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1.

Introduction

The tw o experim ents reported here investigated the effects of parallelism , subjecthood , im plicit
causality, and animacy on pronou n resolu tion. Althou gh ad d ressing specific proposals in the
literatu re regard ing the effects of each ind ivid ual factor w as one of the aim s of the experim ents,
em phasis w as placed on the m anner in w hich the factors interact in d eterm ining interpretations.
The experiments w ere cond u cted in Greek becau se, u nlike English, w here object pronou ns
canonically follow the verb, in Greek w eak object pronou ns preced e it, and hence m ake it possible
to investigate the effects of the fou r factors ind epend ently of other confou nd ing factors, su ch as
verb-semantics in the clause/sentence containing the pronoun.
The view of anaphora resolu tion ad opted here is that proposed by Arnold (1998), w ho
su ggests that anaphora resolu tion be view ed as a type of am biguity resolu tion, m u ch like lexical
and syntactic am biguity resolu tion. She proposes a m od el based on the probabilistic constraints
approach to language representation and processing (MacDonald , pearlmu tter, and Seid enberg,
1994), and the related Com petition Mod el (Bates and MacWhinney, 1989). Arnold postulates that
constraints

on

processing

are

probabilistic,

each

partially

activating

representations.

Representations can be activated to varying d egrees on the basis of the inpu t and its interaction
w ith the com prehend er s know led ge in long-term m em ory. She m od els anaphora resolu tion as a
process of com petition am ong constraints, u sing an interactive-activation architectu re. The
ad vantage of su ch an approach is that it m akes u se of the sam e typ e of m echanism u sed for low er
level language processing (lexical and syntactic) in ord er to account for d iscourse processing. A
constraint-based approach to anaphora resolution contrasts with psycholinguistic work inspired by
com pu tational m od els, such as Centering Theory (Grosz, Joshi, and Weinstein, 1995), w hich are
based on d istribu tional generalisations rather than cognitive/ psychological principles (Alm or,
2000).
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Tw o basic pred ictions can be d erived from Arnold s m od el abou t the natu re and interaction of
constraints in anaphora resolution:
1.

The effect of a constraint is d eterm ined by the natu re and strength of constraints it
competes/converges with.

2.

Interactions am ong constraints are non-linear: inform ation that d oes not constrain
interpretations w hen consid ered in isolation becom es very constraining w hen consid ered
in conjunction with other information.

The tw o experim ents reported below provid e experim ental su pport for these tw o
predictions.

2.

Experiment 1

Experim ent 1 investigated the effects of parallelism , su bjecthood , and im plicit cau sality as possible
constraints on clitic interpretation. Participants provid ed oral completions to fragm ents consisting
of a su bject N P and a clitic (case-m arked accu sative or genitive). The clitic could be co-referential
w ith one of tw o N Ps u sed in the previou s sentence as argu m ents of experiential verbs. The verbs
w ere either stim u lu s-experiencer (henceforth S-E), su ch as eksorgizo ( infu riate ), or experiencerstimulu s (henceforth E-S), su ch as m iso ( hate ). Accu sative clitics in the fragm ents shared the
sam e gram matical role w ith the object of the experiential-verb sentence, w hile genitive clitics d id
not. The experiential-verb sentence w as preced ed by a neu tral context sentence. Exam ples of the
texts used appear in Table 1.
Table 1: Example stimuli for Experiment 1
Stimulus-Experiencer Verb
[1]

,

,
,

,
.

[2]
[3]

.
.../

...

Experiencer-Stimulus verb
[1]
[2]
[3]

,

.

.
( ).../

...

Orestes-nom clitic-acc / clitic-gen
In w hat follow s, I w ill d iscu ss the three factors investigated and present the pred ictions for the
experiment.
2.1

Syntactic Parallelism

Syntactic parallelism effects in pronom inal interpretation em erge w hen a pronou n is biased to corefer w ith an anteced ent that occu pies the sam e gram matical role in the preced ing u tterance
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(Cham bers and Sm yth, 1998; Sm yth, 1992; 1994; Stevenson et al., 1995; Pearson et al. 2000). For
instance, in (1) below , her is preferentially interpreted as co-referential w ith Anne instead of
Nicky:
(1)

Nicky gave Anne the shirt and John passed her the scissors.

