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Abstract

Metonymic verbs likestart or enjoy often occur with artifact-denoting comple-
ments (e.g.The artist started the pictuyalthough semantically they require event-
denoting complements (e.grhe artist started painting the pictureln case of
artifact-denoting objects, the complement is assumed to be type shiftemb-(or
erceq into an event representation to conform to the verb’s semantic restrictions
Psycholinguistic research has provided evidence for this kirehdthed compo-
sition: readers experience processing difficulty when faced with metonymic con
structions compared to non-metonymic controls. However, slower reading time
for metonymic constructions could also be duectompetitionbetween multiple
interpretations that are being entertained in parallel whenever a metonyrhitsve
encountered. Using thasual-world paradigmwe devised an experiment which
enabled us to determine the time course of metonymic interpretation in relation
to non-metonymic controls. The experiment provided evidence in favoisefial
coercion process.

Keywords. competition, enriched composition, metonomy, coercion, semantic
processing, visual-world paradigm, time course analysis.

1. Introduction

The interpretation of sentences suchTa&e artist started the picturkas attracted much at-
tention in lexical semantics (Bach, 1986; Briscoe, Copestake, & Bogut860; Copestake, 1995;
Pustejovsky, 1995; Vendler, 1968; Jackendoff, 1997) and tigcaiso in psycholinguistics (McEl-
ree, Traxler, Pickering, Seely, & Jackendoff, 2001; Traxler, Eitclg, & McElree, 2002; Lapata,
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Keller, & Scheepers, 2003). The primary point of interest here is thle s&@art Its complement
(i.e., picture) denotes an entity, but in order to interpret the sentence correctly, #uerdas to
relatestartto an event, and assign it an interpretation in which the artist started doingtsngt
the picture, e.g., painting it, drawing it, or framing it.

In general, verbs likstart (other examples includinishor enjoy) can select for verbal com-
plements (as ifMhe artist started painting/to paint the pictgreevent-denoting nouns (as rhe
artist started the fight or entity-denoting nouns (as ifhe artist started the pictujeln the latter
case the object NP appears to be incongruent with the fact that theeepripas an event-denoting
object. Therefore, in order to conform to the semantic restrictiorstant, the complement must
betype shiftedbr coercedfrom an entity to an event (Jackendoff, 1997; Partee, 1992; Pusksjov
1995). Pustejovsky (1991) dubs this phenomelogital metonymyAs in the case of conventional
metonymy (Nunberg, 1995; Lakoff & Johnson, 1980), one exprags$iere a noun phrase) is used
in place of a related one (here an event associated with the NP). The mmgtaslogical since
it is triggered by type requirements which a verb places onto its argumergspfidnomenon in-
volves interpolating additional meaning that is not present in the sententaiiagstart and its
complement. The additional meaning is often an event related to the artifanteddsy the comple-
ment (e.g.paintingor drawingfor picture), but can also be provided by intra-sentential (Lapata et
al., 2003) or extra-sentential context (Lascarides & Copestake,)19B8 process of constructing
the missing information is sometimes calledariched compositiof@Jackendoff, 1997) since, unlike
standard compaosition, it involves the computation of extra linguistic material Ltin@ut this arti-
cle, uses of the term metonymy refer exclusively to logical metonyfyrthermore, we will refer
to metonymic verbas a shorthand for “verbs inducing logical metonymy”.

An enriched composition account of metonymy predicts that type shiftingsrecprocessing
cost, as additional structure needs to be constructed. McElree et@l)({@3ted this predictionin a
self-paced reading experiment. They contrasted constructions ragaitiiched composition (see
sentence (1-a)) with constructions involving standard composition (sbedfd (1-c)) and found
that readers experienced more difficulty with sentences requiring earichmposition. Upon en-
countering the complement noun, reading times for (1-a) and (1-c) vigandisantly longer than
for (1-b); one word later, reading times for (1-a) were longer thadireatimes for (1-b) and (1-c)
— the latter two conditions were indistinguishable at this point. McElree et a&d1{d@terpret these
results as evidence for enriched composition: constructions like (lggneler longer reading times
because the complement noun is coerced into an appropriate event, etpctes the costly con-
struction of additional structure.

(1) a. The artist started the picture in his studio in the city.

1Although closely related, conventional metonymy (eRgter read ShakespeamhereShakespearstands for Shake-
speare’s works) is typicallgot analyzed in terms of semantic type coercion.

We would like to thank Malte Viebahn for his tireless efforts in designing the riedéefor Experiment 1 and for
conducting this experiment as part of his Erasmus research préanotidahdee. Also, we are grateful to Yuki Kamide for
testing some of the participants in Experiment 2 in combination with one ofiveegperiments. We further acknowledge
Martin Pickering, Roger Levy, and the Edinburgh Computational Pdirdngstics Group for valuable comments on this
and related topics. A preliminary version of this work was presented alk ataAMLaP-2005 in Ghent (Belgium),
September 5-7, 2005.
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b. The artist painted the picture in his studio in the city.
c. The artist analyzed the picture in his studio in the city.

Follow-up experiments by Traxler et al. (2002) and Pickering, McElee, Traxler (2005) con-
firmed that sentences requiring enriched composition incur reading diffisuln eye-tracking,
reliable differences emerged at the complement noun (Pickering et ak) 2800n the two words
succeeding it (Traxler et al., 2002). A similar effect was found whee-sfpifted sentences like (1-a)
were matched with control sentences that explicitly verbalized the missing ngg@)in

2) The artist started painting the picture in his studio in the city.

Further evidence for enriched composition comes from contrasting sersdike (1-a) with con-
trols whose verbal objects are eventive noun phrases (see se(@gndeaxler et al. (2002) showed
that sentences containing non-eventive complements &agted the picturgincurred more pro-
cessing difficulty than their eventive controls (esgarted the fighin (3)). This result indicates that
processing difficulty stems from the combination of metonymic verbs with their tmmmts and
it is not solely linked to the complement noun phrase.

(3)  The artist started the fight in his studio in the city.

Using the multi-response speed-accuracy tradeoff (SAT) paradigrirbk Pylklanen, Pickering,
and Traxler (2005) showed that type-shifted constructions are beouggsed less accurately (in
terms of whether the sentenaesde senst participants or not) and more slowly than minimally
contrasting controls. The fact that type-shifting had a measurable effigbe speed of processing
suggests that readers engage additional resources in computing thegmissining. In this paper,
we will pursue a similar approach, but focus more on the number of diffénéerpretations that are
computed on-line rather than processing accuracy (we will return to tlvig ipoSection 5).

