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ABSTRACT | )

i | » »
English pronominal anaphora is examined from three perspectives:
(i) the role of processing strategies in grémmaticality judgment;

(ii) models of on-line resolution; and (iii) post-resolution effects

on priming and activation.

On the ba;is‘of~an overvfew of formal épproaéhesﬁto anaphoré, a.“§\
detailed analysis is'presented of non-sfntactic‘faetors influéncing
‘-céreferenée judgments.by nonlinguists. It isvaigued that while naive
speékers apply compcehension strategies during the judgmént task, |
iiTEE)sts are more likely to apply production frequency‘criteria. \jn v
a judémeht study involving 33 examples of bloéked coreference draWn'}}

. : ]

from the literature, speakers allowed coreference on 55% of the items.(

. S

Discussion focuses on methodological aspects of data collection for.

~ anaphora studies.

The experimental Iitera;ure on anaphora reéoluffoﬁ is also
reviewed ;n detail._ fﬁe exhaustive serial search model }s challenged,
~and a new model fncorporating on-{ihe e*ploitation of sfntactic and
semantic éUeéfjs éffered.‘ This model implies that the ''gender ef#;ét”~
(Sprfngstonw 1975; Kaplan, 1981).isian artifact of ghe use of veriFi-
cation tasks to study the resolhtjdn{process, and an-exéifiment
sépafating reading times from verification times shows - that thé effect

is attributa%le'entirely to the latter task. A‘modeliof anaphora

verification further-predicts‘that the effect should appear only in



A

6

‘Subject—controlled single sentence displays followed by a subjeétﬂ

free ana Eoré and is su orted.
| phora, 3PP J
I3 s
Finally, post-resolution activation effects are studied in a

probe recognition task. It is shown that differences in activation
for an aﬁtecedent and a word in the same proposition are due tb
selective partial deactivatfoh of'the “companion? word. This is:
inte}preted as evidéﬁée for'propositional represéntatfon and propo-
sftieﬂ‘ﬁgggg“:;z?TEVal even when surface codes are still ;vailable

shortly after sentence processing. It is argued that ofdihary

I

reading tasks are appropriate for probe reaction studies, even with-

-

controlled probe onset. : : : .\\

vi
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!‘?% . ' . .
CHAPTER'“ONE . )

OVERVIEW . .

1.1 Introduction

The problem of how English speakers are able to compute pronoun=

antecedeﬁt relations, part of the broader anaphora resolution question,
is receiving a é%od’deal of attention from reséarchers in naturéﬁ
quguége syntax, discourse analysis, cognitive psychology, qnd artifi-
cial intelligence a]ike. Such an_expenditure of time and energy might
‘séeh extravagant to the layman, for whom the process is eritirely auto;
matfc, but attempts to model anaphpra regolution have shown that it
}nvolves'a surprisingly Iaﬁge number of morphologiéal, lexical,‘syn-
tactic, semantid, pragmatic, discogrse, énd suprasegmental variables.
Moreover, idgn;ifying the many linguistic‘infiuences on corefereAce is‘
only half the battle; one must also account ?or phe implementation of
fhese cues during the antecedent search process; in a manner which is
compatible ﬁifh-existihg modéls of word recognition, parsing, sémahtié
fntegration, and memory.‘ Anaphora resolution'theréfore provides a
formidable challenge for the development of workable human and machine

models of language comprehénsion.

‘ This study begins, in Chapter Il, with an extensive review and



»

elaboration of formal linguistic-treatments of pﬁonominaf anaphora,

1

%ol}owed by a dichséion, in Chapier_lll, qf seve%al processing

strategies wﬁibh appear ﬁO'infiuenCe:whethef or ngk speakers will

judge coreference to be possible for a particular gbntence; These

strategies suggest that coreference judgmen;é will bé highly contamin- w.

' : . ®

ated by factors irrelevant to the goal of specifying ;\igeaker's

output constraints on anaghonic relations. This hypoéhééis is géstéd,'

and confirmed, in gpe jgdgment gxperiment reported InlCHapter A
Chapter V réviews the informatioqsprocessing literature on

anaphora resolution, examining the féctors gerrning the many search,

assignmeht, activatioh, and iintegration processes triggered when a

pronoun is-encountered in text. This inclUdes such questions as the

type gﬁ:search involved (serial vs. parallel; exhaustive vs. self-

terminating), wh;n resolutiqn begins (during processing of the p;onoun
itself, or later in the clause, éentence orﬁﬁiscourse) and gﬂgg_(again,
dur;ng pronoun processing or laker), the type of memorx mode | }eduired
(semantic activation of antecedents), search domains (effects due to
clause or sentence boundaries,3fdregrounding, and the number of
potential preceding and following»antecedents)) search Briorifies
(which potential antecedents are checked sooner or more quickly),
searéh direction (forwafd vs. backward),'and many other related

issues. Chapters VI and VII present two further experiments concerning

pronoun processing. Experiment 2 compares search processes for

o
%

antecedents which both precede and follow the: pronoun, and for both

syntactically permitted and disallowed antecedents. The results of

this study are interpreted from the perspective of competing toE4down

and bottom-up models of the comprehenéion process. Experiment 3
, :
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demonstrates that even in very short-term searches (through an

’
-

immedf;tely pneceding Flause), a prondun‘actIVates both its antecedent
“and Nﬁ concepts in the same CIQUSe{ a result which is not entirely

attouﬁted»for bx‘Kihtsch'é (197&) mode! of the prOpoéitfonaI répresent_
ation of text in meméry.

The final chapter consists of a general discussion.

1.2 ,ég_examglé
Consideration of the fbl]bwing pair of sentences will’assist the
reader in gaining a pfeliminary grasp of the complexi ty of anaphora
resolution. : | , v |
1. Vietnam is currently seeking advice from other countries

o on agr:cultural matters.
i

2. Due to its enormous population, China has the kind of
experience in food production that Vietnam needs. .

How does a reader or listener determine that the intended antecedent

of its is China? Resolution appears to dépend on at least the follow-

ing factors:

(i) its is singular and neuter (its # countries): MORPHOLOGY'

AN
7

(i) its may refer to an NP either within or outside theh
" sentence in which it appears: (its = either Vietnam 6r
China): SYNTAX -/

(iii) Vietnam is the initial topic of discourse, and (he only
country mentioned when the pronoun is encountered
(its = Vietnam is a preferred reading): DISCOURSE
§TRUCTURE ; | . , N

(iv) neither e experience nor food production may be sa13 to
have a papulation (its # experlence or food produqtuon)
LEXICAL SEMANTICS _ N

(v) “the population of China is enormous, while the popula-

tion of Vietnam is not (its # Vietnam): WORLD KNOWLEDGE\.

>
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These are but some of $he cues to-corfect resolution to be diqcussed in

the followjng‘éhapters. ' N

Such-an analysis also raises a'variety of,interesting questions

concerning processing. For example, if resolution is attempted on-line,

(2) should be-a garden-path sentence. Moreover, one would like to be’

, SR \ .
able to specify at what point am initial hypothesis (its = Vietnam)

begins to disihtegrate: is processing disrupted immediately in response

to incoming information concerning the population of the asserted ante-

’ -

cedent, or are such complexities deferred to a Iater‘stagé; such aé’thé
next clause boundary? Further questions concérn'thg nature of the search:.
Are only NP's scanned? Is it the contents of working memory that afe
canvassed? Does distance from the bronoun Have an.effectz Are bgckWard
searchgs easier than forward searches? What is the time reqqired to

&

conduct the search?

.

* This single example Suggests‘that the study of’anaphora resolution

is not only a'Fﬁuitfuliénterprise; but also one which gives us

fascfnafing insights into the detailed structure of language compre-

hension.



CHAPTER WO
FORMAL ACCOUNTS OF CONSTRAINTS ON AN%EHORA

2.1 Introduction

.Anaphoric processes were given scant treatment by linguists

prior to the 1960's. Early analyses (e.g., Bloomfield, 1933;

. . . s
Jespersen, 1909-1949; Hockett, 1955; Gleason, 1955) were concerned
-mainly with the morphological aspects of pronoun systems.. With -

respect to the syntactic phenomena, they made only passing reference

to the fact that pronouns “reﬁiace” or "'stand for! full NP's (see

<

Crymes, 1968). Examinatipn of‘syntacFic cénstrafits was_bééun by
Lees and Klima (1963), and certajn of the fesolut?oﬁ”blages:%;r .
otherwise free anaphora were reCoghized bvaackendoffi(lSZ}).
Hdwgver, as recently as 1973, Quirk, Svartvik and Gréenbaum say of
contextua]lfac£ors‘in resolution Qﬁly that "we interpret thé
appropriaté subs;itutions f}om tHe content of the sentence' (p. 294).
Syntactic analyses attémpt to characterize such restrictions
inbterms of one or two principles of interpretation from'sﬁffacé

phrase structure; they differ mainly in their definitions of the
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dominance relations on which these principles depend. Much of this

work constitutes an attempt to clarify the role of surface phrase’

structure relations such as precedence and command in blocking

coreference between personal pronouns and candidate antecedents (e.g.,

Chomsky, 1980, 1981; Langacker,v1966, 1969; Reinhart, 1976, 1981;
‘ | , ,
Wasow, 1979). VWasow provides this simplified accounfxw
Given an NP and a definite pronoun in the same sentence,
the NP may serve as the antecedent for the pronoun
unless...the pronoun is to the left of the NP and is less
deeply embedded than the NP {p. 61). :
- ‘ _ . K 7
Coreference is thus blocked for he and John in (3) below, where he/
k),

mus t to‘refer_to some other, unspecified antecedent, and free in
‘where, given an appropriate cdntext,'bg_may refer either to John or
© to. some %thér NP:

(-

. . \
3. *He said that John was sick. - k. John said that he was
sick.

NIP /VP\ |
he v NP . o
| .
said ‘ :
¢ that*John was sick - that he...

(Tree structures are simplified; asteriskS‘ind[;ate blocked coreference
between underlined NP's) ”’ ‘

According to the most‘bdpular classifigatioh schemé, thevbIOCked co-

PR

reference is said to run- backward from -John to ﬁgfin (3), while (4)
‘is_termedr free' forward coreference.’

Interpretive thedyies within the trathormational paradigm date
) : .

P



from at least Jackendoff (1968), and in general have attempted to

provide a comprehensive account of sentence-level syntactic constraints

“which block coreference between specified‘NP's. Because of the nature

of the data on-which the earlier accounts were .based, this was for
several years referred to as the Backward Anaphora Constraint.. Later
recognition of the existence of blocked forward anaphora has led to

the demise of. this term.
. - "y

Bt

'

'It:should be emphasTZed that in syntactic accounts, lexical,
semantic, pragmatic,odiséqukse, suprasegmental, and processing‘vakiables
are treatéd as nuisance variables modulating corefgrence interpré-
tation within a set of fundamental syntactic constraints. This view

is far from unanimous: more pessﬁmisfic accounts (e.g., Bily, 1977;

Bolinger, 1977, 1979) view thg‘entire syntaﬁtic approach as a red

herring, and claim that counter-examples are so numerous as to cast
serious doubt on the very assumption that anaphora is a syntactic

process,

2.2 Definitional preliminaries .«

Perhaps. a good deél of potential té?mihological confusion‘cah be
o o - , /
+ ! . , .
forestalled by examining here the various uses of the term anaphora

by linguists.

Bloomfield (1933) introduces the terms anaphora and antecedent
in a‘chapter entitled 'Substitution phenomena':

...the form for which substitution is made has occurred in
recent speech. =~ Thus, when we say Ask that policeman, and he
will tell you, the substitute he means among-other things that
the singular male substantive expression which is replaced'by
he, has been recently uttered. A substitute which.implies this,
is an .anaphoric or dependent substitute, and the recently- ‘
uttered replaced form is the antecedent. (p. 249)

v




Thus for B]oomfield: a pronoun must have an explicit NP antécedent,
which Erécedé; it inkdisc0urse'(Bloomfield_dées nbt ais;;ss béckwafd'
anaphora), and which may or may not be in the same‘sentence as the
1prpnoun. B | i
' Wa;érhouse &1963), on}thé ofhér hana, defines anaphd}é as é
purely igigljseptentialiphenomendn:r an anaphoric pronoun 8% one
"without fdentiffgd,réferentvin-the same Sentence“ (p. 46), and
until quite recently, transformationg]ists defined Snaphora as a purely
iggzg;sententiai phenomenon. Dougherty (f963) sfa{%s that a prohogﬁ _

...with anaphoric interpretatioh...canbe understood as being
coreferential with some other noun phrase in the sentence

(- ) s
ln‘transformational'termé, a sentence cohtaihing a free pronoun is
-often said to be ambiguous between the anaphoric and non-anaphoric

*

readings (but cf: Lasnik,‘1976),(while a sentence with blocked
coreference is said ﬁ? have only a non-anaphoric reéding. THus,
clauses containing reflexive and reciprocal pronounsfnormal]y'have

only an.anphoric'reading. ‘Thi's terminology, according to which

anaphorici;y is a propérty attributed to entire sentences, is problem-

~atic for cases such as | \
: = ' ’ . o \
5. ‘John told Fred to hit him. '/
//

in which the pronoun .is ambiguous be tween -the anaphoric and non-
‘anaphoric readings with respect to John, but has only a non-anaphoric.

reading with reéﬁecp to Fred. That is, anaphoricity is not a property -

of the sentence as a whole, but only of the syntactic relations between
NP's.

G .

Halliday and Hasan (1976) distinguish between,enddghoric and -

-/



] A
xophorlc reference reservqu the latter
(”deICtIC” or "pragmatic'') reference, and e former for reference _

within a text. Endophoric reference is her categorized according -

- to whether the antecedent appears earlier (anaghoric) or later (\
(cataphoric) in the text, but these terms do not distinguish between
inter- and intma-sentential coreference.

Most recently, Chomsky (e.g., 1980, 1981) and others working

within the Covernment and Binding framework have made a dnfferent

dlstlnctuon between anaphoric and pronomlnal expreSS|ons The former

-y @

lnclude reflex|ves and rectprocals for which coreference is syptac-

'tically determxned and the latter :nclude the personal pronouns
A : ;

regardless of whether coreference is freevor blocked in part:cular,

sentence in which they appear.

In the'following pages, | shall take‘the term“anaphora to mean
a relatlon of either Eoss»ble (ln"the case of simple pronouns) or.’
necessarx (for reflexnves and recnprocals) coreference between two
NP's, defined in terms of llngu15ts or~native_speakers',judgments and

%

usage. Where convenient, ] adopt Dougherty s dqstunctuon between
anaphorlc and non- anaphorlc sentences, as well as: Halliday and- Hasan ]
flner dlstlncttons |

‘A tnnal p01nt of" deflnltlon concerns the nature of reference
|tself whose explucatlon is’ obV|0usly oeyond the scope of“thts work.,
; FOIIOW|ng Lyons (1977), I shall occasnonally adopt what has become
) colloqunal 'usage among IanU|sts, according to which a pronoun s
‘said to refer to its antecedent 0f ‘course, this |s‘not strlctly

3

dcorrect 'since the essent:al charactercstlc of (non- delctlc) pron0uns

-



is that they share a referent (''co-refer') with their antecedent. The

antecedent itself, being a- linguistic expression, is not the referent.

2.3 Introduction to syntactic accounts,
{

As a first step toward constrdctim]a model of anaphora resolution,
we turn now to attempts at:characterizing the linguisfic environments
in which céreference is possible, impossible, probable, or indeter-
minate. One source of such information is the literature dealing
with syn£actic constraints on pronominal coreference.

In éxamining this literature, two caveats are in order.. First,
none of the theories currently available is “corre;t“: all make a
certain number offwrondféoreference predictions. This féct in
itself ?odés poorly for the«popﬁlar notion that coreference options
are governed by a single principle of intérpretation from surface
phrase structure. Secondly, there is much disagreement as fo the data
té be gccounted for. While some of these disagreemengs.are discussed
openly in the literature, | will demonstrate that judgments of
cofeféfence options are exceedingly i;sﬁgggible.to a variety of
influences, and further, that such indéférminacy is an unavoidable

consequence of the fact that anaphora is at once a syntactic, semantic,

and discourse phenomenon.
2.4 Reflexives

In this section | present several miscellaneous facts about
coreference constraints on reflexives in/;Zder to determine the

viability of the interpretive approach to describing them.



The simplest statement of this is the Clausemate Constraint, first

proposed (as a transformational rule) by Lees and K1 ima (1963) .
\

Lees and Klima noted that when two NP's in the same simplex
sentence are coreferential, the rightmost NP is obligatorily a
reflexive pronoun of appropriate gender, number and person:

6. Albi showeréd herself with gifts.

Conversely, a reflexive pronoun obligatorily has a clausemaje as its
antecedent. Thus, the ungrammaticality of (7N :

7. *Peter showered herself with gifts.

—
- <

is attributable not to a lack of antecedent for herself, but to

!

the assert%%% of coreference between the gender-mismatched Peter

‘

¥

and herself. N ; ]
Lees.and Klima élaimed that the constraint holds without excep-

tion only when the reflexive functions as a direct or indirgct object;

-

in other positions‘the constraint is relaxed with certain verbs:
: | ) . ‘
8. John ignored the oil on him.

5

9. John smeared the\oil on himself!

Hdwever, this.ié;an oVerly\simplistic account, since the PP's of (8)
\ ) . ' ] B \ N 3 . .
and (9) differ in other ways. Since the PP of (8) can be viewed as
. C v , o
a reduced relative clause, th§ use of a non-reflexive can be attributed
\ - .

to the fact‘fhat gébg;and Dlg_ére not in'the same simplex sentence, as
required by their sﬁgteméﬁt'of phe ruié. |

! . Nonetheless, refiekivesgare, in most cases, in complementary
distribution with simple pronouns, which cannot be coreferential with

a clausemate:

10. *Peter saw. him in a mirror.



',11. *Patti bought her a new wading pool.
(Nofe that the asterisks indicate only that the coreferential

readings are impossible, and not that the sentences are otherwise

ungrammafical) .
Ross (1970) notes a class of exceptions to tHe Clausemate
. : / .
ﬁonstraint: a reflexive pronoun may, in éome cases, have .its ante-
éedent invthe ne;E highest clause if and only if there is'no inter-
| vening cléusemate NP whicﬁ agrees with it iﬁ animacy. This is true

of the so-called "picture noun'" sentences such as

12. Tom believes that there is a picture of himself hanging
in the post office.

}n additféﬁ, coreference Cén skip>ovef the pic}ﬁre noun bnly to the
next highest‘NP which agrees in animacy:

13. *Tom believes that Sheila saw a:picture’;f himself.
In a sensel then, a picture noun plus PP modifier behaves as-though
thé head of the PP were a clausemate of the néarést higher non—ﬁicture‘
NP. |

Two additional facts are relevant to this account.“First,
éonsider the case of two potential antecedents in the higher clauée,
botHlmatching the reflexive in animacy:

4. The waitress showed Sheila a picture of herself,
~Jackendoff (1972) offersvsimilar examples of the apparent tendency
to'interpr;t such Sentences with resolution to tﬁe subject. That IQE
this }s merely a-bias .is demonstrated by sentences such as

15. The waiter showed Sheila a picture of herself. \
in wﬁich a gender mismatch w;th the subject allows object resolution.

In addition, it is interesting to ask how a -speaker would express‘(lh)

12



with herself = Sheila: would one simply use the ambiguous form, Hoping

to ciear up the vagué reference later, or would one use the simple
pronoun?

16. The waitress showed Shefla a picture of her.

Secondly, consider the case of an extra intefvening inanimate
noun: can céreferénce skip both? Sy

17. Lorne noticed that the slide showed a sketch of him/
himself. ’ : ' S

I have encountered‘ﬁixed reactions to such sentences. Most speakers
say that both are possib}e, but they disagree as‘to which is better.
Those who have a fairly strong preference for the simple pronoun
(myself included) find the following cases perfectly accéptab!e:

18. Lorne toltd Jack that.tHe slide showed a sketch of himself.

19. Lorne told gggh_tﬁat the slide showed a sketch of him.
This minimally contrasting pair suggests that despite the split
opinions over (17), corefefence can indeed skip over two inanimate
NP's, and that the reflexive/simple pronoun contfast is functional
when only a resolution strategy can accomplish interpretation:
rgflexives‘bias the intérpretatioh to tﬁe higher'subject; non-reflexives
Biag interpretation to the non-subject. | do not believé thgf this
has been discussed in the literature on reflexives.

The fact that speakersbdisagreé on this point is in itself rather
interesting, for it suggests that the rarity of picture noun sentenées,
and especially of these specially chosen exampies, can result in non-~
vapplitation of the interpretive principles governing the simpler cases.
The existence of speakers who reject the distinctibn showz in (18) -

(19) raises the possibility that speakers are not necéssarily able
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to generalize interpretive principles to unusual cases. If this is

so, the validity of collecting naive speakers' judgments on crutial
° : R

cases is placed in jeopardy.

Chomsky (1981) shows that in certain subjectless complement
clausés, the Clausemate Constraint is relaxed.to allow coreference
with an NP in a higher clause:

20. gghg_appéars‘to be enjoying hfﬁself.

His»tracé tﬁeory analysis, however, remains COmpagibIe with the
constra}nt if oﬁe éssumés th;t the reflexive pronoun is coreferential
with the trace left by.movement of John out of the lower clause:

21. John>appéar$v£_to be enjoying himself. |

Finalfy, Ross (1970) presents an example in which an animate NP
may be the antecedent for'a pronoun”in a lower clause, eVen,with
intervening animate NP's: |

22. Albert accused me of ha?fng tried to get his secretary to

tell you that physicists like himself were hard to get
along wi th. '

Only if the intervening NP's match the reflexive pronoun on all relevant
features does' complete ambiguity result:
23. Albert accused Fred of having tried to get Mark to tell
Michael that physicists like himself were hard to get

along with,

Despite the possibility of coreference with any of the proper names,

only Albert and Michael seem to be likely antecedents. This can be

attributed to the pragmatics of the verb accuse: he = Fred is

pragmatically bizarre, since criticizing oneself is not the sort of

reprehensible act of which one might normally be '‘accused" (a similar

4

argument holds for him = Mark). On the other hand, the reading is not



entirely excluded, since Fred could have some complex.mOtfvebfor
wanting to convince someone else of his own éhara;ter flaws - perhaps
he wishes to get out éf a prior agreement to work with Mfchael. It
would appear thaf the amount'of inferencing requfred ih'order to con-
struct such a cbnteXt'somehow,preCIUdes the two marked‘reédings.\ of
cburse, this too brings forth a numSer of questions that are releQant
to both human and machine-comprehension models: how much inferencing
is actually done before a reading is adopted?» Would the non-preferred
reading still be more;jifficult to afrive at in a confext in which it
is plausiblé? What t;;e of memofy.model coﬁld account for s;ch coﬁtext
effects? = |

—~—

To summarize, then, the Clégsemate Constraint on the interpre-
tation of direct and indife;tvobject reflexive pronoun; provides a
syntactically based,"deterministic resolution strategy: the pronouh
is obligatorily coreferentiaj with its clausemate, subjéct to certain\
lexiea} and syntactic biases. '

Since | have approached rgf]exives from the standpoint of
intefpretive principles, | should noQ:reiterate that Lees and Klima
originally formulated the constraint as a transformation which replaced

a lexical NP by a reflexive pronoun. This will be clarified in the

following sections.

2.5 Simple‘gybnouns

The third person pronouns (he, she, it, they (nominative);

his, her, its, their (genitive); him, her, it, them (accusative))

are not subject to deterministic resolution priﬁciples. For example,
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“-although a simple-pronoun cannot have a clausemate antecedent:

N

2k, *John saw him in the mirror.
the antecedent is unspecified. Perceiving that coreferen;e is biocked
is only one step tqward'resolution; other struéfural princip]es:
governing the frée/b!ocked distfnctfon are the topic of the following

sections.

k3

2.6 Pronominalization and reflexivization as transformations

Lees and Klima (1963) propbsed that pronouns are introduced by

a transformational rule of Pronominalization (or Reflexivization)

| - . .

which replaces an underlying full NP with a pronodn under mérpho-
logical identity. Chomskyl(l965) found it necessary to alter this:
approach in order to conform-with the Katz-Postal Hypothesis (Katz
and'?ostal, 1964) which states that meaning is interpreted from’
deep structure; this accounts for the fact that pairs such as

25. Joﬁn,hurt John.

-26. John hurt himself.
may differ in interpretation: (25)'i$ ambfguous between the. anaphoric
and the non-anaphoric feading,lbut (26) has only an anaphoric reading.
Since in the Lees-Klima formulation the deep stﬁucture of (26) is
roughly (25)3vthe‘theory wou!d'incorrectly.pred;ct that (26f is also

ambiguous. Chomsky therefore proposed that deep structures be

altered so as to allow the generation of referential indices along
with underlying NP's. The two readings of (25) would then derive
from distinct deep structures differing in whetheF or not the two

oécurrenéés.of John are coindexed. By adding the condition that



»
.

Pronominalﬁiatjon and Reflg%iQiéation include a reférentiai ideﬁtity
cdndition, one can derive (26y unambiguogsly from the deep stfucture
fh which fhi'NP'é are coindexe?// |
Over the next few years; however, it be came apparent that ;he
trans#ormationalranalygis was untenable for other reasons. Some of
che main arguments for t"h‘e albterna;ti.ve interpretivist theory (in
which coreference is détermiﬁed from derived phrase marker‘COnfigur-

1)

ations) will be presented here.

o
i

Perhaps the best-known (but nb longer accepted; see Perlmutter

“and Soames, 1979) argument‘égainst the transformationalist'position
is the so-callgd Bach-Peters paradox (Bach,‘1970), which sths that
if the idenﬁfty‘coﬁdition is to be maintained for co-indexing, the

assUmption fhat ﬁhrase markers must‘have‘a finite number of brénches

is violated., Consider (27):

]

27. The pilot who shot at it hit the mig that chased him.

Here, iﬁ_would'be'coindexed with the mig that chased him, and him

would be co-indexed with the pilot who shot at it. However, each of
these full NP's contains a pronoun which muéiJBéAco-indexed with
another NP which contains a prdnohﬁ, and so on, ad infinitum.
Under the assumptibn that iﬁfiﬁite deep structures are disallowed, the
transformational analysis musg be rejected.

A second afgumenf (Lakoff,‘l968, 1969) concerns pronominal
epithets - NP's which (when uns£ressed) may ‘be coreferential with a -

lexical antecedent:

28. | told Ms. Barham about the sink, but the sfupid bitch
wouldn't do anything about it.

Since these NP's seem to obey all the distributional restrictions
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that apply to pronouns, one would expect a theory of anaphora to
N . . "‘ " . .
handle them with the same formal mechanism. However, the transfor-

mational treatment allows coreference only under deep structure
identity; the Pronominalization rule wou]d have to be altered so as

to allow for substitution of egithets rather than pronouns in such
éases. fhis poses a problem in that epithets also carry meaning, which
cannot be interpreted from theflater stage in the derivation;  Ih
ofhér words, a transformationél app;oach to the interpretation of
pronominél epithets vToTateg the Katz-Po;ta! hypothesis.

A third set of arguments (Bresﬁén, 1970) is.based on the jnter-
 action of Pronominalization'with movement rules such as Partiélg
Movement.and Dative Movement. Since £hese rules apply cyclically; if
.is.pbssible fér‘an NP to be moved within a lower clause before én -
antecedent in a highér clause is'“seen” by the Pronominalization rufe,‘
and for that NP to be pronominalized after it has been moved into a

position where pfonouns'are disallowed:

29. The girl claims that John turned the girl away (Deep StrUCf‘
ture).

30. The girl claims that John turned away the girl. (Particle
Movement) : ’ .

31. *The girl claims that John turned away her. (Pronominaliza-
tion). ’ :

The only way to prevent'this would be to impose an ad hoc, constraint

pteventing Pronominalization from applying to structures to which
. .

certain other transformations ha?!gglready applied.

,

Finally, Dougherty (1969) argues that in treating anaphoric

-

pronouns differently frgm”hon—anaphorié pronouns, the transforma-

tional analysis fails to account for the fact that for every sentence

v
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with an anaphorjc reading, there is also a non-anaphoric reading (Wasow,
1979, notes several counter—examples).l,Thus; the two readings df

32, John said he was sick. |
“have very djfferent derivational histories (one with an underlying
non-coreferential‘ﬁronoun,ithe other with a c0finde¥ed !EEEQ , and
the,faét that (32) is ambiguous appears to be accidentél. On the
othef hand, a tgeory whichbinterprefs coreferenée from surface phrase
structure -and generates all pronouns.in deep strﬁcgure(would sfmply
labei (32) as a case of free anapHOra and correctly interpret it as
ambiguous between the anabﬁorfc and the non;anaphoric readings. Since
Chomsky (1971) had a]go argued that‘interpretatiOn of meaning from
surface strgcture is necgssarybin the case of toplc‘and‘focus, fhis
innovation was ultimately éﬁopted, and the Katz—Post;l Hypothesis laid
to rest.

Further arguments againsf the transformational treatment may

“be found in Wasow (1979), Jackendoff (1968), and.elsewhere.

2.7 Interpretive theories of anaphora

Ndne of the above arguments against the tran;formational model{
poses a problem for aﬁvinterpretive theory of anaphora. In inter-
pretive theories, all proho;né are.introduced by lexical insertion énd
coreference is determiﬁed on the basis of derived structural_configur;
ations., ’This solves the problems inherent in tthtrahsformational |
anélyses: the Bach-Reters sentences are gé;erated WIgh prbnouns-in
deep stru;ture, and.Ehé problem of infinite-recursion dﬂeé not arise;

the meanings of pronominal epﬁ%hets are available in deep structure,

and coreference interpreted at a later stage; and independenht con-
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straints prevent the application of thé offending movement rules
to block sentences such as (31).

As. has already been suégested, a finding that-all casés of free
anaphora sfiare a structurél.propertyAnot.fand in‘blocked>céses would’
be of great interest, particufar]y if that property couid bé_shown

to be refleéted in aspects of linguistic perfofmance, such as processing
complexity, language acquisition, or judgmént déta. The next ﬁh}ee
sgctfbns examine some specif?c pr@posals concerning such intérpretivev

principles.

2.8 - Precede-and-command

Langacker (1966, 1969) represents an early attempt to formalize
the constraints on sentence-internal coreference .in terms of the
horizbntal and vertical positions of pronouns and NP's in phrase

structure. His constraint is that:

A pronoun may not both precede and command its antecedent,
...A node A “'commands'' another node B if (1} neither A
nor g_domiﬁétes the other; and (2) the S-node that most
immediately dominates A also dominates B. (p. 167)

-

Langacker considered precedence and command to be the "primacy"
\relations relevant to anaphora, in that a pronoun which bears neither
relation to an NP may be coreferential to (33),,as may one which

bears one of the re]ationS'(3h,35), However, if both-relations hold,

coreference is blocked:



33. Ralph is more intelligent © 34, The woman who is to
than he looks. » marry Ralph will*visit
’ ' ~him tomorrow. '

Ra[ph ~ the woman sz

. is more intel- , x wnll visit -
, ligent _ ‘,,,——’““””’A\\ hﬂn.”
RO : ~<ﬁ:::i::::)t who' is to...Ralph :
” : than he looks ' .

~

ﬁg_neithef precedes nor commands Ralph. Him commands, but does not
precede Ralph.

35. The woman who protected him . 36. *He hates the woman Who‘
’ hates Peter. : rejected Peter.

T i 7
the woman é:iiiit:; he

- rotected him

des, but does not command - He both precedes and commands»
3 Peter.

\;ile the consfraint accounts for a broad rangé of data, a_
num of couhfer-exambles deﬁonstrate fhat ft is‘not‘eh{irely correct.
t, it'cahnot.éccountyfor all insfances of acceptablé'backward

cor m(rér'e:'

37. wear-him, Dan saw a snake. (Lakoff, 1968)

.38, The chairman hit him 6n the head before the- Iecturer
had a chance to say anything
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- .

39.  lrene ;znt letters to hlm whlle Fred was out of town.

QOF‘ I stayed w1th his wife whlle Fred was out of town.
In each'caSe, the pronoun precedes and‘commands the antecedent, but
the coreferentlal readlngs are p055|ble

Although Langacker failed to examlne preposed adverblals such as
(3?), he implicitly,accept§ a predlcrnon of ungrammaticality for (38) -
(40) by starring (Q1):¢ | | | |

b1, % | knew him when ﬁafxex_waa alittle boy.
This judgment. of noncoreferencevhas beenjdﬁsoutea by Reinhart (1981),
~and Carden (1978) cites éeveral occurrences ofvsuch structures in
spontaneous text. Thus the theory fanls in these cases as well.

‘Precede and- command also fails to block forward coreference of
any kindﬁr‘ |

'42; *Near Qéﬁs be_eaw a'snake,:.

43. *How obnoXious»to Een's>friends‘ﬁeyis.
where the'pronoun commands buc does not precede ite'antecedent.

_lt should also be noted that whtle the constraint blocks
backward anaphora in some. sentences whlch are otherwasenhandled by '
the 6Tausemate Constraint:

W4, *He shot John.
it cannot accoun; for forward blocking-in/éfmflar structures:

45, #John shot. him{'

n (45) him does not precede John, vyet coreference is blocked; the
Clausemate Constralnt is stlll necessary leen the |nadequacy of
Precede-and?Command, one is left to speculate'as to whether a single

rule will emerge to replace it, or whether constraints on anaphora are .



best handled by a 1arger‘humbef of rules¢{_ S .
o : : ,// ‘ .
2.9 Lasnik's Kommand analysis ,/

Lasnik (1976) attempted to improve upon Langacker's analysis

by providing an account of the acceptability of coreference in the

]

case of genitive NP's which precede and -command their antecedent

" (e.g., 40 above). This argument ‘s based on. Chomsky's (1969) obser-

vation that NP?s égn be cyclic nodes, in that thé& may head a domain
for tﬁe application'of transformationé such as Paésfvé: |
L6, .The'cify W$s destroyed by tthenemy.
. 47. The ;ity'svdeStrucfion by the énémy...’
48. The enemy destroyed the city;v
49, .The enemy's desfruction of thé city...
[ ]

Lasnik observed that the dominance of a genitive NP by a higher NP

node in structures such as (50):

50.

his iwife’
—_ .

The circled NP node, being a cycI?C’nodé,zdominatqs his but not
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John, and no longer commands John under Lasnik's definftion of the
kommand relation:

52. A kommands B if the minimal cyclic node dominating A also

. dominates B. (p. 15)

Thyo

Langacker's constraint is then altered as follows: B
53. |If NP] both precedes and Kommands NP_, and NP2 is not a
pronoun, then coreference between NP] and NP2 is blocked.
‘ &y
It is interesting to note that Lees and Klima (1963) saw a
“similar connection between cyclicity and pronominalization in their

analysis of sentences such as (5&):‘

54. Mary's father supportediﬁéf / %herself.

which appear to be counter-examples to the Clausemate Constraint.

They suggested that since''genitives in English are transformational
Py

in origin'' (p. 22), the source of (54) is roughly (55):
55. The father#the father is Mary's#supported Mary.
with only one occurrence of Mary in the matrix sentence, and hence

/ ) ‘
no reflexivization. Thus Lees and Klima realized that genitive NP's

rticipate in coreference relations in the same way as other
NP's in a main clause. ’

0'Grady (1983) deals with kheSe‘exceptions fn‘gxéartly semantic
,ﬁanner, claiming that genitives, as 'peripheral' nominals with
respect to the verb (subje;ts, objects and indirect objects are ''core

nominals in his system), are permitted to be coreferential with the

later NP because ‘they do not, violate his Precedence Constraint:

56. A core pronoun may not precede a peripheral antecedent.

W,
W 5

it would appear that what is handled by dominance principles in the
( . .

. j
other theories is subsumed under the semantically-MBsed distinction
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begween core and periphery,

We therefore have good evidencé that genitives form a coherent
class of excéptions to Langacker's constraint. However, Lasnik's
analysis leaves a curious.asymmetry in accounting for the grammati-
cality of (51), but not of similar structures such as (57):

57. 1 visited him while John was in Edmonton.

As we shall soon see, the grammaticality of structures such as (57)
has been hotly debated. However, if(57)is grammaticaf even for only
a subset of speakers, the cyclic nodes analysis cannot account for
its existence. Buf this leads to two somewhat unsatisfactory conclu-
sions: eith;r’the cyclic nodes analysis needs to be supplemented

by yet another ad hoc specification of certain NP's which are not
qyé]ic nodes, Put which allow coreference in analogous structures,

ae :

or the entire notion of cyclicity is not relevant to anaphora, and
néeds to be abandoéed in favour of a éet of exception rules to
supplement precede-and-command. A third a]ternative; that command

. )
is simply the wrong{rélation, seems to be supported by the fact that

DY
the structure of (40) and of (57) share identical dominance relations
despite the lack of cyclic nodes in the latter.:

To carry the discussion one step further, note that the special
NP-over-NP structure of Lasnik's cyclic nodes examples is also found
in conjuncts; perhaps. it is this abstract phrase marker configuration
which affects the interpretation of coreference. For example, the

following pair differ only in the presence or absence of the conjunct,

yet (58) allows coreference, while (59) does not:

e,
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58. | told her and the producers that Meryl would be playing
Sophie.

59. | told her that Meryl would be playing Sophie.
(The argument becomes tenuous when we kake into account the difficulty
of coilecting confident judgments on (58); see Chapter 4). On thev
other hand, conjuncts and genitives differ Qith respect to their
intéraction with the CJausemate Constraint: genitives, as we have
7already seen, are immune‘to that constraint, while conjuncts are not:

6Q. *iQﬂD_SéW.ﬁﬂl in the mirror.

61. John saw hig_wifé in the mirror.

62. *John saw him and Fred in the mirror.
Finél]y, even this argument is weakened somgwhat by the fact that
sentences ;uch as (62) can be found in nonstandard dialects, and, |
believe, in the language of children. This suggests that thére may
indeed be a link between conjuncts and genitivgsi with respect to
anaphora. The question pf/whethef (40) and (57) allow coreference
f&r the same reasons is ﬁhus unclear, but if that is indeed the case,

the Kommand analysis cannot capture the generalization.
\‘ 3

¥

2.10 Reinhart and c-command

"4 Reinhart (1976, 1981), while rejecting the pfecede—and—command
jan;¥ysis, nevertheless méintains thaf anaphora restrictions can Be
accou;fed for by a single surface ipterpretive principle. In
addition to haﬁdling the blocked forwérd and free backward excep-
tions to brecede—and—command,.he; constraint is also intended to
account for certain asfmmetries between coreference options for

subjects and non-subjects, as ih (63) and (64):

v "‘,
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63. * In front of Dan, he saw a snake.

6L . | In front of Dan, | saw his. snake.

This asymmetry poses a problem for any analysis incorporating command
or Kommand, since everything c(k)ommanded by a subject is also
c(k)ommanded by the object. However, simply restricting the appli-
cation of some version of the Langacker analysis would be‘insu%ficient,
since non-subjects can also be excluded from coreference, at least |
according to Reinhart's judgment on (65):

65. *I'm willing to give him two grand for Ben's car.

One Qery serious proBlem to be approached in these chapters
ithhat of diéagreement among linguists-as weli as among naive speakers
as to which sentences in fact disallow coreference. Notice that

‘Reinhart's analysis is largely justified by judgment?gsuch as (65);

1 will soon demonstrate that this and many cher,of her judgmen?s are
suspect, at least in terms of speaker's ability to judge the grammati-
cality of coreference in the crucial examples.