H ow ever, strong preferences for an anteced ent having the sam e syntactic role have been obtained
only when there is both semantic and syntactic parallelism between the clause/sentence containing
the pronou n and the preced ing clause/ sentence (Sm yth, 1992; Cham bers and Sm yth, 1998) and
w hen the tw o clau ses/ sentences share the same global constitu ent structu re (Sm yth, 1994;
Stevenson et al., 1995). In the absence of semantic parallelism / com m on global constitu ent
structure, preferences for a parallel antecedent are significantly reduced.
In ou r experim ent participants w ere asked to com plete fragm ents w hich end ed w ith a clitic
and from w hich the verb w as m issing. Therefore, effects d ue to parallelism of syntactic role w ere
teased apart from effects attributable to semantic parallelism and/or common constituent structure.
Moreover, with semantic parallelism and congruence of constituent structure not playing a role, we
could assess the proposal that parallelism biases operate in such general terms as: subject pronouns
are resolved to subjects, while non-subject pronouns are resolved to non-subjects. This proposal has
been put forward within the framework of Local Focusing (Suri and McCoy, 1993), a computational
m od el that attem pts to accou nt for parallelism effects in the interpretation of anaphors. Local
Focu sing assu m es a very loose notion of parallelism , w hich has not been su pported by
experim ental evid ence: Smyth (1992; 1994) and Stevenson et al. (1995) have show n that the d egree
of sem antic/ syntactic parallelism and com m on global constitu ent stru ctu re betw een u tterances are
cru cial in d eterm ining preferred interpretations. H ere w e w ere interested in seeing w hether the
sam e pattern of resu lts w ou ld hold w hen sem antic parallelism and equivalence of global
constituent structure do not obtain.
2.2

Subjecthood/Initial Mention

There is a large bod y of experim ental research d em onstrating that there is a tend ency for pronou ns
to be interpreted as co-referential w ith an anteced ent realised in gram m atical subject position (see
Arnold , 1998 for a review ), on the assu m ption that gram m atical su bjects are m ore salient than
entities realised in other gram matical roles (Brennan, Fried m an, and Pollard , 1987) and that
pronou ns select salient anteced ents (Gu nd el, H ed berg, and Zacharski, 1993). The prim acy of
subjecthood has been most forcefully argued in work based on Centering Theory (Grosz, Joshi, and
Weinstein, 1995), a com putational m od el of focu sing and local coherence. Experim ental research
w ithin the Centering fram ew ork has ad opted the view that salience is solely d eterm ined by su rface
stru ctu ral consid erations and serial linear position (Gord on, Grosz, and Gilliom , 1993; Gord on and
Scearce, 1995; H u d son-D Zm u ra and Tanenhau s, 1998), su ch that gram m atical su bjects and firstm entioned entities are m ore salient than entities realised in other roles/ positions and are hence
more likely candidate antecedents for referentially ambiguous pronouns.
N evertheless, stu d ies on parallelism cited earlier have d em onstrated that the prim acy of
su bjecthood is su bject to m od ification by influ ences d u e to the gram m atical role of the pronou n.
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H ere w e w ere interested in d eterm ining w hether the gram m atical role of the clitic alone w ou ld be
enough to override any subjecthood/initial mention effects.
2.3

