Journal of Memory and Language, 526-544 (2000) ®
d0i:10.1006/jmla.1999.2694, available online at http://www.idealibrary.corl II{ &I.

The Contribution of Lexical and Situational Knowledge to Resolving
Discourse Roles: Bonding and Resolution

Simon Garrod and Melody Terras

Human Communication Research Centre and Department of Psychology, University of Glasgow, Glasgow, Scotl

Resolving links between subsequent referents (bgcal) and open discourse roles (asieith drove
to London yesterday. The car kept overhegtiigycrucial for discourse understanding. This article
investigates the contribution of lexical semantic factors (e.g., dhse implies using avehiclg as
compared to more general contextual factors in the on-line resolution of such links. We report an
eye-tracking experiment that measures immediate and delayed effects of both kinds of information as
readers resolve the reference. The results indicate that lexical information dominates the initial linking
process with more general contextual influences emerging later. They are discussed in terms of the
distinction between earlgondingand subsequeméesolutionprocesses that has been proposed for other
kinds of anaphoric interpretation (Sanford, Garrod, Lucas, & Henderson, 198300 Academic Press
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Understanding connected discourse, as opposedLondon” in sentence (1). So the car in (2) is
to just understanding the individual sentences iinferred to fill an open (i.e., as yet uninstanti-
contains, depends upon establishing appropriza¢ed) role in the event of driving to London
links. These links can be of various kinds: anadescribed in (1).
phoric, when an expression in one sentence points (1) Keith drove to London yesterday.
back to some previous expression to which it  (2) The car kept overheating.
corefers (Garrod & Sanford, 1977); causal, where The questions addressed here concern th

an event described in one sentence is taken as B’r%cess by which such discourse role links are
cause or reason for the event described in anothgstablished during reading. In particular, is it a
(Trabasso & Sperry, 1985; van den Broek, 1988)op-down expectation-driven process or is it
or in terms of what have sometimes been callé@stigated only by encountering the reference
discourse roles (Garrod & Sanford, 1981, 199Gtself [e.g.,the carin (2)]? Are references to
Carlson & Tanenhaus, 1988; Tanenhaus & Cartliscourse roles resolved on the basis of a ref
son, 1989). Role-based links occur when someesentation of the complete situation (e.g., Keitf
thing that is mentioned in one sentence is undeghiving to London yesterday) or is the process
stood to play a particular role in an event that iglriven by verb-based semantic information in-
mentioned in another sentence. dependent of the situation (e.g., on the basis ©
For example, if you were to ask which “car”the verbdroveimplying the use of a vehicle)?
is being talked about in sentence (2) you wouldnd, finally, are they resolved on-line when the

typically get the answer “it's the one Keith tookreference is first encountered or is the proces
delayed until the whole sentence has been reac
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formation in sentences like (1) with conflicting(1976) finding was also brought into question
implications about the top-down or bottom-upby Corbett and Dosher (1978). They replicatec
nature of the role resolution process, and (b) itithe original result but also found that highly
not clear from the literature how verb-basegbredictable role-fillers (e.g., the instrumdmife
lexical knowledge, as opposed to situationdbr cutting steakwere better retrieval cues than
knowledge, contributes to establishing the didess predictable role-fillers even when the orig-
course role link. inal sentence had contained the less predictabl
In the second section, we report an eye-tracktem. Thusknife was a better cue for the sen-
ing experiment designed both to evaluate theenceThe teacher cut the steak with a razor-
contribution of lexical and situational knowl- bladethan wasrazorblade.
edge and to establish precisely how and when The results of these early studies are therefor
role links are resolved during reading. Finallyequivocal about whether the original represen
we present a two-stage model of the resolutiotation of sentences like (1) encodes specific
process which takes into account the respectivieformation about open discourse roles (see
contributions of these two kinds of knowledgeSinger, 1979). In order to avoid some of the
in terms of a distinction between bonding angroblems inherent in the retrieval cue method,
resolution (Sanford & Garrod, 1989; Garrod &McKoon and Ratcliff (1981) applied a different
Sanford, 1994). technique. They carried out a series of experi:

ments using materials of the following form:
TOP-DOWN OR BOTTOM-UP

RESOLUTION OF DISCOURSE ROLES (3) Bobby got a sawhammer,screwdriver,

) ) and square from his toolbox.
Early research on discourse roles was moti-  (4) Then Bobbypoundedthe boards together

vated by questions about the kind of represen- with nails.
tation that a reader routinely derives from atext. ~ (5) Then Bobbstuckthe boards together with
For example, on encountering (1) does the glue.
reader construct a representation that in soniéeir main objective was to determine whether
way encodes the information that Keith took hishe event described in (4ppunding the boards
car to London? In an influential early studytogether with nailsyould activate the potential
Johnson, Bransford, and Solomon (1973nstrumenthammerwhich had been introduced
showed that participants falsely recognized tegt (3). They measured activation using the
items containing an explicit role-filler (e.ghe memory recognition probéammer,presented
man took his car to wodkwhen they had pre- immediately after the subjects had read eithe
viously read sentences which had not mersentence (4) or sentence (5) and they foun
tioned that role (e.gthe man drove to wojk clear evidence for activation following (4) as
Hence, the authors suggested that the represeompared to (5). Follow-up experiments also
tation did in fact encode the implicit role infor- demonstrated no such activation with less pre
mation because readers could not discriminatiictable potential instruments [e.g., replacing
between the two in memory. In a similar veinmallet for hammerin (3)] and indicated that
Paris and Lindauer (1976) demonstrated thainly the predictable instrumehaammerecame
implicit roles (e.g.,knife in the contextThe associated in memory with other words in the
teacher cut into the juicy stepkvere just as sentence (e.ghoardg after subjects had stud-
effective retrieval cues for sentences describingd the text.
the bare events as for sentences which alsoMcKoon and Ratcliff's (1981) results are
included the role-filler (e.g.The teacher cut consistent with the view that open discourse
into the juicy steak with a knifeHowever, in roles, such as those associated with impliec
both cases the authors recognized that their restruments, can be encoded into the final rep
sults could reflect inferences made at the time eoésentation of a sentence under certain cond
testing and so might have little bearing on théions: (i) when the role is strongly associated
representational question per se. with the event and (ii) when the role-filler has
The relevance of the Paris and Lindauealready been mentioned in the context. This
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latter point was reinforced in a more recenblution indicate that the semantic representatiol
study by Lucas, Tanenhaus, and Carlson (199@) the verb may be a crucial factor.
who found evidence that an instrument infer- The first evidence derives from the conflict-
ence is only made when the potential role-filleing results of Singer (1979) and Garrod and
(e.g.,hammey) is mentioned in the prior context. Sanford (1982). Singer (1979) compared read
However, these findings leave at least two que#ig times for sentences such as (8) below fol-
tions unanswered. First, does the strong assotdwing a sentence that either explicity men-
ation between event and role come from knowitioned the instrumentshovel (7) or only
edge about the situation as a whole, or is it morgresupposed it (6).
intimately associated with knowledge of the .