Reinhart's proposal is that :

66. A given NP cannot be 'interpreted as coreferential with
a distinct nonpronoun in its c-command domain. (p. 617)

where c-command is defined as follows:

'67. Node A c(onstituent)-commands node B iff the branching
node &, most immediately dominating A either dominates B
or is immediately dominated by a node¢{. which dominates
B, and, is of the same category type asa&]. (p.612)

C-command is simply the converse of Klima's (1964) iﬂ_constkuction with
relation, which Culicover (1976) used to aécount for free backward
pronominalization (backward pronominalization is permissible“if the

NP is not in construction with the pronoun). Reinhart's insight is
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that c-commard is equally applicable to forwgrd,pronominalization, as

in (68) and (69):

T . ‘ !
~—68. * Near Dan, he saw a snake. "69. Near him, Dan saw a snake.
i

?P NP ~ VP PP NP VP
near Dan hL sal... ég;;;:ﬁTh DLn' Jaw...
fn-(68), Dan does not c-command he, but hé_c-commands Dan; in (69) the
opposite is true. In (68), Dan i¥ in the domain of he (where domain
of a node refers to‘all the nodes that it c-~commands); coreference

is blocked. In (69), however, hg_fs in the domain of Dan, but is
not'a pronoun; coreference is allowed. Notice in.particular! that

the c—command formulation makes no reference to pre;edence.

As further examples, consider again the tree structureé of (35)

and (36) (page 21). In (35), né c-command relation exists between .
the pronoun and its antecedent, and restriction (66) does not block
coreference; In (36), Dg_c-éommands Peter, and coreference is blocked
by (66).
| Since c-command can be showﬁ to>sz5ume the command relation, the
only points of divergence between Reinhart's analysis and those of
Langacker or Lasnik involve sentences in which (a) A c-commandé B

and B precedes A (since forward coreference is blocked, an ihpossibil—
ity underAthe other analyses), and (b) A precedeswand commands B, but
does not c-command it (such that only c-cé&mand correctly allows
coreference). The former has a]ready been-illustrated in (68), where

A =.he and B = Dan (such sentences with preposed PP's are discusged
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in detail below); the latter involves sentences such as (70), which
Langacker judged to be ungrammatical:

70. We fired him, since Mclntbsh's weird habits had finally
reached an intolerable stage. ' :

Notice that (70) has the same structure as (57), which althéugh
superficially similar to the‘genitive sentences discussed by Lasnik,
could not be accounted for by Hi; theory; this formed the basis for
the argument that Cyclic nodes,have no bearing.on the issue.
The fact that (70) and r¢lated structures are a1l predictedbto al low
coreference is encouraging for c-command, deépite the matter
of Langacker's disag?eement with the judgment. One potentially
serious objection to the constraint is the sheer number of'qﬁestionaﬁle
judgments to be found in Reinhart's work. Regders who have only a

N . :
passing familiarity with Cfconménd are invited to decide which of:
the following of Reinhart's sentences (some of them adaptgd) are
free, and which are blocked: | |

71. For lrene's husband, she would give her 1ife.

72. Fond of Donna's car though she is, | like it even more.
73. In Ben's film of Rosa, she found a scratch.

74 . For her new glasses, how much did she pay?.

. 75. In John's apartment, bg_smokesrpot. ;
76. In Carter's home town he spénds his most pleésant hours.

77. Michael's problems, he won't talk about.

78. When Lorraine finishes school, she promised Jim to go to Paris.
Some readers will be surpfiéed to learn that all of these are starrgd
by Reinhart. In a brief survey of naive speakers, | found such

massive disagreement, not only with Reinhart but among subjects, that
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J
either the theory or gWe tradition of collecting speakers' judgments
must be thrown into question. This matter is discussed in deeper
detail in Chapter. |V.

-

2.11° Chdnsky's binding ‘conditions

Chomsky (1980, 1981) has adop'ted the c-command restriction in
formulating his three Binding Conditions, which can be pafaphrased
as‘féllows:

(i) A reflexive or recriprocal must be coreferential with any °
NP c-commanding it within the minimal S or NP that contains
aV, A, N, P, or TENSE node which c-commands the reflexive
or reciprocal. -

. \
(ii) A personal pronoun may not be coreferential with any NP
meeting the conditions outlined in (i). )

(iii) Lexical NP's may not be coreferential with any other
c~commanding NP.

- Conditions (ii) and (iii) are most relevant for our purposes. [onsi-er

¥

the effect of these conditions in the following familiar examples:

- /d. *John hates him. ' S .
S .
//’/d\\ - where John c-commands him
1? VP within S which contains TENSE,

v//’/r\\\\ ‘ which c-commands him.
. John TENSE *HP ‘ » .
hates hlm ,

80. *Near Dan, he saw a snake.

S Lot where he c-commands Dan within
ﬁ.—,,—”’7‘§=::§\\\\ ' S, which contains P, which
PP - NP TENSE VP c-commands Dan.
near qu_.hg " 8aW...



81. *He said that John was sick.

- 82. John said that he was sick.

31

where no ‘NP c-commands he
within S; John may not be
coreferential with he, which
c~commands it. T

no NP c-commands John; con-
dition (iii) does not apply.
The minimal S containing
TENSE, wich c-commands he, is
S; no NP c-commands he ~
within S. o

\

83. The man Dg_saw downtown gave Harry a gift.

S
tge man . 52

NP TENSE VP |
gave

he . saw...

v TENSE NP

>

no constraints apply:
neither Harry nor he c-
commands the .other by the .
conditions in (i).

Thus the binding conditions cover the same fange of data a5 Reinhart's

original analysis. Oresignificant difference js that condition (ii)

accounts for the Clausemate Constraint as well as other cases of

blocked anaphora; in Reinhart's model, the Clausemate Constraint was

not accounted for. On the other hand, both conditions {ii) and (iii) are
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necessary to account %or the full ranée oF blocked and free cases -
there is no siﬁg]e interpretive principle. '

In subsequent discussion, it is therefore assumed thét diffi-
ﬁulties in interpreting the c-command constraint in pérforménce terms

apply equally to the interpretation of bindfng conditions.

v

2.12 C-command, adverbial scope, and process interpretations

One of the most ﬁotofious problems with c-command involVes its
handling of pfeposed édverbials. In this section | shall attempt to
! | .
) shed some light on'tﬁis issue by considering how c-command might be
“implemeﬁted as a coreference decfsion routine in a méchiﬁe natural
Ianguagé parser. The purpose of‘this ekercise is not td'bﬁild a straw-
man argument against c-command by demohstrating its failure to model
» human comprehension proéesses. On the coﬁtrary, in addition_to
helping clarify certain dﬁestions of sYntéx versus semantics, the
machine implementation proglem will provide a useful example of the
very different goals of product and &rocess podels.
| Re{nhart notes sentence pairs p;rpofted.to differ in poreference

options because of differences in the VP which give rise to differences

in adverbial scope. Consider these examples:

84. In Ben's office he is an absolute dictator.
85. xin Ben's office he placed his new brass bed.

Al though Wasow (1972) and Bickerton (1975) have suggested that the
differences are attributable to performance constraints or presuppo-
sition respectively, Reinhart claims that the differences are due to

purely structural factors: the PP of (84) is attached at S, while



that of (85) is attached at VP. In surface structure, this is
. represented by héving the VP-scope -adverbial fill the COMP position,
while the sentence scope adverbial is attached to a higher S node:

84. In Ben's office he is .a real dictator.

SII .
/P | \su\
p NP COMP ’ S .
| | / °
Ben's ‘ :
P
he
| | \ |
' 85. % |n Ben's office he placed his new brass bed.

N

COMP
PP CONP,
PNy e
Ben's

Since c-command may involve only one higher node of the same category,

c-command prevents coreference only in (85).

If'a-language processor is to apply c-command, it must have as

input surface phrase markers such as (84) and (85), or construct them
-

from the incoming speech signal. Notice that in order to be éble to -

determine which type of analysis is appropriate, the processor must
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have access»atvleast to the verb: for Eé' S-attachment is correct,
while for place, VP-attachment is correct. This.then determines
the placément of COMP, which is the decisive factor in allowing or

blocking coreference, according to Reinhart.

However, this seems an inefficient routine for a parser. A

;-

simpler solution would be to determine coreference options di}ectly,
by referring to the following interpretive rule:

86. A pronoun may not be coreferential with an NP in a preceding
PP of sentence scope. o ‘

This obviates the need to work out the c-command domains. Why, then,
: S ¢ ) :

does Reinhart choose the more complicated route?

The answer lies in Reinhart's contention that the COMP éhalysis

4

is purely structural, and her desire to provide a unified model of

o
I

coreference. In order to do so, she must demonstrate that the scope
information is not in fact a semantic distinction by providing

sxntattic evidence ‘that the two PP types are different. The evidence

involves the following examples of Though Movement (87) and Pseudo-

cleft Formation (88):

87. An absolute dictator though:Ben is in his office...
*Place his new brass bed though Ben did in his office...

88. What Ben is in his office is an absolute dictator.
~ “What Ben did in his office is place his new brass bed.

These pairs show that each rule must operate onian entire VP; when the
PP is extracted from the VP, ungrammatical sentences result. These can
be remedied by maintaining the original VP structure: '

89. Place his new brass bed in his office though Ben did, he...

90. What Ben did is place his new brass bed in his office.

T

T

This is a standard form of syntactic argumentation, but | do not

| ~ _—
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BRing; it is simply an attempt to save the analysis from

?geparate syntactic and seméntic ﬁomponehts. In fact,
jfargue that the restrictions on Thdugh Movemeﬁt and
K\é;ion are merely syntactic reflexes of the semant ic
;Efioa. in goth cases, the claim can be understooa in'two ¥
E:;?erenf ways; .First, in Reinﬁart's view, it is COMP position

Fmines the scobe interpretation, in accordance with the notion

Fbuctures are first generatedAby the grammar, then assigned seman-

tic i irpretatiqns. .Secondly, from the pafser’s standpoint, CQMP‘
‘ . o <
positf{ ﬁjs merely ; redundant coding of scope, which can be inter-
~pre.3te<:iiT ctly from (86). Reinhart is free to choose the more compu-
.ﬁgtionalif costly route in order to have c-command fnterpret coreference 9y
in all casg A parser, on the other hand, can omit the c-command
analysis;f .

) . ’

'2.13 Resolution biases and p}ocessing stratégies

It often comes as a surprise to the non-linguist thatfsyntactic

rules governing anaphora do not state which NP goes with which pro-

ERER I

noun. That iS, the syntactic constraints are not deterministic

BKEN

resolution principles: while some variant of command theory may
specify which NP's may not be cq;éferential with a given pronoun, one
cannot determine the antecedent actually intended by the speaker on
the basis of syntax alone.
‘ , e
Given the interest in syntactic processing strategies sparked by

z, . "
Bever (1970) and Kimball (1973), it is therefore somewhat surprising

that the issue of preferred antecedence has not been seriously con-



sidered in the linguistic or psycholinguistic literature. That such

biases do exist can be surmised from the fact that sentences such.

s (91) and (92) are not normally perceived as ambiguous: | N

‘91:

292,

In the town where Doug decuded to I|ve with Rory, he is

reqU|red to pay a spectal gun tax.

~ When John gave the‘money to Jeff, he glanced at George..

in spite of the fact that in each case the alternative NP may function

as the antecedent:

g

93: In the town where Julie decided to Ilve with Rory, he is
" required to pay a. spedlal gun tax. :

94. When Sue gave the money to Jeff, he glanced at George. ‘
The, syntactic, drscourse,'ano pregmatic basis“of such biases has not, éi
to my knowledge, been carried further‘than Jackendoff'S»(1972) mention |
of the eubject resolution bias'for.reflexhves such as:

. “ .

95. The waitress showed Sheila a picture of herself.
(see paée 12 above)._ iﬁ thie section | shall sketch ‘the k}nds.-
of variablesrthat seem relevan; to such research.

First, the relation of an Nhrto thelverb‘eppears to affect accees‘ “

- to an ambigUous pronoun: subjects, as Jackendoff noted, are more

v {‘

available than non-subjects, even when the pronoun is in a higher

«

sentence, as in (93) and (94). However, thJS is not always the case:

96.
97.
98.
99;

100.

101.

¢

Fred gave a book by John's father to his friend.
Ellen was seen by Mary near her house.

Ellen saw Mary near her house.
L

"Rosa won 'tz }hke Mary anymore, wrth her mother |nterfer|ng
all the time. :

-

Bill broke Dan's new glasses in his apartment.

Bob showed. Bill the microphone that was hidden in his office;
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ln‘these.cases' a genitive pronoun in a PP is eqaally likely to be
coreferentlal wuth the preceding subJect and with obJects genxtlve
NP's modlfy|ng obJects,rand obJect agents. It seems too that any
s]lght blas is attrlbutable to pragmatic, rather than syntactic, varn-
ables “Resolution to Bob seems better for (101) if one considers
it more llkely that a person would revealVa bug in his onnvoffiee»to
someone else but resolution te §ill_seems better if one thinks it more
llkely that a person would reveal a bugglng to its vxctlm

In still other cases,‘the blas involves the extent to WhICh a
» sentence is more naturally |nterpreted wnth |nternal reso]utlon The
fol]ownng two cases suggest that external resolutlon is sometimes
- preferable:

102. We'll just ‘have "to flre him, whether Smlth knows about Jones
or'not. : : ’

103."We parked her car near Mary's house.
, Conversely, sentences’for which lnternal resolut:on is quite nonnal

IOA. John sand that he was sick. | | |
are easily gtven externalrresolution by previding»a topic NP

105. ;George_arrived teday. John said: that he was s?ck.

Judgments for a ]arge%warietyiof casess@f free anaphora would
prqvide an initial view of the:strategies eheahgrszuse in-interpretingi
the;e potential ambiguities;'ana1ysfs of spontanecu22§neech samples

7

would in all likelihood prove even more fruitful. . —~—=7"

®,

214 Anaphora and discourse structure

2.14.1 Anaphora without syntax

Despite-the'factxthat anaphora ‘is widely reeognized to be_a cen-’

y

/



tral element of discourse cohesion (e.g., Halliday and Hasan, 1976),

relatively little has been written about the effects of discourse struc-
& : .
ture on either anaphora resolution or constraints on intersentential

* ’ ' ‘
coreference. There is, however, a school of thought which proposes

to account for constraints on anaphora, as well as the relaxing of
certain constraints, partly or.entirely in terms of discourse struc-

ture.

Among the most radical proponents of this view are Keenan (1976)
and Bolinger (1977,1979), whose general attitude is that there.are no
independent syntactic effects. Bolinger.cites approvingly Keenan's

comment that. there are ''no structurally statable restrictions', and

r

Bily's (1977) claim thap attempts at improving precede-and-command
theory ''are oftep mere ad hoc patchworks on the basic syntactic rule
which does not work' (cited in Bolinger, 1975);

On closer examination, however, éolinger's work is seen to have

little relevance to the general issue of constraints on coreference;

-

rather, it is directed toward the very different questioh‘of when
in discourse speakers choose to use a pronoun over a lexical NP. Only

occasionally does this affect the grammaticality of a given coreference -

reading. .

Consider the case (first noted by Kuroda, 1968) of disadowed

backward pronominalizatjon for indefinite NP's as opposed to per-

=3

missible coreference with definite NP's:

. 106. When he entered the room Mary saw (*a salesman) (John) smile.

In addition to pointing out that this is not statable as a syntactic
éonstraint, Bolinger notes a context in which the condition is relaxed:

IO7(a)IAguess I'm enough of a pushover to take any woman who



was reasonably willing. =-- If she asked you, would you

marry a widow with five children?
However, | believe that it is the conditional, and not the context,
that relaxes the constraint:

107(b) *When/If she came to my door | told/would tell a
prostitute to leave.

Note that substituting beggar for prostitute reveals further pragmatic
effects; Furthermore, the contrasf putatively exhibited in (106) was
not found in the judgment data of7Chapter'3 below. \

Stronger claims about tge role of discourse are advanced by
Delisle (1973) (and later adopted by Kuno, 1975), who claims that
free backwardkpronominalizatioﬁ, which later motivated the develop-
ment of c—comméhd theory, does nof involve a rulé of sent;nce grammar.
His position is essentia{ly that in sentences suéh as

108. The wbman.whg/{s to marry him will visit‘gélgh_tomorrow.
the pronoun refers not to the fol]owi%g Ralph, but to an antecedent

. N ~

in prior discourse. If this is true, it is unnecessary to account
for backward anaphora at all. Instead, sentences such as (108) would
be instances of forward discourse. anaphora, and the full NP Ralph
must be viewed as nothing more than a resurrection of the alréady—
resolved antecedent.

For such sentences, Delisle claims that an antecedent must be
IESSFéb]ished in prior d}scoursei There are several argq@Fnts against
gk{s view. First, Cardeﬁ (1978) cites_many tounter-ﬁxamples:

'EJO9. While hg_hadn't read the article, Associate Dean...Martin
Gifford said... ‘

Fully‘SWz of the instances of backward pronominalization in texts

surveyed By¢Carden involyed réfeﬁgnce which could not be predicted

hl -
%
l
'
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from prior context. Secondly, neutral contexts can be found in which
cintra-sentential resolution is obviously free and backward:

110.(a) Did you hear the news? (b) Did you hear Fred?
(c) The woman who is going to marry him will Vvisit Ralph
tomorrow. ) ’

And finally, the argument that discourse-forward anaphora excludes
the possibility of backward is not only non-demonétrative, since both

_torward and backward anaphora might be involved, but also somewhat
) . ‘

ludicrous when one then considers what coreference relation obtains

!

between the pronoun and the later full NP: surely coreference is not

" blocked (as shown by 110a-c), but if it is not free, then Lﬁihust be

obligatory-forward, -like reflexives. This cannot account for the

ambiguity of 110b-¢.

2.14.2 Kuno's discourse constraints
: \

Kuno (1972 a,b; 1975) attempts to demonstrate that pronominal ana-

phora and reflexivization are "controlled primafily by nonsyntactic
faétors“u(1975, p..276).' Here we shalf restrict discussion to his
comments on simple\pronouné.

Unlike the majority of his contemporaries, Kuno's‘approach‘is
transformational }ather than LQ;grpret;Qe; he a;sumes that p?bnomi—
nalization is a rule "which abplies after all movement transformations
apply" (p.léSO), but views it as a replacement rule. Rather than
specifyingbthe conditions under which a pronoun and a lexical item
may be coreferential, Kuno prefers to view the matter in terms of
the discourse conditions under Whigh a particular NP may be replaced

by a pronoun. In this respect, his goals are similar to those of

Bolinger. P
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Kuno's principles are divided between Discourse and Sentential
factors. The most general of the discourse,rule; is the requirement
that all NP's with referents which are 'clear from the preceding dis-

course " (p. 280) are to be pronominalized.

4

Although Delisle (1973) made a similar assumption, it is not a .
necessary one. For example, reidentification is aijéﬁﬁent device,

>

both in discourse and in single sentences:

f a}

111, Why would you give Oksana a pajr 6f Piﬂk Pierre Cardin
socks? ’
Because Oksana likes pink socks! .

112. Whatgve(.EQlE wants,‘&gli gets .

In general, then, this constraint cannot ;xplaﬁn coreference between
lexfcal NP's.

Kuno's second principle is that if an NP has a discourse ante-
cedent, all but one occurrence of the NP should be pronominalized,
subject to a variety of conditions, including the precede-and-
command constraint and the predictability requirement. Al though this
is at odds with Cardenfs demonstration tha£ unpredictable backward

pronominalization is also possible, Kuno's consfraint'might be

viewed as useful for just those cases in which a sentence with free

\
\
3
\
i

backward anaphora has no antecedent in prior discourse. The constraint
prohibits pronominalization of the leftmost NP if its antecedent is
not predictable:
113. Who did you calm when you saw him gettiﬁg mad?
#1 calmed him before Henry did something rash.
I calmed Henry before he did something rash. :
- " (p. 283)

This implies that discourses with explicit mention of the antecedent

are better; however, they seem to suffer froma lack of motivation
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for reidentifying the second NP:

114, What did you do when you saw Hehry getting mad?
7l calmed him before Henry did something rash.
I calmed him before he did something rash.

Moreover, the generality of the constraint is uncertain. | strongly
disagree with Kuno's judgments in cases such as:
115.. What should | do next? . : P
- *Go to your house, and if you can Tift it, bring back the

Eig rock...

116. What should | do next?
*If you can find him, ask John.

Not only are these acceptable pronominalizations, but they sometimes
break Kuroda's indefiniteness constraint, despite Kuno's claim that.
accounting for indefiniteness effects is one of the \advantages of his

own approach:

117. Before | could stop it, a huge boulder rolled over the edge
- and crushed my new bike.
Furthermore, some of Kuno's own éxamplesvserve to demonstrate that‘
for certain apparent violations of his constraint, sentence-internal \
coreference is indeed quite possible:.
‘1$§. What do people eat in their lifetime?

By the time he reaches the age of 70, the average American
consumes... g

' Perhaps Kuno's objection to this discerse stems from the fact that

it usés a pronoun to shift the éopic from people to the average ‘
American. ;In other words, there appears to.exist é weak discourse
constraint against using backward anaphora to introduce a new topic,
singe the topic pronoun will nofmalfy be taken to refer totthe curkent:
topic. This is evident in (119), in which a topic shift, even if

intended by the speaker, cannot be inferred by the listener:
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119. Fred sold me a car last week. When he comes over this
afternoon, tell John to give me a call.

Such a constfaint"js well motivated, but‘has little fo do Qith Kuno's
point; in his example, forward pronominalization is neither better nor
worse:

120. What do people eat in their lifetime?

By the time the average American reaches the age of 70, he
consumes .

~
Yet the fact that topia ghift lies at the heart of the problem simply

serves to demonstrate that people and the average American are not

clearly related in order to see the anaphorlc re]atlon one must

suppress the topic shift ardinfer that people and the aVerage American

are intended to be coreferential. To clarify this relation, one has
only to substitute Americans for people in the original example:
121. What do Americans eat in a lifetime?

By the time he reaches the age of 70, the average American
consumes.

Thus it would seem that Kuno's second>principle is quité‘uséﬁess.
Another of Kuno'§ discourse éonstraints is the Constraint on
Predictable Theme Pronominalization, which states that Pronqminali-
zation cannot apply when the to-be-pronominalized NP is both the theme
of its sentence and predictable from prior context:
122. #If gghg_can,‘hg. will go to see a movie.
123. If he can, John will go to see a movie.
In (]23);§for example, the subject of the matrix clause s fhematic
and predictable in that the pribr‘queétion refers to John. Howéver,
Kuno's constraint seems to apply to the wrong NP: what is required
is not a prohibition against a thematic pronoun, but one against a non-

thematig full NP:



124. What will John do”this Sunday?
If he can, he will go to see a movie.

In (124), the discourse breaks the predictable theme principle, but is
much better than (122). 'While increasing the distance between the
initial NP and the later pronoun improves (122):

125, If he can, that is, if Marsha doesn't make him paint the

garage, John will see a movie.
nd manipulation will make the full nominal natural in the subordinate
clause of (122). Y

At any rate, these facts are better accounted for by a separate
condition, also proposed by Kuno, which disallows pronominaleatioh
in the "known' portion of a backward pronominalization sentence:

| .
126. Did you see John when he came to Boston?

(a) *Yes, | saw him when John came to Boston.
(b) Yes, | saw John when he came to Boston.

(c) Yes, | saw him when he came to Boston.
Notice, h&wever, that it i; more natural to use two pronéuns, as in
(126¢) .

It beaermentioﬁing fhat (126a) is bne of the disputed strQCtures
starrea by Langacker but accepted'By Reinhart (See page 22 above);
Given‘;he inappropriateness of this structure in a context where John
is already “known”,vand the géne;aw principié that backward pronomin-
alization will be interpreted as exophoric in dascourse, it is not
surpr15|ng that such sentences will often be judged ungrammatlcal
The psycholinguistic processes’ underlying such judgments are discussed
in Chapte;s tit and lvibelow. |

To summarize, Kuno's arguments concerning the-discourse basis of

certgin anaphoric processes are unconvincing, often based on questionable

;o |



b5

judéments, and, although raising interesting questions about the role
of discourse principles in anaphora, do not succeed in showing that

v

anaphora is '"controlled primarily by nonsyntactic factors" (p. 276).

2.15 Discourse cohesion effects: Relevance and topic shifts

In this section | consider the effect of discourse cohesion on:
anaphora interpretation. Censider these discourses:

127. "Ann got home late last night.
Ethel says she was in an accident.
128. The doctor just arrived. ,
Gary is afraid he is having one of his attacks.

i

How .can one ekp}ain the fact that anaphora is ‘resolved to the topic

A}

of (127), but sentence-internally in (128)7

The answer seems to be that interpreting she as Ethel in (127)

would result kn an incoherent discourse, in whrch the speaker first
mentions‘Ann's arrival time, tnen‘irrelevantly adds that Ethel had
an accident. In (128), cenversely, one infers that it is Gary who
is having an‘attéck, thus explaining the presence of the doctor. The
alternative reSplution, in which a doctor arrives and has an attack,
is dismissed as unlikely.

Notice, nonever,that while re;olution appears to be determined'

by a topic resolution strategy in (127), the more natural resolution

in (128) involves a tepic‘ shift. Clearly, then, discourse topicali-

zation is not the only extra-sentential factor governing resolution.

These examples demonstrate that anaphora itself is a vital compo-

-

nent of topic maintenance and topic shift. Consider the fol]ownng
dlscourses, in which an error ln |nterpret|ng the speaker's intended

resolution also results in an error in. topic interpretation:
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129. Ann got home late last night. Ethel Says she was in an
accident, so that wheh she opened the door, she dldn t
notice that it was Ann standing there.
130. The doctor justiarrived. Gary is afraid he is having one
of his attacks, and that's why he forgot to call before
coming over, .
Even when one attempts to construct an incoherent discourse with
potential inter-seritential anaphora, the reader attempts to find
a means of determining either a reason for the topic shift, or an

interpretation under which the topic is maintained:

131. Ahn loves chocolate cake.
Ethel says she was in an accident.

It is difficult to read this discourse without speculating
that Ann's lave'of chocolate cake somehowxfesulted frdm»an accident,,
or that her love of chocolate cake led to the accident, or that
Anp's love of chocolate cake resulted in Ethel's‘accident.\ The least
Tikely interpretatfon is that the Spéaker‘has spontaneously uttered -
two completelf unrelated sentences. W

The mechanism underlying these observations is Grice'§ (1975)
conversationai‘maxim, Be relevant''. The search for rel?vance is an
“essential grouhd rule in co-ope;ative conversagfbn, and is crucial.tom
the descrlptlén of how shared knowledge affects the structure of .
Inngu1stp; interactions (Smlth 1982;'Sperber and Wilson, 1982).
In (128)~and (130), the llstener also makes use of world knowledge
about doctors and house calls in order to establish coreference and
topié structure. Thevhodelling of such scripts is an important goal

of both cognitive psychology and artificial intelligence (e.g. Schank

and Abelson, 1977).
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In summary, then, topic maintenance and topic shift are not simply
factors which help to resolve anaphora; rather, they are often determined

by how anaphora is resolved in a given context.

2.16 Scene shifts

Chafe (1976) has hypoihesized that items leave a listener's
consciousness when the conversational focus shifts from one scene
to another, and that a co-operative speaker no longer refers to such

items anaphorically (or with reduced stress associated with givenness)

after a scene shift is realized. Webber (1979) provides this example:

132. Fred left his niece at home and headed for the zoo with
o Mary and John...When they got to the zoo,...the girl...

(p. 1-7) . .

4

Here, the féct that fhe niece does Hot participate in the zoo scene
means, in Chafe's termS, that ﬁgixhis the only_feminine,NP currently
in the listener'§ consciousness, such tHat definite reference-may be
used'ﬁnambiguously (the girl); in fact, it even allows the readé; td
infer that ﬁéll;is relatively young.

However, it is unlikejy that this phenomenon has aﬁything to do
w[th the psychological notion of consciousness, which is normally taken
to mean,‘roughly, that a concept is currently actj?e }n short t;nn'
(working) memory. Chafe circular]y‘defines consciousness as the
domain of éntitiéé which’aan be referred to in thissway, buf it can
readily be demonstrated ihat scene shifts do not necessarily eliminate

) ‘ .
NP's from the former scene as antecedents for a pronoun mentioned

after a scene shift has taken place:




133. ... and that's why Bob had decided to stay behind in New

York. Meanwhile,.off in Cairo, Greg was writing to him
every day.,

If ggg_were/indegg;no longer rétrievable, the full NP would bé necessary
in.the_seconq sentence. Moreover, it is possible for the scene shift
itsel f to inviteithe inference thaf‘thé antecedent ﬁUst be in a P?ior
scené: } | |

134, ...and that's why Bob had decfdéd to stay behinﬁ whjle,Fréa

and Greg taught Arabic at the American school in Cairo. So
a month later in Cairo, Fred was writing to him every :day.

3 : :
In this case the pragmatics of the scene shift is unfélated_to which
scene is currently forégréunded, and the effect has nothing to do with
consciousness, except ih’the circular sense édopted_by Chafe:

. The notion of scene shift as a discourse factor contributing to
anaphora resolution‘ is perhaps best viewed as on}y.oqe of a very
Iafge number of inferehcp types that can affect the process. Chafe's
atfempt to explain it in terms of memory processes, however, js . °

~

unsuccessful.

2.17 Diﬂ%ourse referents and discourse model synthesis

Karttunen (1969, 1976) examined the conditions under which an in-

definite NP establishes a ''discourse referent', that is, an antecedent
4 . . .

whose existence may be.inferred from the very fact that an anaphoric
 expression is uéed. He pointéa out that thfs notion expléins why an
NP cannot always be referred to anaphorically:»ﬂ
135. Bill doesn't have acar. *lt is black.
Such constraints on prondminalization are remfniscent of Postal‘s (1969)

"apaphoric islands'':

136. Max is an orphan, but MY parents are ‘il ive.
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137. *Max is an orphan, but MINE are alive.

where the implied NP the parents gf_Hax can be contrasted with my.

parents, but not with the elliptical mine. Hankamer and Sag (1976) ¢
show that similar restrictions apbly when referents are situationally
rather than linguistically available:

138.  (Hankamer attempts to stuff a 9-inch ball through a
- 6-inch hoop) ‘ :
Sag: flt's not clear that you'll be able to.

) It's not clear that you'll be able to do it.

1 | (p. 392)

Webber (1979) approacﬁes this issue in terms of whét the discourse
'makes available' (p. 1-15) és antecedents for pronouns: antecedents
are very often not explicit NP's, but entitfes inferred from the

i‘ongoihg construction of a discourse model. The fo]lowiﬁg are only
a few of"the examples éhe provides:

139. Blend a cﬁp of flour with some butter. Moisten it with
some milk (it = the flour-butter mixture), then knead it
(it = the fiour, butter and milk mixture) into a ball.

140. A Rhodesian ridgeback bit me yéstérday. They are really
vicious. (they = the class of Rhodesian ridgebacks.)
. - . A ) . . ( Tl,‘y
Th1. John dunked Mary's braids in the inkwell. It made her cry.
: (i£_= the specific event of John dunking Mary's brdids in
. the inkwell). '

142, John dunked Mary's braids in the inkwell. It always makes
her cry. (LL = any occasion on which John dunks Mary's
braids in the inkwell).

Notice in particular that the pronoun does not necessarily even agree
morphologicaily‘with any overt 'NP (e.g., 140), and that fhe antecedent

)

need not even be an NP (e.g., 141, 142). .

I

Finally, Karttunen demonstrates that'an antecedent may exist/not

er's real world, but in a épssible world created via

‘ional structure of certain verbs:

/ “
A %
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143. John regrets that he doesn't have a nicer car. He would
keep .it in a heated garage. / *He keeps it in a heated
garage. ' ' '

The notion of discourse model synthesis_(Webber, 1981) as an
explanation for the generation of non-overt antecedents .is an important

technical advancé for both psycholinguistic and machine comprehensién

i

ﬁodels.

“

2.18 'Sumhary of forma14tréatménts of anaphora.

In the foregogng;review of formal analyses of pronominal‘anaphora,

| have emphasized the diverse nature of the phenomenon. Despite

attempts to éxpléin anaphora entirely in/Egrms of resdlutioh beSes,
discohrsé structure, pragmatic faétbrs; and other hiéher-le?el effects,
it seems fair to say that‘thé original question,'thé principle or
‘principleg govern}ng.the diétihctioﬁ between free and blockégtyﬁéphora
at the sentence level; remains unanswered. . None of thg sentence-leQel
theories is cémbletely.satisfactory, aﬁd élthbugh there is general |
agreement that the diétinction is felated to depth“of embedding, it

is far from clear that all such distinctions can be subsumed under

a single interpretive rule, or even that such a rule must make

*

reference to syntactic structure alone.

*

In Chapter 11 we shall consider some of the processing factors
which affect coreferente judgments. As pointed out in 2.10, coreference

judgments are -far from clear, and this is probably the most impoftant ,

stumbling block to be overcome in answering the fundamental questions

N\
- about the syntax and semantics of anaphora.



CHAPTER THREE

. COREFERENCE JUDGMENTS, COMPREHENSION STRATEGIES,
AND BLOCKED ANAPHORA |

3.1 Introduction

In Chapter Il we examined varf0us_$ccounts of the syntactic basis
for nati?é speakers' judgments of the acceptabi1i€y of:coreférence,
1and_th¢ problem of inéonsistent responses to’the jﬁdgment fask, both
among linguists and amohg naive speakers, was mentioned in passfﬁg.

In this chapter we shall consider some of £he complications which
arise when one attempts.to account in detail for these unexpected
deviations from the predictions of formal models. .

These deviationé can be attributed t§ severa1 factbrs,iﬁof»ﬁhe

least of which is thé fact that in the énaﬁhora-literaturé, as in

many other areasfof linguistic inve;tidation, Iinguists' judgments .

with respect to the cruciaL sentences are not representative of the

intuitions of naiverspeakers. In addition, we shall see that the tésk ‘
of judging co}eferenée bossibilitfes is not a direct window on speakers'

intuitions; rather, judgmentwpresupposés cbmprehension, and iﬁ‘the
casevof the unusual sentences which are used to test‘fhe_formal théories,
a'wiae variety of processing sfratebies may Se uged - strafegies whféh

b

5f
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do not necessarily reflect the speaker's internalized grammar.

Evidence for the existence of such strategies wili be preSented.in this
chapter; while Chapfer IV reports a judgment experimenf which

confirms the hypothesis that corefefen;e judgments are heavily influ-

enced by analogy and contextualization effects. Ultimately, it will be

argued that judgment data, bofh'from linguists and from non-linguists,
cannot be accepted as a reliable iindication of the mental rgbrcscn- )
tation of grammatical‘knowledge in this domain, and that only pro-
ducFion daté (such as text counfs aﬁd\analysis of recorded speech
“samples) can give proper insight into the nature of
coreference constraints. |

The.structure of this chapter is as follows. In 3.2 we shall
consider some of the var{ébfes which can affect a listener's decision
as to whether or‘not coreference is possible in a particular sentence.
In the course of this initial déscussioh, I report the resu]t; of a
survey of a small number of nPtiV€\speakers which suggests that a
surprising nu&ber of blocked céseé are normally understood as allowing
coreference. Careful anaJ;sisxFéQeals plausible processing explan-
ations for this result. In 3.3 we focus on methodbfogical problems
_inherent in the gatherigg of coreference judgment data, with parti-
cular reference to a paper‘by Carden and Dieterich (1980). This raises
the question of how ”cdntextualization”, both explicit and impT;cit,
can influence judgments, and‘leads to the adoption o% the experimental
technique used in the.study reported in Chapter IV. The last section,
3.5, atteﬁpts to place the results of this study into per§pective with

respect to the use of judgment and comprehension data in linguistic

investigations.
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3.2 Variables affecting coreference Jjudgments

3.2.1 Assumed stress

Akmajian aﬁa‘JackendoFf(1970) provide sdveral examplés of how
syntactic coreferenée options may be altered by changes in stress:
1hh. After he woke up, John went home. .
145, “After he woke up, mwent home. .
" 146, After Eg_woké up, John went home. *
I do not find these examplés particulérly convincing: apart from the
intended noncoreferential readings, the same stress pattern may also

indicate contradjction under coreference:

147. Did you say that BILL went home after he woke up?
No, | said that after he woke up, JOHN went home.

148. Did you say that Lee went home after SHE woke up?
No, | said that after HE woke up, Lee went home.

Siéce this stress pattern allows both the coreferential and the non-
coreferential readings, it must still be considered a caserf free
anaphora.

Nonetheléss,‘there do exisf cases in which a change in NP stress
brings about a real change in coreference options. 'Cdnsfder (149) :

149. They parked his car near lan's house.
This is normally interpreted as blocked. However,'some speakers are
unwilling to state that»coreference fs impossisle, and | believe Fhat
this is related to the fact that while stressing lgg_resuits in defi-
nite blocking, stress on house makes coreferencé possible:

150. *They parked his car near IAN's house.

151.  They parked his car near lan's HOUSE.

It is important to note that if sentences are presented inwritten

53
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form’(e.g.,.lh9), subjects are free to({nferpref the stress patgern in
whatever way they see fit. This could result in a judgment of absolute
non-coreference, despite the fact that the subject might accept the
same sentence as anaphoric had*he or she thought of the alternative
stress patternf
This seriously undermines the notion that the essential pre- -

dictor of anaphoric relatiom@vis syntactic form, ehd argues for the

‘ R
~more complex view that syntactic and suprasegmental features Ooperate
as independent but interacting parameters in coreference‘assignment.
The example under consideration is particularly enlightening in this\
regard, since even appeal to Tnormal stress' (see Schmerling, 1974,
for a critique of this notion) cannot resolve the issue. The 'ndrmal'
stress for (149) is (150), with stress on the possessive lexical NP,
and no possibility of coreference: The precede-and-command analysis
predicts that coreference should be blocked in both cases), while
c-command predlcts that coreference should be possible for both.
Neither theory can capture the fact that the coreference interpre-
tation depends on the inte}action between this syntactic form and stress.
Since each theory is wrong for one of the strese versions, it is
impossfble to decide whether stress<should be viewed as relaxing the
blocking rule for (151), or as blocking otherwise free eoreferedce‘in

(150). -

/

03.2.2 Length /

Akmajian and Jackendoff also claim that as a sentence is

lengthened, a coreferentlal readlng often becomes easier to obtain:

}
)

/
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152. *In John's apartment, he smokes pot.

153. In John's brand new apartment on Scrae Street, he smokes pot.
They attribute this to the fact that

as the sentence becomes longer, the relative stress levels of

the NP's and pronouns decrease with respect to the clause

containing them. (p. 126)

Lakoff (1968), Reiéhart (1981) and Wasow (1972) note similar effec;sf

‘Whi[e several speakers whom I.Surveyed agreed that (153) is-
somehow more grammatical than (152), none objected to coreference in
the latter; two of the judges cofrected.tgg sentence to ''John smokes
pot in his apartment'', but this stylistic alteration should be viewed
not as rejection of the coreferential reading;.buf only as a judgm§nt
that this means of e*pressfng coreference is marked.

Furthermore, there is no evidence at all to support the notion that
the‘NPfs conicerned ake somehow destressed. Even if careful acoustic
analysis were to find evidence of destressiAQ, it is not clear how
an impefzéptible stréss difference could have the same effect on
semantic interpéetation as the contrastive stress differences in (144) -
(151) .

Reinhart (1981) attributes the gffect not to stress, but to one's
perception of the ''relative importance'' of the PP as the sentence is
Iengthenéd: the longer PP is less a locative verbal complement than
an independent proposition, and the matrix clause becomes a state-
ment about the PP,

Of course, Reinhart's suggestion is EE_DQS: She does not

provide further evidence to support the notion that length and "impor-

* tance’ are correlated, nor does her hypothesis make quantitative
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predictions‘about this correlation: how many words or constituents
~are needed to bring about a change in csreference? For example,
O’Grady.(1382) shows that the addition of only one word can bring abdut
a significant change in interpretétion:

154 . His mother llkes John.

155. Only his mother likes John.
In addition to the ]ack'of'agréement among speakers as to whether
(152) is blocked, none of these explanations accounts fof the improve-
ment in (157) over (156):
| 156. “*John told her that Meryl was lazy.

