d
 
c
o
u
l
d
 
b
e
 
a
t
t
r
i
b
u
t
e
d
 
t
o
 

t
h
e
s
e
 
c
o
m
p
l
e
x
 
l
e
x
i
c
a
l
 
s
p
e
c
i
f
i
c
a
t
i
o
n
s
 
t
h
a
t
 
a
r
e
 
s
e
m
a
n
t
i
c
a
l
l
y
 
u
n
i
n
t
e
r
p
r
e
t
e
d
,
 

W
e argue here , that although possible , this sort of position is unattrac- '

tive because it is tantam
ount to requiring that p

e
o
p
l
e
 
i
n
t
r
o
d
u
c
e
 
e
v
e
r
y
.
 

thing that they know
 about the w

orld into s
u
b
c
a
t
e
g
o
r
i
z
a
t
i
o
n
 
f
r
a
m
e
s

sim
ply for the sake of analyzing language in the syntax, A

 m
odel that

is consistent w
ith our data and that is m

ore attractive in light of these
considerations is a m

ultiple constraint satisfaction m
odel.

; Ii
, l'

,
 
~

, (

:il, \, I
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A
re Prepositional Phrases A

rgum
ents?

O
ur answ

er to the question " A
re them

atic roles in the syntax?" is
that they m

ay be
,
 
b
u
t
 

if 
, they have a tenuous existence w

ithin the
sY

I!-tactic processor , w
hich

, it seem
s , can only call on other processors

foevaluate them
, O

ne objection that 
c
o
u
l
d
 
b
e
 
r
a
i
s
e
d
 
a
g
a
i
n
s
t
 

us 

t
h
a
t
 
p
r
e
p
o
s
i
t
i
o
n
a
l
 
p
h
r
a
s
e
s
 

of 
t
h
e
 
s
o
r
t
 
t
h
a
t
 
w
e
 
h
a
v
e
 been using are not

;:~,~yargum
ents 

of 
t
h
e
 
v
e
r
b , and other m

echanism
s m

ay be necessary
f(jt processing them

, but that a core gram
m

ar applies to true argum
ents

of verbs - like a PP-
l
o
c
a
t
i
v
e
 
f
o
r
 

put 
and a P

P
-
g
o
a
l
 
f
o
r
 
g
a
v
e , and their

them
atic roles are safely "

i
n
 
t
h
e
 
s
y
n
t
a
x
,

,
 
"

O
n
e
 
w
a
y
 
o
f
 
r
e
s
p
o
n
d
i
n
g
 
t
o
 
t
h
i
s
 
c
l
a
i
m
 

i
s
 
t
o
 

invoke O
ccam

s razor and
cisk 

w
h
y
 
o
n
e
 
s
h
o
u
l
d
 
s
e
p
a
r
a
t
e
 
v
e
r
b
s
 
a
c
c
o
r
d
i
n
g
 

to 
t
h
e
 
c
o
n
s
i
s
t
e
n
c
y
 
w
i
t
h

w
hich they take labels, If there is a m

echanism
 or som

e com
bination of

i
r
t
e
c
h
a
n
i
s
m
s
 
t
h
a
t
 
c
a
n
 do attachm

ent and role assignm
ent for m

odifiers
aildcom

plem
eIits

,
 
t
h
a
t
 
i
s
,
 
t
h
e
 
l
e
s
s
- intrinsic associates of a constituent

w
,liym

ust another device be postulated for processing the m
ore- intrinsic

associates
,
 
t
h
a
t
 
i
s
,
 
t
h
e
 
s
o
-
c
a
l
l
e
d
 argum

ents? M
ultiple-constraint de-

yfC
es , as described below

, can presum
ably m

ake assignm
ents for both

argum
ents and com

plem
ents , w

ithout additionally requiring any sort of
pfeclassification of verbs,

Processing considerations do not bode w
ell for the idea that argu-

m
e
n
t
s
 
c
a
n
 
b
e
 
a
s
s
i
g
n
e
d
 
b
y
 
t
h
e
 
s
y
n
t
a
x
 
w
i
t
h
o
u
t
 
i
n
p
u
t
 
f
r
o
m
 
o
t
h
e
r
 sources,

0
6
n
s
i
d
e
r
 
t
h
e
 
v
e
r
b
 

put 
for exam

ple
, w

hich is oft touted as requiring N
P

-
patient and PP- locative argum

ents, C
an such inform

ation be applied
w

ith no concern for w
hat the constituents m

ean? Sentences like 10 and
, w

hich follow
 the sequence 

put, 
N

P
 on- ?P

 in-

?? 