Implicit Verb Causality

With certain interpersonal verbs, the cau se of the state/ event d enoted by the verb is attribu ted to
one of its argu m ents (Brow n and Fish, 1983; Au , 1986; Corrigan, 1988; inter alia). Im plicit cau sality
verbs are of tw o types, either su bject-biasing or object-biasing. For instance, the verb eksapato
( d eceive ) is a su bject-biasing verb, since the u nd erlying cau se of the event d enoted by the verb is
realized in subject position, w hile katigoro ( accuse ) is an object-biasing verb, as the u nd erlying
cause is realized in object position. It is an open qu estion w hether im plicit causality fu nctions as a
focu sing m echanism , m aking the argu ment assu m ed to be the cau se m ore salient and hence m ore
accessible for pronom inal reference (Greene and McKoon, 1995; McDonald and McWhinney, 1995;
Koornneef et al., 2002); or if, w hen utilized in com prehension, it is registered as a late effect
occu rring d uring the integration of propositions (Garnham et al., 1996; Stew art et al., 2000). In all
the studies cited above, however, implicit causality did affect the final interpretation of pronouns.
In the present experim ent w e focu sed on a su bset of verbs claim ed to ind u ce im plicit
causality effects in pronoun resolu tion, interpersonal state verbs, either S-E, such as eksorgizo or
E-S, su ch as m iso . This w as d one in ord er to ad d ress the claim that state verbs lack a focu sing
stru ctu re, and any preferences for resolu tion of a pronou n to either of their argu m ents are
attribu table to a causal link betw een the pronou n-containing and the biasing-verb-containing
u tterances. In the m aterials used for ou r experim ent, there w as no explicit/ im plicit cau sal link
betw een the tw o u tterances in qu estion, and , if anything, the stru ctu re of the m aterials biased
toward a parallel rather than a causal relation. Moreover, by placing the clitic and the interpersonal
verb in separate sentences, w e w ere able to assess the proposal that verb sem antics influ ences
pronoun resolution intra-sententially but not inter-sententially (Miltsakaki, 2002).
2.4

Predictions

Centering Theory w ou ld pred ict that both types of clitic w ith both types of verb w ou ld be resolved
to the su bject. Follow ing Local Focusing claim s, one w ou ld expect both types of clitic, regard less of
case-m arking and verb type, to be resolved to the gram m atical object. More interactive approaches
w ou ld expect ind ivid u al effects of su bjecthood in the previous u tterance, the syntactic role of the
anaphor and that of the potential anteced ents, and im plicit causality to interact to give the
preferred interpretation. If this is the case, fu rther qu estions arise: w hat is the strength of each of
these constraints and in w hat m anner d o they interact? Tw o scenarios w ere a priori consid ered to
be possible, given the research outlined above and theoretical considerations:
1. Linear interaction of constraints: the effects of the variou s factors are simply ad d itive.
Genitive clitics are resolved to the gram m atical su bject (su bjecthood effect), bu t su bjecthood effects
are stronger for genitive clitics follow ing S-E than E-S verbs (im plicit causality effect). Accusative
clitics are resolved to the gram matical object (stru ctu ral parallelism effect), but preferences for the
object w ith accu sative clitics are stronger in the context of E-S than S-E verbs (im plicit causality
effect).
4

2. Non-linear interaction of constraints: All clitics are resolved to the grammatical subject apart
from accusative clitics after sentences with E-S verbs. In this scenario, syntactic parallelism and
implicit causality have no effect independently; when both point to the same antecedent, then that
antecedent is preferred.
2.5

Method

Subjects. 20 native Greek speakers (12 fem ale, 8 m ale; m ean age 26.5±3.5 years) participated in this
experiment as volunteers.
Materials and design. The materials consisted of a context sentence in which 3 animate entities, NP1,
NP2, and NP3i, were introduced by proper name. Two of the entities, NP1 and NP2, were of the same
gender and always appeared in a co-ordinate NP, while the third entity, NP3, was always the firstmentioned entity in the context sentence. The second sentence used NP1 and NP2 from the context
sentence with 10 stimulus-experiencer (S-E) and 10 experiencer-stimulus (E-S) verbs. All the verbs
used were pre-tested in a free listing of causes task, to ensure that they exhibited implicit causality
effects in the predicted direction. The final sentence introduced NP3 in subject position (i.e., marked
nominative), and was followed by a clitic case-marked accusative or genitive. The accusative clitic
shared the same case-marking as the object (NP2) of the previous sentence, while the genitive clitic did
not. In short, two factors were manipulated in this experiment: type of verb (S-E versus E-S) and type
of clitic (accusative versus genitive).
A total of 50 filler texts were also constructed, which were similar in structure to the
experimental passages.
Procedure. Subjects w ere tested ind ivid ually on a personal com pu ter. The texts appeared sentenceby-sentence on the screen, and su bjects controlled rate of presentation by pressing any key on the
keyboard . While no tim e restrictions w ere im posed for read ing the first tw o sentences of each
passage, su bjects w ere allow ed 10 second s to provid e an oral continuation for the fragm ent.
Answ ers w ere record ed by inbu ilt sound record ing softw are. The experim enter also noted d ow n
the responses in a booklet containing all the critical passages. At the end of the experim ent,
participants w ere given the booklet w ith the critical item s and the com pletions they had provid ed
and were asked to circle the intended antecedent for each clitic.
At the beginning of each session, five practice item s w ere inclu d ed . Each session lasted
approximately 40 minutes.
Results. For each su bject and item in each cond ition, the proportion of object (N P2) assignm ents for
the fragm ent-final clitic w as calculated , and the su bject m eans for each cond ition appear in Figu re
1.
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Figure 1: Proportion of grammatical object (NP2) assignments per condition for Experiment 1