157. Oné of the members of the Academy' seems to havé told her
that Meryl may be up for an Oscar.

Reinhart's analySIS fails here: there is'no possible scope explana-

“tion. Akmajian and Jakendoff's explanation also falls, since the

same sequence (told her that Meryl) may be E;onounced with identical
stress rate and intonation, yet the dlf(/}ence in the acceptnblllty
of coreference remains. |

't would appear, then, that all we can say with certainty about
lengtﬁ and tgreference is that a longer version of a sentence some-
times allows coréference, while a shorter version does not. This
. is somewhat reminiscent of Ross's (1967) Heavy NP Constraint, in that
it invites a prosessing so]ution‘(e.g: an unspeéified memory chstraint)
which cannot be fully ;xp]ained by appeal to a SP€CiffC PrOCé;SEHQ
theory.

Such evfdence poses a difFTCUltxproblem for both grammatical and
psycholinguistic accounts of anaphora: should either type of model

block coreference for the partlcular domlnance relation involved, and
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relax the constraint under poorly defined length conditions? Or
should a theory al low coreference (thereby vitiating current syntactic
explanations) and block it only when the séntence is "too short''? All
of the above-mentioned theorists have adopted the former solution, but
the fact that at least some speakerg accepf coreference_even with

thé shorter versions suggests that the lattef approach may be a better
one. It is also po}sible tha£ speakers who accept coreference

in the short versions do so on analogy to the longer Versions, and
that although they would a}ways interpret such a structure as blocked
durfng normal processing, the self-conscious, metalinguistic task

of coreference judgment encourages the use of such'analogfcal
processes.

It should be obvious, however, that appeals- to native speaker
intuitions cannot be operationalized in a judgment task. Perhaps tﬁe
only way to avoigwthe circularity of this argument is to abandon the

. "
notion that speakers' judgménts can reveal their grammatical knowledge,
ana ageept only production data as reliable. One could accepf the
origiﬁél formulation of.the length effgct if preposed PP's such as that
of (152) are very rare or non-existent. Lack of pfoduction of such
forms is much better evidence of the operation of a constraint than
4

inconsistent responses from confused subjects to sentence types they

would not use.

3.2.3 Perceived dialect variation

Subjecté performing a judgment: task méy be influenced by their

impression that a particular form is characteristic of a different
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sociél or regional dialect: One of the subjects | surveyed based

her coreference judgment for‘(152) on her impression tha; Yiddish-
influgnced dialects might allow such structures. However, she was
uncertain as to whether coreference would indeed be possible in such
cases, since she was not in fact very familiar with the dialect.
Householder (1973) also mentions the possibility:that grammaticality
judgments can be influenced by the speaker's peréeptions of othér

dialects.
3.2.4  Connectives

Bo]ihger‘(l979) claims that syntactic acéOunts are weakened by
|

the fact that the type of connective used between clauses can alter -

coreference possibilities:

158.  She could pass for my sistef, though Joan isn't related to
me at all.

159. *He had promised to help me, but John refused.

This argument is simply wrong. First, by the simple expedient of

substituting but for though in (158) and (159), we see .that coreference |

is unaffected by.the connectives:

160. She could pass for my sister, but Joan isn't related to me
at all. |

161.  *He had ﬁromised to help me, thouéh ggbg;refused.
Secondly, fhe fact that coreference is blocked in (159) is hardly
an argument that anaﬁhora is bfocked in the sense infended by other o -
linguists. Corefgrence is not possible in thfs particular token, but
the syntactic form does allow coreference in otﬁer cases.‘?gck of
coreference between John and he can §e attributed to pragmatic féctors;
under the coreferential reading, (159) is contradictory, and one thus

assumes that coreference is not intended. Note that coreference can
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readily be obtained if the contradiction is removed:
162. He had promised to help me, but John ‘later refused.
Similarly, coreference can be blocked in (158) for reasons of a semantic
and pragmatic nature: ‘
: prag , \\

163. *| think she could pass for my sister, though my late friend
Joan said that my mother looks too old for that.

These cases are nothing more than specific instances of prag-
matic.biases in resolving free anaphora. In such cases, Bolinger's
use of the asterisk deviates from the practice of other researchers,

who define blocked anaphora solely on the basis of syntactic relations.

3.2.5 Pragmatic content

We have just s%én that a sentence with syntactically free anaphora
may be judgéd categorically nonanaﬁhoric for reasons unrelated to syntax..
This poses another methodological problem for those who claim that
native‘speakers'&judgments are an important‘sounce of data, in that
naive speakers, unable to distinguish between's;ntactic and pragmatic
effects, might ”erroneousﬁy” judge such séntences'as nonanaphoric,
firmly denying the possibility of coreferénce. ﬂﬁggiation in the
“transparency of the syntactically acceptable but pragmatically odd
readings of the following examples suggests%thét interactions between
syntax and pragmatics will be difficult to ‘untangle:

164, 1'11 feed him his favourite dishes every night, whether
Rod Tlikes |t or not.

165. Robert says that he died in his sleep last night.

166. When Ben went off to Africa to work on that telecommunications
project, he stayed behind in Paris.
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Although each of the above exhibits free anaphora by all syntactic
accounts, the degree of garden pathing seems to be related te the
strength of the pragmatic bias, which varies from sentence to sentence
(see Hirst and Brill, 1980, for experimental evidence for’this type
of variation).

There is an interesting interaction between the length factor

which relaxes the constraint on backward anaphora with complement

clauses:
}167.‘ *| told her that Meryl was up for an Oscar.
168. One of the members of the Academy seems to have told her

that Meryl is up for an Oscar.
and the pragmatic variation just noted. Although (168) aliows
‘coreference, one finds no garden pathing in:the following pragmatically

biased version:

169. *One of the members of the Academy seems to have told her
that Meryl has left" for Boston. , ‘ 2

This suggests that despite the length factor, the reader is far from
committed to the coreferential reading when the last:fouriwords erea
being processed. One might then speculate on why garden pathing does’
not occur: -the coreferential reading for the Iohger version is
marked, these‘structgres are initia]ly processed as non—anepheric, and
a final decision as to the correct reading is put off until all the
.contextual information has been processed. Such complex linguistic
interactions promise to provide a wealth of hypotheses concerning the

processing strategies speakers employ during comprehension.



3.2.6 Ungrammaticality due to factors other than coreference

One factor which clouds Fhe Iinguistic argﬁments is thag sentences
which afe purported té be nonanaphoric are sometimes starred in the
Iiperature for reasons having nothing to do with anaphora) although .
the asterisk is then interpreted as signalling blocked coreference.
Conéider Reinhart's judgments on the following, which she considers
to be problematic for c-command:

170. *To“him) | 'spoke in_ggglg_offi;e.

171. “For him, Ben's neighbours gave a party.
Reinhart does not mark stress, but it is reasonable to assume that she
intends these to have stress on the preposition, since they are
presented in contrast to the\ following grammatical examples with
stress qn.the prepositions:

172: \Behind him, Ben keeps a gun.

173.  Under him, Ben's mother found a mango.

] presénted the_starred sentences to five speakers, who were asked
to decide whether ;oréference could obtain. All five commented on
thelétrangeness éf these sentences, presumably because of the fronted
dative and benefactive NP's. When forced to make a decision, four
of the judges said that coreference would be permissible\deSpite this
other‘strangeness. The fifth refused to speculate, arguiﬁ% that if
she had to imagine some new form of English in which such éenfences
were possible, she would not be able to predict how>coreférence'might
work under tge new rule?% In attempting to force coreference judgments

on otherwise hngrammétical sentences, Reinhagﬁ his either been blinded

by the fact that no interpretation is normal, or has greatly misjudged

¥
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the average person's ability to make semantic sense of asyntactic prose.
This brings to light the problem raised in 3.2.2 above: What
do we make of linguists' and naive speakers' coreference judgments on
bizarre sentences? Do such sentences really provide crucial information

about the generality of an interpretive principle such as c-command?

-

; b
And who is to be trusted - the linguist, so- strongly influenced by

the perceptual set of his or her own predictions (see Spencer, 1973),
or the naive s eakér, who may opt out of syntactic processiqg entirely
in oraer_to ke a necessary intefprétation? |

In this case, Reinhart seems willing to assume that a speaker can
igndre the prob]ém with PP position,'and, like some linguistic automaton,
appiy the rules fpr,normal cases to the new situation. While the
application of a theory to new ‘cases is a venerated scientific précedure,

“ ,
its application to non-cases is a departure from normal practice.

A better interpretation of Reinhart's asterisks is that PP fronting
itself is disallowed undgr coréfergnce for these cases. While this
seems. to be precisely the problem, it hinges on speakers' acéébtance of
coreference. lIronically, this is precisely what Re{nhart's own theory
predicts; had she néticed the true reason for the unacceptability of
her starred seﬁtences, she would not have considered the sentences to
be problematic.

Thefe is yet another enlightening problem with these examples. If
one alters the stréss patternas fof]ows: .

174. To HIM, | spoke in Ben's office.
175. For HIM, Ben's neighbours gave a party.

the sentences appear!¥ paradoxically - to be ambiguous between a free
. P A
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. b\
and a b&ocked reading. That is, individual speakers find it difficult_
to decide whether the pronoun and the full NP may be coreferential.
However, this is an insidfous form of uncertainty, since the decision
as to whether an anaphoric relation may éx}st should not be a questipn
of degree (unlike other quesfions of grammaticality/acceptability),
but a binary choice. Logically, éfther there does or there does not
exist a reading under which coreference obtéins. In other words, Lf
a speaker décides that coreference is possible; even under very rare
( conditions, he should not be confused as to whether it might aiso‘
"be impossible: ’ v |
Thg only plausible explanation for this gind of confusion is that
the sentence is somehow émbiguous betweén,a‘free and a blocked reading,
. » \
and that the speaker sees each in turn, changing his judgment with
each change in reading.
This is precisely what happens to these sentences Qhen different

discourse contexts are considered. In a context in which HIM is both

contrastive and exophoric, no anaphoric reading is possible:

PRV -

176. 1 hear you really embarrassed Geo?gmzwﬁ§% you criticized him.
Did you talk to Dave in front of the whole office too?
.

No. *To HIM | spoke in Ben's office.
. | :
In a context where the cohtrast cannot invOIye the prior NP, either
égf,g . . L ,
tha¥aexophoric or the endophoric reading is possible:

177. Nobody even noticed when Mrs. Haynes moved éway, but for
HIM, Ben's neighbours threw a‘big party.

178. Sam says that nobody even noticed when Mrs. Haynes moved away,
but for HIM, Ben's néighbours threw a big party.

Dinsmore (1979,vi981) has examined the role of implicit contextualiz-

ation in grammaticality judgments, and argues that a theory derived
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from judgment data will be heavily influenced by fhe (perhaps uncon-
scious) appeal to both linguistic and noh-linguistiq contexts. This
would e*plain the observed variation in intﬁitions about theée
sentences: sdﬁe speakersvshould'steadfastly deny the possibijity of
coreference; others should firmly accept it; still»others, vaguely
aware of the two readings, should waver‘between‘the two judgments.
Lastly, and to further complicate matters, analogy may also work

across stress types, such that responses to (170) and (171) are based

3

on thévsame kind of division of opinion found for (174) and (175).

For exampfe} Reinhart, w@9~§f§rs (170) - (171), may belong to thé.
group which denies the possilejty éf coreference in (174) - (175),
making impliciﬁ reference to thgkcdntext of (176). My speakers, i
accepting (370) - (171), shOquxélso accept (174) - k175),.if the
basis fur thi§ judgment is the Eind of context represented in (177) -
(178), and provided that their éppeal to confext.and anaTogyLdo not
chénge over Ati‘me . | . §

In summé}y,detailed analysisgof this example'demonstrates that
vcoreference judgments, both by linguists and by naive Spegkers, do not
provide direct acéess to the speaker's grammar . Rather, they can be
strongly influenced by processing principlés relafed to comprehensfon
and contextualization. Again, the extreme complexity of alterhétive
explanatfons for grammaticaiity judgments, %pd the observed variafion
in speakérs' responsg to thé,Seﬁtences, suggests that such data

collection is an unreliable method for accessing speakers' intuitions

concerning anaphora.



65 -
3.2.7 Analogy and depth of processing )

Three of the four speakers in my initial survey allowed coreference
on the follownng sentence, which was starred by Reinhart:

179. *In Ben's film about'Rosa, Ebg_found’a.scratch,
One gxplanation fbr this judgmenf js‘that‘these_speakers interpreted
the sentence with the grammatical reading (not'méntioned by Reinhart)
under which Rosa finds a scratch in some unspecified object. However,

-

all subjects denied having made this interpretation. A related ‘explana-
‘tion is that instead of perceiving the ambiguity and choosinglthe
less common  (but grammatical) reading, the; speakers intefpreted the

sentence as coreferential on analogy with the much more frequent

structures not involving picture nouns, and thus not a]low?ng S < scope

interpretation: ¥ SR
180. In Ben's letter to Rosa she found a typo.: .

Further suppdrt for the analogical basis of this judgment comes

from the fact that even wtthln the category of plcture noun sentences,

amblgu1t|es such as that |nv0$%ed in (179) constitute an extremely small

) . a

range of pragmatic possibilities,tgince a picture noun will make the PP

ambiguous between the locative an&fthé‘VP-scdpe inéerpretations only

w e

i f théj?ast NP (scratch) can be interpreted a¥ a phynga] part of

the picture noun. Consider -this examplei’ o ‘ ,
. . v ) . A ? ‘>v : ,
181. In Ben's film about Rosa, she found a'husband.
— =
Reinhart's judgment, although understandable when the sentence ig

carefully dissected, bears no rélation to how a given speaker might

~

resolve the anéphora. Given the extreme rarlty of COHdItIOﬂS under e

~ which a sentence such as (179) might be uttered the speaker does 9
not - or cannog - perform the requ;red syntactic, semantic, pragmatic,
' ' a
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L4

and contextual analysis to sufficient depth. That the confusion is

e
[y

attributable to processing cohplexity, and not to synfactic form, can
be demonstrated by moving the PP;to postverbal position:
182. *She found a scratch inlBén's film about Rosa.
This version of the sentence preserves the relevant dominance relations,
but is much 6ore readily jﬁdged non-anaphoric, since the adverbial
ié now more readily perceivedras atFached at VP, a
Ultimateiy; however, one must question the cléim that thegﬁ
c-command analysis reflects speakers' judgments, for it makes incorrect
‘ . ,
claims about the outcome of the judgment process. While it may indeed
'ibe true that speakers do not utter sentences such as (179) because
of the constrgints on coreference wHJch they have internalized, one
céhnot claim that théy will not fntergret such sentences as coreferential.
Certainly Reinhart did not gather naivé Speakeré' intuitions on
»fhese’sentences, a!though'she ceftainly di&iconsuli 6thgr linguists.
What her. judgments reflect, howéver,lis not speakers' judgments, but
linguists' jpdgménts of “how speakers w&u]d judge the sentences if\they
:only knew e&ough about syntax.
Nonetheless, this procedure may not be as far wrong as%it may seem:
-Ifrwe‘cons[der that linguists base their opiniénS‘bn,an estimate of
the like}ihood that sbeakers would produce such a sentence with the
“coreferential intérpreéation, and that linguists are probably more
aware of what people in‘fa;t“say{ then their Opjnioné may be worth
somethin§ after afiu ‘However, if ié.only to the‘extent thaf:lfhguists .
... are good es;imators of production norms that théfr theorizing ean be

£

taken ‘as a valid representation of linguistic representations.



67

3.2.8 Judgments on isolated sentences: Task demands

The basic premise underlying the use of grammaticality judgments
in grammar construction is that native speakers (including‘linguigts)
are able’to judge the absolute grammaticality of a sentence in isola-
tion. With respect to blocked anaphora, however, this is a particularly
risky venture. Even if a speaker would never utter a sentence such
as those discussed in the preceding sections without intenﬁing external
_coréference,tand even if s/he has never heard or read such!a sentence
without an appropriate context, it is not entirely clear that the
general izations governing this lack of production are available in
the fdrm of a Blocking rule which would result in the rejeétion of
aﬁapﬁoric readings for such sentences presented in isolation. Given
the task of judging whether coreference is possible, thé speaker must

hether it is disallowed;

consider the anaphoric reading and decide w
. A v

this is a task of interpretation, and not of well-formedness per se.

Consider tHis analogy: given the sentence John red book read, a
speaker can easily spot the ill-formedness. Agwever, s/he Efn also
interpret the string, and might well respond affirmativel; to the
questidn‘”Can this meén ﬁhat John read a book?'" When testing the

acceptability of a given anaphoric interpretation, we also want’

\ o

to know two things: |s the sentence well-formed, given a particular

coreference reading? Each of these aspects of the task is important,

but each relates to a different aspect of the constraints on anaphora.
By asking speakers to judge whether coreference is poésible, we
are reallybaSking two Separéte questions; it may be impossible, in

principle, to separate them.

MY

A%
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I
3.2.9 Acceptability, preferred readings, and implicit context: More

methodological pitfalls

In this_section we examine in detail a‘paper by Carden aﬁd
Diéterich (1980) which purports to provide a solution to the'problem
of contrédictory judgments in the anaphora literature. However, |
will argue first that their attempt tb settle such controversies by
experimentél means is itself fraught with methodologi;al problems,
and secondly, that'their interﬁretation of text count data - a technique
which | favour - is flawed.

The paper in question deals with a disagreement bver the cérefereq%i
predictions for a sentence type which is a case of blo;ked backward
anaphora according to precede-and-command (S-command) , but which

c-command would label as free:

183. We'll just have to firehim, whether Mclntosh likes it or
not. . o
L

Reinhart (1981) simply rejects Langacker's (1969) judgment of non-
coreference for these structures, and suggests that it is the lack of

discourse motivation for béckward pronominal ization, rather than a
constraint on coreference, which accounts for the strangeness of |
the coreferential reading. Carden and Dieterich (hereafter, CD)
§uggest that the disagreément needs better empirical investigation
before the matter can be resolved, and claim to provide an appropriate
- methodology for collecting native speaker judgments bearing on the
;problemx

cD maintain>that linguigts“judgments Onlguch sentences are

suspect, since they may be influenced by what Spencer (1973) has

termed "perceptual set“,“arising from their familiarity with the theo-
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retical issues involved. Specifically, Reinhart and Langacker, and

their readers, may have been influenced by examples surrounding the

crucial one. Langacker-contrasted (184) with (185) to demonstrate .

Q
noncoreference:
184. 1 knew Harvey when he was a little boy. ’
185. *| knew him when Harvey was a little boy.

while Reinhart contrasted (183) with (186), starred by both theories:
186. “He Qgs fired, whether Mclntosh liked it or ndf.

Notice as well that Reinhart's pair is intended to illustrate the

different coreference options for subje;ts and non-subjects, one of

the proclafmed advantages of c-command theory. |If (185) and (186) are

W

in fact found to allow coreference, then c-command loses one of its:
main claims to superiority. Other instances of possible difficulties

with the subject-nonsubject contrast have already been mentioned (p. 27,

(65)) .

Several problems bear mentioning before we turn to CD's judgment

-

data. FiTst it is not at all clear that Reinhart's judgmént on (186)
« -

is any less questionable than Langacker's dbinion of (185). The
j

fact that both theories predict noncoreference -does not mean that this

~
_—r
Rt

structdre is "uncontroversial'' to native speakers, who were not con-
sulted on these judgments. This would have been but a minor_quibbleA
against CDb, bad tﬁgy not later used (186) as a control'item‘égginst
which to measu?é relative grammaticality in their study. As it turns
out, many subjects accepted coreference on this sentence as well!
Claiming that discourse coherence canloutweiéht syntact{c.facto;s

in grammaticality judgments, CD-decided to present the target sentences
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to naive speakers for judgment in a nedtralxxm;ext, and to ask them
which NP, Mclntosh (sentenee—intereal) or Smith (sentence-exterhal)
was the preferred antecedent. On a second pass with the same stimuli
éijects were asked whethef or not the other NP could be the aﬁtecedent.
The target sentences‘consisted of four types, modelled on the
disputed (189) withifhe pronoun in main clause object position; the
"uncontroversially baa” example, @ith the pronoun in main clause sub-
Ject position (188); and two uncontroversially good examples, with
the pronoun a subordinate clause subject and Mclntosh subject or object
of the main clause:

187. (CONTEXT) The directors discussed the situatfon with Smith

all afternoon.

188. (''BAD'") They finally decided that he would have to report

~~ to the new vice president, whether Mcintosh liked it or not.

189. (''DISPUTED") They finally decided that they would have to
put him under the new vice president, whether. Mclintosh
liked it or not.

190. (''GOOD")  They flnally decided that, whether he liked it
or not, Mclntosh would have to report to the new vice
president. y,

191. ("'GOOD")  They finally decided that, whether he liked it or
not, they would have to put Mclntosh under the new vice
president.

-

The results showed that (188)€§:tterns with (189), having fewer inter-
nal coreference judgments than either (190) or (191). ¢D therefore
conclude that Reinhart was wrong, and that S-command is the better
theory. |

;/;D#fs.conclusion is unwarranted on several grounds. ﬁiret, it

e o
seems significant that both the crucial sentence and the ""bad!' one

s

received a fair number of positive judgments (7 coreferential, 14
noncoreferential for 188; 7 coreferential, 19 noncoreferential for 189).

Indeed, CD had found several instances of both types in a survey of

~
»

ek



spontaneous texts, such as thi ''bad' . one:

192, She was sitting with 8,000 people in Madison Square Garden
at a New York Apples match when Phyllis Rothstein of New
Rochelle.

o
CD see their optfons as follows:
We may have a good but (accidentally) rare construction;

or we may have a bad construction occurring a few times
because of errors. .

Even in thelfaceiof ;he very large nhmbe} of coreference judgments
given by their sdbjects and the occurrence of perfectly acceptable
exémples in published materials, they maintain thét since both
theoriesﬂprediCt (188) to begyngrammatical, acceptébil}ty judgments
must be in error for both (188) and (189). |

Notice; however, that no eiblanation for this largé'number-of
"errors'' is provided, and CD do not consider the possibility thét the
sentences are rare in their samples becausq they are styliétically

v

marked and characteristic of certain written registers. Perhaps if

-~

1

‘they had surveyed tabloids such as the Qatlona} Ean|rer or the Weekly
World News, they would have found many m;re“gx%mples of this attempt
to create suspense sYntacticaily where none exists in the story
itself.

On the other hand, if these sentences are perfectly grammatical,
why did a majdrity,of suhjects not allow coreference? One reason is
that by collecting relative grammaticality judgments inrcontext, co‘??
were asking in effect whether coreferencé was natqra]vfhhﬁ~1“ .

or not such sentences ma y allow coreference in other contexts, or in

lsolation.
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Recall that | have provided several examples of how contextualiza-

tion can bias anaphoric interpretatign in free cases such that coreference

is blocked in a particular token; this is not an argument that the 33
o

sentence is syntactically blocked, and CD's evidence would therefore

appear to be irrelevant, to the extent that the context they used did

Ymeutral'!

in fact bias interpretakion in this way. In the case of their
context paragraph, it should be obvious that the foregrounding of

Smith in the context sentence makes this NP more availab]e as the ante-

cedent for the main clausébpronéhn, in accordance with the principle
that free backward anaphora is resolved externally when an appropriate
NP is available fn the preceding text.
This is, of course,a~§§riou§ ergor in experimental design, but
it had a ratheriinteresﬁgﬁé result: subjects:more often resolved
extra-sententially for (188) - (189) than for the other sentences.
In these case; the pronoun is in the main clause. While preferénce
for. external resolqtibn is irrelevant to the question of whether
internal coreference is possible, it does raise the po§sibilit9 that
dominance structure is predictive of markedness with réspeét to
internél reso]utio;.(
Solan (1978) reports some possibly relevant data. He presented
childfen with four short discourses foreg}oundingva discourse topié ' oo
NP (Eﬁgﬁg}iﬁ , and followed these by four target sentences: |
TOPIC: The cow... . -
193. Thelhorse‘told the sheep that he would run around..
194.  The horse h}t the sheep after Dg_raﬁ around.

195. The horse hit the sheep with his stick.

196. - The horse hit the sheep after his run.

\_/aa
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Hissubjects, aged 5 to 7, chose the cow twice as frequemtly for
(193) and (195)‘than for (195) and (196), although the most frequent
responses by far involved fnternal résolution to horse or sheep. |
Solan attributes this to a procgssing strategy based on the fact
that the pronoun is.in an independent clause in the former cases,
but his is a cléusemate of horse and sheep in the latter cases. yUnfor-
tunately, his data'énal;sis does not include internal coreference biasés,
which, as pointed out in 2.13 above, have been given far too little

‘ 4 ~
attention in thévliterature. I f there,ié such a bias, however,
Solan may be wrong in his generél conciusion thaf children do not
use ﬁontext in resolving aAaphora. It is quite likely that children
would tend to resolve to the horse, viewing this as a topic shift

within the short djscourse. In a footnote, he reports that adult

subjects choose the cow as the antecedent about 50% of the time,

making no distinction between the two within-sentence conditions.

Thus only the écquisitfon data support his notion that clauéemate
status‘affects coreference. |

To return to the CD study, one might well ask why there Were SO
many judgments of internal coreference, given the possibf]ity of adopting
a topic?resolution strategy. The anomaly can be explafngd by another

design flaw: CD used one other passage (in a weak attempt to give

their results greater genef?**?ﬁ%\\i:t in this case the context was

truly neutral:

197. We looked all over for a suitable speaker. We talked
first to John, then to Bruno, and finaldy to. Doug.

A

In this case, CD succeed in having all three names equally back-
&

N -
. 4
L d
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s grounded (aIT are mentioned; none is the subject of the initial
sentence). Their target senténces mention John and use the.pronoun
he in the same Structures as (154) . In this case we should expect
subjects to.respond with fewer external resolutions; unfortunately
CD do not report their results separately for the two discoursesQ
Nonetheiess, it is likely that the large number of coreferential
judgmenté cén be attributed mainly to this condit}on,'which .foers
the least biased test ofﬁthe internal coreference question. Since
overall, s@bjects accepted coreference én 40-50% of the '"BAD'" and
”PISPUTED“ cases, the figures fér the neufra] condition alone (i.e.,
.19}) very probably exceed 50%. The; fact that there is a};fgnificént
difference inkthe.number of~'Yes' responses forfthethOObJ and the ''BAD"
‘or ''DISPUTED'" cases is ﬁardly an argumen{ against the possibility of -

coreference in the latter cases. .

3.3 Conciusions: Judgments, comprehension processes, and language

acquisition
In this chapter | have argued repeatedly that. the collection of

native speakers' judgments about sentences exhibiting putatively *
' . "-' N )
blocked. anaphora is fraught with methodological dangers. Both non-
E5Y N -

syntactic Iihguistié‘factors (stress, length, dialect variation,

v

semantic bias, ungrammaticality) and linguistic processing strategies
(implic{t contextualization, analogy, Shallow'brocessing) can render

such judgments"SuspéEt,iin that a judgment of possible coreference

will- not necessarily reflect the speaker’slmeqﬁll representation of

the restrictions on anaphora. In other words, native speakers are

.~

. S ' 9. .
not good judges of the boundary between free and blocked anaphora.
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I have also argued that judgments on nonoccurring sentences should
be discarded, end replaced by direct analysis of production data, since
the method of collecting judgments is demonstrably not an unbiased

~procedure for accessing linguistic intuitions underlying performance.

That | should suggest a return to the structuralist methodology of. ‘

i

supporting grammatical descriptions with data from attested utterances
may come as a shock to those for whom explaining linguistic intui-
tions is the central goal of linguistic theory. However, it is “<?J

evident that Inngulsts rarely consult natlve speakers at all, and

ey

that in practice, the jhtuitions described in the literature are only
. LS

. . C . 7 . . -
those of linguists. But does this mean that linguists' intuitions
.o _ o - »
provide & better basis for theory construction in linguistics?

Certainly'not-_the number of disputed cases in the experts' own

writings, thelr failure to dufferentlate between syntactic and supra-
¢
segmental, pragmatic, or discourse-related linguistic factors, and

‘ : g ) :
the'ir own susceptibility to processing effectsy argues quite strongly

against accepting their '"expert' opinions as any more reTiab]e'than

those of the native speaker. If linguists' intuitions are to be worth
2. 1
anythlng, they mus t reflect th? constraints governlng production of
St '1,

attested forms,wzgatheyfﬁo not;g those forms themselves must determine

A}
>

the form of the.grammar.« ;.;‘ 7
Spencer (1973) showee that n0n4f}nguists' grammatiCality' & udgments
are ‘internally consistent, but different ffom those of linguists in |
- 50% of the cases. | have claimed in the precedlng two chapters teat

Iinguistsl judgmenfs for anaphora data are 5|mnlarly nonfrepresentative,'

and that naive speakers %hould, given the processing explanations -
’ \ . o
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set forth above, accept far more coreference than predicted by linguistic
theory. It might be arguéd that, haQing accepted that process explana-
tions suggest that judgment data are unreliable as a.reflection:of
underlying compeﬁence; aé inigstigation of speakers' reactions to
‘blocked anaphora is pointless. However, there are at\leést two gooa
reasoné why this should be ddne. First, it ié'important to establish
whether the prsdfcéion of ve}y lax criteria fpr acceptingrco%eference
in thgvjudgment task .is indeed confirmed. Secondly, studies of the
acquisition of constraints on anaphorg rely on the assumption fhét
tthZhdpoint of the acquisition process is the adult gramhar, as
revealed either by linguistic“ana]y§is or by adult§ judgmegts on .the
crucial senfence. Since at an early Stége children tend to accept
cdrefefence i; a nuﬁber“of blocked con§tructions.(e.g., Chomsky, 1969;.

. \ At
Solan, 1978) this'literature is geared‘toward/testihg‘for children's
acquisition of thé Blockiné principle;' But given the arguments qgainét‘
“usiﬁg either type of juéégent data as evidence for the structure of

the adult grammgr; it would be dangerous to use these as a point of

comparison. ' : f

N

. Taylor-Brown (1983), for example, reports that adult control

responses to eight types of blocked anaphora ranged from 15% to 100% o .

""blocked' responses’, and she reports a mean of only 59% coryect“

, .
responses from adults. Noting that 0'Grady's (1982) computatioﬁa1
approach predicts a smaller number of such responses. than c-command,

she concludes that the former theory is better. However, O'Grady S

theory is not a performance model; to thé'extent that subjects accept
- - . )
coreference because of processing strategies, their ''free' responses \

4
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are inflated with respect to their internd@ized‘system, which is

\

what 0'Grady intends to model.

’

In addition to this general argument for a better uﬁderstanding
of ‘adult judgment process, | wo;ld like to point out a'glaring‘methédo-
- logical error in certain,studies which purport fo deﬁonstrate the
child's acqﬁisitjon of blockiﬁg pnincip]e;. In many of these studfes
~(e:g., Lusf, 1977; Lust; Loveland'and Kornet, 1980; Ldst and Clifford,
U1983;Solan,(1978; Tavékofian, 1977) the children'are asked to ac
. out a sentence exhibiting free anaphora when both a :oy named inthe

sénténce and>another toy are avéilab]e antecedenfs. Consider Tava;

kolian's examples: oy : ' ' (

198. To kiss the lion would make the duck happy.
199. For him to kiss fhe lion would make the duck happy . P
200. That he kissed the lion would make the duck happy. (p. 176)' \'

. 5
. In each case, children. tended to act out the kissing by moving an . \

animal other than. the duck, a result which was interpreted as demon- ‘

-

strating that they biocked coreference. However, fhi§ result has

i

nothing to say about the acquisition of a blocking rule; rather,
it shows again that for free anaphora, if the discourse or the situa-
tional context proved‘another passible antecedent, backward anaphora

is interpreted as exophoric.‘ The type of '"blocking" revealed by such
studies is n°t the type of constraint dealt With‘elseWhere in the
- 4 . . \
“literature. o o |
*_.’ N \ A

" In the next chapter we examine the claim that speakers acaeept far
more coreference than predicted by popular theories of anaphora. If this %

is so, as predicted by the procesSing Hypotheses Iafa out .above, we
_ i
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must acknowledge that linguists' judgments are not representative of

those of other speakers, and further investigate the validity %f the

notion that even naive speakers' judgments provide clear access to

the structure of their internaljzed grammars.

w?,

LN

o
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CHAPTER FOUR

 JUDGMENT EXPERIMENT

Introduction

-

The process of deciding whether or not an NP may-serve as the
. : o c

' L : : - ¥

antecedent of given pronoun seems,siraightforwardr Givern a sentence

such as (201): . ' Lo /, I . f C

i

201, ﬂg_saw'é?énake in front of John. e * ' SR f—
) R Y —-_, ! !« . R D
one need only stit coreference, : then attehpt‘fo!find.that reading - )
. e o ¢ . 4 - .

. [ S . ‘ . ' . e ‘ L .
in the sentencé. 'This is essentially a semantic' interpretation . A o .

Judgment, and is therefo}e qualitatively différenp»from the t ék of‘“”

transparent:”

202. ?That's :the answer bf which hé’QQ.*ﬂ" ’

1203. .?China is exciting for Sué»and‘héﬁ“ ‘Lehds tdxyalk ébout_r 

visiting. = . , / . B
204, 7A pictur;fﬁill'beﬂpublished‘soon of ghgney/p}ince. » /
Hefe, Jénying degrees o; deviance‘makg a?yeslnq;judgﬁéni‘difffcult," 2

| ‘ - v , N S
and'this has .been écgnowledged in.thé exté;sjvgglitératufe °h’thf _k"f :. L
 ﬂ ;oh—binary natu;e offgramﬁaticalftywjudgméhté (;.g.; BoTinéér, 1968; . . _'

'

o,

A
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Houscholder, 1973; Ziff, 1964) .

The.purposeiofvthé judgmenf experimenf reported here' is to test
the claim tﬁat‘in a judgment task, speakers will atlow far more
coreference than is predicted by our tReories. - The stﬁdy was designed
to reveal whether or notlspegkers Have féirLy diréct‘access to the!

‘Iingufstic knowledge that seems to govern their prodﬁcfion of pronoun-
containing sentences. That is, | have assumed that many of‘the cases
cited in the anaphora Iiteréture are in fact deyian;, in thatithey
would not be produced without a diséourse,antetedént. This amouﬁts to
a cfaim that linéuists' judgéents are_simply an esfiméte of whether

\ .
L. .
or-not such sentences occur in spontaneous production.

A finding of rather liberal judgments would indicate that the
judgment tagk is perhaps inappropﬁiate for anaphora, singe it is
«an iﬂterpretive‘phenomehon. It is likely that spéakeré' production

constraints govern the mapping from intended interpretation to

syntactic form, but not the reverse mapping.

Me thod . \

Subjects. The subjects were 30 native 5peakegs of English,

recruited through personal contact. ‘They ranged in age from 18 to -

50 years (ﬁ_=»30.1) and had ‘all completed at least a high school

education (M = 3.8 years post-secondary). There were 17 females and

13 males, assigned at random to two groups. Subjects were not paid.

Materials. Thirty-three sentences claimed by linguists to
exhibit blocked anaphora were selected from the litérature and

rewritten when necessary in order to avoid duplication of sentence

\ 4 .

(24

?
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content. These are~termed the Test sentences. Thirteen were blocked
forward cases and 19 were Blo¢ked baékward; one gontained'two prdnouns.
Included in this total were several structurSKiy related paifs. . For
nine members of the Test set; and for thrge of‘the matched blocked pairs,
an additionaI structurally related item exﬂibiting free qnéphara

was included in order fo allow for comparisons between‘Fr;e and puta-

tively blocked items. Thus, there were 33 blocked and 12 related free

™.

sentences. S

There were also 30 dis;radtoffitems, 15 clearly free cases (the

YES items) and 15 clearly blocked (the NO's). In the latter category,

[52Y

‘mismatched gender cues guaranteed that a noncoreferential interpretation

would be imposed. Thesé items served as clear cases‘agéinét whfchvi
s%bjécts could judge the'Tést.ftems.“ | :

For each of the 75 éenténces, oné additional “lmplication”’item was
written. This always asserted coreference betwden the pronogn‘and .
the crucial Nb in the Testlsehtehce. :Thus, the‘implicatjons‘were true
#br the YES ftems and f;lse'ﬁor‘tﬁe NO's. Their status with respect to
the Test items is tHe measure of }nferest in the study. |

. . : v .
Two lists were dréwn up. On list |, the Implication preceded the

 Test sentence as in:

Y

205. ImpTicatiQn: Donna ié quite fﬁnd of her car.
206. Test: Fond of’Donna's car fhbugh ;he is, I Tike it even more.
On Tist Il the Test preéedqg th; impli;ation. |
" These sentence-pairs were recorded in random order by a trained
o b

\ : |
Spe%ker, with approximately 7 seconds . .between pairs. During the

recording of List Il, the List | tape was used as a model, and
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discrepancies be tween the tWo tapes in tegrms of wording, stress, Speéch
rate and intonation were identified by a linguist, then corrggzed.
List | is presented in its entirety in Appendix A.

Procedure. Subjects were tested jn.groups of three to six in a
cquiet rodm.' Th%y wére‘first read\the appropriate instru;tions'(gee
Appendix B), which require that théy Iistén to each pair of égntences
and (i) indicate whether fﬁe Test:sentences -contains the lmpIicatioﬁ
by checking tﬁe appropriate Spéce on the response sheet§ (Appendix C);
(ii) rate their confidence in that'defision on a scé!e of 1 (Tow
confidence) to 5 (hjgh éonffdencé); and (iii) indicate whether that\
_judgﬁent reflects the manner in wLich they fi?st.interpretedﬁfhe Test:

i tem by marking YES or NO on the response sheet. The instructions

had been pretested on four subjegts and rewritten until they were

CoN

cohsidered‘unambfguo% jénd eaSy_to follow.

[e
4

‘ Subjeéts-were.them

/?llowed to ask questions.’ Questions concerning .
o ' M

the decision process were answered with instructions to listen to the

Ve

meaning of the Test sentence and to decide whether it could be

construed as containing the meaning of the Implication.

- Total running time, including instructions,.was 35 minutes. .
.‘ A - ‘
. Résults

Order of Test and Implication. The effect of the difference
in presentationborder for List | and List Il was tested by means af

three sets of 75 t-tests, one per item. ~First, none of the 75 items

€

differed reliably in confidence scores, measured as the absolute value

i

of the signed judgment-confidence score, from List | to List I

(py-.1, two-tailed) ; Secondly, only four of the 75 items differed

3 V

:,ﬁ»
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reliably in signed confidence sco;es across 1ists: .itehs ih, 37, and Lo
had "higher means on List dl, while fteo’62bﬁad a h?gﬁer mean oo List |
(p ( .01). Finally, lteme were rescored us:ng +1 for all YES resoonses
regardless of confldence ratlng, and -1 for a]l NQ., responses 1Items
lh 37 and 40 had higher scores by thrs crlterlon on List fl, while
means for items 31 and 62 were - higher in List | (p<: 01

A set of 75 Chi square analyses was run to compare the frequency '
of YES respoosos to each item across Lists. On]ylitems 3f,‘37, 40,
dand 62 differed, in the direction already indicated fof the:t:tests.
(p< .01). | |

“An overall t-test comparxng Test items for List | and LlSt Il also
fauled to reveal. a list effect (p) Y.T). The three consistent differences
(items 37, 40, and 62) in this anaiysis could oe expjaioed‘neither by

o poét-hoc»linguistic ana]ysis'dor by errors in writing and.retording.

Error rates. There were fewer errors for NO {tems (12.2%)‘thad
for YES items (24.9%). If responses of ''yes'' to Test itéms,ére‘scored

as errors, the error rate for tha;*gfoup is 54.9%.