. " (6) The boy cleared the snow from the stairs.
meamng of a crmcal verb? Second, to W_hat (7) The boy cleared the snow withshovel.
extent is the linking process part of the on-line  (g) The shovelvas heavy.
resolution of the sentence containing a reference
to a discourse role, as it is with the processing déinger found that the time to read (8) was longe!
pronouns and other anaphoric references (e.#), the context of (6) as compared to (7). This
Ehrlich & Rayner, 1983; Garrod, Freudenthalwas interpreted in light of Haviland and Clark’s
& Boyle, 1994; Marslen-Wilson, Tyler, & Ko- (1974) bridging account as indicating that the

ster, 1993; Rayner & Duffy, 1986)? reader had to compute a bridge between th
role-filler shoveland the antecedent evesiear-
VERBS AND DISCOURSE ROLES ing the snow from the stairghereby suggesting

that role resolution was not an automatic pro-

There has been a longstanding interest in howass  However, Garrod and Sanford (1982
syntactic and semantic representations of verks nd no evidence of such bridging effects.
might encode role-based information (Rume|Using materials like sentences (1) and (2) dis
hart, 1975; Schank, 1972; Schank & Abelsongssed above and an explicit control contex
1977; Carlson & Tanenhaus, 1988). For examspntaining the role-filler they found no differ-
ple, a verb such dsadis commonly associated ence in reading times [i.e., sentence (2) wa:

with a THEME thematic role (i.e., the th|ng read just as qu|ck|y when preceded by (1) as
being loaded, as iklarry loaded the truck with \yhen preceded by (9)].

furniture), but this thematic role is often left

unfilled (e.g., inHarry loaded the truckand it (1) Keith drove to London yesterday.
has been suggested that information about such (%) Keith took hiscar to London yesterday.
roles may form part of the syntactic or semantic (2) Thecar kept overheating.

representation of the verb (Carlson & Tanenthey conjectured that the contrasting results
haus, 1988; Mauner, Tanenhaus, & Carlsomight reflect the degree to which implicit roles
1995). These proposals raise important issu@gre part of the semantic representation of the
concerning the psychological processes ifverbs used in each study. Singer had selecte
volved in establishing discourse role links.  his materials on the basis of a set of event-
According to one view, implicit roles reflect instrument association norms. His informants
our knowledge of the whole situation beingyere asked what one would use ¢tear the
described. Hence, if we attribute an instrumengnow from the stairand 90% responded with
say hammer,to the event ofpounding a nail shovel.In contrast, Garrod and Sanford had
into a board,this would come from our knowl- selected materials on the basis of verb-role as
edge of the whole situation and not just knowlsociation with informants choosing the implied
edge of the meaning of the vepgound.On the role given the verb alone. For example, when
other hand, it is possible that discourse rolgiven drive more than 80% of informants gen-
links are only routinely made when the role-eratedcar as the theme. Clearly these two cri-
filler matches some semantic specification on agria are very different. For example, the seman
antecedent verb. In fact, experiments that hav& association betweerlear and shovel is
examined the automaticity of discourse role regather weak, even though it may be a preferrec
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instrument for the event aflearing snow from strument roles that enhances subsequent int
the stairs. gration of a matching role-filler.

Cotter (1984) explored these differences in However, there is one problem with this pro-
greater detail. First, she replicated the originglosal. Commonly verbs select for very different
results for both the Singer (1979) and Garrodole-fillers depending upon the context. For ex-
and Sanford (1982) materials. She then conample, a verb such asitwill strongly select the
pared the verbs with respect to their dictionarjnstrumentknife in the context of cutting into a
definitions and found that they differed in termssteak, but select foscissorsin the context of
of the probability of having the implied role cutting someone’s hair. The question therefore
mentioned as part of the verb’s definition. FoRrises as to whether the strong association be
example, the definition given fodrive is to tween verb and instrument can be mediated b;
convey in a VEHICLEbut the definition for the context in which the verb occurs or results
clear isto free from obstruction.For all the from a purely lexical association between the
verbs used by Garrod and Sanford either théerb and its role-filler. If the verb alone plays
exact role or its superordinate category (e.gthe most important role, we might expect only
vehicle for car) was given in the dictionary, the most strongly associated or dominant role:
whereas this was only true for half of the verbdillers to be resolved automatically, as suggeste:
used by Singer. Interestingly, Cotter also demPy McKoon and Ratcliff's (1981) probe-recog-
onstrated that the degree of association betweBHion study. On the other hand, if the link is
the complete verb phrase (e.glear the snow established via a representation of the event as
from the stairy and the implied role (e.g., Whole, only contextually appropriate role links
shove) was just as high for the two kinds ofshould be resolved automatically.
material. Hence, Cotter's analysis supports the The experiment reported here was designe
proposal that open roles may only be directlj0 differentiate between these two possibilities
accessible for processing when there is a strod to establish the precise on-line nature of th
semantic relationship between verb and rolé€solution of such discourse-role links during
This conclusion is consistent with the earlieflOrmal reading. It arose out of a pilot study (see
McKoon and Ratcliff (1981) finding that only Terras, 1997) in which we had tracked readers
strongly associated instruments were activatéy® movements while they read materials like
by the occurrence of the subsequent verb,  those used by Garrod and Sanford (1982). How

There is other evidence to suggest that verl&/€l, for each verb two different role-fillers

may impose semantic restrictions on their ass§/€re selected according to the context in whict

ciated role-fillers. In an eye-tracking experiin€ Verb occurred. Thus a verb suchaste

ment, Garrod, O'Brien, Morris, and RaynerWOUId appear either in the context wfiting a

(1990; see also O'Brien, Shank, Myers &Ietter or writing an exercise on a blackboard

Rayner, 1988) showed that introducing an inS€€ (10) and (11) below]:

strument such asveaponin the context of a (10) The teacher was busyiting a letter of

verb such astab,which restricts its instrument
role to be knife-like, affected the ease of sub-
sequent reference to the weapon akrdfe.
Thus, they found that gaze duration e knife
was shorter in the contestab with a weapon,
which imposes a knife-like restriction on the
weapon, than in the contexdssault with a
weapon, which imposes no such restriction.
One conclusion from this study is that the dis-
course representation for verbs such saab
includes semantic information about their in-

* Collins Cobuild English Language Dictionary.

complaintto a parent.
(10a) The teacher was busyiting a letter of
complaint with a pen.

However, she was disturbed by a loud scream
from the back of the class arte pendropped
on the floor. ..

(11) The teacher was busyriting an exercise
on the blackboard.

(11a) The teacher was busyiting an exercise
on the blackboard with chalk.

However, she was disturbed by a loud scream
from the back of the class anthe chalk
dropped on the floor. . .
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We compared eye movements as participant®ndominant fillerchalk, there should be no
read a subsequent clause (shown below earhmediate attempt to integrate the reference
example) containing a target reference to eith@ven in appropriate contexts such as (11).
the peror the chalkin contexts which contained Conversely, if resolution were driven by the
either an implicit reference to the instrumenbverall context of introduction, botifie perand
through the event described [as in (10) and (11jhe chalkshould be immediately integrated into
or a direct antecedent reference [as in (10a) arnlkle appropriate contexts [(10) and (11)] but not
(11a)]. Post hoc analysis of the eye-movemetihe inappropriate ones [(12) and (13)]. Of
data suggested that for each verb there wascaurse it could also be that lexical and contex-
dominant role-filler. Readers would take longetual factors influence resolution at different
overall when interpreting references to implicifpoints in reading. Thus it is possible to have a
roles when the filler was less strongly associatewo-stage process with the lexical relationship
with the verb alone (e.gchalk with write ver- dominating immediate processing and contex:
sus pen with write). The presence of a domi-tual effects emerging later.
nance effect suggested a way of contrasting The eye-tracking method is ideally suited to
lexical with contextual influences on discourseincovering such time-course effects. Early ef-
role resolution and this forms the basis of théects will show up in differences in first-pass
present experiment. reading times (i.e., the time spent fixating the
For any role-filler pair it is possible to com-region before the eye moves on) when the cru
pare appropriate versus inappropriate contextsal role-based target references are encour
for both dominant and nondominant verb—roléered. Later effects will show up in the second-
pairings. For example, with the dominant paipass reading times following exposure to the
write—penyou can have appropriate contextsest of the sentence.
like (10) above and inappropriate contexts like First, let us consider how lexical effects
(12) below. Conversely, these same contextaight emerge in the reading-time data. Here the
can introduce a nondominant fillehalkappro- crucial contrast is between conditions in which
priately in (11) above and inappropriately inthe role is only implied by the verb [as in (10)