Proportion of NP2 assignments per condition
1

0,91

0,9

StimulusExperiencer

0,8

0,64

0,7
0,6

0,55

0,50

ExperiencerStimulus

0,5
0,4
0,3
0,2
0,1
0
Genitive

Accusative

10.50% of the d ata w ere m issing (participants d id not provid e a continuation w ithin the tim e
lim its). A fu rther 1% of the d ata w as d iscard ed (incoherent continuations, continu ations w here the
case of the clitic had been changed, or reference was made to a third entity).
Tw o AN OVAs w ere cond u cted assum ing su bjects (F1) and item s (F2) as rand om variables.
These analyses revealed a significant m ain effect of clitic type (F1(1, 19)=34.723, p<.001;
F2(1,18)=16.719, p<.001). The m ain effect of verb type w as significant in the su bjects analysis
(F1(1,19)=6.434, p<.05) but m arginally significant in the item s analysis (F2(1,18)=3.852; p=.065).
These effects w ere qualified by a significant verb-type by clitic-type interaction (F1(1,19)=9.279,
p<.01; F2(1,18)=8.765, p<.01).
Pairw ise comparisons (em ploying Bonferroni s ad justm ent proced u re) confirm ed that the
condition containing an accusative clitic in the context of an E-S verb (E-S-acc) differed significantly
from all other cond itions (E-S-acc/S-E-acc: t1(19)=4.049, p=.001; t2(13.555)=4.602, p=.000; E-S-acc/SE-gen: t1(19)=5.880, p=.000; t2(12.435)=4.565, p=.001; E-S-acc/E-S-gen: t1(19)=8.451, p=.000;
t2(9)=5.362, p=.000). None of the other comparisons yielded significant results
Finally, one-sam ple t-tests on each cond ition tested w hether the proportion of object
assignm ents d iffered significantly from chance. The results w ere significant for the tw o accusativeclitic cond itions (S-E-acc: t1(19)=2.384, p<.05; t2(9)=2.382, p<.05; E-S-acc: t1(19)=16.610, p<.001;
t2(9)=14.527, p<.001).
2.6

Discussion

Althou gh none of the original pred ictions w ere u pheld , the resu lts are qu ite interesting regard ing
the effects and manner of interaction of the three constraints investigated.
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There w as no su bjecthood / initial m ention preference in any of the cond itions of the experim ent;
only a nu ll result for genitive cond itions and a preference for the gram matical object in the
accusative conditions. This result does not support claims made within the framework of Centering
Theory that gram m atical su bjects constitu te the d efau lt assignm ent for any ind eterm inate pronou n
in both Greek (Miltsakaki, 2001) and English (Hudson-D Zm u ra and Tanenhaus, 1998). Apparently,
when the context is neutral, subjecthood/initial mention is not a determinant of preferences.
Unsu rprisingly, Local Focu sing claims w ere not u pheld either: non-su bject pronou ns are not
invariably resolved to non-su bjects, since there w as no preference for either anteced ent in the
genitive-clitic cond itions. On the other hand , there w as a preference for syntactically parallel
anteced ents w hen both the clitic and