illustrate that it
t
'
i
i
l
n
o
t
,
 
U
p
o
n
 
r
e
a
d
i
n
g
 

put 
the person can reliably expect a locative ar-

guirtent to follow
, but (a) cannot know

 how
 m

any potential locatives w
ill

appear , and (b) if m
ore than one potential argum

ent appears , cannot
be positive about how

 to organize them
, A

ny single PP in Sentences 
9
r
 
1
1
 
c
o
u
l
d
 
f
i
l
l
 
t
h
e
 
r
e
q
u
i
r
e
d
 
s
l
o
t
 
f
o
r
 
a
 
l
o
c
a
t
i
v
e
 
f
o
r
 

put
because all the

pr'epositions heading these phrases are capable of filling a locative role,
C
o
m
b
i
n
a
t
i
o
n
s
 
o
f
 
P
P
s
 
c
o
u
l
d
 
a
l
s
o
 
f
i
l
l
 
t
h
e
 
r
e
q
u
i
r
e
d
 
s
l
o
t
 
f
o
r
 

put. 
T

herefore

!L
\t~lO

ugh 
put 

seem
s 

to 
r
e
p
r
e
s
e
n
t
 
a
 
v
e
r
y
 
p
r
e
d
i
c
t
a
b
l
e
 
c
a
s
e , this is only true

fbI' single-
P
P
 
c
a
s
e
s
,
 
I
t
 
m
i
g
h
t
 
s
t
i
l
l
 
b
e
 
a
r
g
u
e
d
 
t
h
a
t
 

put'
lexical represen-

~tion proposes an initial parse of such sentences w
hich m

ust then be
c
h
e
c
k
e
d
 
b
y
 
s
e
m
a
n
t
i
c
 
p
r
o
c
e
s
s
e
s
 
a
n
d
 
p
o
t
e
n
t
i
a
l
l
y
 undone w

hen subsequent
inform

ation becom
es available, F

urther research is required 
to 

distin-

gU
ish this possibility from

 t
h
e
 
o
n
e
 
t
h
a
t
 
w
e
 
p
r
e
f
e
r , in w

hich w
e assum

e
t
h
e
 
p
r
o
c
e
s
s
o
r
 
f
o
r
m
s
 
a
 
c
o
n
c
e
p
t
u
a
l
 
r
e
p
r
e
s
e
n
t
a
t
i
o
n
 
a
s
 
i
t
 goes along and

hits this influence initial decisions about constituent attachm
ent in all

cases.

10. T
he cook put the roast on the table in the kitchen,

11. T
he cook put the roast on the table in the oven,

11, PA
R

SIN
G

 A
N

D
 C

O
M

PR
E

H
E

N
SIO

N
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W
hat is the R

ight M
echanism

 for M
odeling T

hem
atic R

ole
Inform

ation?
T
h
e
 
e
x
p
e
r
i
m
e
n
t
s
 
h
e
r
e
 
p
r
o
v
i
d
e
 
a
r
e
a
l
 
b
o
o
s
t
 
f
o
r
 
t
h
e
 
i
m
p
o
r
t
a
n
c
e
 

of 
ex-

pectations for them
atic roles per se in on-line reading, In order to m

odel
this influence in a com

putational m
echanism

,
 
i
t
 
w
o
u
l
d
 
b
e
 
g
o
o
d
 

to 
get

a firm
 grip on exactly w

hat a them
atic role is, W

e have handled this
question throughout using no m

ore than a handful of broad distinctions
like instrum

ent, that have an established place in the literature, Y
et it

seem
s that language is capable of nuancing any distinction that one

w
o
u
l
d
 
c
a
r
e
 

to 
m

ake in a w
ay that could influence the w

ay w
e process

inform
ation that falls into these categories, T

here are
, for exam

ple, a 
doctor

s instrum
ents, a m

usician
s instrum

ents, and an aviator
s instru-

m
ents, and for each w

e m
ay have certain beliefs that can be influenced :