(13) below. and (11)] and conditions in which the role-filler
(12) The teacher was busyiting an exercise has been_ explicitly_ introduced i_n the context
on the blackboard. [e.g., aswith a penin (10a), orwith chalkin
(12a) The teacher was buayiting an exercise (11a)]. In line with Singer (1979) and Garrod

on the blackboard with a pen. and Sanford (1982), explicit conditions serve as
However, she was disturbed by a loud scream & baseline against which to examine any effect
from the back of the class artle pendropped in implicit conditions that reflect the integration
on the floor ... of role-filler with implicit role. Thus to establish
(13) The teacher was busyriting a letter of early lexical influence we need to look at the

complaintto a parent. increased first-pass reading times fbe chalk
(13a) The teacher was busyiting a letter of droppedor the pen droppedh the implicit ap-

complaintwith chalk. propriate context conditions [i.e., (10) and (11)]

However, she was disturbed by a loud scream  as compared to thexplicit appropriate context

from the back of the class anthe chalk baseline conditions [i.e., (10a) and (11a)]. The

dropped on the floor .. lexical account would predict implicit—explicit
If the resolution process were driven primarilydifferences in first-pass reading times for the
by the lexical relationship between verb ansiondominantchalk but not for the dominant
role-filler, then we would expect early resolupen.We shall refer to this contrast as tleical
tion processes to be governed by lexical domeffect.
nance. Thus, readers should automatically inte- To establish early contextual influences we
grate the dominant fillgpenwith the verbwrite need to make a quite different initial compari-
irrespective of the context in which it occursson. If context were the primary factor, we
[i.e., in both (10) and (12)], whereas, for thewould expect to find an increase in first-pass
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reading time forthe pen droppedollowing the TABLE 1

mappr(_)prlate context writing on the blac_k- Percentage of Participants Choosing Dominant and Non
board[i.e., (12)] as compared to theppropri- dominant Role-Fillers Given the Verb (Column 1) or Given
ate contextwriting a letter [i.e., (10)], and a the Verb+Object (Column 2) and Percentage of Partici-
similar increased reading time fdre chalk fell Pants Choosing the Verb Given the Role-Filler (Column 3)
following the inappropriate contextwriting a

. . Verb Verbtobject Role
letter [i.e., (13)], as compared to theppropri- )
ate context writing on the blackboard[i.e., pominant 64.28 91.22 82
(11)]. This contrast we shall refer to as thelondominant 5.75 75.67 73.83

context effect.
To reiterate, if discourse role resolution is
dominated by lexical influences we should ex- Association pretest3.he verb—role sets were
pect an early lexical effect for nondominantused in an association pretest for forward (verb.
role-fillers, such ashalkin the context ofwvrite, to-role) and backward (role-to-verb) associa-
but no such effect for dominant role-fillers, suctiions. For the verb-role test there were two
aspenin the context ofvrite. Conversely, if the versions. In one, 30 participants were given the
process is dominated by context we should exask of deciding, “What do you VERB with?”
pect an early context effect for both the domiwhere “VERB” was replaced with each of
nant and nondominant role-fillers that would bé¢he 12 verbs (e.g., “What do you WRITE
reflected in the contrast between the inapproprwith?”). In the other, another 30 participants
ate and appropriate implicit contexts. had to establish the degree to which the
Finally, the context effect might be mediatedrerb plus its minimal context selected for
by dominance. Thus it could be that only thea special role-filler: the question here was
dominant role-fillers (e.gpen enable early ac- “What do you VERB+OBJECT with?” where
cess to context, in which case we would expe¢VERB +OBJECT” was replaced with the same
to detect an earlier emergence of the contexerbs but different restrictions (e.g., “What do
effect following penthan followingchalk. The you WRITE A LETTER with?” or “What do
experiment was designed to tease apart thegeu WRITE ON THE BLACKBOARD
various effects over the time course of readingith?”). Finally, a third group of 30 participants
the critical sentences. were given the role—verb association test with
the question “What do you do with ROLE?”
METHOD where “ROLE” was replaced with the set of
Participants roles to be used in the experiment (e.g., “Wha
Forty-eight students from the University ofdo you do with A PEN?" or “What do you do
Glasgow were paid to participate in the expervith A PIECE OF CHALK?”). For each test the
iment. All were native speakers of EnglishParticipants were allowed to write down as
Some of them had previously participated ifn@ny items as came to mind.
other eye-tracking studies but none had taken The results from these tests were used f

part in any of the pretests. classify fillers as verb dominant as opposed ftc
] ] just context dominant. The verb-dominant ones
Materials and Design were taken to be those elicited more often in the

Twelve verbs and their 24 context-dependerefault condition (i.e., with the verb alone). The
role-fillers were used to generate the stimulugercentage of participants choosing the fillers o
materials. They were carefully pretested to enserbs for the various association tests is show
sure that each verb-role pairing had a stronig Table 1 sorted by dominance. As can be see
association, but with evidence for a clear domin the table, dominant verb—role pairs produce
inance of one verb—role pairing over the other istronger associations for both the verb—role
the absence of context. This was done in a serig$11) = 5.82,p < .001) and verb-object—role
of association pretests to establish the memotgsts { (11) = 3.73,p < 0.01]. In fact, for 11 of
relationship between verb and role. the 12 verbs the dominant role was mentionec
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by at least 30% of participants given the verb The modified materials with the neutral verbs
alone and in the remaining case the dominamtere put into the full context used in the main
association was with a body part (e.gyesfor experiment (see Table 2) up to the point where
sed, which would not normally be taken as athe critical role-filler would have been men-
role-filler (see Dosher & Corbett, 1982). tioned. Fifty participants were then required to

Finally, the table illustrates that the domi-choose which of the two possible role-fillers
nance difference does not carry through to thée.g.,penor chalk was most likely to occur in
backward association between role-filler anthat context. For even the least effective con-
verb. Despite the slightly greater proportion otext, at least 75% of participants chose the ap
participants choosing the verb following domi-propriate role-filler for that context (e.g., they
nant fillers, there is no reliable difference acrosshosepenin the context ofreading a letter of
materials f (11) = 0.89,p = 0.39]. So the basic complaintand they chosehalkin the context of
difference between dominant and nondominameading an exercise on the blackbogrdrur-
fillers is in the verb—role default association testhermore, across all contexts the appropriat
Both dominant and nondominant fillers areole-filler was chosen by 94% of participants on
readily elicited when given the verb plus a minaverage. Thus the contexts clearly favored thei
imal context and will strongly elicit the verb appropriate role-fillers even in the absence o
when presented alone. Thus the difference the verb. Hence, any dominance effects coulc
mainly in the forward association between verlbe attributed solely to the verb rather than the
and role-filler. context surrounding that verb.