2. Competition vs. Enriched Composition

As we saw in the previous section, existing experimental work on the mingesf logical
metonymy has almost unequivocally demonstrated that metonymic verbs caassging difficulty
relative to non-metonymic controls (but see de Almeida, 2004). This raisegistion of precisely
what kinds of cognitive processes are involved in interpreting metonynmstoactions, and why
these engender additional processing cost. The enriched composipiotihasgis offers the following
explanation: when speakers interpret a metonymic construction, theyth@emstruct additional
structure, over and above the structure that has to be constructeddarmetonymic construction
and this slows down the comprehension process.

An alternative explanation, however, is that comprehending metonymidraotisns in-
volves pursuing multiple interpretations at the same time. Sentences like (1\&)faflceveral
different interpretations, although some may be more dominant than otloerex&mple started
the picturecould trigger apainting interpretation, aranalyzinginterpretation, draminginterpre-
tation, and so on. It is possible that these interpretations compete with otreeaaad therefore
decelerate the process of establishing a final interpretation. This &ffeniliar from the lexical
access literature, where it was found that homonymous lexical items (wititsultiple, unrelated
meanings such asark) are accessed more slowly than unambiguous lexical items (e.g., Rayner &
Duffy, 1986; Rodd, Gaskell, & Marslen-Wilson, 2002). Indeed, ¢hare a number of sentence



SERIAL COERCION 4

comprehension models that assume similar competition processes to take ptacemibiguity
is encountered at the sentence level (e.g., MacDonald, Pearimutter, &Beig, 1994; McRae,
Spivey-Knowlton, & Tanenhaus, 1998; Seidenberg & MacDonal@919rueswell & Tanenhaus,
1994).

The reading paradigms used in previous studies of metonymic verbs daleaiut such a
competition-based explanation. As we will discuss in Section 4, the main réastins is that in
a reading task, it is impossible to establish how strongly speakers commit to@ isitggpretation,
or whether they pursue multiple interpretations while a sentence unfoldsimneer

Figure L Sample item: picture for the senterbiee artist started/painted/analyzed the flowery pictuiags
the depicted . ..

In this paper, we will use theisual-world paradigmto investigate the processing of
metonymic verb constructions. In this paradigm, a visual scene is presemtedrrently with a
spoken sentence in order to establish how eye-movement patterns oemiecase affected by lin-
guistic variation. Specifically, our experiments will combine pictures such estie in Figure 1
with sentences of the forrthe artist started/painted/analysed the flowery picture using the de-
picted.... Notice that our pictures will always contain two critical instrument entitoese will
be compatible with the dominant interpretation of the metonymic verb (e.g., the pastids for
painting while the other one will support a subordinate, yet plausible, alternaitegpretation
(e.g., the magnifying glass fanalyzing.

Previous visual-world research has shown that participants’ eye+smaws are closely time-
locked with the auditory linguistic input and, more importantly, thaticipatory eye-movements
occur which indicate the kinds of interpretations participants entertain forigarmbs input
(e.g., Cooper, 1974; Tanenhaus, Spivey-Knowlton, Eberharcedivg, 1995; Allopenna, Magnu-
son, & Tanenhaus, 1998; Altmann & Kamide, 1999; Kamide, Altmann, & Hagdy@003, 2003;
Knoeferle, Crocker, Scheepers, & Pickering, 2005).

In contrast to standard reading tasks, the visual-world paradigm treraflows us to es-
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tablish the time course of metonymic interpretation in more detail. Anticipatory lookstroimsnt
entities associated with different interpretations of the same metonymic vesid@imn index of the
different kinds of semantic commitments that are being made on-line in relation liogiéstic in-
put. Moreover, relative proportions of looks to these instrument entitiededaken as an estimate
of the relative “strength” of a given interpretation: stronger commitment tertam interpretation
is likely to elicit a stronger visual bias towards one of the critical instrumetities

This, in turn, will enable us to determine whether enriched composition (i.e.,sthereed
coercionprocesses) can fully explain the processing difficulty associated with gratowverbs, or
whether at least part of this difficulty stems from competition between alteenatierpretations.
According to a serial coercion account, anticipatory eye-movementddsfauor only one of the
instrument entities in the display (the entity compatible with the dominant interpretasimcke
only one interpretation is pursued by speakers at any given time; howgven that metonymic
verbs require the computation of additional structure, it should take laiogestablish this pre-
ferred metonymic interpretation in comparison to a semantically matched non-metoogntrol
condition. By contrast, a parallel account of coercion, or indeed a etitive account that does not
rely upon the notion of coercion, predicts that over a number of trials,ipatary eye-movements
should be more evenly spread across the two possible instrument entitiegr{gheat competition
should manifest itself in a weaker interpretational bias).

Before discussing these hypotheses in more detail (Section 4), we witliexpw the ex-
perimental stimuli were constructed.

3. Experiment 1: Norming Study

This experiment served as a norming study for the materials used in ouegIEIY Vi-
sual world study (Experiment 2). The aim was to establish interpretatiderpreces for a set of
metonymic verbs, and to make sure that the critical instrument entities in the stsuali were in-
deed associated with the events denoted in the non-metonymic control conditieexperiment
was conducted as a spoken sentence completion experiment, in which patscgaw pictures
combined with one of three types of written sentence fragmenise@mnymic verliragment as
in (4-a), apreferred verldfragment as in (4-b), or aon-preferred verlfragment as in (4-c).

(4) a. The artist started the flowery picture using the depicted . ..
b. The artist painted the flowery picture using the depicted ...
c. The artist analyzed the flowery picture using the depicted ...

Participants were asked to complete each fragment on the basis of whatatlen the picture
and what was given in the fragment. The relevant example picture is simokiigure 1. Crucially,
the pictures always contained two entities that could function as instrumeraidmative inter-
pretations of the metonymic verb: the paint brushes, for example are cotepatib the painting
interpretation of the metonymic vesiart, while the magnifying glass is compatible with thea-
lyzinginterpretation.

We predicted that the most frequent completion of (4-b) should refer tpdi@ brushes,
while the most frequent completion of (4-c) should refer to the magnifyingsglaghe metonymic
verb case (4-a), both completions are plausible, but we expectguhthiéng interpretation to be
preferred and thanalyzinginterpretation to be dispreferred (more references to the paint brushes
rather than the magnifying glass).
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Such a pattern of results would confirm that the depicted instruments amedirdsociated
with the events denoted in the non-metonymic control conditions. It would atsdlesh off-line
interpretation preferences for the metonymic verbs, in line with the sentencgletion preferences
reported in McElree et al. (2001) and Traxler et al. (2002).

3.1. Method
3.1.1. Participants

Sixty native English speakers (undergraduates from the UniversiBuoflee) took part in
this study, receiving either course credit or £2 subject payment. Pamisipvere tested in individual
sessions, each of which took about 15 minutes to complete.