,
Y
 
t
h
e
 
p
a
r
t
i
c
u
l
a
r
 type of action ?,ss~ciC

1;ted w
ith them

, the
, agent, t~

e '
cIrcum

stances
,
 
a
n
d
 

so 
on, T

he pom
t IS

 sIm
ply that taxonom

IC
 them

atIc ;'
roles m

ay not be fine-
g
r
a
i
n
e
d
 
e
n
o
u
g
h
 
f
o
r
 
m
o
s
t
 
o
f
 
t
h
e
 
d
i
s
t
i
n
c
t
i
o
n
s
 
t
h
a
t
 

w
e com

m
only m

ake, and a role for any particular constituent could be 
shaded by the other constituents that it a

p
p
e
a
r
s
 
w
i
t
h
,
 
T
h
e
r
e
 is only

s
u
g
g
e
s
t
i
v
e
 
e
v
i
d
e
n
c
e
 
f
o
r
 
t
h
i
s
 
v
i
e
w
 
h
e
r
e
,
 
T
h
e
 
f
i
t
 

of 
noun-fillers, though, in

E
xperim

ent 2 has som
e bearing on this issue, F

or exam
ple

H
anukkah 

,
;
 
I

i
s
 
n
o
t
 
s
u
c
h
 
a
 
g
o
o
d
 
f
i
l
l
e
r
 
i
n
 

T
he 

choir 
sang the carol on H

anukkah
but it '

w
o
u
l
d
 
p
r
o
b
a
b
l
y
 
b
e
 
c
o
n
s
i
d
e
r
e
d
 
a
 
g
o
o
d
 
f
i
l
l
e
r
 
i
n
 

T
he 

r
a
b
b
i
 
s
a
i
d
 

t
h
e
 
p
r
a
y
e
r
 

/:1
o
n
 
H
a
n
u
k
k
a
h
,
 

I
n
 
b
o
t
h
 
i
n
s
t
a
n
c
e
s
,
 
t
h
e
 
p
r
e
p
o
s
i
t
i
o
n
a
l
 
p
h
r
a
s
e
 
l
o
c
a
t
e
s
 
t
h
e

action in tim
e

,
 
t
h
o
u
g
h
 
a
 
s
u
b
c
a
t
e
g
o
r
y
 

of 
t
h
e
s
e
 
t
e
m
p
o
r
a
l
 
p
h
r
a
s
e
s
 
i
s
 
o
b
v
i
-
 
r

ously m
ore appropriate for the rabbi saying a prayer than for the choir

singing a carol.
T

he intricate nature of them
atic r

o
l
e
s
 
i
s
 evidenced in the lim

ited
success linguists have had in devising tests for the presence of any par-
ticular role, O

ne m
ight expect that a role like agent w

ould be one of the
easiest 

to 
handle, O

ne claim
 that has been m

ade about agency, w
hich

is discussed in L
yons (1968), is that process verbs

,
 
l
i
k
e
 

die
c
a
n
n
o
t
 
h
a
v
e

a
g
e
n
t
i
v
e
 
s
u
b
j
e
c
t
s
,
 
T
h
i
s
 
m
a
y
 
b
e
 
t
r
u
e
 
i
n
 
S
e
n
t
e
n
c
e
 
1
2

, but as C
ruse (1973)

"
 