" Means for YES NO-and TEST items. An analySIS of varnance was

performed on the mean scores per type, excluding the 12 free items

which were matched wi th Test items. There were two levels of Order
(implicati®n first or second) nested under three levels oF;Type (YES,
NO, and TEST). Only the Type fector was significant (F(2,56) = 178.3,
p£ .001). Table 1 presents the means for»each condition. Differences.
among the means were evaluated by the Newman-Keuls procedure (Table 2).
All ﬁeans'were significantly different from one andther, with Tést

means falling be tween Yes and No means. The mean for Test items was

- : i ;



»sfgnificantJY;c]oser»to the mean for YES items (difference = 1.89)
: L S o ) i
than to the mean- for NO i tems (difference’=.3.89).
l{\
List I List ¥~ Combined Lists Error ‘rate
YES 2.40 L2032 2,36 . | 2k .93
- NO -3.28 . -3.55 o347 | 12,25

TEST  8.25  0.70.  o.47 Csh9y A

Table 1. Mean item scorés and error rates, Experiment 1:

combined judgment?confidente:5cores

TEST . YES

3.89%% 5 78% N
"1.89%%  TEST o * ) ~ A
Table 2. Newman- Keuls test of differences among means, combnned

List scores; Experiment. 1., Cutoff = 0. h7 for 2 steps,
0.64 for 3 steps, p = .01.

Means withoot regard to confidence. The oifferehces just noted
could be:caused by (i) di;ferent numbers of yes and no responses for
,'eaeh‘tyoe; (ii) differences in confidence across types, or (c) differ-
ences in both coreference judgments and confldence Therefore, a’ p
second ANOVA was run_on scores dlsregard|ng confldence, by assigning
a score of -1 to NO responses and +1 to YES responses. Results are
shown in Tabjes 3 (means per type) and l*(Newman-KeuIs test) . fypeS‘
was significaor:(F(é,28),= 153.4), P .01). Test items were closer to LH;WYEsf

items in terms of mean number of" yes responses.
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v
Eizi_l. List 11 Combined |
' ‘.fES v.f 0;52. . 1-0;51 ‘3'./ «6151»' fwi§>'
NO. 069 -0.80 ¢ . -0.74 N
TEST 0.07 08 0.2 Ve

Tabre‘3g Mean judgment scores, Experiment 1 (Yes = +1,
\ ‘ \’ ) ) ‘ . ,\ . .

1
‘m N ] . ™ ' . . . N " o

{f*\\

- \S\Iﬁél SR XEE 'i‘ - | 1 N g R

e 0;86#% Lo » ! 1<25*#‘gg&o‘;" ~_' o _ ‘4 o
o 0.39%%  TEST.

(Téslé k;,,NeWmanFKeuls}EéQt bfﬁdifféréncés among meang,_judgmeht

scores, Experiment 1 -(Cut=off = 0.196 for 2 steps;
0.223 for/ 3 steps, p=.01) ' '

.+ The third ANOVA, again identical in design, examined_confidence

.fratings'only:' the'absoiuté-valugs;of‘the mean judgment-confidence scores

were sdbmitteabto énglysfs.-,Agajn, bn1y Types was significant (F(2,28 =

32.09, p <.01). ;éonfidencé Fatiqgs were clearly lower_fér the Test

items, buf the'différen&e jn»rétfngs for- YES and NO items was‘only';

mafginél}} sigmificant, . just meet?ng the cut-off criterion for p = .05.

" Results are shown in Tables 5 and 6. =

N

| List 1 | o oList 1l Comb ined
YES h.28 r §.20 - L.24
N0 4s 4,30 .4.38
TEST 3.97 « a7 3.85 L

Table 5. Mean confidence scorés, Exberiment‘lﬁ
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e
i TEST YES .
0_53:2::': 0.14* NO

0.39%% (EST

Table 6. Newman-Keuls test, confldence ratings. (Cut-off = 0.18
“for 2 steps, 0.21 for 3 steps, p = .01; and 0.14 for
3 steps, p = .05) ‘ o

./—\ ) i :

Reversals. A response of W0 ("not my first iﬁpreSsipn”) in the
third column of the response shéet indicates_tha£ t;e subject fnitially :
. undégstodd.the sentence aS'bIocked; but realizedtkhat the other'méaning
was also possible. ?Lé mean number of such respohsés was recorded for .,
each ipem.(possib]e total = 30 per itemj} thesélscofes were then
submifted to "§ one-way analysis of variancé, ignoring»theVOrder factor.

The Between factor was Types and the Within‘factorlwas ftemst In this
[}

T

' analysns the 12 Yes items matched wnth Test items were Ieft in the
Test group. Types was significant ( (2,72) = lO.th, p‘(.OOOl
» . . N . "/// ' A
Duncan's mu]tiple‘range test shows ‘that YES and NO i tems did not

differ significantly in the number of reversals obServed (1.80'and 1.13

per item, respectively), while the Test items had significantly more

‘reversals per item than either of the other types (Table 7). o
Subgroup 1 " Subgroup 2 £
NO (1.13) - TEST (3.48)
YES (1.80) <

Table 7.. (Types arranged in homogeneous sUbgroupé according to
-mean number of Reversals by Duncan' s multiple range
test, Experlment 1 (p<.05)"




& ' Table 8. Scores for Test items,

d

-

'ltgm—#"“wﬂﬁfv\“\\Sehtence‘
1. »SUe met him Qhen Harvey was a little boy;
2. 1.told him that! Fred couldn't comé.
3; We told him and'Suerthat'Jack was a fool .
“A. One of rhe members of  the Aéademy seems to

have told her that Meryl is up for an
- Oscar. ‘

v b

After he woke up, ERNTE_went home .

6. . The chauffeur parked his car near the:
“banker's HOUSE

7. iy obnoxious  to Ben's friends he is.

8. . For Irene's husband ‘she would give her
life. ‘ ' -

9. Fond of Donna's car though she is, | like
it even more.

10. To him | spoke in Ben's office.
11. For er, Betty's neighbours threw a party.

12. Beth showed him her new tricks ig the
lawyer's jacuzii. \ ; .S‘ v

13. He was %Kit on,the head before the lecturer
- had a-chance to say anything. -

4. In Marilyn's jewelry box she - ‘put her
valuable bracelet.

15. For her new g]asses, how m%ch did she pay?

16. She is riding a horSe in Gary s picture of
Jane #, :

Experiment 1

Mean

0

.67

.25-.

.49
.50

.57

.50
35
.00
.40
.10
.94

.97
.34

.97

60.
13.

20.
30.
50,
40.
53.
66.

60.

23,
. 90.

50..

33.

73.
73.

- 66.

ZYES

87
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e ’
I tem # : . Sentence ~ " Mean ZYES
N N C‘_ . - ‘
17. It bothered her that Marie had failed.  -2.27  + 26.
g 3sip. gbout him upset Rick. : 1.70 70.
9. Near Dan, he saw a snake. - -2.72 33.
20. Beside her, Kate noticed a leprecﬁaun..’ 2.88 . - 83.3%x

21. When he entered the room, Mary saw a
,salesman smiIe. - L -1.06 . .33.
. \

22. When she left the offece Bob Saw‘ghe

“receptionist smile. ‘ _»1 -1.30 43.
23.  In John's apartment, he smokes pot. - 2.7 - 8.
24, In Sylvia's new condo near the waterfront ;

r she lifts welghts : ‘ 3.57 90.

25. In Frank's plcture of Evelyn, she found
a scratch o - 0.30 50.

26. In Ben's -£ilm_about Rosa, she found : :
a husband. , v 3.57 86.

27. We fired him, since Bert's behaviour. 3 .
" had become irrational. B 4. 45 . 100.

28. They finally decided that he wbuld~have to
. report to the new vice-president, whether.
McIntosh liked it or not. v -0.36 46

'29; We realized that whether she liked it
) or not, Anna would have to report the

incident to the police, 2.2k
30. In Carter's home town, he spends hlS
most pleasant hours. - 1.83 70

~ 31. Believe it or not, he is still considered
a genius in Reagan's home town, 0.37 46 .

32. In Trudeau's riding, he is qU|te well
‘respected. . - 2.25 73.

33. I'mwilling to pay him $2000 for Jack's i
car. 0.07 - 50.

76. 75



# _ ' Sentence -

I'tem
3 For Cathy s T.V. f'm wclllng to pay
-~ her at most $300
- 735 ' Michael's problems “he won't talk
‘about.
36. You can't talk to him about Ben's
v kids.
37. Marie's work *vyoy can't talk to her
' about. ,
3§t In George's ]iVing room he placed o
his néw brass bed. '
39.  in Fredfs'offiCe he is an absolute
dictator. :
Lo. w:th Rosa's peacock feather she
tickles peOple ‘ ‘
k1. With Rosa's new job, she'llxmake a
lot of money
h2,~IWhen LGrralne finishes school, she
promised Jim to go to:Paris.
"43. When he finishes this course, Bill
-7 promised his father to get a job.
Lo f
' L. In Betty's wedding picture, she
~ hopes to look like a lady.
|
45, In Fred's graduat|on picture, he looks -

like a gorilla,

X
. @

%% Sentence pr_edicted td

Mean B YES

3.2 v Bp.7w

2.27 %.7
-0.96 °  hLo.o
/
( o
]77 . 76‘7:'::':_ .
. . v
1.37 66.7
3.00 86.7
0.60 63.3
k.33 " 100, 0%
) & E
1.47 63,3
3.53 . 80.0%
Q{f\
2.32 ' 80.0
274 80.0%*

o ;(ﬂw

‘permit coreference

e
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. < . K
ltem analysis. Individual items were*examined in two ways.  First,

Table 8 showéiallv33 Test‘items, as well as the matched f;ee itemé,

.aldngfwith,fhe percentage of.ygé résponses and mgaﬁ signed cohfipénce
scor¢§fg CHoosing 20% ag 5; a§Erqxfmation to.Lhé'error raté, givenf

: tﬁeherror réE; of 12.8% for NO,iELms, it is seén tHat o;ly one'Test4
item faileﬂ;to méef‘fhis(consefvative'cfitérion.

Secondjy,_éhe'scores bn a numbér of Test'itemé were cohpafed wi th

' those for hatchég fréeAitemsl(Séé fablp 8). T-tests were run on

Jitems 19195. 20, 21 vs. 22, 23 vs. 2k, 33 vs.3h, 27 vs. 28, 38 vs. 39,
Lo vs. bl, h2‘vs: 43, énd’hh vs. 45, Within each pair the first item
js the Test case and the second is‘thglmatched free case. Three

such pairs showed no significant difference between the scores (see

Table 9) .

Table 9_. T-tests for paired comparisons, Test and matched -
free items. ‘ o '

[ tem Mea s.0. t  df Difference p (2-tailed)
. : ‘ v . )
19 . -1.38 3.87 k.2 2& 4. 00 ol
20 2.62 3.31 , :
21 -1.07 3.85 -1.00 27 . 0.75. n.s.
22 ~ -0.32 .22 : ‘
" 217 3.38 -1 29 1.4 n.s
3.58 2.62 : g
- 0.2h 3.78  -4.87 28  3.35: 01
3.59 2.54 | o
0.07 3.99 -3.42 29 3.16,~._" .01
3.23 3.18 : ’ N .
1.37 3.66 -2.19 29  1.63 .05
3.00 . 2.90 | - o
0.60  3.94 -5.18 29  3.73 : - .01
. 10.33 . ].88 ) . . ' N
b2 .47 .4.08  -1.78 29 1.66  n.s.

b3 3.03 . 3.31
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; ,
N
" Jtem - Mean S.D. E_t ’ ‘gf_ Difference . p
W 2,37 351 -0.41 29 0.3 s
45 2.73 3.4 - |
Table 9 (continued) ' g |
— —

One-way ANOYA's were also run on the three matched triples."
Within each set there were either one or two-blocked items. Means

. . . A,\- . ' ’
were compared with the Newman-Keuls procedure. The results of this

/

-

analysis are summarized in Table 10.

P

- I'tem Eredictfbﬁ " Mean S.D.. , Contrast Difference P

27 free 4,30 "0.99 | 27-28 h.67 .01

28 . blocked '-0.37 4.02 28-29  2.60 ~-0.01

29-  free 2.23 . 3.L46 27-29  2.07 .05

30 blocked 1)83 3.46 | 30-31 2.20 - .05

31 blocked -0.37 2.77 | 31-32 2.80 .01

32 free 2.43  3.59 30-32 - .0.60 - ~ n.s. 7

35 blocked 2.27 3.36 | 35-36 \§3.25 .01 : .
36 blocked ¥  -0.97 h.1k | 36-37 2.94 IR /)

37 free 1.77  3.62 | 35-37 ... 0.50 NS s

: ¢ ‘ -

Table 10. Results of oné;way ANOVA'S for 3-element
‘ sets of syntactically related items, Experiméent 1.

For one iset (35,35,37) ohe of the blocked items received the highest E
score, and for another (30,31,32) a blocked item received a score which
| A | . v
: \

was not signifitantly lower than the score for the free item.. !

s
=y

Discussion o
ziscussion 5

.

‘Summary of response patferns. The'regults of this study fully

;upport the claim that the 33 Test items are more ffkelyjto be judgéb

as ajldwing careference than one WOuld expect- on the basis of linguists'"
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pdh]ished'judgments (55%, versus 12.2%%or the baseline set of blocked:
sentences) . Only one sentence failed to surpass a conservatlve bagelxne'

‘ . ~

error rate'(ZO%) Mean yes responses were both cons?stently hlgher
“than for the clearly blocked cases, and consxstently lower than for
‘ the clearly]tree’casesl whether one considers yes/no scores alone or
vcombined jddgment¥response scores. Subjects also had less confidence
in‘their judgments on these.items than in the.controls. However, the

-

mean confldence ratlng of 3 85 on a scale of 1 through 5 (nd:cates that -

confldence alone cannot account for the dlscrepancy between ltngunsts

N

and nonltngu:sts Judgments.p
The éh.9%lerror rate tor fr@e iteﬁs was surprising;' lt'suggests
that subJects often do not accept the nnterpretatlon imposed by the
Impllcatlon sentence; they conSIderGthelr first reactton, even in the
free cases, to belthe;only_possuh]e,~or“perhaps the only reasonab]e
interpretation; Thns,,one might infer that the'Yes resﬁonse to‘a Test
item,fs alsova‘loa estimate of the subject's true abi]ity-to accept‘

coreference on these itemsu, On the,otherdhand;-subjects were more

\

‘often able to change their minds about Test items: ' there were more than
twice.as many '"reversals'' on these items. This shows that a subject's

initial reactionfis‘often conservative, but open to reana]ysis:'tThe
apparent unwullungness to. accept an alternatlve readlng for the truly

free cases and the apparent W|Il|ngness to change an |n|t|al reactlon

&

fbr the Test cases suggests that the two |tem types were treated
rather dlfferently by the subJects NonetheleSS the possnbility‘

remalns that the flgure of 54.9% is affected by the lnlttal lnterpre-
. . W ' , , fL
tatuon,,and,ls therefore a conserVatlve estimate.

-
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. ‘ ! ! ‘1
lnd?vigzal items. The fact that ‘the Test items were given<a

. ‘ ) - ) ) » ‘“) '
fairly large proportion of ved respghses follows from the process
explanations discussed in Chapter Ill. [n this section | will
summarize the relationship befween those arguments and the Test item

results. Table 8 provides a list of the relevant sentences. Since no
R

. Ll . # ‘\ . 13
. tests of significance were performed across sentences which varied

in content, parts of“this discussion are merely suggestive of 'the

3

-protessing effects. :However, the overall pattern of results follows

the predictions of Chapter IIl.

Item 1 is the sentence from Langacker (1969) which was.challenged

: Y
by Reinhart (1981). Sixty per cent of the subjects agreed with Rein-

v ¥

hart,»and L0% agreed with Langacker. .This response pattern brings
the question of whether the 40% who block coreference hiwe simply

have trouble thinking of a c&ntext in which such a sentence might be
3

used, while the 60% who allow coreference were able to supply such

a context. Lf this is the case, then the no judgments are subject to

i

revision: one could show the subject a context in which coreference

is allowed, and change’ his or her/;T;ETﬂme the extent tﬁaf such an
- . . .

argument is reasonable, one. could also argue that any moderately large

number of 'yes judgments on a sentence represents only the proportion

of subjects who we}e able to seé‘that it is indeed acceptable, and hﬁ\
that other subjects could be convinded: By applying this principle
to the Test cases, we could conclude that all of these items are in
fact acceptable witE fhe,coreferential reading.

Only Test item 2 was clearly rejected. Subjecté thus

2
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did not allow coreference between the subject of a complement clause
and an object pronoun in a higher sentence, as predicted by all
theories. Item 3 shows that by expanding the pronoun NP with a conjunct,

one obtains higher levels of acceptance (20%), and in item 4, where

the crucial part of the sentence is held constant and the rest of

NN

" the sentence’ rs lengthened, coreference judgments rose to 30%. This
result was predicted in 3.2.2 above.

| tem 5 démbnstrates that Akmajian and Jackendoff's (1970) stress
example doe; not result in é clear blgcking of coreference (50% yes).
In 3.2.1 1 demonstratedvthat such stress patterns are acceptable |
in contexts where the stress indicates'contradiction under coreference.
Only half the;subjects‘appear to have.been able té pquide an implicit
context in which thié type of sentence.is acceptable. This confirms
my‘claim that implicit-contextualization can vary from speaker to
speaker, and thus can account for at least some variation in judgment
data. It also suggests that ;ubJectS can sometlmes be relatlvely
conservatnve about é/}ow1ng coreference for cases which should be
given an anaphoric interpretation by the grammar.

Simiiarly, item 6 tests my claim.that stressing the head NP of a
PP structure can make coreference acceptable in this otherwise blocked

case: 40/ of subjects accepted that readlng - This may be a)conserva-

EY

t?ve estimate, since the alternative NP, the chauffeur, is clearly

the preferred antecedent; perhaps rf a nén—matching NP such as she

were used, subjects would have been more Iikely to accept the coreference
reading suggested here,

Sentences similar to 7, 8 and 9 are cited by Reinhart as evidence
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against precede-and-command, since they show blocked forward pronomin-

alization: the latter theory cannot account for noncoreferemce in ,(-\\\

™

cases where the pronoun follows the anteéedent. -While | agree that
speakers are unlfkely to use such sentences anaphoricall;, they do
not seem to be categorically blocked. Indeea, they Qere accepted by
SBZB%X 66% and 60% of subjects respectively.

Items 17 (26.6%), 33,(5?%)’ and 19 (33.3%) are also considered
to provide crucial evidenéo-in favour of c-command. In the fifst’two,
the subject c-commandé but 1ollows: the pronoun, while in the latter,
he c-commands (but does not precede) the other NP.

Items 10 and 11 are thel”prob]ems” for c-command whichkl discussed
in detail in 3.2.6. There | claimed that thé unérammatiéa]ify of
these sentences is unrelated to gnaphora, and that analogy to fronted
locative PP's and to stress variants which are acceptable under specific
discourse conditiqns could result iﬁ judgments of acceptability. Of
my subjects,V23.3% acceptgd coreference on 10, and 90% allowed it for
item 11.

Itéms 12, 35‘énd 36 figure prominentlygin Reinhart's argument
that analyses which try to account for constraints oﬁvanaphoric inter-
pretation at the level of deep structure are inadequate, since fronting
the ngerbial makes coreference po§sible for sbme‘(item 12) but not all
(35 and 36). Howéver, only 50% of‘subjects accepted 12, comﬁared with
76‘7% and 40% fpr 35 and 36 respectively. |

Reinhart cites items similar to 13 (33.3%) and 28 (46.6%) in her

L)

‘attempt to demonstrate that only c-command can account for the different

cé?eference options of subjects and non-subjects. Obviously, agreement

Y
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with the restriction is not unanimous.
Reinhart's discussion of the complex interplay .between the syntax
of COMP strugtures and preposed adverbials depends on :he ungrammati-

cality of items 14 (73.3%), 15 (73.3%), 16 (73.3%), 25 (50%), 30 (70%),
31 (46.6%), 38 (66.7%), 40 (60.3%), 42 (63.3%) and 44 (80%). “In

3.2.7 | presented several reasons for such results, including ana}ogy
to less unusual'examples and-inability to process. the séntences deeply
enough. This'set of senteﬁces presents perhaps the strongest argument
for the notion that judgment daga and production data reflect the
distiﬁction petween well-fqrmedness judgments and interpretive judgments.
Subjects' inability‘to re éct these senténces as non-anaphoric demon-
strates the.difficulties ound in using judgment tasks.

[tems 23 and 24 purport to demonstrate the length effect
discussed in 3.2.2. ‘lnterestingly, the d%fference betwee% the short
(80%) and the long (90%) versions was not statistically significant
(M = 2.17 and 3.57 respectively).

Finally, items 21 and 22 test Kuroda's (1968) definiteness
constrafnt. "Here too,'the degree 6f accebtance of coreference
(33.3% and 43.3% respectivelyy%gid not differ significantly. Instead, ///
/.

opinions were divided on both sentences. ’ /

/
,/‘

" General discussion.. Carden and Dieterich (1980) provide a recent

update on the issue of the stétus of unclear judgments. One solution
\]
has.been proposed by Chomsky (1957): base the theory on the clear

cases, then use that theory to determine the status of the unclear

cases. Katz and Fodor (1963) go so far as to suggest that sentences
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on which subjects disagree should be rejected as irrelevant to theary
N
o S i ‘
’tOﬁ&f?uctiQn. Neither solution is satisfactory. First, if we were
v .
to base our theories only on clear cases, syntackicians 'might have
. ' h {‘\ ~

exhausted the grammar long ago. Secondly, one would like to be able

to distinguish between sentences for which there exists a restricted T

range of acceptable contexts, and those.for which no context can

-render the sentence gramhatical.: Third, one would also like to be

v . .
able to distinguish between non-existent sentences which give

-

riie to significant numbers of positive judgments for thé reasons out-
lined in Chapter 11}, and truly acceptable sentences. The present
resul ts suggest-that thé former category, at léast for anaphorag may
be a significant one. Finally, it wOuld‘be bereficial if we were aS}e
to draw a distinction between judgménts bééedkon wel l-formedness
criteria and those based ointerpretive criteria. ~In this experiment,
it was éhown that th§~Tes{ cases, whether accepted or Féjecp?éi received .
lower confidence ratings. This could inﬁig;te that subjétts;QgFéibgsing‘ !
their judgments on interpretive criteria, but were somewhat influenced‘\
by the relative ill-formedness of certain itemé. However, it is likely
that for some items no illformedness wasxperceivéd. For example, the
. \
COMP / adverbial items had response profilgs that were very close to \
the 75% yes observed on the.YES items. For.such items, it is very
difficult to distinguish between application of a processing sgrateéy
and simple lack of constraint.
Carden .and DietericH prbposé"a\solution of ”cross-methodo{ogy
- validation'" (treating as resolved any issue for which text counts and
speakers' judgments cohyerg§). ‘One problem with their method, however, .

!
3
i

s

—
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is that_it'iﬁnof@& statistically rare, but-apparently perfectly well-

formed sentences which_do not match the predictions of the theory

' e .
| (they\are’rejected‘3§‘e¢cors). Without a methodlfor disbinguiéhing
errors.From accepfable but rare items, this is unsatisfactory. A
second problem has to do with their me thod of g§thering data. By
~showing subjects putatngly Blo¢ked cases in di§course contexts that
encourage éxtraééntentiél resqlutioh, they biased their results away

from possible yes judgments. In the present study, it was shown that

even for perfectly clear cases of anaphora, subjects tend to stay

with their original fnterpretations;'thjs was reflected in a 25% error
raté where the crjtgrion is whether qunot coreference could obtain,
and where subjects are allowed to register the fact that a given judgment
was not their first impression. By providing a definitive exophoric
resolution cqntext, Carden and Dieterich most ]ikgly increased this
subject bias.even further.
| o Have attempted to show that in grammaticality jUdgments involving
anaphora, Iinguist§ tend to use production criteria based on tﬂe weil- |
for%edness of a mapping from cbreferéﬁce options onto syntactic for%s.
Naive speakers, on the other hand, tend to use interpretive criteria,
mapping syntactic forms ontoigomprehension strategies. It is therefore
not too surprising, with hindsight, to see that different judgments
can arise. v

't is therefore important to note that grammaticality judgment does

not pravide direct access to a speaker's competerice; if by competence
o S :

 we mean éome,representation of linguistic generalizations that is neutral

C A

€2 , ‘ : .
be tween production and comprehension. Rather, the judgment process is

)

i - \
-
“ .
"
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4
\

1 i .
. S .\ L, ' ‘
‘itself a combination of comprehension ("'What does ths sentence mean?'')
: { S B
' 1 L, .
~and production ("Could | say.that with this meaningiin mind?"). For

anaphora, we seem to have shown that speakers do nOt\have access to
. . \

the interpretive principles governing their préductioﬁs d{;ing the
judgment task. o ot
: {

The gathering of judgment'data is an énterpfise which has not
- B ‘ ‘
been subjected to the kinds of careful ﬁgntrols which social scientists

'

apply‘tg\pther types of data cdllection. For example, Hill (1961)
’ and Makay and Sleater (1960) sfmply instruc£ed subjects to rate the
gramméticali;y of sentences, withoﬁt further explanation. Spencer
(1973) instructed gﬁbjects to:determinglwhether the sentences were

"ecomplete and well-formed''. Stolz (1969) uséd\the following instruc-

tions: &

Listen to each senfehce carefu]fy, but do not waste your energy

searching for hidden or metaphoric interpretations. We are

looking for your immediate and intu?tive reaction to these

materials and are notinterested in how‘ingenious you can be

in contriving your own private readings for them (p. 210).
Carden and.Die&zrjch(1980) asked their subjects to underline ''the

! : , :
word to which the circled pronoun refers'' based on '"'the most natural

interpretation' for a first pass, but including “éll the possible
natural interpretations' on a second pass (p. 10). In this study, |
 in$tructed subjects to listen for an "implication' which asserfed
coreference between the NP's of intefeSt. If‘fs likely that there are-
- as many'furtﬁer examples of instructions to inforﬁants as there are

linguists who collect this type of data. It is also likely that vari-
# _ ' .

ations in instructions will have a profound effect on the kinds of data
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,obtai;ed. Such words as{'hell—férmed”, "'possible'’, 'natural’,
"intuitive reaction’ and "implication'" will tend to Bias subjects

in one way of another,

My interpretatidn of thelanaphora'literatufé leads me to cdnc]ude
that ]iAgui§ts are moré intereéted in the Welleférmedhess aspeck.of
anapho;a ;han‘in the subject's ability to jnterpret a aiven pair of
NP's as coreferential. Since this requires-a judgment of well-
formedness, it would be usefuilff we Were to adopt certain conventions
“for thg questioning of our informants, whethervthey be naive speékers,
Lfelléwbiinguiéts, or even ourselves. Specific rhstructlon to judge
wHether or not the speaker would use such a sentence in any.

) , 6y
concelvable circumstances in order to convey the coreference meaning

of,:nterest should-result in more interpretab]e data. It is a]so
to be hoped that an agreement gf tHis sort would obviate the need for .
the reQQIar appearance of stuaies such as this, which after so many
years of workrkithin the-transfocmatfonal-generative tradition can

ﬁ still call into question the va]idify and reliability of the data upon
which linguistic theories are built.

Spme suggestions\cén éISO'be of fered regérding the refinement of
the judgment experiment reported above. First, approximately 70% of
the sentences which Reinhart analyzed with a COMP analysis in order
to save the c-command analys;s were Judged acceptable by the subJects
This suggests that this category in particular should be examined

in more detail. One improvement would be to retest subjects after

@ fairly long interval (say, six months) in order to determine the
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‘relationship between firmness of juagments and consistency uithin
speakers IF ehese sentences, or other types. in the study, prove
to be'not only highly acceptable to speakers, but also consistent
within speakers, the argument‘agatpst this aspect of c-command
analyses is strengthenedi Ae the ?ame time, sampling of a larger
humber‘of sentences‘uith ‘targer groups of subjects would aliow

‘a detalled enalysns not only of item qharacterlstlcs due to
syntactic form but also to lndIV|dual dnfferences in judgment
strateéies. For example, subject characterlstlcs'such,as verbal
|.Q.,_VOCabu1ary'size,_;gading‘ability, age, etc}‘might turn

: 3

out to be correlated with Judgment patterns. Hockett (1958) refers;.

fto an ear]y article by Bloomfield entlt]es “therate and |l||terate

speech'' (American Speech, 1927, 2, 432-441) which suggests that

certhin aspects of linguistic competence might vary as a function

of literacy. (See Appendix J for a preliminary analysis) .

Perhaps there is‘a deeper issue inuolved here. ,Cufrenf reseaech
on learnability suggests that. some aspects of syntax are d{fficult
to infer fromvthe linéuistic data presented to a speakef, since
negative evidence in the form of correction fromianothen speakef and
the ability to note what does pot occur in the speechiof others are
not often available to the ]anguage learher. For egample, the

work of Lust, Loveland and Kornet cited above suggests that children

accept coreference on senténces such as He said that Mickey was sick

because there are many instances of backwards pronominalization which

are free, and few opportunities for the child to learn that its
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interpretation of a blocked case is erroneous. When one considers

‘the kinds of sentences used to buitd linguistic theories of

v

e T . C { .
constraints on anaphora, it becomes esz%%t that even adult speakers

may be subject ‘to such Tearnability cpnétraints. It would be of

interest to see lQarnabflity proofs -for the aspects of c-command (::jfxx

diséussed in this chapter, for if‘thatfabprbach is a viahle one,

it should predict that iiﬁguists, with carefully séquences exposure
to:the,rare sentencesloF interest, would have developedy the appropriate
constraints, while the linguistfc laity wguld not. Such'éﬁ approacﬁ

“ .

would help to solve the problem of whether the acceptance of

.coreference by my subjects is a matter of the comprehension_ .

strategies outline above, or a matter of rule acquisition in the
; . , 5

sense in.which this term is used in the-language acquisition litera-

ture..



CHAPTER FIVE

PSYCHOLINGUISTIC APPROACHES TO ANAPHORA RESOLUT!ION

IS

5.1 Introduction

’

In the precéding chapters we have observed the extent to which

syntécticiaﬁs have been preoccupied with discovering structural

. ’ J

properties of sentences which do and do not allow coreference.
Psycholihguists, on the other hand, are ‘interested in different
aspects of the phenomenon. Garvey, Caramazza and Yates (1976) have

described ¢he division of duties as follows:

It is cons;dered the task of a linguistic grammar to assngn

a unique structural representation to any and all lnterpretattons
of a sentence, but ‘the Vinguistic grammar is not required to
account for a listener's selection of one or another possible
meaning-of jan ambiguous surface structure. Rather, it is the
task of a theory of comprehension to determine the means by which
a listener assigns one or another possible readlngs to a glven
sentence token. (p. 239).

In Chapters 11 and |1l we examined difficulties in separqting
the two approaches, since the theary of compreheméioﬁ will, in part,
determine whether or not a sentence exhibiting pronomlnal anaphora

is VLewed by the speaker as amblguous In the following chapters r

}‘
\

W|l} ‘examine aspects of comprehens:on which are more dtrectly related

103
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"to how a reader or listener chooses an antecedent.from a set of two ar
more céndidate‘antecedents in the disCoufse;n

Studx ofvthe cognitive processes underlying‘anaphora‘resolution
is motivated b; our awareness of the signifioance for general'language

‘comprehension,models of an aspect of linauistic processing which.cuts
acrossvthkee of our most sacred di chotomies: synfag Vs . seTanfics,v
sentence vs. diecourse,'and linguistie VS, praomatic knowledgeu- I't i; o
perhaps S|gn|f|cant that* whlle Sprlngston (1975)\was able to cite only
one |nconclUS|ve s tudy of adults' process:ng of pronouns, we now'have

‘ falrly spec:flc models of how the human processor eprOlts many kinds
of cues in éonﬁuctlng antecedent searches throughrmemory, and of
how potential an;ecedents are seleoted, activated, and |ntegrated into
ongoing representationo of the discourse.‘

In 5.2 | review the:experimentaT‘literafure onﬁanaphora
resolution.;cReeearch in this domain has covered. an inpressive rangéj
ofAtopies over aurelativelyAsma]1 nunber of yeare. These: include:

: : o : .

(i) lexically-based resolution biases’

(i) the role of.situational pragmatics'

(i) the processing consequences of choosnng a pronoun over a

lexnca] NP
(iv) memory scan modelé'of the antecedent search

~(v) _the notion of l'search domaint'
N v ‘ e _ ‘
~ (vi) activation effects associated with resolution. :

Section 5.3 presents a brief overview of the more general question of
: L \ .
whether language comprehension is essentially a top-down or bottom-up

B

process, and a discussion of ‘the relevance of anaphora research to this

problem. The chapter ends with a summary offthe QUeStions‘
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left unanswered by the experimental literature, and provides the

general rationale for'the eXpetiments described in Chapters VI and-VII.

5.2 Experimental approaches to anaphora resolution

3

:572.1 Pronouns vsz lexical NP's: Effects of definiteness

Schlesinger (1968) presented a series of experiments in support
of his argument that syntact?c analysis is sometimes.éompleted on]& '
y v : ‘ ' L "

/
/

after an attempt has been made at semantic interpretation based on.

)

comprehension strategies; One of these studies Fttempted to show that
'sentences beginning with semantically indeterMLnate words'" (p. 140) |
douldvbe more difficult“to process than thb;erwith determinate.WOrds.
Such a tesult would suggest that very.early in the sentehce an attempt'
at interdretation would be‘hindered'bf‘the—Tfétenerfs inabilityvto,

‘construct an on-going representation. The alternative hypotheéis,‘one‘
. . : 1 " .

» i . '
held implicitly by Katz and Fodor (1963) and processing models based

& ‘
Q“\}on their theory, is that interpretation would be attempted only after

a full syntactlc representatlon had been .worked out, at whtch tlme
this sort of lndetermlnacy would have resolved |tself

. \
Schlesinger used a stop»watch to collect reading yimes,

e

“n

: A
for Hebrew Sentences with forward and backward pronominalization,

similar in form’tog‘the‘following Engliéh examples:

207.  Afte he met "the Chief of Staff Mr. Churchill left fdr
the ouse of Commons » :

g 208. After Mr. Churchill me t the Chief of Staff he left for the
‘ house of Commons. »

Readings times were indeed slower for (207), and althoughbthe effect-b

did not.reach statistical significance; it did hold fot-each‘item
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. .,

tested. Readfng timeg were even slower for: -
1209. After Mr. Churchill met the Chief of Staff, the Prime
- Minister left for the House of Commons. v ' Qg

If the first finding‘is indeed a real effect, one‘might conciude :
that it reéulfs from havfng to keep the.pronoun‘unresolved in surface
memory until an antecedent‘is found. Tanenhaus énd Seidenberg (1981)
found‘ support for a similar hypothesns {ﬁ ‘a study of interclause
relatlons and pronoun processnng They rgasoned-that a clause shnuld
function as’a ”prdcgssing unit“, i.e., be integrated into the on-éning
semantic représentatfon/and Iostffromvsurface or-working memory, 6nly
if a conplete interpretgtion'can be made, If thebc]ausé_is éyailéb]ew
nfn wofking memory, probe la%encies for wnrdglnithin_ft snduld be rela-
tively fast, coMpatéd“td clauses'whiéh have been reconed. For. Va
: - : ‘ ¢ - g

sentencés withné pronoun preceding its antecedent, subjectsvwere fasfer"
to.respnnd to a word rhyming,witn’a‘test-word_in\the next Clause.,‘w
Consider this‘exnmple: |

210. ' When adults /. they are cruel kids often grow hp.to be

W,

maladjusted. -~ o cN

Given. the test word bids, subjectslresponded more.slowly to kids when
the first clause contained adults, and thus had been recoded. Furéhef-
more,rthis'differenceag@sappeared when the pronoun could be gesolyéd

‘to-a sentence preceding the test sentence: 7

i
W

: v . !
211. Some -adults are extremely insensitive.

In the context of (Zﬂi), the pronoun. version of (210) can be resolved
.immediatély.-and this éccounts for the increased latencies observed
with such contexts.

‘Scnlesinger's second finding may be related to Lesgold's (1972)
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later demonstration that sentences with pronouns are better recalled
than sentences with repeated nouns in a pronominalizable position:

212. The blacksmith was skilled and he pounded the anvil.

213. The blacksmith was skilled and the blacksmlth pounded
the anvil.

Not only was prompted recall better in the pronominalized versions,

but more words were recalled from the clause not containing the prompt

word. This implies that sentences are better integrated if they use a
pronoun where ''resurrection' of the full lexical item is unnecessary.

Schlesinger's result shows that even when the use of an anaphoric

‘definite NP has a discourse function, recognition of the anaphoric

relation between two lexical items takes more time than pronominal
anaphora resolution.

Withott discourse motivation, a definite NP will normally be

. ! ] . .
_,/f’“*ﬁisz:;}e_ s noncoreferentxal with a preceding definite NP:

th . \\Wheh Churchill left; the young lady was exhausted.
In Schlésinger's materials, inferring corefgrence is sfh{lar to the
.

process-.of recognizing coreference for epithets:

215. When Churchill left, the old gizdr was exhausted.

JIn both cases the basis for the inference is world knowledge. Coreference

would be blocked for (215) in the context of a description of the young

Churchill, just as it might escape detection in (209) for a reader who
~

has never heard of Churchill.
Yekovich and Walker (1978) haQe further shown that the interpreta-
tion of an indgfinite NP such as a puppy:

216. The little boy played with a puppy The puppy was-only
six weeks old.
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is easier when the indefiniteness functions to signal reference to
1 r N

: \ N
a specific individual not previously mentioned than ifdfeference is to

a nonspecific individual:

217. The little boy longed for a puppy. The puppy was only
six weeks old. "

This distinction is controlied by the verb (pléy vs. long for), and

was termed directed vs. nondirected action by Yekovitch and Walker.

Readiag times fof the.seéOnd senfen;e were longer for items such as
(217). |

While the effect is undéybtedly real, it should be noted that the
second type of di;éour;e vigléteéhthe discourse médel assumptions
propééed by Kérttuneg (1969},;Pdstal (1965), Hankamer and Sag (1976),
MWebber (1981) and others (see 2.17 above). Such.dfscourses are iH
fact ihcohefént aéd Qould be diséilowed by a detailed model 6f English
dﬁécourse. |

It is also of interest to note that the distinction between

_ directed and non-directed action is only.one aspect of the discourse

principles which'govern the specific - nonspecific contrast. In

French, for example, this contrast. can be‘madé explicit in a relative

clause by use of the subjunctive:

218. Je cherche un homme qui conduise une belle voifdre.

219.. Je cherche un homme qui conduit une belle voiture.

? ) .
while in English the difference, termed referential vs. non-referential
is not overtly marked:

220. l'm.looking for a man who drives a nice car. "

Misuse of a nonspecific NP can also be spotted in discgurses where



109

the use of one vs. him (or another personal pronoun) marks specificity;
the discourse model assumptions in these cases are a matter of world
knowledge as*well:

2 221. I'm looking for a man with a good mind. |'ve a]ways-wanted‘
to meet #him/one. ' f

222, I'm looking for a man with a ‘red hat. 've always wanted
to meet him/#one. L

 The-.garden pathing in (221) and (222) results from pragmatic constraints

N,

on the likelihood that the indefinite NP in the firét'séntence is also

' .
!

a case of specific reference.
Thus, the constraint studied by Yekovitch and Walker is more

general than their proposed verb feature.

5.2.2 Sentence-level interpretive biases:; Verb-based effects

Sptjngston (1975) investigated several cénstraints on coréference
interé:etation, some of which are similarsto the verb feature analysis
of Yékovitch and Walker (1978). "For example, verbs such as lihgj which
mark their subject as the experiencer of that emotion, bias the
igterpretation of embedded pronoun subjects to the subject of '€he
higher sentenc%. ‘However, no such bias obtains with pronoun objects:

223. Bill told Harry that he liked John.

224, Bill told HarryAthat John liked him.