3.1.2. Materials

A set of 34 easily depictable candidate items was selected from McElree(20@l) and
Traxler et al. (2002). From these, we generated 34 stimulus sets, éadhialh consisted of a
picture and three matching sentence fragments. The sentence fragmeatsonstructed in the
same way as example (4), i.e., they only differed in the verb, which was eithertonymic verb
(e.g.,start), or a non-metonymic verb corresponding to the preferred interpretégigrpaint) or a
non-preferred interpretation (e.@nalyzé of the metonymic verb. Note that neutral adjectives such
asflowerywere inserted before the object nouns; this was to create longer NEwefanalysis of
the visual world data in Experiment 2.

The pictures were generated from clipart libraries such that each of ttwatained four
entities, as illustrated in Figure 1. One entity corresponded to the subjece déthet sentence
(e.g.,artist), and one to the object of the target sentence (dauyery picturd. The other two
entities depicted instruments congruent with two alternative interpretationg enétonymic verb
(e.g.,paint brushesand magnifying glasg Visual arrangements of the four picture entities were
more or less arbitrary and differed across items so as to avoid any systereaitieg patterns. The
full set of experimental pictures can be obtained from the first author.

The items were allocated to three stimulus files, each of which contained all®4 thietures,
but combined with a different sentence fragment across files. Eaclofitaioed the same number
of items per condition (according to a Latin square) and was presentedoar@€ipants.

3.1.3. Procedure

The experiment was conducted in a quiet experimental room. Participaresseated ap-
proximately 55 cm from a 17” color monitor with 1024768 pixel resolution. Stimulus presenta-
tion and data recording were controlled by an Intel Pentium PC running RHdrster & Forster,
2003).

Each participant was randomly assigned one of the three stimulus files.rdéed items
per file was determined at random for each patrticipant. In order to initiaialatlre experimenter
pressed a button, triggering the presentation of the picture; the congdisigssentence fragment was
displayed in a 24 point font at the bottom of the picture. At the onset of iitterp presentation,
a 100 ms alert sound was played over speakers (this helped identifyrigatsoin the concurrent
audio recordings). Participants were asked to use the information both iichee and in the
written sentence fragment so as to generate a complete spoken sentezcevere instructed to
produce whole sentences rather than just name the missing nouns. Aparticgoant had finished
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PV NPV Other
Metonymic verb ~ .69+.05(.07) .194.03(.06) .134+.03(.05)
Preferred verb .82+.04(.07) .09+.02(.04) .09+.03(.04)

Non-preferred verb .13+.04(.04) .79+.04(.04) .08+.02(.04)

Table 1: Average completion probabilities per conditiontfee final set of materials, with 95% confidence
limits by participants (items).

speaking, the experimenter pressed a button to proceed to the next teéae$bions were audio-
recorded on minidisk.

3.1.4. Response Annotation

Spoken responses were transcribed and annotated as one of P\oiINBttier. A response
was scored as PV if the final noun of the completed sentence unambigueieshed to the instru-
ment associated with the preferred vepaifit brushesor palettein our example). A response was
coded as NPV if the final noun unambiguously referred to the instrumentided with the non-
preferred verb (e.gmagnifying glasp All remaining responses (ambiguous references, references
to other entities in the picture, or references to entities that were not dispiaybe picture) were
coded as Other. Probabilities of responses were taken as the depesitgvie for analysis.

3.2. Results and Discussion

The data were analyzed usikgmeans cluster analysis, a procedure that helps identifying
homogeneous subsets of items in terms of the degree of similarity between iteificiesponse
patterns. The analysis revealed that ten of the 34 candidate items pradtivexdidiosyncratic re-
sults, which partly disagreed with the desired distribution of completions.|lRdeuthe remaining
24 items were as expected (see Table 1): in the metonymic verb condition,tedoathirds of the
completions referred to the instrument associated with the preferredR&rbgmpletions, e.gThe
artist started the flowery picture using the depicted paint brughedine with the completion data
in McElree et al. (2001) and Traxler et al. (2062\ substantially stronger bias towards PV com-
pletions was observed in the preferred verb condition (&lge artist painted the flowery picture
using the depicted paint brusheas can be seen from the confidence intervals in Table 1. In the
non-preferred verb condition, there was a strong preference or fafvthe instrument associated
with the non-preferred verb (NPV completions, elthe artist analyzed the flowery picture using
the depicted magnifying glasdmportantly, the bias towardsppropriateinstruments (PV in the
preferred verb condition, NPV in the non-preferred verb conditioay woughly the same for the
two control verb conditions, accounting for about four out of fivgpmsses in each case.

4. Experiment 2: Visual-World Study

Experiment 1 established the interpretation preferences for a set a¢24egsentence com-
binations involving metonymic and non-metonymic verbs. The present expdrumed these ma-

2For 20 of the selected 24 items, there was at least one reference tortipeferred instrument in the metonymic
verb condition. The remaining four items showed a high proportion of Q#gponses in this condition (19% on average).
The off-line data therefore confirm the existence of potentially compettegnative interpretations for metonymic verb
constructions.
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terials to investigate the time course of the interpretation of metonymic construddartgipants

saw pictures such as the ones in Figure 1 and at the same time listened to spota@aites such
as the ones in (5), while their eye-movements were recorded. Note thaif liaéf time metonymic

sentences (5-a) ended in an instrument noun compatible with the preieiegaletation, while in

the other half of trials, they ended in the non-preferred instrument noun.

(5) a. The artist started the flowery picture using the depicted paint &ésirslagnifying glass.
b. The artist painted the flowery picture using the depicted paint brushes.
c. The artist analyzed the flowery picture using the depicted magnifying.glas

This experiment was based on the assumption that participants’ eye-madseshenld reflect
their on-line interpretation preferences. We expected that for the smrstém (5), anticipatory eye-
movements (i.e., eye-movements to scene entities in advance of their refeqpigsons in the
auditory material) should be launched to the depicted instruments as soorvaghtiaad its object
have been processed. Given that perceivers are likely to anticipafertheoming direct object
when they encounter the verb (Altmann & Kamide, 1999; Kamide, Altmann, &ndag, 2003;
Kamide, Scheepers, & Altmann, 2003, see also Arai, Gompel, & Schee}i#§), a plausible
triggering point for instrument anticipation would be the point in time where theobmoun is
available. This however does not exclude the possibility that, in some instaht@ast, instrument
anticipation may already take place before the object noun, while in othenaestat may occur
well after the object noun. Our analyses will take the presumed probabilistice of instrument
anticipation into account by focusing aiistributionsof looks to different instrument entities over
time, measured from the verb (the earliest point in which conditions diffieti) a point in time
where the critical instrument noun has been processed. These temtigtibUtions will then allow
us to determine the degree to which different interpretations compete witmotigea in metonymic
verb constructions, and also, whether interpretation of logical metonymyljsassociated with a
slowdown in processing.