-

p
o
i
n
t
s
 
o
u
t, it

is not t~ue in Sentence 13, A
nother claim

 is that a
nts '

a
r
e
 
s
u
p
p
o
s
e
d
 

to 
be am

m
ate, If w

e com
pare S

entences 14 and 15, neIther ,
of w

hich has anim
ate subjects

,
 
w
e
 
s
e
e
 
t
h
a
t
 
w
e
 
c
o
u
l
d
 
a
c
c
e
p
t
 
a
n
 
a
g
e
n
c
y

,; i
a
r
g
u
m
e
n
t
 
f
o
r
 
w
i
n
d
 
i
n
 
1
4
 
b
u
t
 
n
o
t
 
f
o
r
 

stone 
i
n
 
1
5
,
 
T
h
i
s
 
i
s
 
b
e
c
a
u
s
e
 
a
 

stone
w

ould m
ost typically be used by 

som
eone 

to 
break a w

indow
so 

i
t
 
i
s
 
" , ,

m
ore instrum

ental than agentive, T
he w

ind
, though

, could be consid- I
e
r
e
d
 
a
g
e
n
t
i
v
e, because it is using its o

w
n
 
e
n
e
r
g
y
 
i
n
 
c
a
r
r
y
i
n
g
 
o
u
t
 
t
h
e
 

'
 
'

a
c
t
i
o
n
 
(
C
r
u
s
e, 1973), If this is true

, then elaborating 15
, as in 16, now

g
i
v
e
s
 
t
h
e
 
s
t
o
n
e
 
c
r
i
t
i
c
a
l
 
f
e
a
t
u
r
e
s
 
o
f
 
a
g
e
n
c
y
,
 

I
 
:

1
2
,
 
C
h
r
i
s
t
 
d
i
e
d
,

:
 
.
\

1
3
,
 
C
h
r
i
s
t
 
d
i
e
d
 
i
n
 
o
r
d
e
r
 
t
o
 
s
a
v
e
 

us f
r
o
m
 
o
u
r
 
s
i
n
s
,
 

' t

1
4
,
 
T
h
e
 
w
i
n
d
 
o
p
e
n
e
d
 
t
h
e
 
d
o
o
r
.
 

15. T
he stone broke the w

indow
.

i;:
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1
6
.
 
A
s
 
a
 
r
e
s
u
l
t
 

of 
t
h
e
 
e
x
p
l
o
s
i
o
n , a stone flew

 across the road and
broke the w

indow
.

T
h
e
s
e
 
e
x
a
m
p
l
e
s
 
s
h
o
w
 
t
h
a
t
 

it 
m

ay 
b
e
 
d
i
f
f
i
c
u
l
t
 
t
o
 
f
i
n
d
 
a
 
s
m
a
l
l
 
s
e
t
 

features that defines a them
atic role like agency. W

hat also becom
es

dear is that a constituent is not necessarily endow
ed w

ith a them
atic

iF
P

leby virtue of its ow
n features but gets part of its role from

 features
of 

the constituents that it appears w
ith. 

A
 
s
t
r
i
k
i
n
g
 
e
x
a
m
p
l
e
 

of 
this

is,.
f
o
u
n
d
 
i
n
 
t
h
e
 
c
o
m
p
a
r
i
s
o
n
 
o
f
 
S
e
n
t
e
n
c
e
s
 
1
7
 
a
n
d
 
1
8 , w

here the critical
constituent is an adverb

,
 
w
h
i
c
h
 
i
s
 

not 
usually considered to be of m

uch
i
m
p
o
r
t
a
n
c
e
 
i
n
 
t
e
r
m
s
 
o
f
 

governing 
o
t
h
e
r
 
c
o
n
s
t
i
t
u
e
n
t
s
 
(
s
e
e

, e.g., C
hom

sky,
1
9
8
1
)
.
 
Y
e
t , here the adverb plays a critical role in m

odulating the
them

atic role structure for the s
e
n
t
e
n
c
e
.
 
I
n
 
S
e
n
t
e
n
c
e
 
1
7
,
 
t
h
e
 
a
d
v
e
r
b

accidentally 
n
e
g
a
t
e
s
 
c
r
i
t
i
c
a
l
 
f
e
a
t
u
r
e
s
 

of 
a
g
e
n
c
y
 
t
h
a
t
 
J
o
h
n
 
m
i
g
h
t
 
h
a
v
e

h
a
d
.
 