the anteced ent shared

exactly the sam e case-

m arking/ syntactic role. This preference for syntactically parallel anteced ents d em onstrates that
parallelism effects can em erge ind epend ently of sem antic parallelism or congru ence of global
constitu ent stru ctu re. And , as the results for the cond ition containing an accusative clitic in the
context of a stim u lu s-experiencer verb show , choice of the syntactically parallel anteced ent can
become almost obligatory if that choice is reinforced by another converging constraint.
The results regard ing im plicit causality effects are particu larly interesting. In the absence of
strict syntactic parallelism betw een anaphor and anteced ent, im plicit cau sality had no effect on
anteced ent selection. H ow ever, w hen syntactic parallelism held , the choice of a parallel anteced ent
w as alm ost obligatory (91%), w hen that anteced ent w as also the stim u lu s argu m ent. This is the
type of non-linear effect pred icted by probabilistic m od els based on connectionist architectu res:
information that is not very constraining on its own (implicit causality without syntactic prallelism)
becom es very constraining w hen consid ered in conju nction w ith other inform ation (im plicit
causality and parallelism).
Im portantly, this effect of verb sem antics held across sentences, contrary to suggestions in
Miltsakaki (2002), and in the absence of an explicit/ im plicit cau sal link betw een the tw o u tterances
in question, contrary to suggestions by Stevenson et al. (2000).
3.

Experiment 2

Experim ent 1 d em onstrated that w hen the clitic shares the sam e gram m atical role w ith one of the
potential anteced ents, there is a preference for that anteced ent, w hich is almost absolu te w hen the
anteced ent is also the stim u lus argum ent. In Experim ent 2 w e w ere interested in investigating
w hether these preferences cou ld be overrid d en in the presence of a com peting constraint, anim acy.
We, therefore, looked at the joint effects of parallelism and implicit causality, w hen one of the
potential anteced ents (the stim ulu s argu m ent of experiential verbs) is inanim ate. Exam ples of the
texts used appear in Table 2 below.

7

Table 2: Example stimuli for Experiment 2
Stimulus-Experiencer Verb
[1]

,

,
.

[2]
[3]
...
Experiencer-Stimulus Verb

.

[1]

,
,

[2]
[3]

.
.
( )...

It is a w id ely held assum ption that animate entities are inherently m ore salient than inanimate
entities (Bock, 1982; Byrne and David son, 1985; Prat-Sala and Branigan, 2000; inter alia). Since
pronou ns are claim ed to select salient anteced ents, w e w ou ld expect them to be preferentially
resolved to anim ate rather than inanim ate entities. In Experim ent 2, therefore, w e pred icted a
reversal of the pattern of results obtained in the tw o accu sative cond itions in Experim ent 1: m ore
object assignm ents for clitics after S-E verbs than E-S verbs, since the object/ experiencer argu m ent
of S-E verbs is animate, while the object/stimulus argument of E-S verbs is inanimate.
3.1

Method

Subjects. 20 Greek native speakers (13 fem ale, 7 m ale; m ean age 25.5±4.5) participated . 7 subjects
were replaced (1 because of a large number of missing observations; 1 because 50% of his data were
instances of left dislocation and hence the clitic had been construed as the definite article; 5 because
of an element of rote in their responses).
M aterials and design. A set of 16 (8 S-E and 8 E-S) verbs w as selected from the sam e pool of verbs
u sed for Experim ent 1. The stru cture of the m aterials w as the sam e as for Experim ent 1, w ith the
sole exception that the tw o N Ps w hich fu nctioned as the argu m ents of the experiential verb in the
second sentence did not appear in a co-ordinate NP in the context sentence.
Only accusative clitics w ere u sed in this stu d y, since the set of verbs w ith w hich inanimate
entities can appear in ind irect object position (i.e., case-marked genitive) is lim ited . All clitics had
syntactically parallel potential anteced ents. H ence the only variable m anipu lated w as verb type,
w hich yield ed tw o cond itions in total. The fillers for this experim ent w ere the sam e as for
Experiment 1 (N=50).
Procedure. The procedure was identical to that for Experiment 1.
Results. For each subject and item, the proportion of grammatical object assignments was calculated
in each condition. The subject means for the two conditions appear in Figure 2.
7.5% of the d ata w ere missing (su bjects failed to provid e a continu ation w ithin the tim e
lim its). Ungram m atical continu ations, instances w here the case-m arking of the clitic had been
8

changed or the clitic had been constru ed as the d efinite article w ere also d iscard ed (1.56%).
Instances of clitic d ou bling (4.38%) w ere includ ed in the analyses, since the clitic had been
construed as such.
Tw o t-tests w ere perform ed to test generality over subjects (t1) and item s (t2), w hich d id not
yield any significant results, d espite the sizeable num erical d ifference betw een the m eans of the
tw o cond itions (14%). One-sam ple t-tests w ere cond u cted on each cond ition to test w hether
assignm ents d iffered significantly from chance. For the E-S cond ition, there w as a m arginally
significant result in both subjects and items analyses (t1(19)=2.027, p=.057; t2(7)=1.989, p=.087).
Figure 2 Mean proportion of grammatical object (NP2) assignments per condition for Experiment 2