In the following, we will distinguish between three accounts of metonymic vesbgssing:
Serial Coercion, Immediate Competition, and Parallel Coercion. Each of {reslict different
outcomes for comparisons between condition (5-a) and condition$5-b).

According to the Serial Coercion account, a single interpretation is pdrisumetonymic
verb constructions such d@ghe artist started the picturelThat is, the processor only considers
the dominant interpretation (as established in the previous norming study) ethie interpre-
tations are ignored unless information supporting them is encounteredevgaveonstructing the
one (dominant) interpretation requires a time-consuming type shifting operateaning that the
processor needs to build additional semantic structure to obtain an int¢igreteat complies with
the verb’s selectional restrictions (e.@he artist started painting the pictureThe Serial Coercion
account therefore predicts a differencedynamicsetween (5-a) and its non-metonymic counter-
partin (5-b): anticipatory eye-movements should favor the preferezdinstrumentgaint brushep
about equally strongly in (5-a) and (5-b) (only the domingaintinginterpretation is considered in
each case), but processing should be decelerated in (5-a) relafird}decause (5-a) requires a
time-consuming type shifting operation to take place.

3For the non-preferred control condition in (5-c), we predict an ardizify bias towards the non-preferred instrument
(magnifying glass). Given previous reading data from McElree et2801) and Traxler et al. (2002), we also expect
evidence for a processing slowdown in (5-c) relative to (5-b). Nateigver, that the non-preferred control condition (5-c)
is not as vital for distinguishing between different accounts of metonymris processing as the other two conditions.
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The basic assumption behind Immediate Competition is that several competingdtgerp
tions are generated as the sentence unfolds, based on a multi-levehifistibaconstraint satis-
faction process (McRae et al., 1998; Tanenhaus, Spivey-Knowdtdanna, 2000). Under this
assumption, no additional semantic structure needs to be computed for metaeybsc- all rel-
evant interpretations (in our exampfgginting the pictureanalyzing the pictureetc.) are immedi-
ately available in the competitor setn our materials, different degrees of competition might be
observed as early as during the verb itself (eltpe artist started .. in (5-a) allows a wider range
of plausible continuations tharhe artist painted .. in (5-b)), or, in the context of instrument an-
ticipation, upon processing the object noun. Since no additional strustgenerated, Immediate
Competition does not predict any differences in processing dynamicebet(®-a) and (5-b), but
instead a difference imterpretation strengthas measured in the proportions of looks to the instru-
ments in the picture. If two competing interpretations are generated for the yngtoverb in (5-a),
then anticipatory eye-movements should be more likely to alternate, both withiacaosis trials,
between the two possible instruments in the display shortly after the verb ooltbeihg object
has been encountered. On average, this implies that the preferrednastr(paint brushes) should
receive fewer anticipatory looks in (5-a) than in (5-b) where competitfwukl be considerably
weaker, or even absent.

The Parallel Coercion account combines features of Serial Coeroidrinamediate Com-
petition. Like Serial Coercion, it assumes that the interpretation of metonymicogarstructions
requires the computation of additional semantic structure, which shouldetdaigethe processing
of (5-a) relative to (5-b). However, in contrast to Serial Coerciast,anly the dominant interpre-
tation, but also alternative (dispreferred) interpretations are being emdpluring this enriched
composition process. In this respect, Parallel Coercion is similar to Immediatg&ition. The
interpretations are pursued in parallel and compete with one another toeedbgt is proportional
to the meaning dominance established off-line (see Experiment 1). ParadetiGn therefore pre-
dicts a combined effect of reduced interpretation strength (fewer artticipaye-movements to the
preferred instrument overall) and decelerated processing in (Jadiveeto (5-b). The former fol-
lows from the assumption that multiple competing interpretations are being engeriaiparallel
in (5-a), the latter from assuming that additional semantic structure needsctintpputed in (5-a).

Figure 2 provides a schematic illustration of the predictions made by the threargs. The
black line in each subfigure represents the preferred non-metonymilitioon(The artist painted
the picturg, the gray line the metonymic conditioitlfe artist started the pictujeThe time from
having encountered the verb until the onset of the critical instrument (@some earlier point in
time) is plotted on the X-axis. The Y-axis represents the strength of commitmerg fweferred-
verb interpretationgainting), which, in the context of this visual world experiment, should be mea-
surable in terms of numbers of looks to the critical instruments in the visual glispla

We assume that commitment to the prefempaghtinginterpretation gradually increases as a
non-linear function of time until a maximum is reached. This maximum, in turn, caakem as an
indicator of the overall strength of commitment to h@intinginterpretation. The dashed lines in
the plots mark points in time where a given percentage (here, 50%) of thvameiaterpretational
maximum is achieved and help to demonstrate cross-condition differencgsamits vs. strength
of interpretation.

4As we shall see below, increased reading difficulty for metonymic versizuctions (5-a) would follow directly
from competition between alternative interpretations in such an account.
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Figure 2aillustrates the predictions of the Serial Coercion account: theomeitons achieve
the same maximum strength of commitment to the prefepeadting interpretation (no difference
in asymptote — recall that Serial Coercion predicts only the dominant intatjmme to be pursued in
each case, while possible competing interpretations are ignored); houwegase of a metonymic
verb, accretion of this interpretational bias takes more time because addgemantic structure
needs to be computed. As can be seen from the dashed lines in Figure Rairthin time where
interpretation strength reaches 50% of the maximum differs consideratiyeée the two condi-
tions.

A different state of affairs is predicted by Immediate Competition, as illustratEdyure 2b.
Because of competing interpretations, the metonymic verb condition readbesamaximum
than the non-metonymic verb condition, which corresponds to a differiemmeerall interpretation
strength. In terms of processing dynamics, however, the two conditiengl@ntical, as shown by
the dashed lines in Figure 2b: both conditions accumulate a given percertdigerelevant inter-
pretational maximum at exactly the same point in time (Immediate Competition doessnates
computation of extra semantic structure in metonymic verb constructions).