I
n
 
S
e
n
t
e
n
c
e
 
1
8
,
 

carefully 
affirm

s John
s agency (C

ruse
, 1973).

17. John accidentally pushed the door open.
18. John carefully pushed the door open,
G

iven the em
pirical results from

 our experim
ents dem

onstrating the
im

portance of them
atic role inform

ation in on- line processing, a plausi-
b
l
e
 
m
o
d
e
l
 
w
o
u
l
d
 
h
a
v
e
 

to 
provide a m

echanism
 for using this inform

ation
e
a
r
l
y
 
o
n
 
i
n
 
t
h
e
 
p
r
o
c
e
s
s
 
o
f
 
r
e
p
r
e
s
e
n
t
i
n
g
 
a
 
s
e
n
t
e
n
c
e
.
 G

iven the kinds of
subtle effects one can glean from

 the exam
ple sentences, this m

echa-
n
i
s
m
 
c
o
u
l
d
 

not 
l
i
m
i
t
 
i
t
s
e
l
f
 

to 
t
h
e
 
f
e
a
t
u
r
e
s
 
o
f
 
i
n
d
i
v
i
d
u
a
l
 
c
o
n
s
t
i
t
u
e
n
t
s
 
i
n

f
i
n
d
i
n
g
 
a
 
r
o
l
e
 
f
o
r
 
t
h
a
t
 
c
o
n
s
t
i
t
u
e
n
t
;
 
r
a
t
h
e
r , the role for any particular

c
o
n
s
t
i
t
u
e
n
t
 
w
o
u
l
d
 
e
m
e
r
g
e
 
b
o
t
h
 

from
 

the features of the constituent it-
self and from

 the features of other constituents that it a
p
p
e
a
r
e
d
 
w
i
t
h

in a sentence, T
he appropriateness of a them

atic role filler thereby be-
com

es dependent upon an intricate interaction of the sem
antic features

of all the constituents in a s
e
n
t
e
n
c
e
,
 
T
o
 
o
u
r
 
k
n
o
w
l
e
d
g
e
,
 
t
h
e
 
M
c
C
l
e
l
-

land and K
aw

am
oto (1986) m

odel is the best to- date for am
algam

ating
these fine distinctions from

 a large m
ultitude of input features. K

now
l-

edg, e of w
hich features interact w

ith w
hich others and the im

plications
o!. these interactions is gained 

t
h
r
o
u
g
h
 
e
x
p
o
s
u
r
e
 

to 
s
e
n
t
e
n
c
e
s
 
t
h
a
t
 
d
e
-

scribe events in the real w
orld. W

ithin this m
odel

,
 
t
h
e
r
e
 

m
ay 

b
e
 
g
r
o
s
s

r
e
g
u
l
a
r
i
t
i
e
s
 
i
n
 
t
h
e
 co-occurrence of features , one of w

hich m
ight be la-

peled the instrum
ental role. A

 finer- grained analysis could presum
ably

reveal clusters w
ithin these broader distinctions

,
 
c
o
r
r
e
s
p
o
n
d
i
n
g
 

s
a
y
,
 
t
o

t
h
e
 
t
y
p
i
c
a
l
 
i
n
s
t
r
u
m
e
n
t
s
 
o
f
 
a
 
d
o
c
t
o
r
 
a
s
 
o
p
p
o
s
e
d
 

to 
a policem

an.

A
 M

ultiple C
onstraint Satisfaction N

etw
ork

Som
e years ago

, Forster (1979) postulated a m
odel of sentence pro-

cessing that consisted of a linear chain of processors , w
ith each processor

accepting input from
 one , and only one other processor. T

his w
a
s
 
a
n

autonom
y of syntax m

odel , and F
orster considered it m

ore prom
ising

theoretically than a m
odel in w

hich any p
r
o
c
e
s
s
o
r
 
c
o
u
l
d
 
b
e
 
i
n
f
l
u
e
n
c
e
d

by 
any other p

r
o
c
e
s
s
o
r
.
 