The converse is true of verbs like bore, which mark their object as
experiencer and bias embedded pronoun object,’but not subject interpre-
tation to the higher quject:

225. Bill told Harry that John bored him.

226. Bill told Harry that he bored John.
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There is a pragmatic basis to the constraint: under the nonpreferred

reading of the like and bore sentences, Bill performs the bizarre

speech act of informing Harry of Harry's own reactions to other
people. However, in contexts where this is a plausible speech act,
the bias shifts:

227. Harry was having a long session with his analyst, Bill, about

his relationship with his brother John. One of the most \
stunning insights came when Bill told Harry that John
bored him.

Nonetheless, the locus of the bias is the verb, and there is nothing
to suggest that considering‘it'a lexical bias affects the main conclu-
sions'of Spriaéston's study.‘

In a'reading tim? study; Springston found thétvsubjects-comprg-
heﬁd sentences which are congruent with this constraint féster than
those which are not." Thus,ieveﬁ for sentences in'Which gender cues‘
afohé*wpuld be sﬁfficfent to determine the antecedent, ézﬁprehension
was fasﬁéh‘for the biased cases:

228. ‘thn told Mary that he bored Sue. (unbiased)

229. Johh told Mary that Sue bored him.  (biased)

Eurthérmore, violations of the constraint took longer'té process,
even when cues were present:

230. John told Mary that Fred bored her.
~Each of thése resul ts can be interpreted‘in terms of on-line access to
.the constraint as the verb is being processed. In (229), resolution
to John is bredittable even before the pronoun is heard or read, and
in (230) this prediction is not met by the pronoun. This provideé

further evidence that regqlution is affected by priof context, as already

suggested by Schlesinger (1968) and Tanenhaus and Seidenberg (1981).
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Garvey and Caramazza (1974) described a third verb feature, impli-

e

cit causaligijlwhich biases anaphora interpretation in because clauses:

231. George telephoned Walter because hg_wanted'sympéthy.

232. George criticized.Walter because.bg_wanted sympathyl
Verbs such as teiéphone seem to set up an expectation that if a cauée‘
is offered fdr thé action, it‘wiI] involve another event in which the
subject (e.g.; George) is the agent; verbs such as criticize, on £hé
other.hand, imply‘thét their object (e.g., Walter) is the agent of
the causal clause. As with the experiéncer constraint, the effect is
praématic, and is rooted ib the knowledge of cultural hgrms governing
the acts of telephoning and criticizing, combined with our aftitudes
toward people who seek symp;thy.

Garvey, Caramazza and Yates (i976) showed that naive speakers are
sfrongly influenced by this bias. When asked to complete spéken‘
sentence fragments ;uchvas

233. The father scolded his son because he.....
both adults:and 10 - 13 year old subjects were oblivious to the poten--

) .
tial ambiguity, and were able to offer completions without difficulty. .
Thegg completions show that the bias covers a continuous range from °
verbs which received an equal number of continuations cdnsistent with
each of fhe interpretations of the pronoun, to stroné biases toward
-either the mat;ix subjeét or the matrix object. This held both within
sentences, as abéve, and across q&estion-answer pairs such as

23&.' Why did the mother punish the daughter? Because she...

Other factors had a modulating effect on the implicit causality

strategy. Passivized vefrsions of biased sentences showed a general

\
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increase in the number of surfaFe subject choices. For example, the
following had more Walter interpretations than did (231):
235. Walte; was telephoned b9 George because he wéﬁted sympathy.
Verb negation, which has a complex effect on causal re]at;bng betwéen
clauses, also results in a stroﬁger.subject bias:
236. George killed Fred becau§e he.....
237. George didn't kill Fred because he.....
Finally, the social status of the peoplereferred to in the sentences
inte(acted with the lexﬁEal and syntaétic biases:
238, The assistant.argued with his boss because her....
239; The boss argued with his assistant because he.!...
In (239) there is a weak bias toward resolutién to assistant, contrary
to the results for (238). Apparently reso]ution here is partly deter~-
mi ned by thé subject's interpfetation of who is more.likely to begip
such an argument, and who is likely to be blamed for it,
Caramazza, Grober, Garvey and Yates (1977), like Springston,
found that violation of implicit causélity is associated with élower
- reading times. A sentence constitutes a violation of this constraint
if iFs causality biés‘is different from the bias of its because clause:
| 240. John.telephoned Bill because he withheld some information.
Slower readihg timés for these sentences would indicate that the bias
takes effect during processing of the verb and the conjunction, fhereby
leading to a garden path effect when the verb phrase of the lower
sentence is interpretéd. .Thfs reéult was also found whea gender cues

were sufficient for resolution:

y

2hk1. John telephoned Sue because she withheld some information.
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Under the assumptlons of the on-line resolution model belng developed

A}

here, thlS result is not surprISlng Whether the gender of the two

NP's IS dlffe%ent or not, on-line lnterpretatlon of the sentence
leads to a predlctlon that ‘the word after because will be a pronoun

referr|ng to the NP'that'is7consistent with the bias to that point,
We can also predrct the precise locus of the garden pathlng For

(240) and for (241). in (240) the vuolatlon of tmp]:cnt causa]nty

- cannot be perceived until the second clause has been integrated, while

in (241) the violation can be perceived.as soon as the pronoun is

encountered.

o

L 2 . .
However, Caramazza et al.‘conclude that both interpretations of

the pronoun are considered during pProcessing of the because clause. in

both typeé of sentences. This is viewed as support for the position

"of MacKay (1970) and Olson and MacKay (1974) with regard to the

processing of other types of ambiguity, and is compatible with the
Clausal.Proceesing Hypothesis (Fodor; Bever, and Garrett; 1974), for
they also'c]aim thac the final interpretation ie chosen only at the
final clause boundary. It is also inconsistent with my contention that

resolution occurs on—lfhe for (241), a pOSltlon held by the on-1ine

_interective (tOp—down) schoo] of thought (e.g., Tyler and Marslen-

Wilson, 1980) . Such issues are examined in detail in 5.3.

The work of Tanenhaus and Seidenberg (]981) suggests that the
clalms of Caramazza et al. are wrong. In sentences where prior context
provided suffucnent basns for resolution Tanenhaus and Seldenberg
found evidence that the prior clause had been recoded, and hence
the pronoun had been resolved A similar method could be applled in

this case: by probing for ~a word from the first clause, one could
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examine pfobe latencies for two positions during the second clause
and aftér the entire sentence has~been processed:
~2h§; Jéhn :élephoned Biil becausé:he***
244, John telephoned 'Bill because he wi;hhgfd some information.***
@ 245, John telephonéd Sue because she®¥x
3 246 _Johh telephoned Sue because she withheld some information.#%:
sk Probe JOHN
The on-line inperactivevfheory predicts that probé Iatencies will be
longer fér tHe unémbiguoﬁs fragmént (245) than for the ambiguous
fragment (246), while the Cléusal.Processing Hypothesis predicts that
latencies should be{iden;ical. Both theories predict identical latencies
for (244) and (246)} comparison to these positions would provide a
baseline measure. | S
Ihla7%ourth,study,'Grober, Beardsley and Caranbzéa'(1978)
showed %urthér.effects due éo the partfcular modal verbs used: ''strong"

modals such as must and ought to express necessity; 'weak'' modals such

as Eég_and ﬂil express péssibility. Grober et al. hypothesized that
weak modals would.reéult in attenuation of the causality effect, while
strong modals would augment it;' .
247. Nancy scolded Marge becguse she...
248. Nancy may scold Margé because she...‘
2hg . Nahcy’ought té scold Marge because- she...
These predictions were borne gut in a senteﬁce completion task.
'Gfobér ét al. also expected.than when qasglity'effects weré relaxed,
__ subjects would choose an antecedent in accordance wiﬁh She]don'§ (1974)

Parallel Function:Strategy, by which a lower subject pronoun is'under-
p :

e
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stood as coreferential with the higher subject. This result obtained
for both the weak modals and for sentences containing non-causal but -
clauses: "

250. Jﬁhn criticized Bill, but he.....

Caramazza and Gupta (1979) also examined intéractions among
implicit causality, passivization, and clause fronting in a timed

. { .

— |

antecéaent naming task:
251. John scolded Bill because he was'annoyed;
. 252. . Because he was annoyed, John scolded Bil].

253. Bill wag scolded by John becahse.he was anﬁoyéd.‘

254. Because he was annoyed, Bill was scolded by John.

Clause fronting alone did not eliminate the implicit causality bias,
but both passivization and a combinafion ofvthe_fwo condi tibns reduced
the effect. The authors attribuge thfs to two factors:- the greater
processing difficulty of backward anaphora, and the ‘importance of
topicalization in‘this resolution strétegy.

Eh%lich‘(1980) has shown that implicit causality is\best Qiewed
as a general pragmatic factor rather than a lexical feature of the
verb. She had subjeéts rééd sentences similar”to those used by
Caramazza et alﬂ'(1977) and name thé antecedent. However, she varied

. ‘ . )
the relation between ;he clauses in the materialsty using three

different conjunctiohs: because, and, and but:
. &

255./ Steve bTamed Frank/Sue be®ause he spilt the coffee.
256. Steve blamed Frank/Sue.and he spilt the coffee.
257. Steve blamed Frank/Sue but he spilt the coffee.

" The effect was replicated for because and but, but not for the and

[
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sentences. Ehrlich therefore argues that implicit causality reflects

an interaction between the semantics of the verb and event relations

. e A .
as encoded in the conjunctions. This does not seem to be a serious

criticism, since implicit causality is claimed to be a verb feature
that affects the interpretation of causal sentences only.

Ehrlich also found that .in sentences with a gender cue - (the Sue

versions of (255 - 257), changing the conjunction had no effect
on reading times. This seems to argue thét gender has priofigyvover

implicit causality in anaphora resolution. However, she does not.

N

discuss this result in relation to Caramazza et al.'s finding that

-

‘the implicit causaTitY effect is present even when.gender cues dis-
ambiguate'anéphora. Why should oné éfféct obtain in the présence of
Qender cues, and the other be suppressed?

This seemingly énOmaIOus result can be explained witﬁ reference
to the th process model s deécribed aBove, and is.in fact predicfed by

1

the on-line interactive theory. Notice that even with the more
diffiCU]t (less coherent) sentences:

258. Steve blamed Sue and she spilt the coffee.

a subject would be able to state the antecedent without fully compre-

hending the relationship between the clauses, if aﬁd only if resolution

1 . : . L
were achieved on-line. Howewtr, when gender cues are absent, as in

the first part of her experiment, the subject must look elsewhere for

information which would allow resolution, na%ely the tybe of relation

+ .

oo A
which holds between the clauses. The Clausal Processing assumption,

however, makes the wrong prediction for‘this*bart of the experiment. |If

resolution were delayed until the clause boundary were reached, one would
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éxpect to find equal facilitation due to gender, in addition to the
effect of clausal relations, and therefore faster but similar latencies

to those found in the first condition.

= ’

5.2.3 ‘Intersentential interprétive biases. -
Hirst and 'Brill (1980) attempt to account for speakers ' c@oite

of antecedents from prior sentences in terms of the likelihood that

the event described in the pronoun-containing sentence would involve
the person named in the main or subordinate clause of a preceding

sentence:

" . .
259. John stood watching while Henry fell down some stairs.

He ran for a doctor / thought of the future / cried out
-in pain. ' ‘

"Here the pronoun of the first continuation is pragmatically biased
] : ’ .

toward coreference with John, the second”is’nedtraf, and the third

is biased toward Henry. v. S v ' o ’ R
v First, Hirst and Brill collected speakers' ratings of the |
plausibflity of each alternative, e.g.
260. If John had stood watching, he might have run for a doctbr;_

-

261. If Henry had fallen down some étairs, he might have run for
a doctor. v

“Plausibilitf differences' were obtained by subtractihg fhe'ratings for
one alternative from the other. These were then‘shown to correlate
strongly with reading fimes for test discourses, as reflected in én
antecedent choice task. Large‘differences‘ngg., for the biased first‘
and thifd continuations of 259) were associated with longer Iatehcies,
as.$ubjectsv§eemingly puzzled over the plausibility of each.

A more surprising result is that even when syntactic cues which

i
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block;co}eferehee seemb to be aya(lable oﬁ-iipe, the plausibility
effect still held:

262.; John stood watehing He r;n for a doctor / thought of the

future after Henry fell down some stairs.

Resolution shoufd be possible, gnder the 355umption of }hterectiye
.proceséing,lwhen.the prbnouq is reached,. since the subject positiqn
allows ‘resolution to a preceding NP. At the very iea;t, it should
be possible to discount later reso|Utioh by the time the conjunctibn
after haé been;perceived, since coreference in the 1ower'cfause‘i§
blocked‘on syntactic groeeds.,

Hirst and Brill interpret tHTs finding as evidence that the inte-

gration of the content of the two sentences is triggered by the pronoun,

k-esolution occurs only when ‘integration of the second clause

i is couptef~inthithe: one has neither an impressiqn of
4fnty of reference in the first clauee when the second is'beﬁng
U;ed, nor an iﬁpression of ambiguéty resolufioh at the end of fHe;
gee. Furfhermore we shall see in subsequent sections that
vement research (e g., Ehrlich and Rayner, 1983)‘has shown that
res lution is often completed during the fixation on which the
perceived. Moreover, .even bottom-up\models of compre-
'hensien (e.g., Forster, 1978) assert tha£~ihterpret tion Bccers at

the next ciause boundary whenever contextua]annformatlon from precedlng
‘clauses can be used. -In this case, the pragmatnc;information comesi

in the clause followihg the pronoun, well after sufficient information

\

is available for resolution. -
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Hirst and Brill's result is most probabiy an.artifact of their
experimental technique. Their desngn leaves open two . a]ternatlve,
interpretations. First, rather than measure global readlng tlme for
the sentences, they had subJects push one of the two buttonsdparked

'John and _gnrl_for each trial in order to lndlcate antecedent choice.

This is- essent:ally a ch0|ce reactlon time task, and as 5uch requires

vertflcatlon of - two alaernatnves after.resolution has taken‘place.'
After lnlt:at processnng is compiete, subjects must conslder each
NP, even if they had not done so‘durang.reso]ution. Large'plausfbility
differences may well Facnlttate this postprocesstng deccsnon, but it
is unllkely that they affect resolutlon on-line.

A second ftaw in the s tudy is the fact that plausibi]ity differ-
ences alone could account for the initial reading time difterences,
whether they occur durtng initial processing or»during the antecedent
choice task. Consider this examp]e: |

263.  John stood watching. Fred thought of the future / cried
out in pain after Henry fell down some stalrs

lt is qunte llkely that the ‘same pattern of response times would

.appear with no pronoun srmply because it is difficult to understand

\.

"~ why a person would'think of the. fufure when witnessing an accldent

RN Slnce these desugn problems bias both readlng tlmes and verufr-
/v-
catlon tames-1n the ‘same dlrectlon the counter- lntuntnve and other-

ot

% vusedunlnterpretable result should. not be taken serlous]y

Lockman and KlapphOIZ»(198]) have speculated that ln semantucally

\

neutral contexts an amblgu0us pronoun will be lnterpreted as corefer— ,

ential with a preceding main clause NP in preference to a subordlnate
{ .
clause NP, regardless of recency

A

1
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264 . John cut the grass while B’ll washed the car. He did a
lousy job.

265. While Bill washed the car, “John cﬁt-the grass. He did a
Iousy job, : : : : '

Clark and Sengul - (1923) did test explicitly formain/subordinate clause

RS \
'.z N

effects in similar materlals, but found none. " However, their materials

were net controlled for plausibillty, a factor which Lockman and
Klapnho]z suggest will have a pdwerful effect on resolution times.
o Carpenter and Just (1978) feund that as tﬁéy tncreased the
number of sentences between‘the firstvand second mention of a deftnite
NP, their subjects tookvlonger to comprehend the second_sentence:
266._'The ballerina captivated a musician in the orcheatra -
during the performahte It was the conductor who arranged

the choreography. (...) The one who the- baller:na
captivated was the trombonist.

[
/

They .attribute this jn_part to the fact that the secondﬂsentence con-
stitutes‘a topic shift, which becomes moré firmly entrenched as sub-
sequent sentences are added; .Anparently, definite NP anaphora is
more dlfflcult when the antecedent is no. longer foregrounded

Frederlksen (1981) lnvestrgated the effects of a number of tnterr‘
sentential variables on processung ease}for sentences whlch were seman-’
'tically cons trained to make‘the'intended»referent c1ear _ Hypo-l
theses were. then advanced cohcerning the ease of resolutlon under‘
various other man1pulat|ons.

,’Suhjects ccntrolded the display of sentences: one at a time, °

‘on a CRT s;reen; and their reading_times nere recorded. “At unpre-
dictableiintervals, a hutton nreés,would visually emphasi?e a.pronoun
in the current sentence rather than diSp]ay a riew sentence, and,sub*

fr

jects' vocal reaction times to naming the antecedent wgre measured by
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a voice-operated timer. Frederiksen observed several effects that
have already been discussed, as well as~faster reading times when a
targey sentence maintained the previous topic rather than shifting to
an edrlier topic; when intervening sentences made no topic reference,
no reduction in reading times was observed. Furthermore, reading and

naming latencies were faster when the semantically constrained ante-

cedent appeared in subjeét position than when it was a non-subject

in the preceding sentence.

Another of Frederiksen's observations is that resolUtion times
increased as the number of potential antecedents in prior discourse
was increased (see also Kaplan, 1981). He claims that this supports

a ''reinstatement' theory in which all nearby NP's are automatically

‘canvassed. This can be interpreted as a claim that resolution occurs

on-line, since pragmatic information after the pronoun did not facili-
tate resolution:

267. The nineteenth century was (a.period in which numerous
immiggants came to America) (a period of immigration).

lﬁ_closed with a second wave.....

. Frederiksen's argument is that access to the ''second wave'' information

S

would clarify the meaning of it, making an exhaustive search unnecessary.

Since the results support the notion that all candidates were canvassed

in both conditions, he concludes that this information played no role

in resolution. This conclusion is, however, unwarranted. It is not

»

possible to resolve it for the longer version without reference to the
content of the second sentence; both period and America are possible
antgcedents{ Thus, both top-down and bottom-up models predict that

|

all candidates must be canvéssed; even after the second clause has
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been “interpreted. They differ only in when the resolution process

begins, but not wi th respect to how long it takes or when it ends.

5.2.4 Search processes

Springston (1975X noting that only reflexive and reciprocal
pronouns are subject to grammatically-determined resolution (i.e.,
the Clausemate Constraint% hypothesfzed that non-claqseﬁates need not-
‘be canvassed as candidate antecedents during resolution, since the

! .
search can self-terminate as soon as the clausemate is found. Con-

L

versely, he expected the search process for simple pronouns to be
exhaustive, that is, to include all the NP's within the search domain,

t

simp}y because.}here are many different posftions in which the antece-
‘dént&foﬁ’a simple pronoun may occur.

- Since Springston does not cite sources for the exhaustive vs.
self-terminating distinction, let us first consider the character-
classification studies &Hfzh originally ﬁotivéted the use of this
terminology. Sternberg (1966) presented alphanumeric characters to

‘subjects who were to decide as rapidly as possible whether each was a

member of a previously-memorized set of up to six letters or numbers.

Since response times for both positive and negative decisions increased

lineariy with the size of the memorized set, Sternberg inferred that
all memEers of the reference set had been serially scanned. The
_rationéle for this is simply that negativg decisions can only be
made when all candidates have been con;idered. [f positive idénti;
fications take the same amount of time, they must.also result from

an\exhaustive search. Theios (1973) characterizes this as a high- !
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speed scan, stating that

in such situations it is convenient to assume that "copies

of the memory representations of the recurring stimuli and

responses may be held and organized into serially-scanned,

short-term stores or memory buffers (p. 4k)
Thus., the domain of serial-scanning searches is assumed to be working
memory. |If other items must be scanned, they must First be brought
into active memory . .

Springston's meth 5dology and conclusions are founded on two
basic assumptions. First, the use of a self-terminating search (as
with reflexives) is entirely dependent on resolution being determinate;
if an antecedent may occur in many different positions, a self-

terminating search strategy would result in many errors, since the

first poisible antecedent would always be accepted. Secondly, when

\

‘a candidake antecedent is canvassed, the speed with which it may be
rejected i&\g_functionAof the number of features on which it differs
from the\brohoun.

In aicombined reading time - verification time task, Springston
found faster comprehension for (268): than for (269):

268. John left the party because Peter hit him.

7%?9. John Teft the party because Carol hit him.
Thfé suggests thaf the search is exhaustive, since the EEEEE/EEIQL
differencé\wou]d not arise unless both items had been invo]vedl ‘The
lack of such én effect for (270):

270. John left the party because Peter praised himself,z

271. Carolleft the party because Peter praised himself.
 further guggests that for (ef]exives, the search ends at the clause-

mate of the pronoun.



124

The fact that Springston collaPSed.reading times and reaction
times to a verification tésk such as (272): |

272. John was hit.
for each item poses problems of interpretation. As with Hirst and
Brill's (1980) antecedent-naming task, the verification task forces
subjects to consider all NP's in‘recent memory in order to decide whether
or not they méet the criteria for acceptance. In the case of a simple
pronoun, the fact that there are numerous exceptions to the so-called
Converse Clausemate Constraint would, according to Springston's model ,
require that the verification search include all of the NP's in the
sentence. In the case of a reflexijve, however, a verification search
may be terminated when a match involves a fef]eXive, provided thap the
processor has access to the surface code as well as the meaning code.
In Springston's task, this is‘a reasonable assumption, since the
verification sentence immediafe]y followed the test sentence. Thus
it is possible to explain fhe gender effect entire]ygin terms of the
veriFiFation portion of the task.

On the other hand, with a top-down processing‘model, one would
not exbgct to(find a gender effect during on-line processing. Given
the contextual constraints that develop across a ;entence such as (268),
an optimal processor would be able to preaict during the processing of

Peter (or Carol in 269) that if a personal pronoun appears in the

clause, it must have as antecedent the current topic. Interactive
processing would assign the correct antecedent without an exhaustive
search of other nearby NP's, Thus, if one could separate reading

times from verification times, one would expect to find the gender

r
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effect only for the latter task.

5.2.5 Complexity and dominance .

Springston also asked whether the gender effect might disappear
when  the pronoun precedes and commands the non-antecedent, since the

syntactic cue alone could serve to eliminate the NP in the lower

P

éentencé as a possibie.antecedent:

273. Hé said that thn/CaroI was sick.
Violation 6f the exhaustive search assumption for simple pkqnouns might
not be surprising in this case, sincé the processor could be sensi-
tive to the futility‘of searchinq forward into a lower clause, just
as it does not‘g§ beyond the leftmos£ clause bbundary for reflexives.
Even if we were to accept the validitf of the combined readiné and
verification measure, however, Spfingston's methods for investigatiné
this question_are not adequate. Rather than simply test for a gender

effect in items such as (273), he compared reading times for a set

of sentences such as:

274. Bill claims that he was-living in London when Joan was a
movie star. /

275. Bill claims that when he was living in London, Joan was a
movie star.

276. Bill claims that Joan was a movie star when he was living

in London.
277. Bill claims that when Joan was a movie star, he was living
in London. . T
No interesting differences were found. 1Presumably,'he was working

under' the assumption that for 274 the processor would have available

on-line the information that the when clause could not contain an
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antecedent for he, and that the search would therefore not go_ for-
ward; in the other cases, the syntax does not:block coreferénce, and

the search would be exhaustive in both directions. The lack of

differenéég\is anomalous; both Séhlesinger (1968) and Tanenhaus and
. k :
. L
Seidenberg (]981) were able to find such effects. However, the fact

that each-sentenéé\coﬂﬁéiﬁs the same number of potential antecedents

al N\
\

explains the Faékfof Q}fferenCe, if we can attribute the .effects only
to the verification fask; Furthermore; (27h):js similar in structure
to the '"MclIntosh'' sentences of Chapter I11; subjects are not sensitive
to this putative blocking. fhese items do not test Springston's R
hypothéses, sfnce’f% Experiment 1 it was found that similar;étems (8 and

28) were accepted by 40% of the speakers. Finally, differences in the
~

semantic relations of (274) - (277) and (275) - (276) further complicate

5,

U

(.
matters. ;

Sprngsth's verification task is also equivalent to a forced-

choice procedure, since in order to verify asserted coreference, one

I3

must consider all of the alternativés from the prior discourse. Access
tb these alternative NP's will be affected by how they are currently
stored in memory, and tHerefore could be of interest‘fbr models of
qgéstion answering,.bug since Springston's‘éata also contaiﬁs readipgf
time inforhation, it cannot be used to make fnferencés about either
source of variation independehtly. |

Springston's(choice of methéds is also surprising in view of the
fact that he was a student ova};CIark, the originator of thetreéction
time to comprehension technique. Clark himself (Clark and Sengul, 1979)

and others (e.g., Kaplan, 1981) have used this technique successfully

to measure anaphora resolution times. It would therefore seem

4
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possible to separate read[ng times from .verification times simply by’
using the reaction time to comprehension instruct}ons for the target .
sentenée, and thg'usua] verification instructions for the verification’
tggk; Thjsbis»the technique employed in Chapter VI below.
Taken together with the literature on lexical and inter-

o sentential resdlution-b%ase55 Sprfngston‘s oft-cited work suggests that
kh§re-now'exists liftle reliable data concernfng on-line search processes

for this type of material.

5.2.6 Search domains

. Two Studies,>Clafk and Sengul (1979) and Kaplan (1981); have
aftempted to determine whether antecédent séarches aré spéeded when
.the referent falls within some‘”privilegea” search domain, such as
the pfeviOus clause or sentence. Clark aﬁd Sengul phrase this in

terms of a 'discontinuity mode!" based on working memory effects:

The premise of :this model is that the...entities mentioned

in the current sentence and one sentence back (have) aiprivi-

Teged place in working memory and so (are) readily available

for examination, for search and identification. Referents will

be identified readily only if they are mentloned in the current

sentence or one sentence back. (p. 36)
Recall that both Frederiksen (1981) and Just and Carpenter (1978)
provide strong support for the notion that the amount of intervening
text (and in particular, the number of potential antecedents). between
a pronoun and its antecedent affects resolution times.. However, such
a claim differs from the hypothesis that there exist syntactically-
defined domains within which the search must he carried out.

Clark and Sengul's experiments test the hypOthesiE that reaction

times to comprehepsion for pronoun- and definite-NP anaphora will
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be faster when the antecedent appears within the privileged domain. Two
points bear mentioning here. First, the notion that a prior clause or

sentence has privileged status i

\

n memory is not'én‘idea'which'is
original to Clark and Sengul. Sachs (19@7, 1574% Jarvella K1971, 1979)
~ and Ggplan (1972) are but three of the many researchers who havé
studied,tﬁe role of-syhtactic boundaries in short-térm memory for
" sentences. Secondly, Clark and Sengul“s technique is not.shséeptible
to the kinds of criticisms | have raised‘agéinst thefw?rk of SperQSton;
Ehrliéh, and Hirst énd Brill. Not only'did they obtain. an independéhf
heaéure of processing time for tﬁE7D{8294;;édntaining seﬁteﬁce, but
the search involved was contrived so as to always be based entirély
on‘pragmétic factors occurring Tate in the sentence. In such materials
the exhaustive ;earch model is.correct, and equivalgqt to the kinﬁ of
se;rch that goes on for a verification task. | |
Their initial hypothesis that the previous sentence constitutes
the privileged,doméin was tested in simple descriptive paragraphs which
.allowed reérdering of the sentences without affect}ng discourse |
‘cohesion.‘ For both pronouns and definite NP's, comprehension timeé
(and hence resolution times) were fastest when the antecedent appeared

~one sentence back, and equally 3low (but only about 350 msec. slower)

- two and three sentences back: : - .

~
L]

278. A broadloom rug in rose and purple colours covered the
floor. Dim light from a small brass lamp cast shadows on
the walls. In one corner of the room was an upholstered
chair. 1t appeared to be an antique. .

These results support the general notion of a privileged search domain,

but since each sentence in the search domain consisted of a single

clause, the relative effects of sentence and clause boundaries could
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not.be tested. Materials were therefore designed in which the preceding
clause did or did not end a sentence. In the following example,

an NP two clauses back is either one or two sentences back:

279. ...next to a tree. The smell of coffee...The tree...
280." ... next to g_trée, while the smell Qf coffee...The tree...

No effect was found:»resolufion was no faster when the sécond‘clause:
back was in the nearest éentence. Thus only‘the clause preceding the
anaphor defines thé privileged domain.b |

Kaplan (1981) tontendé that Clark and Sengul's materiais did
not contain adquate contr@ls for the number of NP'S in the cdhtext'
sentences. Uhder the éxhaustive search assumption, resolution times
should depend on the number of NP's canvassed, but as we see in (278),

a large number of NP's preceded the target (e.g., rug, colours, floor),

and this number varied from item to item. Furthermore, changes in
the sentence order and placement of the antecedent meant that all of
these NP's would precede both the antecedent and the anaphor ‘in the
clause one sentence back, but that a vai{able number would precede

" and follow the antecedent in the other‘conditions. Thus, if the
number of NP's in tﬁe’immediate]y pre;éding cléu;e straired the
limited capacity of working memo%y, searches of prior clauses would,
on aVerage, Iiévoutsidé the priQileged domain, simply becauée there
exists an independent clause-bounded domain. Kaplan thefefore used
Springstdn's"gender'effect, as wéll’és variations in nuhber (singu]ar
and plural) and humanhess'(human and neuter) to determine whether NP's
one clause back, two clauses back, or two senten;es‘back are accessed

in the same way. Consider these examples:
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281. The waitresses laughed at the comedian.

' 282. The waitresses started laughing when the comedian began
joking.
283. The waitresses started laughing. The comedian had begun
_jOkIng :
. S
284, .. .He sounded ]ike Woody Allen.

The pragmatical]y-controlled antecedent was always;tﬁe Iast-mentioned
NP, and the target always began with the proﬁounf\ Withathé‘number of
NP's in the search dom;in éontrol]edrin this way,‘target Eeading times
were found to be identical acrosé'conditions; fhus, the two preceding
clauses both fell wifhin the privileged domain, regard1¢ss of thther

¢ N
oneof the clause boundaries was also a sentence boundary,.  Furthermore,
: N ' ,

feature manipulations on the NP in the first sentence affected resolution
times additively.
Kaplan also inserted extra lexical Content; either nominal or non-

nominal, into test sentences such as:

285: - Some hikers (who'were curious) / (and a guide) walked
through a forest. It was full of strange noises.

Here, reading times increased only with the addition of

nominals to the earlier portion of the search domain, which suggests
that <«the search is selective at least in that only NP's are canvassed.
These results cast serious doubt on the notion that the pfeceding

clause constitutes a privileged domain for antecedent searches. Although

limits for the domain were not identified, it seems that they should

~ be based not%on syntactic units such as the clause or sentence, but

on the number of NP's active in working memory. during an antecedent.

A number of recent studies of the reading process have exploited
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the phenomenon of pronominal anaphofé resolution to tesﬁ_hxbotheses
about the amount of processing carried out,duriné a éingle eye fix-
-ation. These studies‘have important Jmplicati&ns for the nature of
ante édent searches. |
'(Ihe notion that ahtegedent searches afe fnitiated immediately

.

upon pefzeption»of a pfqhoun seems to bersuppofted by Carpenter .
and Just's (1977)‘finding that 50% of-pronouns initiated regressi;ns
back‘to the.antetédent, either immediateiy aftgr the‘fixation during
whiéh the pronoun-was read, or at the end of the current line. ALthngh
Carpentér and JQst conciuded‘that pronouns are resolved either immediately
or near clause boundaries, Earlich énd Rayner (]983) péiht out that
by asking éybjécts tovdetermine whéther each lipe was consistent
with the b;eééding discourse, Carpenter and Just encouragéd them to
make regressions thch mfght nof otherwise dccur. ‘In fact, Ehrlich
(1983) and Ehrl{ch ana Rayner (1983)'reportvregre§sion rates of only
2 - 10% for pronouns under instructions to read fdr meaning. |

Ehrlich énd Rayner (1983) used the fiﬁding that the distance
between a pronoun and its antecedent results in . slower resolutfon
(e.q., Clark and Sengul, 1979; Frederiksep, 1581; Just and Cafpenter,
]?78; Kaplan, 1981) to test the hypoth§sis that anaphora résblutéon is
 accomplished»during£épe fixation on whiéh the pro@oun is encoded. Using ¢

materials which allow immediate resolution (given a top-down model):

286. ...Mark was mailing a copy of the paper to Susan (...)

he/she was very...

they varied the distance from no interveniqg words (e.g. ... to Susan.

Shé;f.) through an Intermediate condition (as in 286) to the Far

-

. condition, with several lines of text between the pronoun and its
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vanteceden{ b ronouns themselves aré'seldom’fixated, the authors

first dev;. ‘}1gorithm for deciding which fixation included the

(p. 81), and measured its eratfon; as well

}7Emmediately preéeding and two later fixations. ‘Jn all

;lné, the fixation which included pronoun'enéoding was

&he preceding duration. This implies'thaf tHe prbhoun

;éavief procéssing,?most likely the antecedent séarch, as

gwas encountered. However, ffxatfon durations did not differ
o N . « 2 |

flistance conditions, despite the fact that the Far'condition.

is known

equire more time overall. Instead, for the Near and

Intermediatz conditions, the increase in fixation duration was abolished

P

on the next fgxation, which suggests that resolution was complete by

4

the Far condition, however, the slowed processing.

that point. §
lasted_thrésﬁg'subseguent fixations as welj, which indicates that
ahaéhora resolution was. continuing fn pérél]el with later reading
processes, cadsing a genéral procegsing'slowdown.

| While Ehriich and Rayner are most concerned with the finding that
full processing of a single wordvcan‘gxtend over more‘than one fixae
. tion, let us consider'the;implicati;ns of this finding for anaphoric
search processes 'in genéfél. The féct’that Far antecedents took m\.‘
longer to assign can be explained in fermslof an exhaustiVe.éérial
search “in which qaditiona] intervening poténtial antecedents require
more time to evaluate, as demoﬁgtrateé.by Kapjan's comparison of édded

NP's vs. other lexicaFmaterial. Ehrlich and,Rayéér,(1977, 1978) con-

trast cognitive lag theorigs of reading, which hold that there is a

temporal lag between fixation and full semantic processing, with
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~ process monitoring theories,'which.claim that processing occurs only

during the current fiXation. Just and Carpenter's (1980) reading model o

B “)

is an extreme |nstance of the process monitorlng posrtlon ln that it
assumes that readers not only attempt to process each word as fully as
possvble (including Texical acCess, disambiguation, referent instan-

tiation, and discourse function), but also that they do not move on
. . s } L

to the next fixation until all such processing is compiete.uThese

results support cognitive lag models.

One advantage of eYebmovement‘data over reading time data is that

in the former case/one can determine ‘rather directly where during com- -
'prehEhSIon of the sentence anaphora resolutlon begins while in the
latter case one has only a global measure of increaSed.processinot This
is not to say,vhowever, that reading timas cannot tell us anything about
the locus of onset of resoiution. In circumstances where the aiterna—
tive to immediate resolution is a delay until the next clause boundary
4;45 reached, the on-line and ciausal processing-modeis make»different‘
predlctlons about global ‘as well as local procesSing (SeeAthe discussion

'\'i,

of Caramaz;a et al., 1977, in 5.2.2‘above). i . "?’i

5.3- Reading times, verification times, and anaphora‘resolution

One of the most surprising implications of the exhaustive search

model is that the human processor does not eprOIt incoming cues to

3
[ Wy

resolutlon, but blindly examlneS;each possible NP for gender .and number
features before'moving “up“ to take semantlc and syntactlc informatlon

into account. . The work of Marslen- WIlson and Tyler (e g., Tyler and

Marslen Wllson ]980) strongly suggests that such lnformatlon is

“ e



is possible, of the wdrding of the test sentence. Thus, resolution \'

5.4 AnaghbravreSolution and+*the top-down bottom-up controvérsy

%ploited during other types of on-line processing (see 5.4), and

] studies reviewed here have pointed to similar effects in
a resolution (e.g., Caramézza et al, 1977; Tanenhaus and
Seidenb g, 1-981) .

'I-have‘argued, however, that Springston's results may be attri-

buted entifely to the verification phase of his combinedvreading time -

4 v@rif?cation time methodology. In this task, subjects must evaluate

the truth of a statement which makes explitit the_antécedent of a test

brohoun; and it is possible that this amounts to a Seriaf search of
each of the nearby NP's. 16 thfs task, a gendef o? nqmber mismafch
should indeea facflifafe the decision to eljminate,from consideration
an NP whiéh is not thé.antecedentf Fuffhermore, yerification»§hould
promofe a carefu]iré—eQaluatfon of the meaning, and ta whaﬁgver extent
mqy;be'achfeved‘very quickly for a senfence wﬁich occurs in-a context.

that provides syntactic and semantic facilitatibn-on—line, but later

verification may involve processes which look very mrek~like an exhaus-

o

tive serial séérch. 0
4 ) . » Y " 9 . P
In the following section 'l discuss these propgsals in greater
B detail, as background to the sbecific resolution ane verification R

moé;Fs presented~and tested in Chapter Vi. '; iaf L N

\
v

~Several of the arguments developed in this chapter hinge on the
question of whether contextual semantic and syntactic information can
be exploited immediately to eliminate candidate antecedents. The

exhaustiVefsgrial search model of ‘Sprihgston (1975), based on gender

Ny
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facilitation, and expanded by Hirst and Brill (1980) to include
scanning of Iate; pragmatic imformation, represents a.serial, bottom-
up interbretation. The work of Frederiksen (1981) and Ehrlich and
Rayner (1983) suggests that resolution occurs on-line, in parallel
with other processes.

These conflicting positioné reflect a more’ basic dichotomy

" between- the two central theories of comprehension elaborated in the

psycholinguistic literature. There are severai ways in which they”

can bé described: au£onoﬁous vsS. inferacgive, serial vs. parallel,
on-line vs. clause-by-clause, and top-down vs. boptoﬁ—up. .The
serial/autonomous/bottom-up ‘''Clausal Proéessing” school (e.g., Caroll
and Bevér, 1976; Fodor, Bever and Garrett, 1974; Forster, 1974, 1978:
Hurtig, 1978; Frazier and Fodor, 1978; and Cowart . 1982) maintains that
the language proceséor is best modelled as a set of autonomous sub- |
components, each of which must complete its processing of the input

from a Iowerrlevgl before the next highest level can make its confri-
bution. This sequentially organized system fef]ects the autonomous
organization of the subcomponents of a transformational grammar, and

in its strongest form claims that during comprehension a.]istener

first pérforms phonetic analysis tO<fecbgn§;e phoﬁémes, which then sefve
aslinput to the lexical (word recognition) component, which then identi-
fies syntactic structure‘és input to semantic interpretétion at the
clause level, and finally takes into account c0ntextu;f semantic cues
to‘the intended meaning. The autonomy assumption statés that facili-

tation effects are forbidden across components. For example, ambiguous

clauses are-first processed with, all possible'interpretations, but at



the end of this process, semantic information from context is used
to disambiguate. However, context cannot be used QUriné:the processing
of an ambiguous clause to bias interpretation on-line.

Evidendé forlthe Clausal Processing hypothesis is weak, and
currently consists of a series of critiques of the top-dowh school \
“(e.g.{ Cowart, 1982) rather than a defence of its own methods. The
Wel!—known click studies and sehtence-completion tasks (see Tyler, 19&1,
for a review) have been criticized for failing to tap comprehension
oh-]ine. In every case,'fhe task involves post-processing responses,
wHen what is needed is eviagnce that during processing there is no .
tOp-aown‘interaEtion among the components of the processor.