The Parallel Coercion account (see Figure 2c) predicts a combirext effdecelerated pro-
cessing and reduced interpretation strength in metonymic-verb constjotibere competition is
assumed to be mediated via a costly coercion process. Accordingly, theutwesdn Figure 2c
achieve different maxima, and the 50% point is located at different poirnisien

The plots also illustrate why it is difficult to distinguish between these accoumtsaading
experiment. The open circles in each plot are taken to indicate hypotheticas in time where
readers would decide to move their eyes to the next region in the senteggefeer having read
the object nourpicture), or to press a button for the next presentation segment, respectivaely.
suming that this decision often takes place before maximum commitment to a givepretde
tion is achieved, a difference in reading time between the metonymic verb conditabthe non-
metonymic control is compatible with a difference in dynamics (Figure 2a), ardiitce in inter-
pretation strength (Figure 2b), or a combined effect (Figure 2c¢). Sugcesually do not know how
strongly (in relation to the potential maximum) readers commit themselves to a gteepretation,
e.g., after having processéthe artist started/painted the picture , cross-condition differences in
reading time cannot fully decide between the three hypothetical accountstofiymic verb pro-
cessing. (Corresponding off-line data are not necessarily a validureeatthe kinds of semantic
commitments that are established on-line.) Our solution to this problem is to use tia¢ wizrld
paradigm to map out how interpretational preferences (as measuredgarpons of looks to in-
dicative instrument entities in the visual display) change over time. A precisgibnal descrip-
tion of these interpretational changes (analogous to the curve fitting agpio speed-accuracy
tradeoff paradigms, see, e.g., McElree & Dosher, 1993; McElree &itrifl995; McElree et al.,
2005; Reed, 1976; Wickelgren, Corbett, & A.Dosher, 1980) will thervalls to determine cross-
condition differences in processing dynamics and interpretation strenegibectively.

4.1. Method
4.1.1. Participants

Eighty-eight native speakers of English (undergraduates from theetsities of Dundee and
Edinburgh) took part in this study, receiving either course credit ®utject payment. Participants
were tested in individual sessions, each of which took about 30 minutesmplete. Thirty-two

A
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(a) Difference in Dynamics (b) Difference in Interpretation Strength
(Serial Coercion) (Immediate Competition)

interpretation strength
interpretation strength

time time

(¢) Combined Effect
(Parallel Coercion)

interpretation strength

Figure 2 Hypothetical time course predictions derived from (a) 8&rial Coercion account, (b) the Im-
mediate Competition account, and (c) the Parallel Coerammount. Black line: preferred non-metonymic
condition (The artist painted . .), gray line: metonymic conditioriThe artist started . .). Time is plotted on
the X-axis and strength of commitment to the preferred pristation painting) on the Y-axis. The dashed
lines indicate points in time where interpretation stréngas reached 50% of the maximum, while the open
circles represent hypothetical threshold points at whedders decide to move on to the next region in the
sentence (see text).

participants were tested in Edinburgh, the remaining participants in Dundele.l&s possessed
the same experimental apparatus and software.

4.1.2. Materials

The materials used in this experiment were the 24 items that were identified \@mgho
the appropriate biases in Experiment 1 (see Section 3.2). The picturesidestical to those in
Experiment 1, but instead of written sentence fragments, we now usedeaterspoken sentences
for our experimental manipulations. The sentences were constructectamrto the completion
preferences in Experiment 1. Each picture was combined with threeatiffeersions of spoken
sentences, resulting in three experimental conditions: the metonymic vediiioonthe preferred
verb condition and the non-preferred verb condition. The metonymic emidition ended either
with the preferred instrument noun or with the non-preferred instrumeunt isee (5-a)) in an equal
number of trials. Hence, there was a 50% chance of metonymic verb segtienend in either of
the two instrument nouns. The preferred and the non-preferredceertitions always ended in the
corresponding preferred vs. non-preferred instrument nowes(&b) and (5-¢)). Appendix A lists
the full set of sentences used.

The sentences were read by a male native speaker of Scottish Englstia on minidisk
in a sound-proof booth. The speaker was instructed to use a neutraiimoe. To normalize the au-
ditory stimuli, cross-splicing was used, ensuring that the recordingsidemnéical across conditions
between the offset of the verb and the onset of the instrument noun.
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Furthermore, a set of 30 fillers was constructed. Each of the fillerdstedsf a visual scene
containing four entities, similar to the experimental pictures. Auditory filler serge employed a
variety of different structures unrelated to the critical target sentefitesy were read and recorded
in the same way as the experimental items.

The materials were allocated to four master files, each of which containeflth# @4 tar-
get pictures, but combined with different versions of spoken stimuli adites. Hence, only the
linguistic input varied across conditions while the pictures stayed the saroke fittacontained the
same number of items per condition, according to a Latin square. The 30 fidgesadded to the
four files, and two fixed randomizations were generated for each fileingakre that the first three
items per file were fillers. This yielded eight stimulus files, each of which wes bg a total of
11 participants.

4.1.3. Procedure

Participants were seated approximately 65 cm from a 21” color monitor witd £0Z68
pixel resolution; twenty-four pixels equaled about one degree of visngle. Participants wore
an SR Research Eyelink Il head-mounted eye-tracker running at 208akipling rate. Viewing
was binocular, but only the participant’s dominant eye was tracked (thé eige for about 68%
of the participants, as determined by a simple parallax test prior to the expéyirRaricipants
were instructed to avoid strong head movements throughout the experinienauditory stimuli
were presented via a pair of speakers situated to the left and right otteens The recordings
were played from the hard disk as 16 kHz mono sound clips. A USB gameaadised to record
button responses. Stimulus presentation and data recording were cahbglte&vo PCs running
experimental software developed by the Psycholinguistics Group daSdésniversity on the basis
of the Eyelink API.

Each participant was randomly assigned one of the eight master files. Ataheof the
experiment, the experimenter performed the standard Eyelink calibrati@imepwhich involves
participants looking at a grid of nine fixation targets in random successiwen a validation phase
followed to test the accuracy of the calibration against the same targetstafialiband validation
was repeated at least twice throughout the experiment, or if the experinmenised that measure-
ment accuracy was poor (e.g., after strong head movements or a chahg@articipant’s posture).