A
s
 
i
t
 
a
p
p
e
a
r
s
 
f
r
o
m
 
o
u
r
 
d
a
t
a
 
t
h
a
t
 syntactic

p
r
o
c
e
s
s
i
n
g
 
c
a
n
 
b
e
 
i
n
f
l
u
e
n
c
e
d
 
b
y
 
t
h
e
m
a
t
i
c
 
r
o
l
e
s
 
a
n
d
 
r
e
l
a
t
e
d
 
c
o
n
c
e
p
t
u
a
l

----- .. ..
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inform
ation

, there is reason to suspect that syntax is not autonom
ous 

and further, that alternative m
odels should be seriously considered. W

e
think that m

odels that have been proposed in recent years that belong
to 

the class of m
ultiple-constraint m

odels provide an attractive alterna~
tive 

to 
those m

odels in w
hich syntax shuts itself off' from

 higher-level
s
o
u
r
c
e
s
 
o
f
 
i
n
f
l
u
e
n
c
e
 
a
n
d
 
i
s
 
i
n
s
e
n
s
i
t
i
v
e
 

to 
t
h
e
 
g
u
i
d
a
n
c
e
 
t
h
a
t
 
t
h
e
s
e
 
s
o
u
r
c
e
s

of inform
ation afford.

S
t. John and M

cC
lelland (in press) provide one exam

ple of a m
ul-

tiple constraint m
odel. T

he m
odel consists of a pool of densely inter-

connected units
,
 
t
h
a
t
 
i
s, a parallel distributed processing nE

;)tw
ork, In '

t
h
e
 
c
o
u
r
s
e
 
o
f
 
p
r
o
c
e
s
s
i
n
g
 
a
 
c
o
r
p
u
s
 
o
f
 
s
e
n
t
e
n
c
e
s
,
 
t
h
e
 
n
e
t
w
o
r
k
 
e
v
e
n
t
u
a
l
l
y

learns 
to 

a
s
s
i
g
n
 
t
h
e
m
a
t
i
c
 
r
o
l
e
s
 

to 
constituents based on syntactic and

sem
antic constraints, and is able to disam

biguate a
m
b
i
g
u
o
u
s
 
w
o
r
d
s

, in-
stantiate vague w

ords
, and elaborate im

plied roles. A
s each constituent

of a sentence is encountered
, the m

odel updates its representation of the
sentence as a w

hole
, and if inform

ation early in a sentence indicates one.
i
n
t
e
r
p
r
e
t
a
t
i
o
n
 
t
h
a
t
 
l
a
t
e
r
 
p
r
o
v
e
s
 

to 
be incorrect based on subsequent in,- (II

put
,
 
t
h
e
 
m
o
d
e
l
 
a
d
j
u
s
t
s
 
i
t
s
 
r
e
p
r
e
s
e
n
t
a
t
i
o
n
.
 
I
n
 
s
u
c
h
 
c
a
s
e
s

, how
ever, there;

is a m
ore dram

atic change in representation than in cases w
here subse-

quent input is consistent w
ith the initial interpretation. S

u
c
h
 
c
h
a
n
g
e
s

take tim
e

, allow
ing the m

odel to account for effects of violations of ex- , I
p
e
c
t
a
t
i
o
n
s
 
o
n
 
p
r
o
c
e
s
s
i
n
g
.
 
i
,

T
he various capabilities of the S

t. John and M
cC

lelland m
odel cor-

!
 
,
I

r
e
s
p
o
n
d
 
i
n
 
s
o
m
e
 
s
e
n
s
e
 
t
o
 
t
h
e
 
m
u
t
u
a
l
 
i
n
f
l
u
e
n
c
e
 
o
f
 
m
u
l
t
i
p
l
e
 
s
o
u
r
c
e
s
 
o
f , ;

i
n
f
o
r
m
a
t
i
o
n
 
o
n
 
e
a
c
h
 
o
t
h
e
r
.
 Interestingly, how

ever, the St. 
J
o
h
n
 
a
n
d
 

M
cC

lelland m
odel does not in fact contain several processors w

hich ex-

:
 