In'a variety of tasks involving both word recoénition and
clause—interﬁal,syntaEtic and semantic processing, Marslen-<1son
and Tyler have found evidence for on-{ine higher-level facilitation
(e.g., Marslen-Wilson, 1973, 1975, 1976; Marslen-Wilson and Tyler,
1975,']976; Tyler.and Marslen-Wilson, 1977, 1980, 1982). For example,
when shadowing recofded'Speech, subjects make errors whjch arg alwgys
syntactically and semantically congruenf with the structure of prior
'discourse, even if the error is_méde in mid-clause. Purposely distorted
words oh‘the tapes are often restbred by subjects at delays as c]osé.
"as 250 msec. to a form wh{ch is consistent with thg on-going: discourse,
a result which stronglysupporfs the notion that the listener constructs
a complete syntactic andvsemantic representation during the proéess of
comprehension. In experiments Using texts which are distorted

semantically, syntactically, or in both ways, it is observed that

& [ 4

lexical access, as measured by probe responses of various types, is

| Al
|
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fastest for normal prose. Some of the studies relevant to these
questions have invoived anaphora resolution.

Tyler and Marslen-Wilson (198i)iused several mispronungiation
detection tasks to determine whether three types of anaphoric devices
(superordinate, definite NP repetition, and pronoun’) are‘equaily
.effective. In this task, it‘is assumed that if an anaphoric device
is ;uccessfu]iy resaived, it Qil] activate the meaning of the ante-
cedent.(see Chapter'Vll), and will have the same facilitating effect
on recognition Qf subsequeng related words as the original noun. With
materials such as:

287. Context: Mother saw the postman coming from a“distance.

Superordinate: The man brought a leffer from Uncle Charles.

Definite NP: The postman brought a leffer from Uncie Charles.

Pronoun: He brought a leffer from Uncle Charles.

Non-Anaphor: Mother brought a leffer from Uncle Charles.

subjects were required to press a timei button as soon as the§ per-
céivad a miSpronunciation'(here, "effer'' for '"letter''). For both
adults and children of various ages, the three types of anaphor all

' facilitated mispronunciatio& detection as comparad to the non—anaahor.
iﬁis argues for immediate resoluxioﬂ, since only a full anaphoiic
interpretation would reactivate the meaning "postman'', thereby facili-

tating lexical access to the related word letter. If the first segments

of "leffer'" begin the lexical access process for letter, then the detec-

tion of the mispronunciation should be rapid. However, in the non--
anaphor condition, mother does not facilitate lexical access to letter,
and responses represent a baseline level of priming for that word-in this

©

context. i o



Tyler and Marslen-Wilson (1982) examined the facilitation associated

t

with repetitions, pronouns, and null 'anaphors:

v 288. Context: As Philip was walking back from the shop, he saw
, an old woman trip and fall flat on her face.
v _ ‘ She seemed unable to get up.

Repetition: Philip ran towards ... ‘HIM/HER
Pronoun: He ran towards... HIM/HER

Null anaphor: Running towards...HIM/HER
\“3‘\

The subjects heard the context sentences, and at the point indicated

in the anaphoric sentence, sa& onelof twa possible continuations, either
consistent or inconsistent with the preceding sentences. They note

that for tHe null anéphor, one must infer that the subject of running
s Philip in order to determine, as with the other twé cases, that fhe
"HIM continuation is inappropriate. Howgver; they found no difference

in response times across the three types, which seems to indicate that
the inference took no measurable amount of time. Only the difference

be tween épproﬁriate and inépproptiate probes made a difference in how

long a subject took to name the pronoyn (about 45 msec. longer for

inappropriate probes) .

These results are unexpected, since other studies of the inference
process have. found clear reading time differences for sentences which k /
do and do not’require inferencing. Clark and Haviland (1977) found |
that (291) took longer to process in the context of (289) than when it /

was preceded by (290):

2891 “Andrew was especially 290. We got some beer out of
fond of beer. the fridge.

291. The beer was warm.

—

Tyler and Marslen-Wilson suggest that the finding of such an effect



is an artifact of the reading time procedure used in the sgudy. However,
they have no explanation of how such effects might arise if the inférence
process, the only épparent difference between the two contexts, adds no
time.

Their conclusion, ;hat reading time gives an incorrect view of on-
line proceséing, depends on their ability to demonstrate that in the
null anaphor condition, resolution was achieved on-line, just as it
was in the two anaphor conditions. However, this is an erroneous
assumption. The fact that the HfM\continuation is inappropriate is
not in itself evidence that resQlution has been pérformed. Consider
this continuétion:

292. Running towards HIM / HER a passing doctor opened his black
bag. '

This demonstratqs~cféarly that the HER bias is independent of anaphora

/
7

resolution in the non-anaphoric case. HER continuations will be more
| ,

likely aftgr the verb running, since regardless of whether it is Philip \

\

or another pe?éon, the most likely person one would run_toward in such \

an emergené@ is the fallen womén.. This simple explanation of their

resul ts makes it unlikely that they have discovered a mysterious

lfnk Between inference times and written presentation, aﬁd‘refutes

their argument that global readin§ times cannot'reflect real increases

in brocessing t}me associated with on-line resolution.

L ¥}

Nonetheless, Tyler and Marslen-Wilson's otherwise admirable

efforts to test the conflicting ciaims of top-down and bottom=-up

processing models have important implications for ahaphora resolution.

In partidular, the general finding that all available sources of

3

information are available on-line to the listener or reader allows



us to formulate some rather interesti re-interpretations of earlier

models of the resolution process.



——CHAPTER SiIX

" ON-LINE VS. POﬁT-PROCESSING EFFECTS

IN ANAPHORA RESOLUTION

6.1 Introduction

a

In Chapter 5, | claimed that the exhaustive search MOdel of
anaphora resolution may be inappropriate for cases in which contextual
and syntactic. cues become avaﬁlable on—line‘to'facilitate the elimina-
tion of potential_antecedeqts. Furthermore, support for the exhaus-
tive search model for those matefials which might show such effects
has been derived from post-ﬁrocessihg tasks such as verification and
anyecedent:naming‘ éach of which might in itself force a subject to’
conduct an exhaustive search not. to resolve anaphora, but to verffy
his interprgtation against the other NP's in the recent disEourse,Lin
accérdance with the implicit demand to do so. Since on-line resolution
and later verification are confoundéd in such tasks, neither provides
evidence for the exhaustive search hypothesis, whfch could be

: e ) .
attributed to either initia)/or !atgr processing, or perhaps both.

In order ;o test the éxhaustive search hypothesis, an experiment

was designed in which anéphora resolution is.facilitated by discourse

topicalization, syntactic cues and morphological features. It is

claimed that the gender and nbeer features are often equiprobable

141



on-line, and that a reading time measure of anaphora resolution will

not réveal such effects. It is further claimed that feature facili-
SN ,

tation will be predictive of response latencies in a verification task,

iélthdugh not for the reasonsAusually assumed.

6.2 The Target reading model

~8

In this-section we shall examine the Target sentences used in this
study from the perspective of "a fully interactive top-down processor,
as well as from the bottomjup perspective, in order to explain why
the former model does not éontain‘a feature facilitation component. To
the extent that these predictions are bprne out in fhe experiment, one
cén accept or reject the validity of the model.

The sentences in this study are of four related syntactic types,

exhibiting all combinations of free, blocked, forward and backward

pronominal anaphora. Each appears as the third element in a three-
sentence discourse which establishes a discourse topic as a probable

»

antecedent. The target sentence always contains one other NP Which
may or.max\29{ match the topic NP on the gender énd number feature;:
By comparing reading times for the Match and the Mismatch conthions,
we can determine the role played by surface morphological features
during resolution. i

We shall consider each typé in turn, Ba;ed on thé following
Context sentences: ﬂ

293. C1: The restaurant owner was shouting and screaming.

294. C2: SHE/HE was very drunk.



. 143

6.2.1 Free Forward Targets

B
S to

- The two fofms.of the free forward target sentences are represented
by the following examples:
| 295. MATCH (SHE;..) The daughter saw the bottle behind her..
296. MISMATCH (HE...) The daughters saw the b&tle behind him.
The MATCH condition is used when t2 contains she, ‘and the MISMATCH
conditjon is‘used when it contains he. The NP daughter(s)Jtherefore,
may or may not match the pronoun (her or hiﬂﬂ in gender and number.
Let ﬁs agsume fhat the proéessor inftially establishes restaurant
gyggf;és the topic of discourse. Sanford and Garrod (1981)have shown
that a two-sentence cggtéxt referring to fhe'same charaéfer in both

sentences is the minimal requirement for establishing a discourse topic

which may be pronominalized preferentially. As the Match sentence

is heard or read, a decision must be made as to whéther'daughter(s)
constitutes a toéfc sh;ft. ~This deciS{On may be made at any time during
the processing of the Target, up to and including the point at which

the preposition'i§ processed. - By tgen, the processbr has made a dé;isibn.
as to how to treat incomin? feminine singular bronouhsf4 eipbér as.
resolved to:thé 6riginal tSpic, or, if a topic shift is perceived, as
coreferenfial with the new topiciv The important.point is that the.‘
context‘prior to the pronoun is sufficient to make such a decision,
which'may stretch over several words. On the othervhand, if the

MISMATCH sentence is‘Heard, the context is predictive of tw0‘possibil§ties,
each of which may be decided upon in advance. At the preposition,

eithef him or Dgﬁ_méy appear with edual likelihood,‘and,since each results

in a unique resolution, no processing difficulty js‘encountered.'

s ~ _ -
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Thus the assumption of full on-line interactive procesging leads tb
the prediction of no reéding time difference between (%95) and (296) .
o The exhaustive search assumption makes a different prediction:
when the pronoun is perceiied, the processor canvasses both daughter(s)

"~ and restaurant ‘owner (masculine or feminine). In the MATCH condition,

each must be considered in the light of the rest of the sentence, which
has not yet beeﬁ given a fixed -interpretation. ?%ee fo%ward anaphora
is, at the éntence ievél, ambiguous, and according to theiCiausai
Pioéessing Hypothesis, each interpretation in turn must be considered
in relation té the prior context. This should lead to processing
complexi'ty as the merité‘of‘each interbretation are considered. For
thé MISMATCH condition, the pronoun is comhared with each recent NP
first in terms of surface features. The feature incompatibility
between the pronoun and¢the mismatched éandidate NF terminates that
portion of the search quickly, and aé avréSUIt; the readiﬁg time for

the MISMATCH condition is faster.

6.2.2 Free Backward Targets

The Fiee Backward Targets are:

297.' MATCH (SHE...) Behind her, the daughter saw the bottle.

298. MISMATCH (HE...) Behind him the daugﬁters saw the bottle.
The top-down model predicts that resolution will occur on-line to the
topic NP, and that after thefbrepositiona] phrase has beén pfoceésed,
the fact that a néw sub}ecf NP is about to be‘heard‘Or read leads to
an iﬁmediate decision as to how to treats Lt ;lf hq topic shift is_
expected, resociution is comp:ét The bottom-up model predicts that

resolution wi’*ﬁwAIt until later NP's have been processed. At the
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end of the clause (after bottle), a backward-‘serial search begins, and

»

a mismatched NP is rejected more quickly than a matched NP,

6.2.3 Blocked Forward Targeté

“ The targets are: | : ' S : //

299. MATCH (SHE...) Behind the daughter she saw the bottle.

300. .MISMATC&,(HE;..) Behind the daughters he sa& thelbopt}e:
The top-down prediction is éﬁmble: the processor exp]oit§~syntaciic
cues on-line, éxcluding‘aaughter(s)from consideration as soonvas it
is realized that a context for a pronoun which may be coreferential
with thé topic NP has been created. This may happen at any‘poinf
during pfocessing of the aaverbial. The -exhaustive search assumption
implies that the mismatched NP will be dismissed quickly, while the
‘matcﬁed NP.will‘fqujre further input‘from the hiéher,‘syntactic level
before it can be rejected. Thus, the MISMATCH sengéﬁce should be

unders tood more quickly.

6.2.4 Blocked Backward Targets

The Blocked Backward‘Targets are:;

301. MATCH (SHE...) She saw the bottle behind the daughter.

302. MISMATCH (HE...) He saw the bottle behind the daughters.
The topfdowphmodél predicts that the pronoun will be resolved immediately.
As the prep;gitiéﬁal phrase is perceived, the context becomes less
predictf&e of a coreferential NP. According to Hirst and Brill (1980),
thever, the processor does not resolve until later information has
'been prqcesseg, even if it is in a positfon which diéal]bws coreferehce.
The feature mismatch should speed comprehension of (302) over (301),
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6.5 The verification model
Siqée I héve argU?q that.tasks involving‘Yerification'do not

“provide ah apﬁropriate test of the exhaustive search assumption for
anaphara résolu;ion, it would be useful to specify the model which
explains how such tasks give rise to the observed faéilitation effects.
in thié section, | will a;Sume that morphological facilit?tion is a
-feature of verificationvtasks-only, and derive predictions ébgut |
~the role of the sﬁ#face cues of gender and number in vérifi@éfiéh.
These wiTI'be compared with prediﬁtions basea'on the exhausffve

search - feafure ma tch moael." \

. In, this study, verification sentences probe either the PP or-

the main clause, .depending on where the pronoun is located. To
simplify matte;s, let. us consider only requnées to sample items
thch are false, given topic resolution.
Direction of anéphora should have no ef%ecf, since it does nqt'
affect. the truth value,qf thé items . Wevmay tHerefore furtger reftF&Et
di?cussion'fojone examplé each of Free and Blocked anaphora. “
Consider first a Free case: 
303. (THE RESTAURANT OWNER...SHE...)
304.' Behind'her, the daugﬁter‘saw the bottle. (MATCH)

- 305. The bottle was behind the daughter. (FALSE)

306. (THE RESTAURANT OWNER...HE...)

307. Behind him, the daughters saw the bottle (MISMATCH)

fbott1c was behind the daughters. (FALSE) p

. . J:_\
lain why ‘a mismatch should lead to faster?rejection.
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According to Kintsch's model of memor? for text (Kintsch,_l97h;
Kintséh and Vipond,'1978), the targét sentence is'stéred as, a set of
propositiqns such as SEE (DAUGﬁTéR, BOTTLE) (i); and BEHIND (BOTTLE;
RESTAURANT OWNER fem.) (ii). jn,this.representation, the pronoﬁn has
aiready been interpreted as an argument of BEHIND.- The verification
sentence is also assigned a pfbpogitional rébresentation; BEHIND (BOTTLE,
" DAUGHTER) (iii). |

The vérifjtation té;k’reduires that the>5ubject 'retrieve Target
vpropositioné in order-fo:determine whether they match the verifica+
tiQn proposition. The first step is:to locate propositionslﬁithvthe
same predicéte as. the veri%icétion sentence,'namely,rBEHlND(X). lThus;

(ii) will be rejected and (iii) will be examined. Next, each argument

=~

must be verified. In this case, an érgumeﬁt mismatch is identified:
DAUGHTER and RESTAURANT OWNER (feminine) are different concepts. There-
foré, ghe correct decision isbto reject the test sentence.. For the';écgnd
,examp1e, the same propOSitions are cbmpared;,ﬁith ;he exceppionnzhat
DAUGHTERS and RESTAURANT OWNER (masculine)'f;rtﬁer differ in gender
and number. One explanapibnléf facilication,'then, is that the gender
and number mismatch between.DAUGHTERS and RESTAURANT OWNER (masculine)
séeeds rejection of that proposition, ;dmpared with thezgoncept mismatch
between DAUGHTER and RESTAURANT OWNER (feminine)- -
Straightférwérd as this may geem, it is probably incorrect. Fifst,
it seems uﬁlikely'that the.time required to notice al}ack of cérrespondente
between two very ajfferent concepts will be sign}ficantlygaffected by
their morphology, although this -is.open. to eTBigifal investigation.

Secandly, and more convjncingly, subjects in these experimedts hear



oné, and the two alternatives .- al ready dea1t<with”durjng the comprehen-
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or read the‘verificatfon sentenées immediately after the'Térgets,
aﬁd thus s€ill'haye access to surface codes. fﬁna verifiﬁatfon task,:
whjch challeﬁgesrone's interpretatfon of'aigentence,:one fﬁ;uld
' . . 'S .
attempt to retrieve as muchtof thé‘originél as possible for reprdcessing.

For free anaphora, this means that a subject'will have access to a
surface form which is in fact ambiguous, and will be able to extraci;

the alternative repﬁesentatidh, BEHIND(BOTTLE,DAUGHTER). Since this

matches the verification, there is one true reading ,and one false

; . . ) ‘ .
sion ‘phase - must be compared. Considerations such as the?likelihdod

that the alternative antecedent provoked a topic shift-must be weighed

in relation to the aQailablebsurface form; This rgprocessing will . A
take ti&g,‘and‘verifiCatTQ;“of a_MATCH.sentence will therefore take
léngér than verifibatfon of a M]SMAT&A.:entence.

The claim that the gendérveffect wi]lﬁg;iée from a resur;ection - “
of ambiguity from surface representations in;memory leads'to andther
p;;dictiog. 'Blockéd anaphora does not allow aﬁ aitérnatjpe'ihter;reta-'
tioﬁ.‘ Thus, thé only diffefence Bétweén the propositional mafchiﬁg |
brpcedure for MATCH and MiSMATéH blockéd ta{géts‘is'ét the.Tevel of

argument'matChing, Réferring to our examples, we see that for the

following blocked case: ' s

-,309.  THE RESTAURANT OWNER...SHE... | | ,
310. . She saw the bottle behind the daughter. (MATCH)

311. ' The daughter saw the bottle (FALSE).

312. THE RESTAURANT OWNER...HE

313. He saw the bottle behind the daughters. ‘(MiSMATCﬂ)
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314, The daughters saw the bottle. (FALSE).
the only cbmparison is SEE(DAUGHTER,BOTTLE) vs. SEE(RESTAURANT OWNER
(fem.)BOTTLE) for the MATCH condition, and SEE (DAUGHTERS ,BOTTLE) vs.
SEE(RESTAURANT OWNER (nBSC.) BOTTLE) for the MISMATCH condi tion. No
syntactic ambiguities comp]icété the issue, ahd_the only differcnce
be tween the MATCH and the MISMATCH gondition ha;.to do with argument
’ 6atching. [ éﬁggésted above that verifying the identity of DAUGHIER
against RESTAURANT OWNER (fem.) and of DAUGHTERS against RESTAURANT
OWNER (masc.) is a matter for empirical investigation. If we find
the pred{cted gender'effect for Free verificatjons,rwe may compare the
facilitation to that found in Blocked verifications. If the effect is
large,‘we have evidence fha; the argument match is significantly
affected by monhblogical featuresf If there is no effect in the

. . . . . *
blocked cases, we can assume that argument matches in verification

are based on egsentia] semantic features of the -words.

EXPERIMENT 2

Me thod

Stimulus passages and design. A master list of 6k four-sentence .

v

test passages was written. Each passage consisted of two context
sentences, a ﬁarget (pron0un4coptaining) sentence, and a verific;tion
sentence. The context sentences served to foreground one“charécter a;
the topic of discourse. Initial mention in the first contéxt sentence
used a gender-neutral term (e.g., singer), while in the second sentence
genaer was specified by use of a personal pronoun. Topics were

‘.
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male in half the items and female in the other half.

The target sentences were of eight types, representing a complete

crossing of three factors: Blocking (2 levels), Direction (2 levels),
and Gender/number Match (2 levels). Exampies are given in 6.2 and 6.3
above; Eight passages were written for each combination of conditions.
Half of the verification sentences were true;\gpeéifying coreferencev
with the topic NP of the COntext sentences, and half were false, specify-
ing coreference w{th the other NP in the same sentence. For each
passage, the verification question therefore differed between the Free
and Blocked conditions. Furthermére, for two of the eight sets of
conditions, the Free Match conditions, the truth value of the answer
depended on the subject's interpretation of the ambigquous coreference
of phe Target. This means tha{gekror rates cannot be computed for those
iteﬁs. The Méster list is reproduced in Appendix D.

From the master list, seven other lists were derived using a Latin

4

N

square']ayout& such that each item on the master list appeared on
each other l}st under a different set of conditions.

Sixty-four distractor passages were also used. Thesé varied
in length and conteag of the sentences, target type, and verification
type. For many of the targets containing pronouns, the verification
task tested a different aspect of the sentence. Fifteen practice. .
passéges, similar.to the distractor passages, were also prepared. The
practice and distractor passages were identical for all subjects.

The eight experimental conditibns were crossed with éight groups
of subjects (four per group) and eight sets of sentences (eight per

condition), in a Latin square. This yieldéd 256 observations per
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| C{
condition. Every subject therefore saw eight items per condition,

and received each passage under one of the conditions.

Procedu(e. Subjects were assigned at random to the groups. They
weré tested individually in a soundprotected room with subdued lighting,
seated in‘front of an App]e I'l+ computer, approximately 25 cm. from‘
an E]éctrohome ESM 914 black and white monitor. A Cybofg ISAAC 91A
data acquisition system controlled the timing of the responses.

Stimulus presentation was controlled by SPART (Stimulus Presentation
And Reaction Time), a programme written in Apple Basic and Labsoft
(Zegarra and Smyth, 1984). A listing is provided in Appendix E.

In a SPART-controlled experiment, each session begins with a
*EXRELAX*%* signal centred in the upper half of thé screen. This
signal also appears between passages. Subjects bring sentences onto
the screen by pressing the space bar, marked '"Next Sentenée”, with the
thumb. This starts the timer. With each successive depréssion o# the
space bar, the timer stdps, the response and response time‘é}e
recorded, and the timer is cieared; this occurs during the approxi-
mately lOkmSec. required to clear the screen and print the next
sentence. Timing for the next sentence begins when‘it has been
written on the screen.

When the second/Context sentence comes up, the subject sees a
line of dots»indicat{ng that the Target sentence is about to appear.
When the space bar ﬁs depressed this time, the sc;een goés blank for
approxiﬁa}ely Loo m§éc.. After reading the target, the subject

presses the space bar again to view the Verification sentence, whi'ch

is printed in inverge print - dark letters against an illuminated

s
~ i
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background. Responses are made by pressing the V and N keys, labelled
"true'" and ''false'' respectively, with the index ffngers. (A cardboard
template covers the rest of the keyboard). The end of a passage is
indicated by the ***RELAX*** signal. The programme presents the
passages in a different random order for each 5ubjéct.
- , S

Subjects were first read the standard instructions reproduced in
Appendix F, then led carefully through the first four practice
passages. The instructions emphasize that they should read each sentence
at a normal rate, and should go on to the n8xt sentence only
when the precgding one has been fully comprehended. They were told
that the-Targeﬁ sentence was being timed, and fhat they were to re-
spond at the moment they felt they had understood it, as a reflection
of their normal reading rate. They were also informed that there
‘were three pr}zes of $25, $15 and $5 for the best performance on the
true/false items.

During the practice session, subjects were instructed not to look
at their fingers when responding. |f necessary, practiéetrials were
repeated until the subject felt comfortable with ghe task.

The experimenter remained with the subject‘throughout the practice
“session, but left the rqpm during the test session. Subjects were told
that there would be a break after half thetrials, and‘that they would
then be questioned about their accuracy and ability to followithe
reading time instructions. At the break, each subject was asked if
s/he could do better for the second half. The? were encouraged to
make usé of the ***RELAX*** signal after error trials and when they

felt the effects of fatigue.
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Total running time was approximately 45 minutes per subject.

Results

Pre-analysis. SPART replaced latencies exceeding 10 seconds with

that value. This accounted for 1.32% of' the data. Means, standard

deviations, skewness, kurtosis, maxima and minima were computed for

-

each subject and for each item. The data were Highfy va;iable,’
especiall* inAterms of skewness. Eéaction time data are usualiy
positively skewed, since there is a lower limit, but no upper limit
on response times. Loég latencies can‘be attributed either to diffi-
culty or to érror; faster latencies are more likely to represent the
phenomenon of interest, while long latencies are more likely to repre-
sent experimental errori o

“ As an alternative fo the data trimming procedures suggested by'
Winér (1971) and criticized by Shoben (1982), median scores wégé"

computed and used.as input to the ANOVA's. Error latencies for the

. - . 3 3 . . . ' - .
six verification conditions which lend themselyes to such analysis

]

were replaced by the procedure suggested by Winer (1971). Error rates

may be found in Table 13.

a

Target reading times. Analysis of variance was performed on

medians per condition for each subject and on medians per condition
for each test pafagraph. The overall F was significant (F(1,28) = 496.3,
p<,001; F(1,7) = 328.77, p<.001). Notably, the Match factor was not

significant (F(1,28) 1; F (1,7) <1), nor were any of its interactiops.

" Only the Blocking by Direction interaction attained significance
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COND I 71 ON _READING TIME  GENDER EFFECT
| , '
FFM " 2255
' +81 n.s.
FRMM - 2174
FBM 2384
-11h s,
FBMM % 2498
BFM 2322
-18 n.s.
BFMM 2340
BBM 2117
+21 n.s.
BBMM 2096

Table 11. Target reading times per condition in milliseconds,

' Experiment 2. Based on medians. Key: first letter:
F = free, B = blocked; second letter: F = forward,
B = backward; third letter(s): M = match; MM = mismatch.

-

FORWARD BACKWARD DIRECTION EFFECT

FREE 22g5 2441 =226
BLOCKED 2331 . 2107 ' +22h
o Blockmg EF'ECACt -1 16 * +33I4 Sok

Table Té. Blocking by Direction interaction.

(F(1,28) = 24.2, p<,001; F(1,7) = 13.9, pd.01). Table 12 shows the
4 . . :
results of a Newman-Keuls test. Forward anaphora sentences.were read

more quickly for the free than the blocked cases, while backward

anaphora was easier for the blocked cases (p&.01).

Verification times. Verification times and error rates for each
condition are shown in Table 13. Note that error rates cannot be com-

puted for the two free match conditions, since either response may
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CONDITION " VERIFICATION TIME ERROR RATE
FFM ‘ 2356 **j.
FFMM 2037 . 5.1%
FBM - 2600 o
FBMM 2308 ‘ 12.9%
BFM » 1834 | : 5.5%
BFMM 1790 .‘ ' 11.0%
BBM ///‘ 1928 . . 5.1%
BBMM o 1822 . b7y

Table 13. Verification times and error rates per condition,

Experiment 2, based on medians. ** error rates
cannot be determined (see text). For codes, see
YTable 11.. )
FREE BLOCKED
MATCH - 2478 b 1881
M1 SMATCH 2173 1806
Match ‘effect 305w | 75 n.s.

‘Table 14. Match by Blocking interaction, Experiment 2, Verifi-
' cation, based on medians. Times in milliseconds.
Free vs. blocked differences are artifactual
(see text) .- : ' \

be considered. correct.
The overall F was significant (F(1,7) = 641.9, p{.001; F(1,28) =
443.8, p €.0001). The main effect of gender/number Matching was also

Significaét (F(1,7) = 36.35, p = .0005; F(1,28) = 33.7, p<.001).’ An
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artifactual main effect of blocking also reached significange
(F(1,7) = ]].87; p=.011; F(1,28) = 11.31, p = .0022). Verifica-
tion sentences were always shorter for the bIOCked\yersfons of the
Targets, hence the faster vérffication times.

There was, however, a.real interaction between Match ande]ocking
(F(1,7) = 11.05, p<.0127; F(1,28) = 12.86, p = .0013). This can
" be seen in Table 14, which presentsbthe results of a Newman-Keuls test.h
The Match factor was significant only for-the free targets (p< .01). - t.

*

Discussion

Analysis of gender and number facilitation revealed no effects.
whatsoever in ary'qf the conditions in ‘the T;rget reading time data.
However, this cannot be attriguted to lack of sens}tfvity of the
design, since clear effects were discovered for both the Direction
of anaphbra and for the Free - Blocked distinctioné»:

The signific§nt reading gime differenceslcan bé taken as a measure
o% fhe‘naturalness or ease of processing. Keeping in mind that all'
sentences involved a main clause and an adverbial PP?ﬁ?e can say thét
free anaﬁhora is less nafural wHen backward than when forward, even
when the backward cases are in fact resolved to a prior topic of
diséourse. Thus, sentence such as (314) are read more quickly than
sentences such as (315):

31h.  (Topic: FRED) John saw a snake in front of him.

————— —

315, (Topic: FRED) In front of him, John saw a snake. )
This extends the finding of more difficult processing for '"'indeterminate B

words' (Schlesinger, 1968) in an interesting way. Schlesinger found
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that sﬁch sentences tbok’longer to read'When in isolation, and assumed .
that this could be aftributed to the fact that the pronoun had to
be hePd‘un}eso]ved inworking memory until an éntecedent was found.
However, the same is true when the pronoun isvresolved immediately
go a dfscourse topic: the processing difference is a general cﬁaracter—
istic of.this sentence type. The fmplication for”SChlesiﬁger's Qq{k,
‘as well a§ for Springston's attempt to examine the relative contri-
butionsxéf gendef and precede-and-command to reading times, is that
factors other than determinacy of the pronoun can affect reading times.
One possibility is that the free backward cases are less.freﬁuent
than the frge‘foﬁward. Thus a comparison aﬁkoss types does not
nece§sarily reflect pronoun-processing a]one; <

For,blotked anaphora, the reverse is true: blocked forward cases
took longer to process than blocked backward: |

316. (FRED) He saw a sﬁake;in front of John.

317. (EBEQ) In fr§nt of John he saw a snake.
In this caée thé‘comparison across directions holds the direction of
resolution (to the topic) constant. |
Comparisons across:free and b]oéked ﬁases are perhaps less
important, since they have different'meanings. Free anapHora was
easier than blockéd in these contexts for the Forward cases (314 vs. 317)
bUt‘B]OCked was easier for the backward cases (315 vs. 316). |
Most importantly, "these resu]ts fully support the contention
that a;aphota resolution‘duriqg normal reading in &iscourse is not

a backward serial search process analogous fo Sternberg's (1969)

- memory scan model . Instead, the resolution model based on Tyler and
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\

Marslen-Wilson's interactive parallel approach is supported by tHeée
results. The lack of gendér/numbér facilitation is a consequence of
‘the intéraction of syntéctic, semantic and discourse brinciples during
processing, which renders g%e morphological cues redundant.
\ The overall approach grew out of Marslen-Wilson's (1973) early
_ observation that even at shadowing lags of only 250 msec. between
input‘and Output,‘;ubjects' errors showed définite evidence of
on-line construction of a complete lexipal, syntactfc, and sgmantic
representation of the incoming speech. Giveﬁ that outpuglprgcesses
must have accounted for the majority of the 250 msec., comprehension
must be very fast and very compl&;g,indeed. Therefore, the compléx
assumptions concerhing the interactions among subcomponents of the
processing system ére not incompatible with the observed speed and
complexfty of linguistic processes.
It should.be noted that this modél does not imply qbatbanaphora
; N
resolution is never a backward serial search process} Under
~certain condjtions}'nameiy, when the only key to resolution is a
pragﬁatic clue which follows the pronoun, on-line access to resolutién
information is absent, and thé resolution pfocess becomes a serial
match routine. Kaplan's (1981) materials are a good example:
318. The waiter/waitress laughed at the comedian.
. . : ,

319. He sounded like WQOdy Allen.

. : U : )
Nonetheless, herg the on-line" interactive model does predict immediate

*

resolution for the MISMATCH condition,'butldglq%ép resolution for the
pragmatically resolved MATCH condition. In this case, gender cues are

not redundant, but serve to facilitate immediate processing.

Y

J
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The verification results aré important for two reasons. First,
théy show that gender/number facilitation is a‘real effect, but when
di§cou;se information makes it redundant on-line, it can stillrbe
observed in verification. This strongly suggests that tﬁe afguments

, : > .
against the use of verification and related measures (such as antecedent
naming) to test hypotheses about comprehension are valid ones. In this
instance, the effegt has nothing to do‘witﬁ‘awaphora\resolutiqn.

The second im ortanf aspect of these results is that the‘veri—
fication model outiined above is also fully supported.: Recall éhat
the modei is based on a combination of comparison processes for
propositional representatioAs, and access to resfdﬁa] surface codes
“which aliow reprocessing and uncertainty congekning the initial ¢
understanding of referencerelations in the target‘séntences. Oné of
the predictions of this theory was that the ambiguity would not be
possfble for b]oéked sentences, an& éhat the only match'process involves -
argu%éntvcompariﬁons. Since the HATCH vs. MISMATCH difference is non-
significant, we may conclude'that in an argument matcRing routine,
the processor is affected more by the semantic encoding of the terms
thaﬁ by their surface morphological features.

In summary, the top-down, on-line interactive mode! of language
comprehension has'providea us with a new fraﬁéwork witﬁin which 'to
interpret the anaphofa resoluﬁionfpfﬁcess. PFerously iﬁexplicable

results, most particularly the insensitivity of antecedent searches

to top-down effects, are seen to have been artifactual.

Nonetheless, the lagk of contextugl facilitation observed here
b ’
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should be treatgd yith.;caution. Although we have seen good

evidence that anaphora resolutilon is not affected by the kinds‘of
relatively slow 'search processes claimed by others,if could be

the case that these effects do exist, but at much faster spéeds than
. can be measured with button-press reaction times. dqu the
exploration of such phenomena wifh increasingly‘sensftive taéks

wil] allow us to draw increasingly firm nclus'ohs about the facili-

7

tation of on-line processing by contexplual information.
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CHAPTER SEVEN

POST-RESOLUTION PROCESSES:

THE ACTIVATION OF ANTECEDENTS

o

7. r//Wntroductuon Priming and activation

//// gemant|c priming may be deflned -as faC|1|tat|on of the processnng

///// of a word by the processing of a previous, related word. 'Foss (1982)

ALY

a

y¥

N *

hs

.
5

cites an early description of the phenomenon from James' Principles of

Psxchologx'
Each word is doubly awakened once from wnthout by the lips of

the talker but already before that from within by the promoni-

tory processes |rrad|at|ng from the preV|ous words' (1890, i

Volume 1, p. 450) §
Jamee' characterization shows that psychologlsts had been aware of
this aspect of top-down: processung ]ong before the recent popularaty
of this way “of thunklng about language. After nearly & hundred years,
priming has finally gained the status of a central issue in three
related domains: word recodnftion, comprehens ion processes, and
semantic memory prpcesses. | |

I'n this’chapter we shall be especially concerned:with priming
effects insofar as’ they enable us to determine the state of activation
of an antecedent after anaphora resoldtion has been accomplished.
Activatien of a concept may be Viewedvas a\temporary change of state

of a permanent memory item to a condition in which it is more able to

participate in cognitive processing: Active memory is often referred
‘ %

>

1 .
161 S
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to as 'working memory' (Baddeley and Hitch, 1974; Baddeley, 1980).

The relation between activation and priming may be illustrated
\by reference ‘to the lexical decision task, one of several priming
tasks that have been used to explore the notion of relatedness among

_concepts in semantic memory. In lexical deciSion experiments, sub-
jects are timed as they indicate their decision as to whether or not

a given letter string is a word. |If a test word is closely related in

some way to an immediately preceding test word, positive decisions are .

faster than in a control condition where the preceding word is unrelated.

This facilitation is explained as follows: when a test word is

recogniZed, the associated concept in semantic memory is activated,

1.\

ey

R . Py S . . .
and remains in this sfate for some ¥ime. Moreover, activation spreads
to related concepts in the semantic network which constitutes long--

term‘membry (e.g. Collins and Quillian, 1970; Collins and Loftus; (f'

v L

1975) . Within the semantic networ%@rerated concepts share'nddes \\

N

(roughly, semantic features), and activation of the representation of -

A

W&

one item also leaves all of the nodes i®shares with other items in

a state'of§§§tivation. In addition, both CofiinézigaﬁQuillian (1975)
. () : ) L . ’ < - $
and Anderson (1976) suggest that activation lgvels decrease. in propor-

tion to their distance from the initially activated fbncep;; otherwise,
activation of a single item would eventuali@ result. in activation of
the entire semantic network, and you would throw up.

Activation and priming tqchniqués were first used only to

investigate '~ the permanent structure of semantic_knowledge representa- . }

tions. éHowever, ﬁpdeﬁ and Ratcliffe (1976,-cited in Ratqliff and

¢

McKoon, 1978) show in a lexical decision task that newiy Iearaedﬂgsso- .

Pl
-

né e . ’ju
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“ciations (e:g. Eiilfﬁiﬂif) pfimed one another to the same extent as
words with priér associations (e.g., gjggg;gjggi). Ratcliff and McKéon
(1978) extended this finding to learned sentences in anjitem recognition
paradigm. Priming occurred when a test word was preceded by a word

 ffoﬁ the same. sentence. ln_additiqn, if the test word was frpm the
same proposition in that sentence, priming was stronger. _;

This latter result confirms a prediction Aerived from Kintsch's
propositionally-based model of text comprehension and‘memory (e.g.,
Kintsch, 1974; Kintsch and Vipond, 1978). According to this model,

‘the fundamental unit of text memory is the proposition rather fhan
> 2

individual word concepts; thus, priming one concept in a proposition

netéssarily'primes other c0ncepts'wf¥hin the same pfopositioh.
Recently, Guindon and Kintsch (1984) have shown that similar effects
are found for macropropositions, which are elements éf a more global
fepresentation of fhe text that speakers cons truct duriﬁg readiﬁg.

They found “larger priming effects for pairs of words taken from a sum-
} | .
mary statement at the end of a short paragraph, whether or not that
: ) SR
statement had been overtly expressed in the text.

- —Foss (I982)\pointed out that the earlier list experimen;s

" showed rapid decay times for priming effects, which continue only

- {

~as long as the first word is being processed. Under the assumption

that priming has a function in language comprehension, this is a

1

N - \ 3 3 !
puzzling result, for one would expect priming effects to act over
> P . .

fairly large stretches of text. Foss therefore used a phoneme
monitoring task to investigate priming across word pairs in both

coherent and scrambled sentences. He found that while. priming

]
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decreased sharply in the scrambled version as a function of the dis-
tance between the priming word and the critical word, no such decre-
ment appeared for words in sentences. Yoss interprets this in terms
of a model of discourse comprehehsion in wHLch éore propositions

' remain active as long as the type of discourse does not change.

A .
7.2 Priming and activation in anaphora resolution

Activation of antecedents has been examined in three studies
.based on Caplan's (1972) probe recognition task. In this paradigm,
~subjects read or listen to text, and at unpredictable times‘are
presented with a probe word from prior text which they must judge
"new'' or ''old''. For a currently active word, recognition should be
facilitéted, but fQE deactivated words, extra retrieval time is
needé; to reactivaté the concept, thereby making the decision possible.
Caplan suggested that clause boundary effects on the availability
of infofmation fro& working memory should correlate with’activatéon,
Jarvella (1971, 1979) describes several experiments which‘show better
rote recall from an immediately preceding clause than}from one clause
~further‘back,rahd Sachg (1367, 1974) has found that surface information
is dismissed rapidly from memory for sgntence within stofies. |
Caplan designed materials suchas thfs example:

320. Whenever one telephones at night, rates -are lower.
PROBE: night

321. Make your calls after six, because night rates are lower.

PROBE : »nightb

He found significant clause boundary effects: probe latencies were

" slower when the probed word was two clauses back, even when the actual

.
‘ §§§i§$§- §
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words following the target were identical in the two condition.
Chang (1980) exploited this technique to determine whether a
pronoun activates itsantecedent. Consider these materials:

© 322. John and Mary went to the grocery store / and John bought
a quart of milk. PROBE: JOHN

323. John and'Mary went to the grocery store / and Mary bought
a quart of milk. PROBE: JOHN

324. ...and he bought a quart of milk.

PROBE: JOHN
325. ...and she bought a quart of milk.
‘ PROBE: JOHN

In each case, JOHN is the probe word for which subjects must provﬁde

an old/new judgment. In (322), probe latencies should be fast, since
the repeated noun is now, by all accounts, in active memory. In (323),
however, latencies should be slower, since JOHN appears only in the
first clause. For (324) and (325); Chang asked whether probe latencies
would parallei the full NP conditions. If 50, this would demonstrate
activation of the antecedent by the pronoun. By contrast, she should
not activate John; recognition must be based on retrieval from the
earlier clause just as in (323).