These 24 dominant and nondominant verb— Experimental stimuliThe experimental stim-
role pairings were incorporated into contextsili were constructed out of these 12 verb-role
designed to select for each role. The contexiets and the pretested contexts. In order to in
were also pretested to ensure that they wemeease the number of experimental materials
truly selective for that role-filler. each verb-role pair was used twice but in dif-

Context pretestThe final pretest was de-ferent contexts. An example of one set of stim-
signed to make sure that the dominant or nondli is shown in Table 2 (the complete set of
dominant contexts would select for their approverbs and role-fillers is shown in the Appendix
priate role-fillers even in the absence of thd& and the complete set of contexts together witt
critical verb. It is important to show thah the replacement verbs used in the context pre
teacher doing something with a lettdoes not test is shown in Appendix 2).
inadvertently suggest the presencecbilk or The stimulus passages all conformed to ¢
thata teacher doing something with an exercisstandard format. Each had an introductory sen
on the blackboarddoes not inadvertently sug-tence that established the general context fo
gest the presence ofpen.If they did so, then it interpretation. Then the second sentence mer
would confound any dominance effect arisingioned the verb together with the role-selecting
purely from verbwrite. To ensure that this was context and either explicitly stated or implied
not the case a neutral verb was chosen to replattee target role-filler. The third sentence con-
the critical verb in all the contexts to be used itained the crucial anaphoric reference to the
the main experiment. For example, the two cornverb role, which was either the dominant or
texts for the verbwrite were: She was busy nondominant role-filler for the verb and was
writing a letter of complaint to a parergndshe always separated from the sentence containin
was busy writing an exercise on the blackboardhe verb by at least one intervening clause
These were changed t8he was busy reading aThere was then a final filler sentence to insure
letter of complaint from a parerdind she was that the passages were coherent.
busy reading an exercise on the blackboard. This produced eight experimental conditions,
Unlike write, readdoes not require any instru-two within-subjects (and within-items) factors
ment and should not bias toward either thef context type (appropriate or inappropriate
dominant appropriate role-fillggenor the non- context) and explicitness (explicit or implicit
dominant appropriate role-filleshalk. introduction of the role) and one between-sub-
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TABLE 2

Sample Materials Used in the Experiment

Dominant verb—role pair (WRITE-PEN)

The teacher worked quietly as the children read their books.
Appropriate context

She was buswvriting a letter of complaint to a parent. Implicit antecedent

She was busyvriting a letter of complaintwith a pen. Explicit antecedent
Inappropriate context

She was busyvriting an exercisen the blackboardy the door. Implicit antecedent

She was busyvriting an exercisen the blackboard with a pen. Explicit antecedent

Target sentence
However, she was disturbed by a loud scream from the back of the clagheapéndropped
on the floor.
She called for quiet and threatened the class with detention if there was any further disturbance.

Nondominant verb-role pair (WRITE-CHALK)

The teacher worked quietly as the children read their books.
Appropriate context

She was busyvriting an exercisen the blackboardy the door. Implicit antecedent

She was busyvriting an exercisen the blackboard with chalk. Explicit antecedent
Inappropriate context

She was busyvriting a letter of complaint to a parent. Implicit antecedent

She was busyvriting a letter of complaintwith chalk. Explicit antecedent

Target sentence
However, she was disturbed by a loud scream from the back of the clagheantalkdropped
on the floor.
She called for quiet and threatened the class with detention if there was any further disturbance.

jects (but within-item) factor, target type (dom-system was interfaced with a Vanilla 386 com-
inant or nondominant target). puter that controlled the presentation of stimuli

Eight experimental lists of materials wereand recorded the output from the eye-tracking
compiled for presentation, with each list consystem. The experimental stimuli were pre-
taining six passages in each of the four withinsented on a VDU, which also interfaced with
subject experimental conditions. Thus, eacthe vanilla. The VDU was located at a distance
passage in each condition was read by six pasf 70 cm and the material spanned six to eigh
ticipants. The stimuli were presented in a fixegines with a maximum of 65 characters per line.
random order and questions were given at thehere were 3.5 characters per degree of visu

terials were then |r.1term|xed.W|th a furthgr 36so1‘tware that continuously monitored the output
from another experiment, which acted as fillers, : ;
Ih order to establish the sequence of eye fixa
tions and measured their start and finish times t
the nearest millisecondHence, a continuous

Eye movements were monitored by a Staryecord of eye movements, fixation position, anc
ford Research Institute Dual Purkinje Genera;iyation duration was obtained.

tion 5.5 Eye Tracking System made by Four-

ward Technologies under license to S.R.I. The

eye-tracker has an angular resolution of afx.

Viewing was binocular with eye location being 2 1his software was developed by Dr. Charles Clifton,
recorded from the right eye. The eye-trackinghose support we gratefully acknowledge.

Apparatus and Procedure
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Data Analysis ...and the / chalk / dropped .........
The crucial sentences for testing the lexical

and context effects predicted earlier are the sen- 1 2

tences containing the target role-filler refer-

ences (e.g.,the pen droppedor the chalk 3 4 5

dropped. So the eye movement record was

analyzed in terms of two critical regions of 6

these sentences. First, there was the region con-

taining the role-filler noun (e.gpenor chalk).

For the dominant materials this region had an

average length of 5.7 characters ranging from 4 N2. Regression path time =12 + 13 + t4

to 11 characters across the materials. For the 3 onq pass time = t4 + 16

nondominant materials its average length was

6.2 characters ranging from 4 to 11 charactersF'G: 1. An iIIustra_tion of the three reading _time measures
. . .._used in the experiment for the noun region/chalk/. The

acros_s the _ma,te”als' AnaIySIS from the pIIOﬁumbers represent a hypothetical sequence of fixations. Th

eXpe”mem indicated t_hat the St_rongeSt eﬁectﬁﬁerent measures [NE First pass (noun region), N2

were likely to occur in the spillover region Regression path (noun region), N3 Second pass(noun

beyond the target noun. So a second verb regimion)] are shown as summations of durations for those

was defined. The verb region either containef@tions (€.g.f1+t2...).

the verb alone (e.gdropped or, if the next i . _

word was an auxiliary or an adverb, the regiorllo()ked at the pro_por'_uon of first-pass regression:

included that word and the following main verb®r the verb region in order to check for early

(e.g., was pu}. This was to ensure that the'®Pall ProCesses.

regions were of sufficient size for analysis. For RESULTS AND DISCUSSION

both the dominant and nondominant materials

these regions were identical with an average

length 9.2 characters and a range of 5 to 1t e lexical and context effects can be detectec

characters. As pointed out earlier, the lexical effect relates

The reading times were analyzed accordin% the reading-time difference following appro-
to the three measures illustrated for the noun. 9 9 app

region chalk in Fig. 1. To detect the earliestprlate implicit contexts (e.gwriting a letterfor

effects we used first-pass reading timenea- penandwriting on the blackboardor chalk) as

sure that sums the fixation durations from firS%ompared 0 app_ropnate explicit conte>§t.s (eg.
o . . writing a letter with a perfor penandwriting
fixating the region until the eye moves out of the

. . d . on the blackboard with chalkor chalk). By
region either to the left or right (these will becontrast the context effect relates to the reading
referred to as N1 or V1 times for noun and ver

; . ime difference following inappropriate implicit
{ng;nreisrﬁgg“rlslgr-rxeduestsgttﬁgli’eseggﬁt_s contexts (e.gwriting on the blackboardor pen
g inftiat rep . 9 . andwriting a letter for chalk) as compared to
path reading-timemeasure, which sums all fix-

: . A .~ _appropriate implicit contexts (e.gwriting a
Zur:?iPtﬂ:r:;gn;oggngg;s;gﬁig?r:ecgiéze(:sg ?rre]I tter for penandwriting on the blackboardor
to as N2 and V2). Finally, we recordegicond- halk). First we give a brief overview of the

dina-timéor th . main results relating to these two effects anc
pass reading-imeor th€ noun région as a méa-y, ., et the detailed analysis of reading
sure of later processing effects (referred to

. ; . es and pattern of regressions from the critica
N3). This measure includes durations for al P 9

o . i egions.
fixations on the region which occur after the
first-pass reading of the region. In addition wéverview of the Main Reading-Time Results