Each trial was structured as follows: first a fixation point was displayetthenmiddle of
the screen, accompanied by a brief alert sound. Once the participahfsxated this point, the
experimenter performed drift correction and started the trial. The pictasedisplayed, and after a
fixed 1000 ms preview period, the spoken sentence was played oadespeEach picture remained
on the screen for 7000 ms before the next trial was initiated. The audiokgsce typically ended
1000-2000 ms before the end of the picture presentation. Participargsnséucted to view the
pictures and listen to the sentence attentively, so that they were able toraudsequent questions.
In 25% of the cases (determined at random), the trial was followed by a mvqtiestion on the
screen, replacing the picture. The question could refer either to the @i@wy. Did the artist have
a beard? or to the sentence (e.djd the artist sell the picturefof the immediately preceding trial.
Whenever such a question appeared, subjects had to answer it bingreither the “yes” button or
the “no” button on the gamepad.
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4.1.4. Primary Data Processing

For each picture, a template was generated consisting of ax1@88 pixel bitmap in which
the entities in the visual scene and the background were color-codedx&wple in Figure 1, the
painting, the artist, the paint brushes, and the magnifying glass all fornpedade regions with
distinct colors. Each region was defined in terms of a 12-pixel halo ardl relevant entity’s
contour. The output of the eye-tracker included the X- and Y-cootéiaf participants’ fixations,
which were converted into region codes using the templates. The regi@s egate then mapped
onto three scoring regions: preferred instrument (the paint brushasriaxample), non-preferred
instrument (magnifying glass), or other (artist, painting or backgroufigtions shorter than 80 ms
(approximately 2—3% of all fixations) were pooled with preceding or follgnMixations if these
fixations were within 0.5 degrees of visual angle, otherwise they wergedglghort fixations often
result from false saccade planning rather than meaningful informatioecepsing, e.g., Rayner &
Pollatsek, 1989). Times for blinks were added to the immediately precedirngfigsgassuming
that processing does not pause during a blink) and fixations outsiderdensarea (less than 1% of
all fixations) were deleted. Finally, all consecutive fixations within onére§.e., before a saccade
to another region occurred) were added together and counted gspae

The eye-movement data per trial were then analyzed as follows. The tiriwal featween
1000 ms from picture onset (start of sentence) and 7000 ms from pichset (end of picture
presentation) was divided into 50 ms timeslots, accounting for the fact tbeades may require
up to 50 ms execution time to cover the relatively large angular distances Imetlifiszent scoring
regions in the display (see, e.g., Abrams, Meyer, & Kornblum, 1989)e&oh time slot, we counted
the number of gazes that were observed for each of the three scegiogs. For instance, if a gaze
on a region started at 1000 ms and lasted until 1130 ms, then one gaze egitimewould be scored
for the timeslots 1000-1050 ms, 1050-1100 ms, and 1100-1150 ms. ifeedd subsequent
timeslots would score zero gazes for that region, unless the region waecied several times
within the same trial. The resulting data were then used to compute gaze prolmfalitiess trials)
per region, defined as number of gazes on a given region in a givenldint@dgded by the total
number of gazes in the relevant time slot.

4.2. Results and Discussion
4.2.1. Anticipation

Figure 3 plots gaze probability distributions over time (50 ms resolution) for tbeégions
of interest, namely, the preferred instrument (e.g., paint brushes) ambtirpreferred instrument
(e.g., magnifying glass), separately for the metonymic verb condition (Figayethe preferred
verb condition (Figure 3b), and non-preferred verb condition (FEdia). The data in Figure 3a are
collapsed across the two versions of the metonymic verb condition (endiray &itthe preferred
or non-preferred instrument noun, see (5-a)).

Each plot in the figure spans a time period of 1000—7000 ms from picturet,ares, the
preview phase is not included. Also shown are the average onsetswafrthand the critical instru-
ment noun in each condition (solid vertical lines); the dotted vertical linesatel@9% confidence
limits (across items) for these onsets. For each time slot, we performed a biriestiah raw gaze
counts to determine whether there is a significant difference in numbezesdetween the two
regions of interest. The results of these tests are highlighted by the grag bothe plots, indicating
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time periods with a significant difference pt< .01°> Complementary chi-square tests confirmed
that these differences did not reliably interact with participants or itgmss>(.05), i.e., that they
can be generalized across individuals and materials. For time-slots outsidexbs, either no reli-
able differences were established, or there were significant interaatiidm participants and items,
respectively.

As can be seen, participants launched anticipatory eye-movements to flceedapstru-
ments well in advance of the onset of the instrument noun, but consigddatér than the onset
of the verb® In the preferred verb condition (Figure 3b), there were significantlyemgazes on
the preferred instrument, while in the non-preferred verb condition (Ei@e), there were more
gazes on the non-preferred instrument. For the metonymic verb conditgureR3a indicates sig-
nificantly more looks to the preferred rather than non-preferred insintinegiion, suggesting that
participants interpret metonymic verbs in a way that is comparable to the fg@feerb interpre-
tation (i.e., they takstarted the flowery pictureo meanstarted painting the flowery pictuia our
example). Importantly, in each condition, the relevant gaze probabilityreiftes between the two
instrument regions reached significance even before the lower 99%dence limit of the tem-
poral starting point of the instrument noun (i.e., the onsepaiht brushesor magnifying glass
respectively). This can be taken as evidence for anticipation. Anotisameation concerns the du-
rations of the visual preferences across conditions: while the non-gratorconditions elicited
rather long-lasting preferences for the appropriate instrument regseesFigures 3b and 3c), the
bias towards the preferred instrument region in the metonymic verb condiencamparatively
short-lived (Figure 3a). This is most likely due to the fact that 50% of the nyatic verb sen-
tences ended in the non-preferred instrument noun, and that partiiwanld shift their attention
accordingly in those trials after recognizing the noun.

A comparison between Figures 3a and 3b also appears to indicate thadrgbabilities for
the two instruments diverge later in the metonymic verb condition than in predfeery condition.
This may reflect a dynamics difference due to decelerated processirgnmeftonymic verb condi-
tion, as predicted by both Serial and Parallel Coercion. To find out wehétrs is truly the case, we
conducted a more rigorous time course analysis comparable to the cung-ditigmoach in SAT
and related paradigms.

4.2.2. Time Course Analysis

The purpose of this time course analysis was to provide a precise furdatieseription of
how strength of interpretation develops over time in each condition, and tordetewhether cross-
condition contrasts are better characterized in terms of differences @egsimg dynamics, differ-
ences in interpretation strength, or a combination of both.

The data in Figure 3 were first converted immbability differencegAP) to quantify the
strength of the bias towards the preferred instrument region in eaclitiocon@ee Figure 4): for both
the metonymic verb and the preferred verb condition, gaze probabilitiesarotirpreferred instru-
ment region (magnifying glass) were subtracted from the corresporyding probabilities on the

SGiven the large number of tests, we employed a stricter significancei@nitévan the commonly assumed 5% rule.
Post-hoc adjustments like the Bonferroni correction, on the other vemald result in unacceptably high type Il error
probabilities.