(

ecute distinct types ofrules, for exam
ple

, inference rules, syntactic rules

,
 
(

and sem
antic rules, Inform

ation is encoded internally in the connections
,
 
1

in an integrated netw
ork

, and these connections allow
 the netw

ork to
act as if it knew

 the rules, A
t first 

g
l
a
n
c
e
 
i
t
 

m
ay 

seem
 that such a

m
echanism

 is even less principled and structured t
h
a
n
 
a
n
y
 
t
h
a
t
 
F
Orster

m
ight have envisioned and certainly rejected. H

ow
ever

,
 
t
h
e
 
n
e
t
w
o
r
k
 
i
s
,
 

!i I

actually carrying out an extrem
ely delicate and subtle w

eighing of the: ,
 
~
,

various sources of evidence. If they are all t
r
e
a
t
e
d
 
t
o
g
e
t
h
e
r, it is only

"
 
"

because all of them
 are required for the 

netw
ork 

to 
solve the problem

of finding (through learning) a set of factors that, w
hen appropriately f

w
eighted

,
 
a
l
l
o
w
 
i
t
 

to 
correctly interpret the sentences that it is 

asked 
to 

process, In fact, the learning procedure that governs the adjustm
ent of i

c
o
n
n
e
c
t
i
o
n
 
s
t
r
e
n
g
t
h
s
 
i
s
 
i
m
p
l
e
m
e
n
t
i
n
g
 
w
h
a
t
 
w
e
 
t
a
k
e
 

to 
b
e
 
a
n
 
e
x
t
r
e
m
e
l
y
"

c
e
n
t
r
a
l
 
a
n
d
 
b
a
s
i
c
 
p
r
i
n
c
i
p
l
e
:
 
t
h
a
t
 
m
u
l
t
i
p
l
e
 
s
o
u
r
c
e
s
 
o
f
 
i
n
f
o
r
m
a
t
i
o
n
 
m
u
s
t

,
 
,

b
e
 
t
a
k
e
n
 
i
n
t
o
 
a
c
c
o
u
n
t
 
a
n
d
 
a
p
p
r
o
p
r
i
a
t
e
l
y
 
w
e
i
g
h
t
e
d
 

so 
t
h
a
t
 
t
h
e
 
m
o
d
e
l
'
s
 
,

interpretations of sentences are m
inim

ally discrepant from
 the interpre- \ !

t
a
t
i
o
n
s
 
t
h
a
t
 
s
e
n
t
e
n
c
e
s
 
a
c
t
u
a
l
l
y
 
h
a
v
e
 
i
n
 
t
h
e
 
w
o
r
l
d
.
 
I
t
 is this principle j ; 

of m
inim

izing discrepancy, rather than som
e artificial principle of de- j

c
o
m
p
o
s
a
b
i
l
i
t
y
,
 
t
h
a
t
 
g
o
v
e
r
n
s
 
p
r
o
c
e
s
s
i
n
g
 
i
n
 
t
h
e
 
S
t
.
 

John 
and M

cC
lelland 

i
;
 
I

'
 
l

m
o
d
e
.
 
"

T
here are encouraging signs both on experim

ental and com
putational

,
 
'

fronts for m
ultiple-constraint satisfaction netw

orks. A
t this juncture

,
 
i
t
'
 
,
I

i'. !;:



--r-
C

,'

"26'P
T
A
R
A
B
A
N
 
A
N
D
 
M
C
C
L
E
L
L
A
N
D

seem
s as prom

ising to seek out m
ore em

pirical evidence for m
ultiple

c'6nstraints in sentence processing and to explore the com
putational as-

p:ects of these data as to hold fast to the view
 that syntactic processing

i
s
 
'encapsulated from

 other sources of influence.

C
O

N
C

L
U

SIO
N

: A
 T

H
E

O
R

Y
 O

F PA
R

SIN
G

 N
E

E
D

S
A

 T
H

E
O

R
Y

 O
F R

E
A

D
IN

G
 C

O
M

PR
E

H
E

N
SIO

N

, : If the evidence actually suggested that syntax- first m
odels w

ere ade-
!lPl1te , then it w

ould be possible to develop a theory of parsing that did
syntactic attachm

ent independently of other system
s. T

he parser w
ould

pesensitive to feedback from
 other processors , in the case of im

plausible
constructions , for instance

, but the parser w
ould m

aintain its autonom
y.