N1. 1st Pass time = t2

The main predictions concern the earliest
int in reading the target sentences at whicl

3 For the noun region in which there is only a single word 1 N€ main results in relation to the lexical and
this measure is also referred to as gaze duration. context effects are illustrated in Fig. 2. The
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120
Lexical Effect Context Effect %ggs DO Dominant
ond - ® Non-dominant

1st Pass ~ |Pass 1st Pass

100

80

60

40

NI N2 V1 V2 N3 NI N2 VI V2 N3

FIG. 2. The lexical and the context effects for the first- and second-pass reading measures in the experiment.
The lexical effect is shown as the difference in reading time (in milliseconds) between the implicit appropriate
context condition and the explicit appropriate context condition. The context effect is shown as the difference
in reading time (in milliseconds) between the inappropriate implicit context condition and the appropriate
implicit context condition. N1 corresponds to the first-pass reading-time effect N2 to regression path time effect
and N3 to the second-pass reading-time effect for the noun region (see Fig. 1). V1 corresponds to the first-pass
reading-time effect and V2 to the regression-path reading-time effect for the verb region (error bars show
standard error).

left-hand panel shows progressive measures siires in the verb region (i.e., N1 and V1). How-
the lexical effect (represented as the differencever, a strong effect emerges for the dominan
in reading time following implicit as opposed totargets in the verb region with the regression-
explicit appropriate contexts) for both dominanpath time analysis (i.e., V2). This indicates an
and nondominant targets. Starting with the firstearly influence of context for the dominant but
pass reading of the noun region (i.e., N1 and N@ot the nondominant targets. Finally, there is &
measures) there is a small and partially reliablgtrong context effect detectable in the second
lexical effect for nondominant but not for dom-pass reading times on the noun (i.e., N3) for
inant targets. The magnitude of the effect inpoth dominant and nondominant targets. Thes:
creases and is reliable in both the first-pass (i.gjndings are corroborated by the pattern of first-
V1) and regression-path reading times (i.e., V2j5ss regressions following fixation of the verb.
for the verb region but is no longer present in The detailed analysis of these results is giver
the second-pass reading times for the noun rgg|o\ for the noun and then the verb region.
gion (i.e., N3). This indicates an early lexical

influe_nce with nondomi_nant_ targgts exhibiti_nq:irst_Pass Reading Time: Noun Region
consistently longer reading times in the implicit
conditions. Table 3 shows the first-pass reading time an
The right-hand panel shows the same prdegression-path times for the noun region aver
gressive measures of the context effect (repréged across participants and items (i.e., N1 an
sented as the difference in reading time followN2). Only trials with first-pass fixations were
ing inappropriate as opposed to appropriatécluded in this and subsequent analyses. Th
implicit contexts). Here there are no contextable also shows the probability of first-pass
effects detectable in either the first-pass meéixation in this region under the different con-
sures in the noun region or the first pass meditions of the experiment.
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TABLE 3

First-Pass Reading Times and Regression-Path Times for the Noun Region (in ms)

Dominant targets Nondominant targets

Context: Appropriate Inappropriate Appropriate Inappropriate
Antecedent

First pass

Explicit 255 (54) 252 (57) 246 (66) 263 (67)

Implicit 256 (48) 251 (56) 262 (63) 251 (56)
Regression path

Explicit 284 299 284 319

Implicit 298 299 340 287

Note.Percentage first pass fixations in parentheses.

The means of the first-pass measures calctegion data did not alter the pattern of results.
lated both across participants and across iteriifiere were no reliable main effects or interac-
were entered into X 2 X 2 analysis of vari- tions and only a marginally reliable lexical ef-
ance designs with target type as a betweefect of 20 ms between implicit and explicit
subject (but within-items) factor and contextappropriate context conditions for nondominant
and explicitness as within-subjects (and withintargets F1(1,23)= 3.31,MS, = 2492,p = .08;
items) factors. All the analyses we report ar&2(1,23)= 3.56,MS, = 1248.p = .07].
based on treating both subjects as a randomThe final analysis we carried out was on the
effect (F1) and materials as a random effectegression-path time data (N2). The data aver
(F2) and all are reliable at less than the .05 levelged across subjects and items were entered in
unless otherwise stated. the same ANOVA designs as used earlier.

As indicated above, the first-pass analyses dhese produced no reliable main effects or in-
the noun region produce only one consistenieractions (For alF1s andF2sp > 0.1). How-
result, which is a marginally reliable lexicalever, the lexical effect of 56ns was again
effect for the nondominant targets. There is nmarginally reliable for the nondominant targets
evidence for any contextual effect emergingF1(1,23) = 3.58, MS, = 10763,p = .07,
while reading this region. F2(1,23)= 3.87,MS, = 5253,p = .06].

Thus the overall analysis for first-pass read- ) ) )
ing times (i.e., N1) revealed no reliable mairf Irst-Pass Reading Time: Verb Region
effects or interactions (For aflls andF2sp > The first-pass reading time (V1) and regres-
.1). However, in examining the planned comsion-path time (V2) for the verb region are
parison for the lexical effect (i.e., the differenceshown in Table 4, averaged across participant
between implicit versus explicit appropriateand items. The probability of first-pass fixation
contexts) there was a marginal effect of 18 is also shown. Here there is evidence both of ¢
for the nondominant target$1(1,23)= 3.36, lexical effect for nondominant targets and an
MS, = 2377,p = .08;F2(1,23)= 3.03,MS, = early context effect for dominant targets that
1686,p = .09]. appears in the regression-path time analysis.

Given the relatively low probability of first-  The first-pass times (V1) were analyzed in
pass fixation in the noun region it was decidethe same ANOVA designs as used with the
to carry out an additional first-pass analysisoun region and this produced only one mar-
extending the region to the left by up to fourginally reliable main effect of explicitness (Ex-
characters until a fixation was encountered. Thiglicit = 278 ms, Implicit = 294 m9 in the
fixation was then included as a first-pass readingy-items analysisH2 (1,23) = 3.58, MS, =
time on the region. The analyses of the extend&2863, p = .07]. However, there was also a
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TABLE 4

First-Pass Reading Times and Regression-Path Times for the Verb Region (in ms)

Dominant targets Nondominant targets

Context: Appropriate Inappropriate Appropriate Inappropriate
Antecedent

First pass

Explicit 285 (80) 266 (80) 284 (79) 275 (77)

Implicit 273 (78) 271 (68) 314 (83) 316 (83)
Regression path

Explicit 339 343 371 349

Implicit 319 420 419 412

Note.Percentage of first pass fixations is shown in parentheses.