6In fact, it appears that the curves in Figure 3 start to diverge jusnarthe onset of the auxiliary vetsing whose
average onset occurred 1068 ms before the onset of the criticalrimstit noun. This could mean that anticipation of the
instrument noun was triggered ging or alternatively, that the processes enabling anticipation were comlétrd
the object noumpicturehad been integrated.
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preferred instrument region (paint brushes), such that more posé#iues indicate a stronger visual
bias towards the preferred instrument region; for the non-prefesmeedl condition, gaze probabili-
ties on the preferred instrument region (paint brushes) were suldriiora the gaze probabilities
on the non-preferred instrument region (magnifying glass), such thed pusitive values indicate
a stronger visual bias towards the non-preferred instrument regate (hat in the present analyses,
we were more interested in the strength of the bias rather than its directiamlifférence curves
in Figure 4 span a 3500 ms time period from the onset of the verb (determidigdalinally for each
item) until about 1000 ms after the onset of the critical instrument noun, evtrass-condition av-
eragé is indicated by the solid vertical line in the plot, together with 99% confidence limétsheld
vertical lines). Probability differences in the given time period formed ttsestfar the present time
course analysis.

Figure 4 indicates that there were time periods wh&iRe(our measure of interpretation
strength) was roughly at zero (no visual preference for either imstni region), followed by time
periods wheré\P was rising, reaching a peak (maximum visual preference for the peefer non-
preferred instrument region), and then declining again. We fitted a raingjéerently shaped peak
distribution functions to our data, and identified thegistic Power PeakLPP) function as the best
description of the variance both within and between conditions. A mathemaséfialtebn of this
function is given in equation (1) below.

8P = ?(”ex"(w;z(y)_a))vyl”p(w_’) UERTE
fory>1 B#0

The function comprises four independently adjustable parameters whachiluke different
characteristics of the observédP distributions over time. Figure 5 provides an illustration of how
variation in each of these parameters affects the shape of the functamplkedin the figure shows
three curves associated with three different settings of an individuahpser while keeping the re-
maining parameters constant. As can be seen, there is one parameteaifzenpditude) which
captures variation in overall interpretation strength (the maxinditRrvalue achieved), while the
remaining parameters all characterize differences in dynamicspTgagameter, for instance, de-
scribes the width of the distribution over time. Its interpretation is comparable tothhbe rate
parameter known from bounded exponential models in SAT-analysis:hei{figvalue results in a
wider peak distribution over time, i.e., a slower rise to the peak value in the ledf thié distribution
and a slower decline from the peak value in the right tail (but see beldve ldcation parametér
has an interpretation similar to (though not quite the same adphtbeeptparameter in bounded
exponential SAT models. It provides a millisecond index of the peak locatitimat lower values
of & imply an early peak (fast processing), higher values a late peak (sloeegsing). The sym-
metry parametey does not possess an analog in bounded exponential models, whelige¥-xae
to an asymptote rather than a peak. In the presBRtmodel,y determines whether interpretation
strength is distributed symmetrically around the peak (1) or not § > 1); in combination with a
positive width-parametef(> 0), increasingly highey-values imply an increasingly slower decline
from the peak in the right tail of the distribution (as shown in the figure); miomation with a neg-
ative width-parameteiff(< 0), increasingly highey-values imply an increasingly slower rise to the

"Instrument noun onsets were virtually the same across conditionsige B).
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peak in the left tail of the distribution (which would produce a mirror-inveiitedge of the curves
in the bottom right panel of the figure). Thus, by varying the sigif§,ahe function is capable of
modeling both positively and negatively skewed distributions. Importanthase of an asymmetry
(y> 1), the rate of processing in the left tail of the distribution (i.e., beforeheacthe peak value)
is appropriately described 3 providedp is positive; if  is negative, rate of processing in the left
tail of the distribution is better captured lyy(this complication in the parameter relations will be
dealt with in Section 4.2.3).

To determine the amount of parameter variation necessary to describeofsecondition
differences in Figure 4, we employedampetitive nested model fittiagproach, exploring a range
of possible models starting with a simpl&-13-13-1y model (adjusting a single amplitude, width,
location, and symmetry parameter to all three conditions) and ending with &f3-383-3y model
(fitting a unique set of parameters to each of the three conditions). Thigevesnot only for the
grand average data (Figure 4), but also for subsets of data (poreing to the eight sub-groups
of participants that shared the same stimulus files)as to explore the consistency of the model
fits. The models were compared in terms of #ujusted R statistic (explained variance adjusted
by degrees of freedom — increasing numbers of parameters lead toemsedadjusted R unless
a substantially improved fit is achieved). Importantly, we also determined whatljiven model
produced any systematic residuals that could be explained by additicaah@@rs. The analyses
were performed in TableCurve-2D, using the Levenberg-Marquitidig algorithm.

It turned out that an 11-parameter model{33-3d-2y) yielded the best description both of
the grand average data and of the eight data subsets. The model congpesparata, 3 and
0 estimate for each condition, while two of the three conditions shared the gastenate (see
below). The model achieved adjusted R of .951 on the grand average data, ranging from .947
to .965 across conditions. Across data subsetisted Rs ranged from .867 to .918. Models with
less parameter variation produced systematic misfits and comparativedjasted R values; the
full 3A-3B-35-3y model, on the other hand, obtained slightly lowejusted Rs due to unnecessary
parameter variation. The amount of parameter variation in the best modgstagystematic cross-
condition differences in the overall strength of interpretation (variatioy) s well as in processing
dynamics (variation if8, 8, andy). These can be explored more fully in terms of the model’s actual
parameter estimates in Table 2.

As can be seen in the table, there were consistent, but fairly minor diffeseim ampli-
tude Q). In particular, the metonymic verb condition still achieved around 95% ofrthgimum
bias that was estimated for the preferred verb condition. This does oatpra lot of support for
competition — be it immediate or mediated via coercion — which should have maniftesstdn
a considerably smaller amplitud®)(for the metonymic verb condition than for the preferred verb
condition (reduced interpretation strength due to competing interpretationgetonymic verbs).

In stark contrast to this, the remaining parameter estimates in Table 2 indicate pabh
nounced cross-condition differences in processing dynamics, temisisith the assumption that
enriched composition incurs extra processing costs: in comparison todfesrpd verb condition,
the metonymic verb condition engendered substantially decelerated pragessindicated by con-
sistently larger width§) and location §) estimates; th@ estimates were all positive, indicating a
slower rate of processing in the left tail of the distribution (i.e., beforehizgcthe peak value) for
the metonymic rather than preferred verb condition; also, maximum interpretttength was ac-

8Unfortunately, the range of possible models to be explored, as well amithber of data points required to achieve
reasonably stable parameter estimates, rendered analyses by patsicipdems unfeasible.
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Parameter
Condition Amplitude ) Width (3) Location @) Symmetry {)
Metonymic verb .189 296 2754 1.06
(.192+.007) (290+47) (2752+61) (1.12+0.11)
Preferred verb .198 159 2403 25.71
(.201+.006) (153+39) (2391+59) (25.71+7.98)
Non-preferred verb .207 459 2893 1.06

(.208+.006) (4474+58) (28814+68) (1.12+0.11)

Table 2: Parameter estimates per condition derived fronbéstL PP fit of the grand average data. Figures
in parentheses refer to mean parameter estimates (with 88ficlence limits) across the eight data subsets,
based on the same 3(3-35-2y model.

cumulated about 350 ms later in the metonymic verb condition than in the prefemedondition
(difference ind). The slowest condition, both in terms of processing rate and peak locatam
the non-preferred verb condition, presumably because the eveatedeim this condition grtist

analyzing picturgis rather atypical compared to thar{ist painting picturg interpretation that is
generated both in the preferred verb condition and — at least temporarilyhe metonymic verb
condition.