It~ading w
ould consist of parsing plus som

ething else
, specifically, the

~qditipnal independent outputs of conceptual and discourse processors.
,
 
T
h
e
 
p
i
c
t
u
r
e
 
i
n
d
i
c
a
t
e
d
 
b
y
 
o
u
r
 
d
a
t
a
 
s
u
g
g
e
s
t
s
 som

ething different. Pars-
iA

g,
in the narrow

 sense of constructing a syntactic representation in-
~

ljcating the relationship of gram
m

atical constituents to one another
appears to keep close com

pany w
ith conceptual processes. Syntactic at-

tachm
ent is not solved autonom

ously from
 the process of constructing

tpe conceptual representation of the sentence. O
ur data consistently

s
l
1
o
w
e
d
 
t
h
a
t
 
t
h
e
 sam

e type of constraints that govern the final fully
b~Jerpreted representation govern on- line processing. T

he final repre-
s
~
l
,
J
t
a
t
i
o
n
 
i
s
 
c
l
e
a
r
l
y
 based on a consideration of real-w

orld objects and
F

~
~

p.tions. T
he close relation betw

een data from
 tw

o independent sources
--::::(a) the doze data and rating data in w

hich subjects could fully inter-
pret the sentences and (b) the closely m

o
n
i
t
o
r
e
d
 
o
n
- line reading tim

es
~
u
g
g
e
s
t
 
t
h
a
t
 
s
u
b
j
e
c
t
s
 
a
r
e
 draw

ing on the sam
e body of inform

ation in
o
t
h
 
c
a
s
e
s
.
 
T
h
e
r
e
f
o
r
e
,
 
i
t
 a
p
p
e
a
r
s
 
t
h
a
t
 
t
h
e
 
c
o
m
p
u
t
a
t
i
o
n
 
o
f
 syntactic

s
t
r
u
c
t
u
r
e
 
d
e
p
e
n
d
s
 
o
n
 
s
e
m
a
n
t
i
c
s
.
 

ii M
ultiple-constraint m

odels predict that expectations t
h
a
t
 
g
u
i
d
e
 
p
r
o
-

G
e
s
s
i
n
g
 
c
a
n
 
b
e
 generated in response to characteristics of other con-

~ti; tuents of the sentence besides the verb
, for w

hich w
e have found som

e
evidence. W

e expect that m
ore evidence of this nature w

ill be forth-
cgqLing. T

hese m
odels also predict guidance from

 pre- or extrasenten-
al c()ntext. T

herefore , it should be possible to dem
onstrate the effects

of the discourse context in w
hich a sentence falls on the im

m
ediate ex-

P
e
c
t
a
t
i
o
n
s
 
s
u
b
j
e
c
t
s
 
h
o
l
d
 
f
o
r
 
c
o
n
s
t
i
t
u
e
n
t
s
 
t
h
a
t
 
t
h
e
y
 
a
r
e
 
i
n
 
t
h
e
 
p
r
o
c
e
s
s

of representing (cf. A
ltm

ann &
 Steedm

an
, 1988; Perfetti , this volum

e).
'
r
h
e
t
r
u
i
s
m
 
t
h
a
t
 
r
e
a
d
i
n
g
 is for understanding m

akes sense in light of a
C

D
Jm

tiple-constraint m
odel , for this m

odel suggests that the conceptual
representation for a sentence and the discourse are used by the reader to
tru.ctpre,expectations for those parts of the sentence that rem

ain to 
encountered. If it is true that parsing draw

s on the kinds of inform
ation

~
p
.
d
r
e
p
r
e
s
e
n
t
a
t
i
o
n
s
 
t
h
a
t
 
r
e
a
d
i
n
g
 com

prehension is all about , then to
JJ'IJ,derstand parsing one m

ust also understand com
prehension.
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