reliable interaction between explicitness and1S, = 14198,p = .076]. No other effects
dominance F1(1,46) = 4.03. MS, = 4874; approach significance for these targets (Alls
F2(1,23) = 4.2, MS, = 4249]. Exploring this andF2s < 1). However, when we look at the
interaction further revealed that it was entirelfdominant targets there is a quite different pat-
due to the effect of explicitness for the nontern with both an effect of context (Appropri-
dominant targets (Explicit 280ms,Implicit = ate = 329 ms, Inappropriate = 382 ms
315 ms F1(1,23) = 8.75, MS, = 5298; F1(1,23) = 4.94,MS, = 13439; F2(1,23) =
F2(1,23)= 4.89,MS, = 4479]. No other inter 3.43,MS, = 18959,p = .076] and, more im
actions emerged across either subjects or itempsrtantly, an interaction between context anc
(for all F1s andF2sp > .1]. So the first-pass explicitness F1(1,23) = 4.65, MS, = 12093;
times for the verb region with the nondominanf2(1,23)= 7.99,MS, = 8238]. This is due to a
targets show an extension of the earlier lexicakliable context effect as shown in the differ-
effect found in the noun region. ence of 101msbetween appropriate and inap-
We now turn to the regression-path time datpropriate contexts in the implicit condition
(V2) for the verb region (see Table 4). Thes¢F1(1,23)= 10.12,MS, = 12093;F2(1,23) =
were analyzed in the same ANOVA designs a$5.88,MS, = 8238].
used for the other measures. They revealed aSo the first-pass reading time and regression
main effect of explicitness [ExpliciE 351 ms, path time analyses of the noun (i.e., N1 and N2
Implicit = 393 ms F1(1,46) = 8.16,MS, = and verb (i.e., V1 and V2) regions confirm the
13495;F2(1,23)= 4.71,MS, = 11649] and two pattern summarized earlier. For the nondominan
interactions, one between explicitness and cotargets there is some evidence of an early lexice
text [F1(1,46)= 4.63,MS, = 9252;F2(1,23)= effect in the noun region that shows up as &
5.85,MS, = 8699] and another between targetmarginal difference between the implicit and ex-
type and context, reliable in the by-subjectslicit appropriate context conditions (i.e., fthalk
analysis F1(1,46) = 3.8, MS, = 19545,p = following write on a blackboarchs compared to
.05) but not by itemsK2<1). To understand chalk following write on a blackboard with
this complex pattern of results we need to lookhalK). This is apparent to some degree in both the
separately at the effects associated with the twél and N2 analyses. The effect then increases ar
kinds of target. is reliable in the V1 and V2 analyses of the verb
First, for the nondominant targets there isegion. However, for these nondominant target:
again an effect of explicitness (Explicit 360 there is no evidence for an early emergence of
ms, Implicit = 416 mg which is reliable by context effect.
subjects F1(1,23)= 7.75,MS, = 13884] and  The situation for dominant targets is quite dif-
marginally reliable by itemsH2(1,23)= 3.44, ferent. Here, N1 and N2 analyses of the nour
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TABLE 5

Second-Pass Reading Times for the Noun Region (ms)

Dominant targets Nondominant targets
Context: Appropriate Inappropriate Appropriate Inappropriate
Antecedent
Second pass
Explicit 170 195 197 229
Implicit 164 239 214 275

region show neither lexical nor context effectstole-filler has already been encountered in tha
However, in the verb region there is strong evieontext in the prior material. Hence, in the ex-
dence of a context effect in the V2 analysis (i.eplicit inappropriate context condition the reader
for pen droppedollowing write on a blackboard should have reconstrued their interpretation tc
as compared t@en droppedfollowing write a accommodate the inappropriate role-filler some
letter). This suggests an earlier influence of conime before they encounter the target region.
text for the dominant verb—role pairs. To understand the pattern of results more
We turn now to the second-pass analyses cfearly we need to analyze the two kinds of target:
the noun region to establish any secondary preeparately. First, for the dominant targets there i
cessing effects associated with the lexical awnly one reliable main effect, that of context [Ap-
context effects observed in the first-pass angropriate= 167 ms,Inappropriate= 217 ms F1
regression-path times. (1,23) = 8.34,MS, = 7206;F2 (1,23)= 10.58,
MS, = 5831], which is also present as a contex
effect in relation to the planned comparison of
The second-pass reading times for the nowontext across implicit conditions=1 (1,23) =
region averaged across participants and itemi8.04;F2 (1,23)= 9.4]. So this effect extends that
are shown in Table 5. The only major result isincovered in the regression-path reading-time
that of context, for both dominant and nondomianalysis discussed above.
nant target items. Turning to the nondominant targets there is &
The data were analyzed in the same ANOVAnarginal main effect of explicitness [Explicit
designs used for the first-pass times. This pr@&13 ms, Implicit = 245ms F1 (1,23)= 3.34,
duced three main effects: target type [DomiMS, = 7261,p = .08;F2(1,23)= 4.01,MS, =
nant = 193 ms, Nondominant= 229 ms F1 5907,p = .06], but this is not associated with a
(1,46) = 5.03,MS, = 12915,F2(1,23)= 7.1, reliable lexical effect in the planned comparison
MS, = 9527], explicitness (Explicie 198 ms, ( for the implicit/explicit difference in the ap-
Implicit = 224 ms F1 (1,46)= 4.24,MS, = propriate context conditions boffl andF2 <
7400; F2 (1,23) = 4.97, MS, = 5567], and 1). This is because there is also a reliable mail
context [Appropriate= 187 ms, Inappropri- effect of context [Appropriate= 206 ms,Inap-
ate= 224ms F1 (1,46)= 22.02,MS, = 5044; propriate= 252ms F1 (1,23)= 17.72,MS, =
F2 (1,23) = 22.66,MS, = 4928]. The target- 2883;F2(1,23)= 11.29,MS, = 4449] which is
type effect is probably simply due to the differ-primarily associated with the implicit anteced-
ence in average region size for the dominant areht conditions. Thus, the planned comparison o
nondominant targets. The other effects are congontext across implicit conditions is now reli-
plicated by a marginally reliable interaction be-able for the nondominant targets1] (1,23) =
tween explicitness and contexF1(1,46) = 7.97;F2 (1,23)= 6.87].
3.56,MS, = 5406,p = .06;F2 (1,23)= 3.02, The second-pass reading times therefort
MS, = 5947,p = .09]. This interaction is ex show that the nondominant targets are now be
pected because in the explicit conditions thbaving just like the dominant targets in terms of

Second-Pass Reading Time: Noun Region
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TABLE 6

Percentage of First-Pass Regressive Saccades from the Verb to an Earlier Region Following the Critical Role Refe

Dominant targets Nondominant targets
Antecedent Context: Appropriate Inappropriate Appropriate Inappropriate
Explicit 12.7 11.8 11.0 12.5
Implicit 134 27.6 15.8 18.6

the emergence of a late context effect and disately. First, for nondominant targets there is only
appearance of the earlier lexical effect. We turone marginal effect, which is that of explicitness
finally to the analysis of the pattern of regres{Explicit = 12%, Implicit= 17.2%) and it is only
sive eye movements following fixation of themarginally reliable in the subjects analysiEl][
verb to check that they confirm the reading-tim¢l1,23) = 2.95,MS, = 233,p = .099]. No other

effects reported above. main effects or interactions emerge for the non-
_ _ dominant target data (féfls and=2s allps > .1).
First-Pass Regressions from the Verb Turning to the dominant targets there is a

The percentage of regressive saccades fonarginal effect of explicitness [Explicit=
lowing first-pass fixation of the verb are shownt2-3%, Implicit = 20.5%; F1 (1,23) = 3.71,
in Table 6 averaged across participants arf§S = 427,p =.06;F2 (1,23)=3.709MS, =
items. The overall pattern is consistent with thd42,p = .06] and a marginal effect of contextin
regression-path reading-time analysis describd@e ittms analysis [Appropriate 13.1%, Inap-
above (i.e., V2). With dominant targets there arBropriate= 19.7%;F2 (1,23) = 3.01,MS, =
substantially more regressions from the verpa®2,p = .09]. These main effects are qualified
following implicit introduction of the anteced- Py an interaction between explicitness and con
ent in inappropriate contexts (e.g., followitige  €XL, which is reliable in the items analysi]
pen fellin the context ofwriting on the black- (1,23) = 9.39, MSe = 232]. However, th?
board), as would be expected given the contex@lanned comparison for the context effect (i.e.,
effect in the V2 data reported above. For théhe difference between inappropriate and appro
nondominant targets, this pattern does not occup!iate contexts in the implicit conditions) is