As it turns out, recognition was kaster for the repeated noun
coqdition than for fhe pronoun condition (i.e., 322 vs. 324), presum-
ably because the repetition condition provides extra visual cues. Most
impoftaﬁtly, both of these Qe}evfasfer than the item in which only she
or Mary appeared in the most recent ci;uée. Moreover, latencies were
similar in.each of the two latter cases. Thus, the pronoun he reacti-
vated John in fhe most recent clause, and primed probe recognition.

Two papers pick up this theme by asking whether an‘anaphor acti-
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vates other concepts along with the antecedents. McKoon and Ratcliff

(1980) used Caplan's probe latency task to show that a definite NP

anaphor (always a superordinate word) activates its antecedent, as in:

- 326. A burglar surveyed the garage set back from the street.
(neutral continuation...) '

327. The burglar / the criminal / a cat slipped away from the
streetlamp.

) PROBE: BURGLAR
As in Chang's study, priming effects were found for both the friminal
and the bﬂrglar VEFSiOES of the final sentence. Probe recognition for
the unrelated cat version, however, was slower. This supports the con-
clusion that criminal served to reactivate burglar from the first
sentence, thus‘priming burglar for pfobe recogn;tiOn. When the
probe was garage (which also appears'in the first sentence), priming
was again observed for the criminal, condition. This serves to confirm

that the probe effect for burglar was not caused solely by prior

association with criminal, since this would not explain how garage

T

could have prfmed the probe. The results also suggést that an
anaphér activates both its antecedent and~”éompanions” inﬁfhe same
propdsition as the antecedent. This latter result is in fact pre-
dicted by the theory of text memory advancedby Kintsch and Vipoqd (1978) .
Dell, McKoon‘and Ratcliff (1982) extended these results in 2 |
similar study, this time using word-by-word presentatipn, makiﬁg it
possible to determine when during processing an antécedent»is activ§ted,

v

and for how long. It was shown that probe lateh;ieé are speeded for-
both the antecedent and words in.the same proposition, as ealy as 250"

msec. after the anaphoric item is read. 'No priming is found for
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words in a different proposition taken from one of the neutral, con-

-y

tinuation sentences. Furthermﬁre, activation faded more rapidly K
‘for the companion than for the antecedent. Specifically, companion
priming effects disappeared at a probe point only 1250 msec. beyond
the anaphor, while antecgdent probe priming was still strongly in

)

i
evidence. !
- |

7l3 Activation of antecedents across a clause boundary: Some
residual questions

Chang (1980) observed different activation Ieve!s‘for an ante-
cedent and a '‘control'' item, which was in fact a companion, as propo- ‘
sition-mates ére now termed. This resdlt provides support for the |
notion that a pronoun activates its antecedent, but it does not tell
us specifically how the difference in activation came about. Chang
seems to have assumed that the control item repreéented baseline
activation, buf the work of McKoon and Ratcliff'(1980) and of Dell,
McKoon and Ratcliff (1982) suggests that comﬁqnions should be activated
along with the antecedent when a pronoun is resoived. On the other

s, hand, companion activation is short-lived, disappearing by 1250 méec.
post énaphor in their studies. Moreover, the propositional model
upon which these predi;tEOns are béséd is intended to account for
long:ﬁerﬁ?;epresentatioﬁs of texts,:and one qgglg argue that there .

#is an important difference between the work of Défl et al., who had

the probe appear after three full sentences had intervened between

it and the antecedent, and Chang, whose probe was timed to appear

° s
immediately at the offset of the test sentence. Many possibilities

arise: . perhaps for short-term representations, an antecedent is

5
-k
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selectively activated because the repgesentation of the‘senteﬁfé.ﬁas
not passed f;qm its surface form to its ful] propositional rgpfé§eﬁf
tation. This would imply that tﬁe sooner the.prbse appears>affe? the
cléuse boundary, the larger the difference one should find between
antecedent and companion activation. On the other hand, it could be
tﬁat despite their prqximity to the antecedent,‘Chang's probes came
far enough after the pronoun to fall outside the 1250 msec. region
defined by Dell et al. This too would imply that the companion was

fully deactivated, but only after having declined from a peak.
rf\\ . . .
. N e .
Fortunately, Chang published mean reading times per word as a

function of serial position (p. 63);‘using these data we can. estimate

i

that for the examples cited above (322-325), the pronoun would have been read,
‘on average, 1568 msec. before the appearance of the probe. This figure

is more than 25% beyond the limits suggested by Dell et al., so that

we may assume that the different activation Igvels did not represent
* : ‘ ‘ ‘1\ ) C \
partial activation.” But we still do not know Whetngj thé companion
' ' . C .
could have been activated in the first place, given the recency of the
4

test sentence.
To explore this issue, a partial replication of Chang's study

was designed. There werg'two‘important differences. First, the second

i

clause of the test sentence was reduced to an'average of 3.9 words after-

a true control condition was added to the antecedent probe and the

4

companion probe conditions: a Np Search conditign, in which the

-

\
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pronoun in the second clause is |. Using the first person pronoun

will enable us to measure true baseline activation levels of the &t

P : o

With this design, we may now ask whether the propositional model

target NP's.

holds up in the case of mémoff represenfations which include surface
codes, and whether_the differences found (if any) between the aAtecedent'\
and the companion represent an active - inactive contrast, or merely

an actiQe.- partially active difference. |

+
w

EXPERIMENT 3

Method
e
Materials and design. A;%msterGWISt of 36 two-clause sentences

*

similar to those used by Chané (1980) was drawn up. In each case, the
first claﬁse had a‘conjoined subject made up of 'two names, one male

and one female, equated for production frequencylwith reference to ;he ‘
‘norms‘of Battig and Montégue (1969). Each nahe was used only once,
In each sentence, the;éecond clause began with and, but, so or ﬁhgﬂ,
divided’equally across condifion;ﬂ The subjeCtMof the second clguse

I

was either he, she or 1. ’
A probe word; one of the proper names, was selected from each

sentence. These were balanced for position (first or sec@nd membe r of

the pair), an@ for gender. For thelfirst 12 items, the Erobe was the

antecedent of the pronoun. Tﬁis is the Antecedent condition. qu“the'

next 12 .items, the prqbe wéé the other proper name. This was the "

Companion condition. For the-last 12 items,'corresponding to the

pronoun' |, the probe was either NP, again balanced for position and

3
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gender. There were an average of 3.9 words from the pronoun to
the end of the sentence, and hence the beginning of the probe. .

For each item, a verification item was also written. This tested
randomly éhosen aspect§ of.the meaning‘of'each item. There were equal
numbers of true and false answers. e

Fifty-four filler items.were also used. Some contained pronouns,
but probed a different word. Forty had false probes, testing words‘
which were semanticaliy related to aswordriq the'sentence:'or testing
totally new words. One set of test sentences appears as Appendix G.

The three expe}imental conditiong (Antecedent, Compan{on and No

Search) were crossed with three groups of subjects (five per graup) and

three sets of passages (12 perlset), in a Latin square design.
. ¢ )

Subjects. The subjeéts were 15 adult English speakers, 'six male
and nine female, ranging in age‘from 18 to 50_yeafs}(ﬁ_= 28.4) . Stu-
" dents were paid $4.00 for their péétiqipation; othé;s participated
£:/oluntarily. ~One subject wés replaced for not following instructions.
Proéedure, Equipment and testing space were identical to those
of Experimeng 2.. Stimulus presentation was controlled by aﬁ adapted
version of SPART (Zegarré and Smyth, 1984). A listing is provided as
.Appendix H. oéubjectg saw a seriiéﬁgf.asterisks to begin. They pressed
' ' g :
the space bar with the thumb to view ?ﬁ&\target sentence, and again
to indicate the mément at which tﬁey had fully undarstood. This
reSQitéd in 400 msec. of blank screen, followed Ey a fixation poi;t
in the centre of the line on which the test sentence had appeared.
‘Us{ng the indgx fingers, left-handed supjects pressed the D ;nd K keys,

while right-handed subjects used the L and F keysvto'fespond True and
\\
Y
\




171

False respectively. The keys were marked appropriately, and a cardboard
template covered the rest of the keyboard.

During thé 15 practice trials subjects were told to respond with-
out looking at their fingers. |If necessary, some p}actice trials

were repeated until this condition could be met.

Results
Following Chang (1980) an anal&sis of variance was performed.
. . . . &
The overall F was significant (F(1,12) = 262.61, p<.001). Means and

per cent correct per condition are given in Table 15,

¢ : .

\

MEAN S.D. . L { % CORRECT
- ANTECEDENT 740 ’ L7.4 .95.5 -
COMPANIQN 770 . 47.3 98.8
NO SEARCH 834 ' 50.18 95.5
Table 15. Mean probe latency in milliseconds, Exberiment 3, with

- per cent correct and standard deviations

A priori comparisons showed no difference between the means for
the Antecedeht and the Companion conditions (F (1,12) = 1.50, p = .244).
There was a highly significant different between probe latencies for

Companion and No Search s (F(1,12) = 1969, p = .0008).

Discussion ' &
There were two clear results, First, the activation level of

‘the Companion was much higher than that of the No Search probe condi-

tion. This demonstrates'that‘the phenomenon of .propositionally-
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based activation holds even for relatively "fresh'' representations
which preserve a significant amount of surface lnformatnon Apparently,
semantic integration to proposutlonal form is essentlally immediate.

Secondly, the activation level of the Companion NP was not significant]
Y

\\\

lower than that of .the Antecedent. However, the difference of 30 meec.
¢
was in the right direction. This suggests that as the distance from
the pronoun to the probe decreases, the activation fevel of the
Companion NP increases, presumably unrestricted. The.fact that Chang .éf
found a slightly W%rger difference which attained significance indeed
suggests that his longer dfstancé‘between pronoun and probe resulted,in
a considerable decrement in the activation level of the Companion,
' as one ﬁight predict on the basis of Dell et al.'s reSUIts.k |
"Another difference between this s tudy andehang's was . the use
of whole-sentence presentation. Chang used wo}E}BQfQBFH"E?éééhtacioag; 777777777
under the control of each subject, and timed each,@Ord. However
NN e _
this experiment has demonstrated that the same knnds of results can
be obtained with the snmpler technsque At would appear that the o
'visual. presentatlon does not have an unnatural effect on probe recognl-Aﬂ
tion. The lnstructlon§ t%’supjectgzto read each test sentence JUSt
G

@
once and to move on’ t the prdpe word as soon as the sentence had been
A . ]

Ca

»aunderstood appear to have been suff:cnent to ensure a normal rangee
“of flxatlons, furthermore the flndtng of clear effects suggests that

the dlstractor items fulfilled their purpose of, breaklng the deveIOpment

i

of artifactual strategies.

P | | :



CHAPTER EIGHT

SUMMARY "AND CONCLUSIONS

In this work | have examined a single linguistic phenomenon,
) » : .
English pronominal anaphora, from several different perspectives.

First, the formal arguments for alternative grammatical represen- ' ‘ .

tation§ were reviewed in order to establish a frame of reference

§
li

for discussion of the role of cognitive strategies in fudgments

L]

of .the grammaticality of anaphoric and nonanaphoric sentences. ‘An

argument was developed concerning the hature_of(the judgment task

" i

itself: -one can adopt either of two distinct criteria,fnamely, a
B / “t

well-formedness criterion and an interpretive criterion. In a
judgment task, naive speakers listened to a sample of sentences

which included 33 items which form the basis for linguistic argu-

ments' concerning the optimal grammatical representation bf con-

.Q\,
<

straiTts on. coreference. Over fifty. per cent of the judgments were
accépting of coreference on thesé thatively blocked sentences.
Implications for the éoqdudt of ehpiriéah'research were diééussed.
Although two suggestions weré{ﬁade con;erning'daté collection, AR
that is, that production daté be examinéd and acceptéd gver judément
data for matters %f weli;formedness, and fhat,judges be instructed
to adopt productio&/wei}-Forhedness criteriéﬁ certain major diffi-

. 7 . .
culties remain. First, it is not clear how the finding that naive \ N

speakers do not access interpretive principles in a judgment task

173 ‘ :
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~Eshou}d be understood. | have shown that linguisss themse | ves have

. S

made the same-confusion between well-formedness and interpretive
constraints on anaphora, but the notion of interpretive principles
is so closely allied to the notion of syntactic structure that it

is not obvious that the inability to apply one of these exclusively ‘ ]

in a judgment tagﬂ should simply be brushed aside with a few methodo- 1

logical caveats. Secondly, the numerout cognitive strategies for~

-

interpreting coreference déspite apparently weli-motivéted’linguistic
rules tend to bluf fhe:boundéry between formal ana functfonal approaches
to-linguistic description. It is parficulgrly disturbiﬁg thét for | (

many of these stfategies, no‘informatipﬁ’protessing hodelxséems to B ‘

have taken shape. Instead, we face a collection of.vaguely psycho-
logically motivated phenomena which are neither product nor process. \’
.‘ o & ‘
- The second perspective-on anaphora has been the view from cognitionf

. . .\

Anaphora reso}ution'haS‘become a growth industry for those interested

.in médelling thougﬁt processes and integrating various levels of analy-

sis into glébal. theories bf 1anguage comprehension. Anpaphora is‘welli S
suited as a tegtfng ground for such fgédries, as it canﬁbt be given -
-, even the most cursory of characteriéations without the inclusidn of

iscourse, pragmatic, and process details.
’0 - N v

morphological, syntactic, d
| have tried to synthesize the experimental literature from the per-
Spéctive of the topr own vs. bottom-up argument, contributing an

.=

expériment'of my own whose 'goal it ig to sort out the locus of the*

effects claimed to be representative of the resolutién process in

1

general:’lThe.finding that the_evidenéé for the deplqymént of~exHau5ﬁ

tive serial searches is partly an artifact of»inapprdbriate me thodology

ety
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v

has helped c]arify precisely what predictions one can make from

a global theory to the description of a pa}ticulaf information
processing task, in this case, on-line resolutign and off?line 2
verification. Prelimihary quelé of the two processeerere

successful in accounting for the results of the resolution experi-

8
4

ment.

Finally, | eXamined briefly the consequences of processing‘anaphorab

from the point of view of memory systems. A mbdest experiment

S op

demonstrated that propositional’represéntation and its atténdant
effects on retrieval process remain an appropriétégframework' %
. v i ’ 14 .

for even very short-term processing of language. Activation effects

' : A .
' el - .
and the spread of activation to propGsition-mates are as evident
. T . ) '
/////+nf§ﬁ'|mmed|ately preceding clause as they are at the level of macro--

LRSS ’

{ ‘ ‘.

structure in much larger texts.. @

3
i
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In Trudeau s rldlng, he is qunte well respected
The people in, jhat rldnng respéct Trudeau.
3.0 In Fred's graduation p4cture, he looks like a gorilla.
Fred looks Iike a gorilla. - :
L, To hlm, | spoke in Ben s office. !
It was Ben that | spoke to.
5. After she dropped the kids off at’ daycare Anne wed{ to
. Lester S. . . ‘
Lester took the kids to daycare.
6. Neither Joel nor Martha thinks that he can win this battle;
R They don't think Joel can win.
¢ 7. The g:rl reported that Bill had struck his father. O
Bill str.ck the girl's father.
. He was.hit on the head before the.lecturer had a chance to
say.anythnng
: The lecturer was hit on lhe head.
- 9. Because Margaret made 5 fooﬂ of herself, %he party was . unpleas—
ant for Bill. v S
' Bnll made a ﬁ001 of himself. S '
10.. Blair was impressed by Laura's ability to ‘detect hlS lies.
‘ Laurd could detect. Blalr s Ties.
11. You cah't talk to him about Ben's kids. )
Ben won't discuss them. _ R
B ‘ : N L
12. In John's apartment he smokes pot. N
John smokes pot.
13. In Carter's home ‘town, he spend¥ h|s mos t pleasant hours
Carter enjoys hlmSelf there :
. ,;‘ ~ ‘
4. Instead of scsﬁdlng hlm Joyce should have explalned what
CHVlstopher had done wrong. v Y :

W ’ 4

~

AAPPENDIX A: ITEMS, EXPERIMENT 1, LIST 1. e

I m w:lllng to. pay him $2000 for Jack s, car
Jack could get $2000.

A

- Joyce scolded Chrlstopher

4

|
!
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15. In George S !svung room he placed his new brass bed
' George put it there. - . : S
16. For her Betty s nelghbeurs threw a party ‘ ’
" The party was for Betty _ S : RN
17. Beth showed him her new tricks in the lawyer s jacuzzi. »
The lawyer got to see her tricks. . : “\»\,AM,—~,\ﬂ\

18. She ran for a doctor after Henry fell down some stairs.
Henry ran for the doctor.

19. _Michael's problems, fe won't talk about. - C s
Michael won't talk about ‘them. _ " ',/’“-~f“(’
20. When Anita pu]led the chair out from behlnd Phll he‘fell&e
on the floor with a thud. : : g
Phil fell on the floor. ' :

21. How obnoxious to Ben's friends he is.
Ben is obnoxious to them.

22, The worst thing about Jill's brother Arnold is hIS whlmpy voice.
' Arnold has a whimpy wvoice. ‘ S &

23. When LOrraine;finiShes school, she promised Jim to go. to Paris.
Lorraine promised. -

2h. Lisa doesn't knew where he lives, but | think Stewart has a
house on Lower Union. , ' . :
‘She doesn't know where Stewart lives.

- 25. Néar Dan, he saw a snake.
Dan saw it.

26. Whenever Rachel . dlscusses thlS with her analyst, he gets
ampatlent
The analyst gets impatienb. .

' 27. For Eileen's husband, she would give her Ilfe

' Ealeen would die for him,

.‘28 «When she left the offlce, Bob saw the receptlonist smi le.
b The receptionist left. the.offlce '

¢

{29. In the: town where Julie llves wnth Jack he: has to pay a specual
gun tax. . .
’ Julie pays the tax. . N | ’

I3
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30. Beside her, Kate noticed a leprechaun.
It was beside Kate.

’

31. Selling Margaret's photographs to hns father was the best |dea

Pierre ever had. & S

Margaret's .father bought the pictures.
32. Bonnie took Swedish with Fred before he flew to Stockholm.

Fred went to- Stockholm. -

\

33. Natalie and Steve used to ||ve with his parents
They' lived with Steve's "parents.

34. Jean told Keith that she had fallen in love with a soldfer.
Jean had fallen in love.

¥
35. The chauffeur parked his car near the banker = house
The car belonged to the banker. . .

36. Abbey's first husband said she was too-thin. . : o
‘ He said that Abbey was too. thin. »

37. Warren thinks Tom is a foo]‘ and HE thinks Judy is a hopeless
case. ’ » ‘ : i
Tom thinks Judy is hopeless.

38. She is riding a horse in Gary's picture of Jane.
Jane is riding the horse.

'39. "It bothered her that Mirie had fat
Marie was bothered by it. ~ : : 0
. R .
" 40. With Rosa's peacock feather, she tickles people.
C Rosa tickles them.
41, Fred and lrene are waiting for the woman who is going to hire him,
The woman will hire Irene

42, When he entered the room, Mary saw a salesmangﬂh:le
A salesman entered gthe room.

43. 1 told him that Fred couldn't come.
| told Fred.

L4, One of the members of the Academy seems to have- told her that
Meryl is up for an Oscar.
Meryl heard about it.

45. The beautician wrote out a cheque for'her dentist,
The dentist wrote the cheque.
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h7.

48.

49 .

50.

51.

like Joan Rivers.

52.

191

“We fired him, since Bert's behaviour had become irrational.
' We fired. Bert.

For Cathy's T.V. I''m willing to pay her at most $300.
I'd give Cathy $300.

In Marilyn's box, she put her valuable bracelet,
Marilyn put the bracelet away.

“In Ben's film about Rosa, she finds a husband.
Rosa finds a husband.

With Eleanor's new job she'll make a lot of money.
Eleanor will make a lot of money.

The waitress laughed at the‘comedign's joke because he sounded
\ ‘

The waitress sounded like Joan Rivers.

They finaliy decided that he would have to report to the new

vice-president, whether Mcintosh liked it or not.

Mcintosh would have a new boss.

53. Believe it or not, he is still considered a genius in Reagan's
home town. :
Reagan is considered a genius.
54. Marie's work, you can't talk to her about.
Marie won't talk about it.
55. After he woke up, Ernie went home. .
Ernie woke up and left.
56. We told him and Sue that Jack was a fool.
' We told Jack he was a fool.
~
57. Ted's girlfriend often forgets to brush her teeth after she

eats garlic.

58.

59,

60.

Ted's girlfriqpﬁ sometimes eatslga{lic.

Sally left her suitcase neér Mark's-car.
It was Mark's suitcase.
The gossip about him upset Rick. _
The gossip was about Rick. . ,
o ,
. AN
In Fred's office he is an absolute dictator. N

Fred is a dictator. N
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61. When he finishes this course, Bill promised his féther-tqh
get a job. ‘
Bill is taking a course. -

62. In Frank's picture of Evelyn, she found a scratch.
Evelyn found the scratch.

63. MWe realized that whether she wahted to of not, Anna would have

to report the incident to the police.
We realized that Anna might not want to do it.

6L4. For her new glasses, how much did she pay?
B8he paid for her own glasses.

.65. In Sylvia's new condd n: the wéterfront, she lifts weights.
Sylvia lifts weights.

66. Janet won't tell anyone who Marnie met at her party.
It was Janet's: party.

67. Fond of Donna's car though she is, | like.it even more.
Donna is quite fond of her car.
68. Sue met him when Harvey was a little boy.

Sue met Harvey. |
. |

69. Jocelyn telephoned the D.J. because he had kept her records
Jocelyn had kept the records.

70. Nancy should complain to Fred because he's a lousy lo‘er
Nancy is a lousy lover.

71. According to Margo, she's a fabulous. cook.
Margo praises her own cooking.

72. Bernard told Evelyn that he was sicK.
Evelyn was sick. .

73.  The speed at which she was driving made John nervous.
John was driving.

74. “In Betty's wedding picture, she hopes to look like a ]ady
‘ Betty hopes she'll look good.

75. Gary kllled the bal]erlna after she told the pollce about his
stolen cars.

5
$

Gary told the police about the cars.
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EXPERIMENT 1: Grammpticality of Coreference GROUP |

Instructions to Subjects

First, please fill out the confidential subject information at the
top of your response sheet. |Is your sheet marked Group 1?

In this experiment | want to study the inferences you draw when you
hear certain kihds of sentences. You will hear 75 pairs of sentences,
conaisting of a Target sentence and an Implicatipn. Your task is to decide
whether or not the Target sentence might in fact imp]y the second sentence,
to rate your confidence in that dec15|on, and to state whether that was your
interpretation when you first. hea d the Target sentence.

Here is an example to answer )in the section marked ”PRACT}CE“:

1. TARGET: In spite of‘his i]lnesé, the mechanic managed to see Fred.

IMPLICATION: Fred was il1. o

Could the Target sentence imply‘that Fred was i11® Listen again (ﬁEPEAT 1.)
Mark youranswer in the YES or NO column, then decide how confident you are
in that answer by writing a number from I (very uncertatn) to 5 (very
certann) in the middle column. Finally, in the third column, :ndlcate whether
that was the first meaning that came to mind when you heard the Target mark
your choice in the YES or NO column. Notice that if you said that the second
Statement was not a possible tmplncatlon of the Target, you w;llhave to
answer NO here as well. Durlng the test items, check the column headings ‘from

time to time to be sure you are marking the YES's and NO's in the right ;

/

place. , : , ' /
When listening to the sentences, imagine that they are something you /&

~would hear in an ordinary conversation. You are to assume that the speaker

is not trying to trick you or lie to you, and that he or she has not made

an error of afly kind. What | want to know is whether the person ggglg_expect

you .to interpret the Target sentence in the way that |s suggested by the other

sentence.

Do you have any questions before we go on to the other practice items?

193
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Group |

2.  TARGET: After he won the contest, Albért was int;¥Viewed by é
’ CBC reporter.

IMPLICATION: The reporter won the contest.
3. TARGET: The electrician notlced that George spllled the oil on him.
IMPLICATION: The oil spllled on George

v

L4

4, TARGET: Joe told Frank that he liked Sue. .
IMPLRCATION:  Joe liked Sue.

~ ~
£

5.. TARGET: Ask Judy to tell “the p]umber not to leave her dog out.
- IMPLICATION: Judy has a dog. ' ‘

Let's review these items. Did you find that'your confidence was highek on
some items than on others? ‘ | '

The;é.are no- "'right'' answers for these items: the purpose of ggls
" experiment is really to find out how: people Inke you vary in- your under-
standing of these items. This lnformatlon may be used for latéY Studles
of the acquisition of language in children with communication dlsorders;\_

as-well as in normal children.
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Experiment 1 Group |: Response sheet

Jame: L o Age: '
Sex: - h ' Native language: Ji |
Highest year of schooling: . ‘
PRACTICE
COULD the.first . Confidence ) Was that your
sentence imply the very uncertain very certain ~ first interpre-
second? : o I “tation?
YES  NO | 12,3 b5 o YES MO
1. L L L o L
y . .
————— — 4 —
3. ___ - o
o . o .
5. _ - L
TEST
4 <
) B _
2. . . ! L L -
3. - —_— S
ho o . -
5. . L .
6. - - — ;— —_—
P . L .
8. . L .
9.. . L .
10. - L
1. - L L
12. . .



13.
14,
15.
16.
17.
18.
19.
20,
21.
22.
23.
24,
25.
26.
27.
28.
29.
30.
“ 31,
32.
- 33.
34
35.
36.
;37
.38.
39.
40,
41,
42,

second?

“YES

COULD the first
sentence imply the

NO

———

Confidence
very ‘uncertain very certain

A
w
\

1 2 3 4 5

196
Group |

Was that your -
first interpre-
tation?

[
YESq MO
A
e — ;‘_-‘/"‘x

—— ——
-

. et —

— —
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! ’ \' ; Group |

COULD the first - Confidence ) ~ Was that ybur
sentence imply the very uncertain very certain first interpre-
second?- : : ’ ' ‘ ~| ' - tation?

YES NO : 12 3 5 ~YES  NO

5

. T . o
b5 - . : o

6. L O 7

Cwn S e
W, L T
b, - I
50.;___ . o % L L
s L -
s2. o -
5. L -
Sh._ — - L\ -
5. - L
6. I .
57___ R . e —_— P
58. - o P L L

sy, " o L

L 60 o~ . o
61. _____ L
62. - -
63. - - L L
6h. . -
65. .. L o
6. ___ e
6. - L
68. ‘ 7
o — —
n__ i _
. L L ,
2. . L s \,/ .
73. ' S
e B .

75.
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1079
1100
1110

1120

1210

1220

APPENDIX D: Master List
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Experiment 2

DAaTh. THE CHILD Le3 3CRELIT
G LOUDL .
DRTA’ HE B3 STRRING 5TALIGH
T AHEAD. . \
DATH THE WRITER 24l & Shak
E IHNQFFONT CF Hir,

DaTe 1T WS 11 FRONT OF TH
E CHILD.

DaTe THE EVRIBILIET Liae
Eab NG S0FTL o,

[aTé HE LOOFED TIFED,
CaTe . THE MOHEY SAl o Rebi o
VER Hitt, :
[aTa THE HelO Wil OUER THE

(h)

=

MO . :

LuTe THE wFTTIT Sz GFFEaID
OF FL: L6,

LaTH SHE LSS GOING TO BE S
1C-,

DaTh THE NIECE FUT o pesn T -

N FFOMT 0OF HEF.
DaTa THE Brd LS 1IN FROT
OF THE &FTIST, ,
DaTh THE CAMDILRTE =S e
THICAL ., . o
CaTa  HE COULDI'T BE TeusTE

D.
DATe  THE CONGRFESS i 0FOPE
- ED S0OME COCAINE HMEST T
HIM, i .

D=Te THE COOSIHE WS 1E T
TO THE CONGFEZS N,
Dath  THE REZTaLFghT purer

LRSS SHOUTING =i SIFEIN

G. . «
CATh  SHE IGSYUJEEY DRUNK .
DATA  THE DAUGHIEF Skl THE
BOTTLE EEHIND HEFR,

DATE THE BOTTLE LS BERTND

THE DRUGHTER.
DaTea THE OFFICER WS REmD

TO FIGHT. .
.DATA HE LOOKED ~FOUND oulIC
KLY, ' '

DeTa  THE HUSTLER Sald SOIET
HING BEHIND HIMH,

DATA 1T WAS BEKIND THE OFF
ICER.

DATA  THE FPROGRAMMIEF Li6S Lin



Ry

FrING FURInLsl, .

EeTer HE Hal TO EE FINITRUED .
By .2 03 cLact, iﬁl

CaTe THE DELIVEF: BO, =

CTHE TEFRHINL 11 FEGUT OF
HItE, : ‘
DATA  THE TEFMIHAL Lt 11 F

ROMT OF THE "DELIVER,
B, :

LT THE HEFCE-NT LIS SHOP
FILIG ALMIE,
DT HE ERDUITED FOF o ML

=

T THE SALESHRNIRPUT = Eo
oDt Ih FRG OF My,

<
CAaTm | THE =

L

.

L

I WeE T FROUT : '
OF THE DEFLLGIT, , , &
CaTe - THE DRECER eI 01 ST -
GE. '
TmTra ZHE Wed DANCIHG EmDL,
. A

LiaTe  THE BUSIHIESSMEN Tedd &
LIGHT =ECV'E HEF,

UnaTey  THE LIGHT WaS oB0UE T
HE [O=HCEFR, K -
[HT THE TERCHER st LI
G FO TORCHTE,

DATA - SHE LODKED TERFIFIED,

DATA  THE STENMAFDE Sibd (4 MI
ESILE EE M0 HEF, '

LmTm  THE MISIILE Lis> BE /0N
D THE STELMFLS, : .

OnTe THE OFERMTOR WD OO
ITI3 It THE MLIGE,

[T SHE FEALLY DIDH- T rap
E —ECUT ZEING ZEE,

DRTe THE BAIHELOSI Soll o o
“HeI 0 BEZIDE HEF, ~

DT THE SHaD™ Wiad BEogr

£
THET OFEF-TUR,
UeTe THE JPUSLTET eS| GE . e

TTILG 30sFED,
DETE HE BhE AlSr FREZC G,

DmTrm THE FAFN G 0Lz T g
ELAHET ER HIN,

UATH THE BLai IFET LI GogR
S THE Farlt BIFR_T, -

DATAa TRE GFOHELILGIST et
A EIT HEE,OULZ,

LATR SHE STEFCED FOFLW<RD <

LOLIL .
CaTa  THE VmBFIO0RS S THE .
BULD 1t FRONT OF HEF,

CaTe THE GOLE e I EROIT
OF THE WeFRIOFD, ,
CaTri THE CLIENT e Wiy 1ris

MeDLy,
DaTé - HE SEEMED T0 BE 11 &
HUREPRY .,

DT THE OWLLGIRLE S 5 T
A0 BERINID HI',

DT THE Tasl Lids BEHIND 7
HE CLIENT. .

0haTe  THE GUEST ENTERED STL



S

T (A

1o §

FOODLE E7 )
1520 DmTe  THE

.
IR

—Te  THE COULTND T OZETOUER:
IELL .

iTew THE

i THE USHEFRS,
' 1ET0 - DaTa THE CELEEZ!T, HOFED H

E

i

LIGLLED) T EE FE

P EID DATR HE LS WOSFTELD =0T ST

ILL E CITED.

1570 [-Tem " THE STFIFFEFE HGTICEU
~ CalERR ) EEHII R
I,

e DeTm THE CAMEFS Bl EEHIND
THz CELEERIT.. |
110 DnTw THE «LIEN} ZTEFFED FOR
E WD 30 SHTLELD .
‘ 1&20 [T 64 “HE »Ll:ll_‘l}'Efl OUTTE il
Ll . '

1430 DmTe - 11 FFYOT 07 HER THE &

N

TFL GUIDE TOSZED ~ SFEIRD
E.

1agi  [nTe

- py

THE GFEN-CE 1% 1] FF
STOUF THZ WLIEH,

1450 [ATe FHE FLOFTIT T IDFH ]
& DEFTLY . .
1e? e HE W TED 0 FITITSH 0

Tl
1470

leza

177G
leng
1s1a
1&za
1£20

1240

BaTé 1ERF HIM THE HOZT FO

TiGE, « ¥

T

ITICHED w, Ut
L T .THE Pra
HO=T, .

SUeTa L THE CLIE NENMEER 103 [

FICTIS TO0 FeiT, .

LT ZHE FOFGOT TO =70F EE

E 1 [IEaF THE

FOFCS TUEI I, s
LeaTm  THOFROT CF HES THE E
=0 Ly et A (=T,

UnTr THE CoeT LS 111 FEONT
OF THE ENEES

DT THE 2ECFET wGENT bt
LiFcgT,

DT SHE THOLGHT SHE 12 E
ElNin FoLLgED,

[T EEWINE HER THE W00
Sl THE S T1istial ., :

T THE 216G bat EEHINIC

THE 11Dy,

DAaTe THE HOJEMFCIZIEFR 1igc C
Heab THIG By,

DaTey HE st FESLLY EUFRIEL
ouT, : :

DaTe HEmMF HINM THE AWCTOF 10
TICED S(E Fry) o,

DaTe THE FILLES MESE tIEF T
HE «CTOF,

O-T4  THE THEFLETST GOT HOM
E EwFL, . .
C0RTe HE LIVED T CelEE & =
TIF, '

CaTe EEHIND NIt THE EUTLER

SAL A FuLnp LY Hat,

UrhTe THE T ez 2RI Ty
€. THERAFIZT/ ' '

200

Ao



L

z010

DaTr THE UIOLINIST HeD FRm
CTICED FOR IEF) I, ,

DT HE LhaS MEFQUS EEFORE
THE CUHZERT, -

OeTe - DUER HUA THE, TEMOF Sa
(& SPOTLIGHT.

UeTm - THE LEGHT a3 OEF TH
E TENOR,

CeTrm  THE FaiHI FHOTOGRAF
HEF LIaS LIORK TG

1}

[wTe SHE SOUITITED w3 SHE F
OCUSESED,

DmTe " THE SHLUH Ma2 HERF TH
E FHOTOGFaFHRER,

DaTe - THE THSTRUCTOR LOOKED

UF. .

OaTr SHE 103 DISGUETED AlD

THOUGHT SHE MIGHT WOMIT.

CaTa ACUVE HER THE  ExrMEN
Seld e PIGEDNH.,

UATA THE PIGEDM Ln3 HEODVE
THE IHETELCTOE,

PATEa THE SSINHGER Wad RESOUN
DINGL ¢ SUCLESSFUL. s,
“CATid ME LeS. HeFFIER THA H
E‘D E'EF BEE!,

CaTa I FROMT OF MUt THE M
OTHERS3 THFEN FLTERT .

DT THE FILOMERS LIEFE I F
RONT OF THE IITHEFRZ

DaTA  THE LIFESUARD 700D U

P anD DIVED, .

[ATR SHE PLIYIGED STRAIGHT
Do, »

DATm  IMIDER. HER THE PlLavBOY
S SFOTTED A WSTCOH. ,

[aaTer THE BIRTeoH WS NMDEFR T
HE CIFEGLSRD, :

DHTH THE SEFHT LeE FEAD,
T HE SHILER SLIGHTLY.
DT UMOER HIU THE GIFLE K
AD FLACED A FIFE- CF&CHEFR,

GaTe  THE FIFECRACHER Wes o
NDER THE GIFLE,

UATA  THE FOET SaT DOWM HEW
VILY . :

DaTH  SHE FELT HOT Al STIC

S

DT MESFP HER THE GEMTLENME
PMIUSPIED m MeLLET. - "

DATE  THE L LET WS MESF T
KE GENMTLE!IEH,

NaTo TLE WIS TAQ TN (xS T

OUTDOoOR S

. DT HEAR HES THE ERICEZN«
1D SFOTTED & Sk,

201



CE TE~UELLING.
Unie  HE FELT CONFLZED wAHD

IR IRIITED.

LT WIDEF HIY THE Hr—-]tE”‘
»Cald B ELRCH HULE. .
[iTen  THE EL&CH HOLE LS LN
DEF THE HIZTUF Ik,

DATA THE CLESMHEF bheS ALLAY
S LedIGHIIG.

[T SHE LOVED TO JOHE AFQ
N . ) -

DaTa - UIDEF HEF THE CHOIR FE

Ovys FLRUELD A HHH’E

Deve THE DIDLLE- LSS IWICER T
HE CHOIF EOvE,

LT THE MODEL WM& DatdC TR
HerFILle. - '

DeTrs  SHE Ll THRILLED TO H

~'E CEEH IH”ITEFA'

LmTe JIE=F . HEE THE ”I:fﬁ“”T
Z MOTICED A THEGHE,

AT THE THROHE LS HEHF T
HE t1oDEL -

DiaTve  THE CITICEN L© LESITI]

NG OB FECTHITL .
[T HE W% .2
EE FICH,

O-Tew BESICE “HE FEINCE +E
Mol FOURD & Dm0 ’
qﬁTH JTHE CITIZEN HaD FOLOD
s DleN0hD, 7 : :

LiaTi THE CLEFE Lms 10 LG
EF HIMIGRE, ,

[T KE LID HOTHING. BUT CO
WFLAILL, , -
LaTa HEST TC THE HHITEF HE
HAD ZEEM A EUG,

DiaTie THE WATTER Sl A EUb.

UEE HE MIOULD

LeTee THE FATIENT LS Uutu{

FORTHELE,

G DeTe SHE “CouLD eHCEL« HMOVE

DmTé BEHINDG THE GIFL SHE C
QULD SEE & WHEEL- CHAIF,
[~Ta  THE FHTIEHT COuLh SEE
“ LIHEELLCRAIR .

CaTé THE ORGHITZER tME DIS
SuTISFIED.

44Tm HE HeD 70 FECISIDEFR,

e WEOXVE THE ERR=UID EOYV
HE SFIED &~ C—LEII[WE

S ImTe  THE ERE-L ED, SFIEL

A CRLEDE,
UtTe  THE L(CLICT D1
r.

CGaTh SHE Mmi SHEMTING FRGF

, USELY.

SHE NOTICED #

DT FESILE THE SECRETARY

LaTa  THE SF
A FOUNTAIN.
OmTre THE QRGAEHIIET PLAVED F
OQFRLY .

FETHFY NOTICED

EHMALNTE

FoumliTwin

2072
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2950 DnTe SHE JUST COULDNYT FER
Forty, . . ’ ' :

Zded T i EEHRINC - IHE IA'HLTFEE:‘ S . \:
HE Sl A FlLmitH,

2470 [wTea  THE OFS-HTET Skl B FL
ASH, - o §

. )
2420 DhTe  THE OERLER a3 BIDDIN °
G To0 HIGH. . .
2420 DATw  SHE LRelTED TO W11,
2200 DaTe o BEHIND . TRE Trmll H00tsard i
ZHE Sabl & - CAUDELKE
Fra > ’ :
2510 DeTe THE TeLL WG!Sl TH
E LHNDELHEPH. ’
JZSI0 DATw  THE OFEICER b3 SUSFRT
CIous, R .
2520 [eTe HE LIS BOIHG 70 CHECK . .
T CRREFULLY, : - . .
2540 Dng EEHIND THE ExFitall HE . ) . ¢
FOTTED THE LIZEMUE, 7% .
2550 EHTH THE OFFICEF —FH|TED T .
. HE LILCENCE. : )
Z540 D=Te THE =TAF SHILEL EFIGH
Thy.
DmTr, THEN SHE wH”Eo g
[+Tm  GHE=D OF THE SWlLOPS
. EHE et s LINWISHHE
ZEP0 Dk e THE STAF 2all THE LINMO
- UIINE. . ‘
CZalD DATR THE FLeVER vebiED, o s
Zeld DAaTe THEN HE STHRETED COUGH ¢ :
’ 1z, '
ZEZ0 - DhTé =ROUND THE WIVES HE =
Ald SHDEE., 1 c .
Z:I0 - LATA CTHE WIVEY 240 THE St .
KE . ‘ : :
T Zed0 DaTe CTHE STUCENT At STULY
NG TOO HaRD, '
¢S50 DATa SHE HEECED T FEL&S F
OR o WHILE, ‘ '
24D DRTwe EE’IDE THE LITTLE gay <J
S ERE ONOTIC ~ car ‘
ZETO L DhTA THE ’TH[EHT METICED , S
CoT. ,
2430 (ATh THE 'HNE «FTIZT et o ¢
. UITE EMTERTRINI!G. ‘
ZATH  [ATée HE b3 VER EYFERIENC ‘
EC.