Proportion of NP2 assignments per condition
1
0,9
0,8
0,7

0,62

0,6

0,48

0,5
0,4
0,3
0,2
0,1
0

Stimulus-Expe rie nce r

3.2

Expe rie nce r-Stimulus

Discussion

Despite the lack of a statistically significant difference between the two conditions, numerically, the
d irection of the resu lts is exactly opposite to that p red icted . Instead of m ore assignm ents to the
animate entity in both cond itions (the gram m atical object w ith S-E verbs and the gram matical
su bject w ith E-S verbs), there w as a general red u ction of parallel assignm ents across cond itions.
This becomes apparent in a comparison between this experiment and the two equivalent conditions
of Experim ent 1 (see Figu re 3 below ). Tw o AN OVAs (one by su bjects (F1) and one by item s (F2)ii)
w ere perform ed w ith verb-type and experim ent as factors in ord er to com pare the tw o
experim ents. On the basis of ou r initial pred ictions, there should have been an interaction betw een
verb type and experim ent, bu t that w as not the case. The m ain effect of experiment w as significant
(F1(1,38)=34.328, p<.001; F2(1,10)=5.893, p<.05) and so w as the m ain effect of verb type
(F1(1,38)=9.951, p<.01; F2(1,10)=9.325, p<.05) but there was no interaction between the factors.
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Figure 3 Mean proportions of object (NP2) assignments for conditions containing an accusative
clitic in Experiments 1 &2.

Proportion of NP2 assignments for accusative conditions in
Experiments 1 &2
1

Exp1

0,91

Exp2

0,9
0,8
0,7

0,64

0,6

0,62
0,48

0,5
0,4
0,3
0,2
0,1
0

Stimulus-Experiencer

Experiencer-Stimulus

An explanation of the present resu lts w ou ld take into accou nt the semantic d istance betw een an
animate and an inanim ate entity versu s tw o anim ate entities. The d egree of d iscreteness betw een
tw o anim ate entities in the absence of pragmatic focu sing is very low ind eed , so there is greater
reliance on stru ctu ral parallelism in anteced ent assignm ent. An inanimate and an animate entity,
on the other hand, are highly discrete, so there is a reduction of reliance on structural parallelism in
antecedent assignments.
4.

General Discussion

The contribu tion of the p resent experim ents is tw ofold : First, they provid e clarification of the
effects of ind ivid u al constraints affecting pronou n resolu tion in a language other than English:
su bjecthood has no effect w hen the context is neu tral; stru ctu ral-parallelism biases are obtained in
the absence of semantic parallelism / congru ence of global constituent stru ctu re; im plicit cau sality
affects interpretations in the absence of a causal link betw een u tterances and inter-sententially;
animacy, quite u nexpected ly, red u ces reliance on bottom -u p factors, su ch as parallelism , bu t d oes
not pred ict anteced ent preferences. Second , the experim ents provid e su pport for a constraint-based
approach to anaphora resolu tion as ou tlined in Arnold (1998). The experim ents ad d to the grow ing
bod y of research d em onstrating that the effects of ind ivid u al factors are d epend ent on the natu re
and strength of factors w ith w hich they com pete/ converge. More im portantly, the experim ents
show that the interaction of constraints can be non-linear, as d irectly pred icted by the constraintbased approach, thu s supporting the potential of the approach to provid e a u nified accou nt of
processing architecture from the lexical to the discourse level.
10

Fu tu re w ork w ill ad d ress the m anner in w hich the constraints investigated here interact over tim e
in on-line comprehension.

i

Although the labels NP1, NP2, and NP3 are rather confusing and not-applicable here, they are used
in order to make clear the position of the arguments in the sentence containing the experiential verb
(sentence 2 in the materials).
ii The items analysis was performed including only the items that were common between the two
experiments (7 out of 8 for S-E verbs and 5 out of 8 for E-S verbs).
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