To test the reliability of these effects, the dat&eliable by both subjects and itents[ (1,23)=
across participants and items were analyzed th29. F2 (1.23) = 16.62]. This reflects the
the same 2x 2 X 2 ANOVA designs used for 14.2% difference between the percentage o
the reading-time data. The analysis confirms odfiSt-pass regressions in inappropriate implicit
observations. There two main effects, explicitconditions as compared to appropriate implicit
ness [Explicit = 12%, Implicit = 18.9%; conditions. _ .
F1(1,46)= 6.59,MS, = .338;F2(1,23)= 5.76, So the pattern of flrst-pass regressions fron
MS, = 400] and context (Appropriate 13.2%, the verb cqnﬂrms the earlier ana_IyS|s of regres
Inappropriate= 17.6%), which is reliable in the SION path times for the verb region. There is a
items analysis F2(1,23) = 4.15,MS, = 536] Strong context effect. fpr the dominant targets
but not by subjectsRL < 1). The items analy- and pnly a weak explicitness effect for the non-
ses also produced a reliable interaction betwe&lpminant targets.
target type and contextFp = 4.457,MS, = )
303] and a reliable three-way interaction be_Summary of the Target Sentenge Reading
tween target type, explicitness, and contdsa [ | me and Pattern of Regressive Eye
(1,23) = 4.75,MS, = 180]. Movements Analyses

To interpret this complex pattern of results we The reading-time and regression-patterr
need to look at the different target types sepanalyses point to a clear difference betweer
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processing of the two kinds of target role-fillerconclude that the linkage between the instru-
The first finding is that with nondominant verb—ment and the verb was mediated by the contex
role pairs (e.g.write—chalk there is evidence in which the instrument had been introduced.
of an early lexical effect. Hence, the role-filler isTheir result seems to contradict the present re
integrated more rapidly following explicit intro- sult, which suggests that thiritial integration
duction of the antecedent (e.girite on a black- of the dominant role-filler happens whatever the
board with challf as compared to implicit in- contextual appropriateness of the link. The dis-
troduction (e.g., write on a blackboarl crepancy between these two findings is proba
However, for dominant verb—role pairs (e.g.bly attributable to the difference in techniques
write—per) there is no difference between theused and, in particular, the point at which the
two forms of antecedent introduction. This redink is being probed. In the present experiment
sult is reminiscent of the earlier findings ofwe examined the on-line processing of the role-
Corbett and Dosher (1978) that dominant ofiller reference and discovered evidence of im-
highly associated instruments (e.dnife for mediate integration for the dominant role-fillers
cut) act as superior recall cues even for serguickly followed by evidence of contextual
tences containing a different instrument (e.gevaluation. In the McKoon and Ratcliff study
the teacher cut the steak with a razorbladéis they assessed the final representation of th
also consistent with the main findings fromsentence after it had been understood (following
McKoon and Ratcliff (1981) which showed aa delay of at least 4.5 s) and in a situation where
systematic advantage for dominant instrumentle instrument had been ruled out on pragmati
in the probe recognition studies. The secongrounds. Had they been able to tap into the
finding is that the dominant verb—role pairpriming immediately after the critical verb their
(e.g.,write—per) lead to an early context effectresults might well have been different. We be-
with faster V2 reading times following appro-lieve that the on-line eye-tracking analysis gives
priate implicit contexts (e.gwrite a letterfor a much clearer picture of the precise time cours
pen than following inappropriate implicit con- of the resolution process than is possible with
texts (e.g.write on the blackboardor per). By the delayed priming technique.
contrast no such effect occurs with materials
containing nondominant targets until the sec- GENERAL DISCUSSION
ond-pass reading of the noun. This latter finding The results from the experiment indicate a
is also confirmed in the comparison of the perwo-stage process of discourse role resolution
centage of first-pass regressions in which thefehe first stage is consistent with the lexical
is a reliable context effect for the dominantaccount and is driven by the lexical link be-
role-fillers, but not for the nondominant role-tween an antecedent verb and a dominant role
fillers. filler. Thus, dominant role-fillers, such dke
Although these results are consistent with thpen for writing, are integrated automatically
main findings of McKoon and Ratcliff (1981), with previous material about writing, whereas
they do appear to conflict with one of theirnondominant role-fillers, such dke chalkfor
results. In one of their experiments (Experimeniriting, are not. Perhaps the most striking find-
5) they included a context manipulation ining is that this early integration process is im-
which the antecedent role-filler was introducegbervious to the influence of the context in which
in such a way that it could not act as an instruthe role was introduced. Thuariting on a
ment for the subsequent event. For example ldackboardis just as effective for initial inte-
hammer,introduced as a possible antecedemgration ofthe penas iswriting a letter despite
instrument for the evenpounding the boards, the fact that people judgeen to be a poor
was described in the context adeken ham- instrument for writing on a blackboard. The
mer.In this condition, in contrast to the normalexperiment also demonstrates that there is
context condition, they found no evidence of &econd resolution stage at which context make
priming effect betweerhammerand board in an important contribution. Thus measures of
the probe-recognition task. This led them tsubsequent processing difficulty, such as sec
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BONDING RESOLUTION
Explicit Antecedent
Dominant Role Dominant Role
The teachert -'
The teachfregIote on the blackboard with a peil»
Non-Dominant Role —’ Non-Dominant Role

The teacher wrote a letter with @ The teachergFote a letter with chal>
The teacher wrote on the blackbbard with The teagheregote on the blackboard with chalk>

The chalk dropped..

Implicit Antecedent

Dominant Role Dominant Role

The teacherEote a letter >
The tefflcherrote on the blackboard

The pen dropped...

Non-Dominant Role . Non-Dominant Role
The teacher wrote a letter The teacher wrote a letter
The teacher wrote on the blackboard The teacher wrote on the blackboard

he chalk dropped...

FIG. 3. A schematic representation of the time course of discourse role interpretation in relation to dominant
and nondominant verb-role pairs. The left panel illustrates the initial bonding process (thin links), the right panel
illustrates subsequent resolution domains (thick links).