STO0 [aTA NERR HE GIFLS HE Swlt
THE COLTINES
2710 . CwTA. THE G
TUMES,
27200 DT THE FeiNTER el HaLLU
ClH-TIIG,
2730 beTk  SHE ”H_VctdﬂH[Hb z
R NGEF D STRNIMGER.
2740 C'HII“‘ HNERF THE ',HT“E“ SHE F
ATNTED & M1 ComT:,
27S DRTa - THE 'HT'EW Fﬁl“!pf &)
: UNTCORN,
T 2740 DATe THE DIET COUMSELLGR F
ELT CH&LLENGED .
2770 DATH HE H=D T3 WEEF wLERT,.

FLE SHlb THE CO<

TF

2720 DATA 1N FROLT OF THE FAT U
© OMEN HE SFOTTED THE BROWNIES

o



L5

D]
5
Ly
oD

(2]
[as)
-

=

2080

oS
Y oCr
2080

3070

2020

DnTes THE COUITELLGR CEOTTE
O TRE EFCMITE:, i

UTee THE SFECTATOR L1TEYL
TO FHOME Hing

[nTn  BUT ZHE L3 GOIIG TO
EF INTFRODOCED, .

CATA  HE-F THE EULLFIGHTERS

SHE Sibl p TELEFHONJ
E.
DATA - THE BULLFIGHTEFRS el
A TELEFHONE., _

DTA THE UTHOR SLEFT Saum
DLy,

DATh HE 1mE DREAMING 1N TE
CHNICaLQUR, |

CATe MNE T TO THE HEFGIIES
HE FEFCEI 'E[l « CRETLE,

DATA  THE wUTHOR FERCETVED
A CASTLE.

LeTe THE UIZ1TOR STROLLED
AROUID wLL D

CrTrm SHE LOUVED BEING sl .

D=Th EHE HESRD & NOTSE NEA
R THE CouIGIFL. '

DT THELWISITOR HEWSD THE
NGICE, C

mTey THE CLIER LS FERTURE
ELC.

Ll HE DIDNCT bHGd wieaT T

0 0o,

DT HE 2FOTTED & Guit BES)

UE THE &~1LcF.

DT THE SAILDFE SFOTTEL TH -

E Gy,

DTA THE SHITIMEF bt EHeald
STE(,

DATH HE Lha% &FFQlL SHE 1o

ULD Fasc GuT,
D78 ZHZ LalGHT Sk fE g
EOeT BEVOND THE MEFIID,
LATH  THE SUTNIER S0t THE
0aT ., :

DATA THE M1 c mrrEcTOR Ly
S HOT ~ilsgEr. )
UATa HE Lis® VERy 2ERTOUZ |
OaTe - HE YIOTICE0 & TO, EBES]
DE THE CchuOle gBryv,

DATH  THE CHOIF B¢ HI9TIOEL
THE T, . . .

PATA  THE ZLaVE D To Eorg
FE.

LATA HE Liaf &TFRalD WE wiong
D CE KILLEL. ,

D=7 HE Zetd & HHITFE EEMINID
THE M.3ITEE,

LeT0 - THE MASTER 200 THE .1
1FE. a

LeTa THE GARDENER WaS SuFe
RSTITIOLE,

Ora Ty SHE Nt THOLGHT v0 FE
FSyCH] C,

DnTee SHE PEFCEIVED & SFEFN
GLOW OER THE Ty

w7
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H.
DrTw THE GAFLDEHEF FEFCEIVE

- D THE GLOwt,

DATm THE DENMOHETFRTOR LIAS
AHLITOUS TO SUCCEELD.

DrTA BHE WHITED TO FROVE T
H-T ZHE LIS FPGHT.

0eTen SHE HAD FLANTED A Oad
CERS BPEHIND THE POFHO QU
EELI.

0T THE PORNO QUEEN FLANT
EL THE Chl1EFRe.

LT o THE MONUSRCHICST 1S EC
LETATIC, .

[T HE W4T BE{ING ITH F
LE-ZLIRE.,
- DnJa HE COUILD SEE THE JEME
LS 01 THE + s, )

CDede CTHE 1o lefiprsT Crnog
SEE THE JEMELZ, .

DT THE CODb. S §H) TROLE
LE. . ‘ .

DaTe 8HE S aFFAID TO RLWY

i '

DrTe SHE COULD SEE THE £ ]
T EEHING THE FOLICENE
t. . '
DT THE COOF COULD ZEE TH

21T - -
T THE DIVEF Le® ENME-FFA
r

FE HE 149,
DT E SFATTED @ DOQF HE
T 70 THE RO EFZ, A
DaTHe - THE HODLERS SFOTTED
HE DOOR, :
[T THE TOUSTST (S BLmD
TO ES RELE TO SIT  LOWEY,
DmTA  SHE MEECED, TN FEST of

T

CTES BALKING mLL L.

3400

Cran

T5z0

©34z0

3340
2450

34360

O

" 2941

{

246z

[T SHE S oa 'R JERE TH
E FISugeimy, .

[aTA THE TOUFIIT Sedl & EaT
U-"m THE SUFEFRUVISOF CDIDNT
CFEM, .

"DRTA HE JUST SISHED SOETL,
DATA  HE HeD FOUND THE FEFQ
FT BESIDE THE . OFF]E G
1FLE. .

L-Té  THE OFFICE GIFRLS FOLRY
U THE FEFGRT.

DATe . THE RELEQRCHEFR LIaS 1E
ARLY FIHISKED.

DaTé SHE HeD GONE @bl 5HE
colbLe. .,

iaTe " SHE 1DTICED & TELEFHO
HE NE&F THE EOVEFS.

DATe THE ROYEFS NOTIIED 4
TELEFHIE,
CDeTe . THE EMPLOOEE tias CUIT
TG,

DATH EHE WnSIL T EmElidlic Bt
NUGH,

T HE DIDN’T FEmLICE WIHE

e

L
¥l
~

s
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T
2444
3470

3480

URTR SHE -:"—1" ~ TTF M7 Fran
T OF THE BUZEDYS,
DaTa . THE EMFLOYEE Saw THE

TIP. »
DATA  THE FIANIST WAS REaLL
Y LOUSY.

DATA  SHE WaSN'T VERY FOFUL
AR,

DaTe  SHE Sabl B CURTAIN IH

FRONT OF THE SOLDIERS
i

DAaTh THE SOLDIEFRE Sl @ CU
RTwIN.

DATA  THE GHOST (4aS SHIMHMEF
ING OVERHEAD,

DaTa SHE LIAS WERFING w Lon
G LIHITE FOEE.

DATA  EHE Zabl & OHIIDLE NEXT
TO THE SORCEFRERE,
DATA  THE GHOST SHl A CaldDbL
E. ) ’
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APPENDIX E: SPART LISTING, EXPERIMENT 2

FEIl  CRESTED Jeld 10,1734
FEM By LUIS ZEGAFFA
FEM  FE«TTICN TIHE
REM  MODIFIED JULY 27, 1524
REI1 PeFT OHE OF TEZST .
CIN BLOCI 20 ad,d)  HUMCES) (Bl ICe
4
I TIME(&S,4) (Al LELEd o)
HOME
PRINT "FLE-SE EITER THE FOLLO L
UG ‘ CS
FRINT "IN OHE LINE (NO SPaCES :
3o
FEINT @ FRINT "INITIALS (2 L
ETTEFE:"
PRINT "aiBE (2 [DIGITE:"
FRINT "SE (11 OF Fo*
FRIMT "SUBJECT HUNEER"
FEINT "LIST MUIEER"
INPUT COCES - .
HOHE ; YTAE 1S :
HT&E 172 ‘
FEINT "PLETE IWIT"
FEit READ SENTENCES INTO ELO
cHE
FOP J =1 TO »
FOF 1 {1 TO 9
REMD BLOCKHECT, I
HENT ] » ‘ ' P
FERD LE: FEAD LE: RE-D LE: FESD
L3
HE T 2
FEN  RalIDOMITE SEOUENCE OF P
RECENTATI Ol

b

3

P}

T
JT'
b E

Q=

LET M = 0
FOR I = 1 TO £4: LET thiely =
0:r MENT I ’

LET 1= INT ¢z = FID 1)
+ 1 .

IF N ¢y o THED 6OTO
40

LET Nl = |

LET M =M + 1

LET Bttty = tl

IF M ¢ > &4 THEM GOTO Z&0

FEM  DiZFL&v SENTENCET ANID T -
IME® RESFONZE

HOME .

FOF M =1 T0 &4

LET J = Etlctn

HIME

UTHE 10 HTAE T

FRINT >#x FELAX ¥+

o= FEEK (4%152)



aou TFX 7 122 THEN GOTO 350

410 GET B®: - .

420 FOF 1 = 1 Ti a: HOE

421 IF I = 2 THEN FOF D = 1 T0

: S00: NEMT D . '
22 IF 1 = 4 THEN FOF D =t TO

250: HNEXT D

420 UTaB 1% .

490 IF I = 4 THE! IWJERSE

450 PRINT ELOCKE(J,I)

40 NORM&L

4T IF 1 < v THEN GOTO 430

L G N

4T3 UTaB 22
4zn & CLFTIMER

470 X = PEEF (47152

S00 IF ¥ ¢ 12T THEY GOTO 49n
S10 & TIMERIN, T' = @

520 2 = FEEF (4%1e2)

SIf oy o= - 112

SA A = CHR$ 0
S50 REM 21 15 NMEASURED PROCESSO
P 3 EAECUTICON TINE N

SL TIMECI, Iy = (9 = Z1

ST IF w3 o= WO OTHEND GOTO 10

=20 IF @i o= 'flY THEN G0TO <430 .

S20 0 LET AI1E(I, 1) = “.» .

400 GOTO &4 :

£10  LET AL1zcJ 1)y = "q»

AZ0 BOTO &40 v

230 LET Al12(T,1) = »t»

&40 IR TINECI T 5 1ac00f THEM o LET
TIME S, 15 =  —~ =22 :

S50 NET I d

&&n MEST M1

&7 HTME

LBO 0 UTRE 173

A0 THE 15

F00  FLASH : PRINT "THelIK YaU": HOFHMaL

T4a0 DE = CHR: o4,
T4% . ONERR  GOTO 540
TEL  FRINT D% ;"QFEN"COUDEZ" . F1,D2"

FEO0 FRIMT DF;"LIRITE"CODE:" .F1"
Tad FOR J =1 TO &4
TAS M =0 s 2 -
TET O FOR 1 = | TO 4 ,
TE0OFRINT M 15 TINE T, 1) jei 150
B ]:',
72n ﬁsxT 1
o0 NEMT J .
200 FPRIMNT DE;"CLOSE"CODEEY FL"
240 FOKE 43:£23,1 SO
SZ0 JE = (CHFE (9)
830 Fr# 1
540 FRIMNT I 160H"
£50 PFINT CODE%: PRINT : PRINT
240 FOR J = 1 TO 44 4
BEEM = J % 2 -
TGO FOR I =} To 4

B0 FRINT M" "I TIME« 2,13 "ZECOND

S l1%CS, ) '
870 MENT I , Lo
P00  PRINT : FRINT

2]
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¥IU .WETT S
CI0° FRE O B
30 GOTQ 45 .
€40 Y = FEEK (222 : N
$41 IF NOT (v = 4 OR v = & OF Y
"= oy THEHN GOTGO TS0
§az FRINT . CHft <7y HOME
4% UTRE §3: HTGE 5
§48  IF v = @eTHEN FRINT v=ss £l o
GZE DOOR OF INIT DISh &xav
$E0 IF Y= 4 THEN FRINT “#+» 0]
SK WURITE FFEOTECTED xas*

¢az IF Y. < PO GOTO Tl

5% FRINT DF;"CELETE"CODE:" .F1 "

9EL  FFINT “ssalisy FULL, - Ch—lIGE
ISt ees

G&d FEINIT ¢« FFRINT FRINT :"F'F‘ES

S RETURIE TQ COUTIMUE®

T3 GET vg: FRINT -
ced  REIWIE .
Se%  END

-t



APPENDIX F: o ‘ .

Instructions: Experiment 2

In this e*periment | am examining how people are abTe td under-
stand sentence§ when thgy are prgsented together as a connected para-
graéh._ You will be réadi@;ﬁhree-senteﬁce paragraphs on fHe computer.
screen. Each'is fd;lowéd by a true/false questién., You wili be able

&to.contro]'the,raté at which the sSentences appear by pfessfn§ the
space bar (marked UNEXT SENTENCE'"), and your reéponses to the'questions
will be timed. ’ -

Let me demonstréte with one of the 15 praéticeitem;‘yoﬁ will try.
Wé begin‘wipp a "'RELAX" éignal. Whénever you see thig, you may pause
foy as long as you wish. Now we can look at the first two sentences,
tge CONTEXT sentences,.by pressing tﬁe space bar. Notice that when
the secona-sentence appears ;he first is erased - youbcannot go back
to ;ee~it agatin. Speﬁd as much time as you need to understand khese.
first two‘Senténces. They provide the cohteXt for your undérsfanding

3 .

of the TARGET sentence. Youxknow‘the ¥Jrget is coming by the row of
dots after context sentgnﬁe nuﬁber 2. Hit the space bar again. The Q
screen will go blank‘for'a second. When thebTarget sentence comes up,
"read it normally, and hit the Bar'again the instant you feel fhat you
have fully understood it. Don't try to read as fast as possible, and
don't try to learn the senfence by beart. | want to measure how long
peqple take torpnderstand different written m;terials.

Finally, your comprehension will be tested by a true/false question.
Hit fhe cérrect button, without looking down at your fingers, as soon
asiyou pgssib]y\can,_without making any mistakes. | am giving cash

°

prizes of $25, $15 and $5 for the best performers on this task.



1000
100s
1010
1015
1620
1025
10z0
10z
1040

1045

100
1045
1070
1075
1050
1025
108¢
1067
1058
1050
1095

1109
1105

1110
1115

1120

1125

APPENDIX G: MASTER .LIST, EXPERIMENT 3

DATA  DENNIC el LAaUFe STEFR
FED QUTSIDE wHD HE LOCHED T
HE DQCF.,

DATE DEHN;SW .

DATA  THEY H~l: BEEN INZSIDE,

DATA  ZUE wND EOE FOFGOT TH

E ADDREZS BUT SHE REMENMREFR

ELr THE FHONE INLITIEEF,
['~Tm ZUE

DATR  THEY REHENEBEFED THE A
DURESE, > . o
CDATE BILL &ML @NE STUDIED
SCOOLING WHEN HE WORVED ]
N ToraQHITQ. ' .
=T BILL

’

DHTA THEY STUDITED COOKING.,

DATA JENE MDD JIM ARE BOTH
600D FAFENTS BUT  SHE TAKE
S CAFE GF THE, KILS. -
DeaTa  JelE :

DATE  JIM TAKES CARE OF THE

H1ns, v
DaTée  DICK alD EARE HeTED T
HE WINTEFS €D HE BOUGHT A

HOUSE It FLOF] D
OnTe DICK 4

DATA THEY HeTED THE WINTER
s.

wTa RATE S0 MIHE FLANTED
R GRFLEN @D SHE CANED T
HE TaToe:z.

DAaTA  KaTE

CATA  THEY DIDH'T FL-IT & ¢
ARDEN, \

DATA  JOYCE AHD [AVE LIVE ]

N VEFHONT €0 HE H4S TO DRIVE

QUITE FwF,

DATA  [AVE

DATA  THEY LIVE IN MILMEIOT
A,
DATA - JnuCH @il J0mN SRE AL
AYE FIGHTING 20 SHE MOI'T D]
ECUSS MaPRIAGE AlIYMORE,

DATA  J0saN

DATA THEY NEVER FIGHT.
DATA  N&lNCY aND HaRPY | CaiE
TO THE COUNTFY alD - HE LENT
ON A HIKE.

DATA  HaFRY .

DATA  HHRRY STAYED IN TG,

OATA  STEVE wHD JERN &FGUED

© ABAUT MOMEY LHEN SHE GOT

THE PILL.
DATA - TFan

o



1130 DaTe A EILL eRFluan,

T DkTe BETTY &L LARF LIVED
11 EELLEVILLE BUT  HE H&TED
THE FLACE, i

11940 [wTw LeFRFR,

114 DaTe  THEr LIVED 1IN TRENTON

£
.

=

]

1145 DARTA  RICH=FD pN0 2USAH BOU

GHT @ FARM HHEW SHE MQOED B
CK- FFOM &LBERTH. ‘
1190 DeTAa SHZLN
1155 DeTe THES BOUGHT & FLFIT,
1175 DaTes CHRFLES @l wLICE FEN
TED A& CaF AlD ZHE LEQOVE 1T
TO OTTAL, '
0 DAaTa (HFLES
5 DaTa  THE CAF HENT TO 07 Tedbl
A '
1150  DatTa  ELLEN AL JEFF ¢ CLEAN
- ED THE GARHGE EUT HE DIl
T CUT THE GFRnSE. :

)

11
11

C

1195 DaTa - ELLEN

1200 DaTe MOEODDY CLERUED THE Gn

; FARE. ' ’

1205 [aTe  FICH A0 FUTH HIEFE €0
CONERED Br OHIF &0 SHE DIDN

T WOFR( REOUT THE EILLZ.
1210 DeTa FICL _
1215 DATA. THE: WORVED FOF OMIF.

1270 DeTe HELEN &l ROEEFT EECA

ME CONSERUTIVES S WHEN HE
: LEFT THE LIEBEFAL FAFT., . '
225 DaTha HELEN
1220 DATA  THEY BECAME COQIMIUNICT
. S R - .
12258 ChAaTé D &0 JANIET ataliD
: (HIED THE FROJECT " AND SHE
GOT. wNOTREF OB,
1230 DETéa DD .
1245, DATA THEY ABAHDTMIIED THE FF
OJECT.

1250 .DATH  SellE &HD BRUCE ATE TH

E FICZA EUT HE GOT  SI1CH  @FT
EFLmPLS.
75 DRTA JANE

4252 DATA . THEY ATE LIVEFIILFZT.

1257 DRTA DAt @D BETH FESINTAH

EC THE FURIITUFE WHEN HE
Sold HOW BrRDLY 1T WAT SCRATOH

ED. .
€2 DeTa EETH
1¥25% DxTs  THEY BURNED THE FURNI
TURE, '

1245 DaTA GAIL ANl (aPL O FOoOLNIDED

THE COMFAM €0 ZHE HaD SFEC
1AL FRIVILEGES, :

1370 [aTA  CARL i

1275 DATA  THE( FOUNDED A COMIFeN

Y.
C1ZE0 DATA L JIRED @D JILL EDUGHT
‘ ¥ SOME MaGaIES WHEN HE
ENTEFED THE HOZPITAL.
285 - DRTA JILL
250 DaTA  JAMES AND JILL Z0LD T

HE MAGAZIMES



1235

1200

1309,

)

UAaTew JCGHIHE @l HENRY LIFE
TRAVELLINIG SO SHE  BOUGHT =
one TICHETS.

DT HENEY

DaTe CTHEY LIKE TRAVELLING.

DiTa ' BF 1M AL BOLNIE LIVE
D IN MONTRE~L a0 HE COMiu
TED O WEEKDATS.

DATa  BOHNIE

DAaTH THEY LIVED IM VeNCoaw,
ER. :

DaTa  Fat! aND ROH WRDTE S0t

"E WRTICLES BUT SHE Rl alL

1405
1410
1415

1420
14zs

14z0
1425

1440
1441

184z
144z
1445
1454
. 145S

1440

THE I1DEAZ.
DaTa FOM ,
DATE THEY WEOTE SOME wFTTC
LEZ. :
DT WILLIAN D PEGG, TOO
t

PRIICE LESZONS BUT 1 Lad TE
RRIELE &T IT.

DeTe WILLIAM

DT THEY TOON (wlCE LESSO
ML .

DT FiTm D FUOGER LNIDEFRS
THHD FRENCH 20 1 HSlo1a T
FOLUELE M FeRIZ. :

LaTe RITA

wxTes  THEY DIDIIYT SFERE FFEN
CH.

AT BaRRY aND SRNDFP- HEFE
IFRITHELE WHEN I GOT HOME
FROM WITFE ,

DT EGRFY .
DaTa SalDREa WAS IRRITABLE.

DeTa  SHERFY =D BRI ORDE
RED DARTINIS. AllD 1 ASHED FO
P SOME PEANUTS.

DT SHERFY

LaTa  THEY OFDERED BEER,

DATH  ELWAFD . fHD EILEE! Hal

A FROELEIT 2001 SOLYED |
T. .

DATA  ECLMSFED ;

DAaTe .1 SOLYED THE FROELE!:.

DhTe JULIE oD HOLFD BOTH

GOT FIFEC 50 1 . DECIDED
TO SUE THE COHIPAbIy,

OAaTA  JULIE .
- bDATA. HNOROGY GUT FIFRED
© O DATR MARGE AHID TOD LT O
A DIET AND | LECITED
TO QUIT SHOMING,
DiTes o TRD R
DATA - THEY WENT 0 AN ERTIN

G EINGE.

DATS  W=FFREN N0 COITE Kl
TED FOR ErRGAINE ;QyEH I N
OTICED THE wUCTION.

« DATA  COMIE
DATA  THEY LOOKED FOR EwvRGA

IMN3,
DiaTéh  BEEad &ND NHETL ENTEFED
THE CONTEST wlil 1 WA

ol

-
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v

FrRIcE,
1445 DATA . HESL
1470 DwTe THEY REFUSED TO ENMTEFR

THE CCHTEST _
1475  DaTA  THOMAS @D CHEF L DES

IGHED & COTTRGE BUT I Wks U -

HABLE TQ HSVE- IT BUILT.

13280 DATA  CHE= (L
{425 DATA  THEY DERIGMED A COTTA
Ge.
1470 DATH BETET AND KEVIN SLEPT
UHTIL NODn 20 LS LATE

-~ FOR WOFR}F .,
1675 CuTa KELIN

1500 DeTea THEY GOT LIF A7 8 f.ti, -

1E08- DATA  FUSSELL &b BFENMDA WE
FE WORRIED laHEN 1 couLod T
FIMD THE TICRETE,
1510 [aTa o BRENDS
1515 DnTA - THEY WEPE WOFFIED.
2000 - DATA  BEFT FLEW Tr Jafmid Wi
TH LUCY EBECRIUSE, SHE HAD FELA
TIVES THEFE, :
2080 T pATa | EUELYH
0z [aTe THEY WENT To JaFal!.
2020 DaTa - ALREPT alin FLOSS taTr
HED"THE ELECTION ol TELEW
1ZI0, (L
2 Z0a) DATa o SpH
2050 . 0ATa THEY LIATCHES THE HOCH
, TEv BatE.
2040 DATA TIMMIE SHRTURFD THE G
A ALY FRON GLLISsan
SO TOOR 1T valiey '
2070 LaTa MaPLE
2020 CATA 1 TODK THE UM AlKY .

2050 DaTA  DOMMG WENT TO THE ©ot

MENT WITH HEREEFT - RUT THEY
DIDN'T SEE =Y NN,

214



2000

caLn
oz

2020

onga

NS

DAaTe  EEFT FLEW TO JaPetd ]

TH LUCY EECALIZE ZHE HeD FELA Fu
TIVED THEFRE, L
paTa  EVELV , e
CAaTey THEY LIENT TO JaFeld.
DaTe ALEERT Al FLOF~ Lusd(
HED THE ELECTION arl TELE
12100, )
DRTr THE. JWSTCHED THE RaTk
Ei Ge1E, N : )
DATA  THSE D TIHED THE 6
U1 bl FREON GLLT S
SOOL TN 1T e .
DT o MFILE :
DATe 1 TO0E THE GLEE wibay .
LTm OOk BIENT TA THE COlt
VECT LINTH HEFEEFT © BUT THEr

CITIE T SEE AL HENE,

LT ETLEEN

DATA  THEv WISITED SQUE TG
s. :
CaTa - LUC Y allh DOWG eI SED
FOODLES 20T HE H-TED TH
E LITTLE EE~ZTE.

DATw - GOF[CH

DRTH DOLIG HATED THE FOODLE
c .

DATA  EVEN THOUGH THE ELOF
ED  1iaFlE a0 HIOFI 1] &
0T WEDDING GIFT:..

DrTe MeFRTIH

OmTA ZHE  DILH T GET GIFTS

DRTr WITH SEVEN RIDS ~LIET
AIF WD BETEY MEFE mLME T
IFED,

DATé HEFR SN )

DETA < THEY HaD SEUVEN CHILDF
Ell. C

DATA - FLO LIANTEL T GET ~ D

O3 FOF LEFFICH EUT. SHE KD
ALLEFSIEZ,
DATA 14 : :

DATa  [EFRICK Hal aLLERGIESY
DaTe CIHHD Y /D TROY DWOVED
TO VRtICOLMER 14HENS HE HE~FD

HEOUT THE WaRRSNIT .

‘DATE  Fyai ;
DAaTa THEY MOUED TO HallFed?

DaTa  FETIFING TQ EEFHIUDw

ITH AFTHUR NME~ T THAT DEN

ISE WOULD HNUE a NICE Tal.

Q -

U



Z4c0
2440

2420

2959

= E
ZS00

C e

2510

e s

RN R

25320

z54n

DeTA TIRR,

CaTm THEY FETIFED TO BEFHU

DA, - )

DAaTé  MeFILY = DIVGRCE FRO
M CECIL SURFRIZED  EVER. OIIE
CaTa  SUSIE .
DaTA  LOEODT Wimd SURFEIZED,

DATH PETER w0 JODIE SIGHE

D THE COUTFCT BUT  SHE DICH
ST WT Lo Do 1T '
CiTee FFRatly

DATA THEY SIGMED THE COHTR
ACT,

0Tl HETDT  AND HEINID HAD

UFPSER BUT HIS S UHISLCCES
SFELL ., .

DT ML 0oL [}
OaTh HIS SURGES D LS SIUCCE
SzFuL. - : .
DT LIHEN NIZOH WS FRERID
ENT wADFIEHINE wHL FHILIF LI

QFHED FOP THE C.1 .4
LATrh A1V R
DRTA THEY LIORFED FOF THE 'C

S leAs

DT STEVTE w00 JOGCE B
FECCFDZ EUT SHE - WNEVER PL
AxS THEM. ‘ C

CaTr GF
DATA SHE FLAYS THE FECORDS
QFTEN.

OaTA - TIH SND HeZEL WENT To

LAZ VEGAS BUT SHE - DITH'T 6
AHELE . o '

DaTey DOtaLD } :

DATA  SHE DICH'T GaMELE.

UDATA  SeFnH =D ZHELLCY T, F

ED THEIF FRFEFS LIHENL SHE
GOT BAlk FROM ClLwscs,
[eaTea  LIEGTE

DRTA - THEW TYFED THE FeFEFS

T CRAIG eI FUORENCE =

ACCOMFLICE 11 THE JECIEL TH

EFT BUT HE LIS LaTEF CalGHT
1 ’ “”"“
DATa  BOUGHT , .
DaTh  FLOPEIICE 1= CHUGHT .
CaTé  CH-FLOTTE oD ERGC Mo
D @bl AUDTENCE MITH  THE FOFE
S0 WkwT IMRRECIED,
DmTer FRIEST
DaTa  EFIC 2abi THE FOFE.
DaTa o F=UTOLT LS LIHST -FPOD
S0 CORIVRIE ORDEFED EUT 1 G0
T & PIZZw. |
DATAE TTALY
DiTe - THE( BFCEREL SEAGHETT

£

1
DATA WHEN THE, LIVED (1] F.
E.1. DOLOFES aN[ BUTCH OF
OUVE & CHE '(,

DaTa TLED .
DATA  THFY [ TUED T4 PL.E 1

Ve
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24%0 DaTA  EILLY 1D LeFLENE LI
E MICHSZEL JaTi S0t BUT SHE
Cet T STetD BNy GEGRGE,

2edi, OATA  EIT
ZoBl [MTm  DeFLENE LIKES BOW GEO

FCE,

2660 . DaTéa  MEL-NIE LIVES . TO SIIIM

WITH LANCE &0 SHE  ORDERED
& SWIMHMING POGL,

AT0 0 DrTa BOAT

2680 DaTa . MELAMIE OFDEFED - A FOO
L.

450 [wTa - BUD AL FeITH ORITE ¥

O0L-&ID AND HE ALST LIHES Tr
MG

2700 DATH - SHALLOE

ZTI0. DT EUD ReTEL T,

Sy

217



APPENDIX H: SPART LISTING, EXPERIMENT 3

10 REN1 CREATED J& 10,1564
20 REM Ev LUIS ZEGARRA

I0 REM  REACTION TINE

40 REM MGDIFIED JULY 2°, 1964
45 REM FeRT COHE OF TE<T

S0 DIM PLOCKE(AS,3) ,NUMC4S) (ENCA

&

&0 DINM TIME(4ES,3) ,A116045,5)

70 HOME .

60 PRINT.*PLEASE ENTER THE FOLLO

. WING"

$0  PRINT =~11d ONE LINE (IO SFACES
P i o«

100 PRINT : PRINT "INITIALS (2 L
ETTERS) " o

110 PRINT "AGE (2 DIG]TS){'
120 FPRINT "SEx (M QF F)
121 FRINT "ZURJECT NUWIEER"
Z2 PRINT "LIST WUMEER"

123 PRINT "LEFT OF RIGHT R=NDED?

130  INPUT COLES

140 HOME : UTwB 15

180 HTAE 13

140 FRINT "FLEASE LhA1T*

170 REM REWD SENTENCES INTO ELO
CHE

160 FOF J = 1 TO 4%

150 FOF I = & TG 3

200 READ BLOCKE(J,1)

210 NEXT 1

215 FEAD Lf: READ L$¥: READ Lt

220 NEXT J

220 FEM RANDOMIZE SEQUENCE OF F
RESENTATION :

240 LET M = 0

250 FOR 1

= 1 TO 4S: LET NWmi(l) =
0: NEXT 1

260 LET M = INT <45 » RND (1)) -

A .

270 IF NUMCN) ¢ 3 O THEH GOTG b
260

280 LET nuMad = |

ZS0 LET M =M + |

200 LET BH(M) = N

310 IF M (> 45 THEIN GOTO 240

220 FREM ., DISFLAY SENTENCES AND K
ECORD RESFONSE TIMES.

330 HOME

240 FOR M = 1 TO 4%

23S0 LET J .= BHN(MD

240 HOME

370 VUTAB 15: HIRE 7



440

Sz

S0

FRINT i e

..

X = FEEK (47152)

IF X < 128 THEN GOTO 3%0
GET E3 ‘
FOR | = 1 TO 3: HOME
UThE 15
IF 1 = 2 THEN FOR D =1 TO
TED: HELT D
IF 1 = 3 THEN UTaAB 20: HTAB
2
IF 1 = 2 THEN HTAE 1¢
IF 1 = 2 THEN PRINT *+*
"IF 1 =2 THEN FOR D = 1 TO
S0G: WEST [
IF I = 2 THEN HOME : UTAE |
5: HTAE Je
FRINT BLOCKE(J, 1)
HORT 5L
UTwE 23
& CLRTIMER
X = FEEN (4%15%) .
IF X < 128 THEN GOTO 450
& TIMERIN,(TU) = @
Z = FEEL (3%1ed)
X =KX - 128
A% = CHRE (X)
REM  Z1 15 MEASURED FROCESSO
RS EXECUTION TIME :
TIME(J,1) = (@ - 21)

IF 4 = *"K* THEN GQOTO &30
IF A3 = *D* THENN G60TO &106
IF A»E = “F" THEN GOTO 630
IF ti.=

= “L* THEI! GOTO 410
LET mfts(J, 1) = « =« :

GORD €40

LET A112(J,1) = *TRUE"

GOTO 640

LET Al1%(J,1) = "FALEE"

IF TIMECJ, 1) > 10000 THEN LET
TIMECJ, 1) = "~ ¢¢¢

NEAT 1 :

NEAT 14

HOME

UTmE 13

HTmE 15 ‘

FLASH & PRINT "THANK YOU": NORMAL

D = CHRE (4)
ONERR  GOTO 9?40
FRINT D% ;"OFEN"CODES".P1,D2"

FRINT D#;*WRITE"CODES*.Pi*
FOR J = 1 TO 45
M=Jx 2 - |

FOR I = | T3 3

PRINT 1M* 13 TIMECT, 1) ;A118(J
15

MEXT 1.

NEXT J

PRINT D% ;"CLOSE*CODE$" .P1*
POKE 4Z624, 1 .
It = CHRg (9)

FRY 1

PRINT 1%;"100N"

PRINT CODE#: PRINT 5 PRINT

219
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FUK J = 1 U «qU
=J % 2-1
FOR I =1 70 3
FRINT M",“1,TIME(J, 1Y *SECOND
5" ,ll#Cd, 1)
ME~T I
FRINT : PRINT
NEXT J
FR# O
GOTO 9¢5
= PEEK (222
IF MNOT (V=4 OR Y-= 8 OR Y
= ¢) THEN GATO 750
PRINT CHRKRE (7): HOME
UTAB 13: HTAB,S
1F,'v = & THEN' PRINT "#xx CL
QOSE DOOR OR INIT DISK xxx*
IF Y = 4 THEN FRINT “%*x DI
SK WRITE FROTECTED ®#x*
IF v < > % GOTO 961
PRINT D#;“DELETE“CODES".P1"
FRINT *»=*DISK FULL - CHANGE
Dlehess™
PRINT : PRINT : PRINT :"PRES
& RETURM TO CONTINUE®
GET (¥: PRINT )
RESUME
Enp

./
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APPENDIX I:

Instructions, Experiment 3

"First are you left- or right-handed (adjust template).
In this experiment you will read 90 sentences on the computer

&

screen, and alswer two true/falsequestions for each.‘ Let me demon-
strate with one of the 15 practice items. We begin with a row of
dops and the MbVE instruction. Press the bar marked MOVE with your
thumb to view the sentence. Read it once, and when you have .-
understood it, hit Hmove!! agaih right away. Thfs brings up a cross
for eye fixation, followed autbmatiéa]ly by a probe word. With
the appropriate finger, hit the T or F button to’indicate whether

or not that exact word waglin the sentencé you Have just read.
Finally, you will see a‘T/F question which | have inserted simply to

ensure that you understand the sentences. Let's look at the practice

items now...
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APPENDIX J: Response Coincidence Analysis

Experiment 1

As suggested in the Gederal Discussion of Experiment 1, an
attempt was made to examine boph.subject strategy groups and item
response clustering by a new statistical technique known as Reépopse
Coincidence Analysns (Baker and Derwing, 1982). Baker and Derwing.
have demonstrated the utlllty of this procedure for identifying stages
in the acquisition of rules for plural inflections in English, and
emphasize*%hat working from similarities across items rather chan
grouping by age gives a much cleerer picture of the organization of
the Iinguistic data. They claim that an empirical and objective
data analysis procedure must be used if we hOpe to identify groups
of SUbJECtS who perform |n similar ways with respect to a given set
of items. In the case of pluralization rules, they were able to
distinguish several 'performance groups', composed of children'of
a variety of ages, thuswresolving the '"age-stage'' confounding which
mekes the ‘identification of developmental sequences so difficult in
studies of language acquisition. |

The technique was applied to the data of Experiment 1 in order
to determine on the basis of similarities in responses to the 'Crucial’
items whether it would be possible to identify strategy groups - groups
of subjects who differed either in .the items which they rejected, or
in terms of the number of items rejected.

Details df the procedure are given in the paper by Baker and
Derwing. Results of the analysis are presented in Figures 1 ~'6.

Figure 1 shows the four significantly different groups of subjects
labelled Group 1 + L. Unfortunately, no exterrglly validated criteria
(such as verbal 1.Q., reading scores, vocabulary size, etc.) were available,
but it would be of interest in later studies to attempt to explain
subject groupings in terms of these kinds of indiyidual differences in
language abilities. |

Figure 2 shows item clusfering across all 30 subjécts. There are

only two significantly differewt groups (labelled Group 1 and Group 2)

of items.  These correspond to items either accepted as coreferential

-
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(Group 2) or rejected as noncoreferential (Group 1). This interpretation
isvmade on the basis of'the appearance of a majority of the clearly
acceptable control items in one group (items 61-75) and the clearly
unacceptable controls in the other (items 45-60) .

Figures 3 - 6 illustrate the four different classifications of
the - iitems by the four subject groups. |In each case, only the main split
into two subgroups is significant. This in itself is interesting, since
ft indicates that the target items were not treeted as a éeparate type
(e.q., “unusual”’or "ambiguous'' or “untnterpretablew by any of the four
subject groups. Rather, we can characterize their item c]aseification as

.é simple binary division befween acceptable and unacceptable coreference,
with the crucial items falllng into one or the-other category dependlng
on . the partlcular subject group in gquestion. . ' *

) For example, Group 1 subJects treated 14 of the 33 crucna] ‘i tems
(2, 3, 4, 6,7, 10, 12, 13, 17, 21, 28, 31, 42) in the same way as the ~
clearly unacceptable items (45 - 60). Group 2 subjects treated-17 i tems
like unacceptable ones (2, 3, 4, 6, 10, 13, 14, 17, 19, 22, 25; 28, 32,
33, 38, 40, 45), as did Group 3 (2, 3, 4, 5, 10, 13, 16, 17, 21, 22,

\28, 29, 31, 33; 35, 36, 43)._ However, Group 4 treated only nine of the
crucial items in the same wéy as the clearly noncoreferential items (2, 3,
4, 10, 13, 17, 19, 25, 26). | -

A1l four groups discriminated betweep,the clearly acceptable'and
clearly unacceptable items: in each case,‘at least 14 out of 15 unaccep-
table control'items were,grouped together. The groups differed slightly in
the number'of'miscfESsiFicatiOns of the acceptable control items: Groups
1 and chlassified»onﬁy ! clear YES with the NO items; Group 4 had two such

‘misclaséifications,’and Group 3 had five.

Given thlS ovérview of the cluster data, - we may focus on the inter-
pretatson of the qualitative dlfferences between the subject groups.: It
would appear that the only real 'difference has to di wpth the number of
target items that were classified as nonanaphoric. The @pearance of
only nine such jteﬁs out of a possible 33 in the ''unacceptable'' cluster
for Group 4 suggests that this is a very liberal group of subjectS‘with

respect to acceptabnce of coreference in unusual cases. Contrast this

L
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with nearly double that number in Groups 2 and 3, énd nearly 60% more
in Group 1. '

' There‘fs nonetheiess evidence of consistency across groups in terms
ofvphe spéciﬁié items that were rejected. Of the nine target items

rejected by the most Iiberal group, Six were also rejected by all three

.of the other groups; one by two other groups; and two by one other

group. This suggests real differences in the subjects abhlity to
accept coreference in particular. o

Di fferences across groups are more difficult to characterize than
their similarities, since the items were not sappled and replicated
with this sort of énalysis‘in mind. However, the approach: does seem

promising, and will be considered in future work in this area.

Y | | 22& 
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