ond-pass reading time, show substantial effectecovery versus integration). For pronoun inter-
of contextual appropriateness. In addition, thergretation, it was assumed that readers form
is clear evidence that this contextual resolutioloose superficial attachment between a pronou
begins earlier for dominant role-fillers than forand a possible antecedent, bonding, before con
nondominant role-fillers. Both the regressionmitting to a full referential interpretation of the
path time analysis for the verb region and theronoun, resolution. For discourse role interpre-
pattern of first-pass regressions from the vertation, we assume that verbs will only establish
indicate an earlier contextual resolution of théonding links with dominant role-fillers. The
dominant role-fillers. verb write, for example, would bond with the
So the results point to two stages of interpredominant instrumenpen,but not the nondomi-
tation with (1) a low-level automatic processnant instrumenthalk.
associated with establishing some kind of link To illustrate how this would work, consider
between the potential role-filler and a previou&ig. 3 in relation to processing the role refer-
verb, which we callbonding,and (2) a later ences in the materials discussed here. When tt
process which tests and resolves the link withritical referencethe penor the chalk,is first
respect to the overall discourse representatioencountered, the initial bonding takes place (lef
which we call resolution. The distinction be- panel of the figure). For the explicit materials
tween low-level bonding processes and highhonds can be set up both with the anteceder
level resolution processes was first suggested moun and, in the case of the dominaen,with
the context of pronoun interpretation (Sanfordthe antecedent verb as well (top left panel).
Garrod, Lucas, & Henderson, 1983; Garrod &owever, for the implicit materials only the
Sanford, 1990; see also McKoon and Ratcliffdominantpenwill form a bond because the only
1989, on a similar distinction which they callavailable bonding site is at the verb and this
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only bonds with dominant role-fillers (bottomciation between an antecedent verb and subs
left panel). On the assumption that bondingjuent role-filler. So it could be argued that the
signals initial integration of the current materiakffect arises from an intralexical priming pro-
with the context, we would expect failure tocess in which the verlarite speeds up access to
bond, as in the case of the nondominahalk, the meaning of the dominant role-fillpenbut
to lead to increased first-pass reading time. Thisot the nondominant role-fillehalk.For this to
is exactly what happened in the present expebe the case, we would have to assume that th
iment for the nondominant role-fillers in thedegree and time course of intralexical semantic
implicit conditions. priming between the verb and its dominant role-
In the second stage of processing resolutidfiller was equivalent to that of the repetition
there is also a contrast between the two targgtiming between the antecedepén and the
types (represented in the right panel of the figtarget role-filler pen in the explicit condition
ure). This is because in the implicit conditioryi.e., the baseline condition). There are three
the bond for the dominant fillepen makes it things that go against this account of the data
possible to test the reference earlier against thgrst, there is the problem of the distance be-
context and so enables the reader to discover thgeen the verb and the target role-filler. At least
contextual anomaly at an earlier stage in praone clause and an average of 12.5 words intet
cessing (bottom right panel). Again the patterened between the mention of the verb (e.g.
of difficulty is consistent with that found in the writing) and the reference to the target role-filler
present experiment: there was an earlier emee.g., the pen. It is unlikely that intralexical
gence of the context effect for dominant targetsemantic priming would remain as strong over
(e.g.,pen in the regression-path time analysisso much intervening material as the repetition
(e, V2) and in the pattern of immediate repriming in the baseline conditichSecond, the
gressions from the verb. As with interpretationexical effect only emerged weakly in the first-
of pronouns, early bonding enables the contesass reading of the noun itself with the most
tual information to be brought to bear in interyopyst effects coming out in the subsequent verl
preting the rest of the sentence as soon as it,iggion as a spillover. As Morris (1994) has
required. In cases where the role does not fit thfemonstrated, such delayed effects in the eye
most plausible construal of the context situatio&acking record reflect postaccess integratior
(e.g., writing a letter with chalk) we must as-rather than intralexical priming. Finally, there is
sume that the reader is forced to reconstrue e jssue of the absence of early context effect
situation to make it more plausible (€.g., Perfor the nondominant role-fillers. The contexts
haps as a teacher writing the letter on a blacksrrounding the verbs were pretested to ensur
board as part of a lesson). We suggest that it {4 they strongly predicted their appropriate
this reconstrual process that leads to the Rarget items. For example, the context for the
creased reading time in the inappropriate cofyondominant iterrchalk contained words such
text conditions. The discrepancy between thgackhoardand exercisewhich would also be
early increase in reading time for the ”Ondom'éxpected to primechalk. Yet, there was no

nant targets together with evidence of subsgyigence of priming effects from the context to
quent early contextual disruption for the domiy,q target item in these conditions (e\griting

nants is what supports the two-stage bondingy, exercise on the blackboartbes not reduce
resolution account. _ aze onchalkany more thawriting a letter of
At the outset, we raised three unresolve omplain). Hence, we would suggest that the

guestions about the processing of discourse roﬂ)%nding process, like other anaphoric pro-
links. First, is the process top-down or bottom-

up? The results of the experiment are compli- * Instances of long-distance semantic priming (with up to

cated in this respect. On the one hand, it Seen’% intervening words) have been reported in the literature
’ . .but they depend upon retaining the prime word in the focus

that th_e initial bondmg pI’OC_ESS, as reflected IQf attention and probably reflect message level or global
the lexical effect for nondominant as opposed t@ontext priming (see Foss & Ross, 1983; Hess, Foss, &

dominant role-fillers, relates to a forward assocarroll, 1995).
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cesses, is bottom-up in the sense that it is triggretation it occurs in two stages; first, an auto-
gered by the reference to the role-filler itselfnatic bonding stage that only takes account o
(See Garrod et al., 1990). limited lexical information from the prior dis-

This brings us to the second question raisecburse, and second, a resolution stage in whic
in the introduction: the extent to which resoluthe link is checked against the broader context
tion depends on the semantic representation of
the antecedent verb as opposed to the overall REFERENCES
situation portrayed in th? anteFed_ent Sentencgarlson, G. N., & Tanenhaus, M. K. (1988). Thematic roles
The results of the experiment indicate that the  and language comprehension. In W. Wilkins (Ed.),
initial bonding depends on the semantic repre- Syntax & semantics: Thematic relatiorf¥ol. 21).
sentation of the verb, whereas later resolution London: Academic Press. o
depends on a representation of the antecedé}?ﬂlms Cobuild English Language Dictiona§987). Lon-

. . . don: Collins.
event as_ a Wh0|e' In !Ight of the dIS_CUSSIOrborbett, A. T., & Dosher, B. A. (1978). Instrument infer-
above, this raises questions about precisely how ences in sentence encodirgurnal of Verbal Learn-
the bonding process can operate in such a way ing and Verbal Behaviour]7, 479—-491.
that it is triggered by reference to the role-fillerCotter, C. A. (1984). Inferring direct objects in sentences:
but controlled by the representation of the verb. ~Some implications for the semantics of Verlian-
In line with Garrod et al. (1990; see also Gernss__ 29 and Speecll7, 25-45.
) ! . SDosher, B. A., & Corbett, A. T. (1982). Instrument infer-

bacher, 1989) we suggest that the bonding pro- ences and verb schematdemory & Cognition, 12,
cesses may operate in a similar fashion to re- 531-539.
trieval processes in models of memor)EhrliCh, K., & Rayner, K. (1983). Pronouns assignment and
proposed by Hintzman (1986) and Ratcliff semantic integration during reading: Eye-movements

" and immediacy of processinglournal of Verbal
(1978). Initially, the target reference broadcasts Learning and Verbal BehaviouB2, 75—87.

to all matching antecedents in _the discoursgyss, D. J., & Ross, J. R. (1983). Great expectations: Conte»
representation in parallel. Potential antecedents effects during sentence processing. In G. B. Flores
then echo or resonate to the extent that they dArcais&R.J. Jarvella (Eds.Jhe process of language
match the semantic features of the referent. In understandindpp. 169-191). Chichester, UK: Wiley.
the first instance, both the dominant and nonc-;armd’ S. C. (1994). Resolving pronouns and other ana
. = ] phoric devices: The case for diversity in discourse

dominant role-fillers will match to some degree  processing. In C. Clifton, Jr., L. Frazier, & Rayner, K.
the antecedent verb because there is a strong (Eds.),Perspectives on sentence processing 339—
backward association between role-filler and 359). Englewood, NJ: LEA.
verb irrespective of dominance. However Omfarrod, S., Freudenthal, D., & Boyle, E. (1994). The role of
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this combination of backward and forward asg;, 4 s, & sanford, A. J. (1977). Interpreting anaphoric
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Finally, we raised the issue of the time coursearrod, S. C., & Sanford, A. J. (1990). Referential process:
of the interpretation process. The experiment ing in reading: Focusing on roles_and individuals. In
indicates that discourse role interpretation, like D- A- Balota, G. B. Flores d'Arcias, & K. Rayner

. . . (Eds.)Comprehension processes in readiipp. 465—
that of other kinds of anaphora, is an on-line 486). Hillsdale, NJ: Erlbaum.
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critical reference. However, like pronoun inter-  a discourse context: How discourse representation af
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