Finally, there were marked differences in symmetyy (vhile processing rate was more or
less symmetrically distributed around the peak in both the metonymic verb and ihgreferred
verb condition ¥ &~ 1), there was a clear positive skew in the preferred verb conditiontipeos
B andy > 1), indicating a very slow decline from the peak in the right tail of the distrilbutio
This corresponds with the observation in Section 4.2.1, that the visuarprefe for the preferred
instrument region lasted much longer in the preferred verb condition thareim#tonymic verb
condition. Indeed, Figures 3 and 4 indicate that in the preferred vemditbon, the visual bias
towards the preferred instrument region extended well into time periodsevthe instrument noun
was available, whereas in the metonymic verb condition, the correspondiagléd@ined quite
rapidly after the onset of the instrument noun (apparently becausefhithl ime, this instrument
noun was incompatible with the preferred interpretation). The lack of sugynmanetry contrast
between the metonymic verb and the non-preferred verb condition (in dpite tatter showing a
longer-lasting visual bias in Figures 3 and 4) is most likely due to the factiibaitlevant difference
was captured in width) rather than symmetryyj.

4.2.3. Parameter Validation

One objection against the previous time course analyses might be tHaPEhiinction in
equation (1) is rather complex and prone to parameter tradeoff. Redsat tiés model, processing
rate in the left tail of the data distributions (which is of particular interest in ithaiostly reflects
how quickly visual preferences accumulate before the critical instrumaunt is available) is con-
jointly determined by two parameter,andy. It could be that for some conditions or data sets,
processing rate before the peak was better capture@l yhile in other conditions or data sets,
it was more appropriately described ByThis might question the validity of our previous claims
about cross-condition differences in processing rate, particularljrfe periods before the instru-
ment noun has been processed.

We therefore tried to replicate our findings by fitting a simpler model to the left fah®
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Parameter
Condition AsymptoteX) Rate 3)  Location Q)
Metonymic verb .249 293 2372
(.249+.041) (272+45) (2356+112)
Preferred verb 217 160 1888
(.225+.008) (159+23) (1898+52)
Non-preferred verb 271 415 2270

(272+.013) (412+48) (22824 78)

Table 3: Parameter estimates per condition derived fron®tharameter sigmoid fit of the truncated grand
average data. Figures in parentheses refer to mean paragstiteates (with 95% confidence limits) across
the eight data subsets, based on the saxrg333d sigmoid model.

data distributions in Figure 4. For this purpose, only data points betwebronset (zero) and the
peak location, as estimated by the bleBP fit of the data (respectively, the time slot closest to the
relevant peak location), were considered in each condition, as shawigure 6.

The model used for fitting these truncated data distributions was a stangiaaid function,
as defined in equation (2) below.

A
2) AP(t)=—7——;f 0
) (t) 1+exp<_%> or B #

The sigmoid function describes a symmetrically S-shaped curve in terms efgarameters:
an asymptot@ which determines an upper limit &P at maximum time, a rate paramefeindex-
ing the speed of transition from zero to asymptote, and a location parabnetech determines the
point in time wheredP = 0.5\ (the central inflexion point of the S-curve).

Informed by the findings in Section 4.2.2, we fitteda33-30 sigmoid model to the truncated
data in Figure 6 (the model fits are indicated by solid curves in the figure) mddel achieved a
meanadjusted R of .939 on the grand average data, ranging from .932 to .946 acrodgioos.
Across data subsetadjusted Rs ranged from .848 to .893. Table 3 shows the relevant parameter
estimates. As can be seen, the previous results, especially for thegpnocede parametdd, were
closely replicated: the metonymic verb condition was associated with a Higimeeaning slower
processing) than the preferred verb condition, and the non-peeferrb condition produced the
highest (in fact, these processing rate estimates were numerically very close tadidssd from
the LPP model, see Table 2). Cross-condition differences in the other two panenigtand o)
were also comparable to those observed in the relevBRtcounterparts. However, it should be
noted that the sigmoid model tended to produce rather excessive asyngtiotates for our data
distributions, presumably due to underfitting. The crucial point is that botlletsaconverge on
the fact that there was substantial processing slowdown in the metonyrbiceedition (as well
as the non-preferred verb condition) relative to the preferred vendition. There was, however,
little or no evidence for competition in the metonymic verb condition relative to thizpea verb
condition, as would have become manifest in substantially Iwestimates for the former.
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4.2.4. Looks to Competitor Instruments

The previous time course analyses all relied on probability differencegglto preferred
instruments minus looks to dispreferred instrumeAR) as a measure of interpretation strength.
The measure essentially reflects how strongly perceivers discriminateedretpreferred and
non-preferred instruments in the display, enabling us to modelrtezaction between condi-
tion (metonymic vs. preferred vs. non-preferred verb) and type dfungent (preferred vs. non-
preferred) as a function of time during picture viewing.

From a statistical point of view, the use of probability differences may eawithout prob-
lems. Higher proportions of looks to one instrument entity are likely to entaili@r@portions of
looks to the other instrument entity, suggesting that part of the informatiotaic@a inAP is re-
dundant. However, note that this does not necessarily compromiseamioys conclusions. First,
proportions of looks to either of the two instrument entities were not fully complgary: in a
considerable number of cases, looks to a given instrument entity werehledirat the expense of
looks to a non-instrument entity (e.g., the artist, the painting or the backgroatir than looks
to the alternative instrument entity. Second, and more importantly, reduiedan&P are bound to
amplify, not attenuate, any cross-condition differences in the visual prefeseof interest. In our
view, this renders the lack of conclusive evidence for competition ever stdking.

A more theoretical concern might be that some competitive accounts emptdf@rences
in looks to dispreferred entities (so-calledmpetitor objecismore than differences in looks to pre-
ferred, target entities (see, e.g., Allopenna et al., 1998; Dahan, Magnuson, & Tangnp@01) —
our previous analyses, by contrast, treated both as equally importane follitwing analyses, we
therefore focused only on probabilities of looks to competitor instrumentsamgared them be-
tween the two most critical experimental conditions (metonymic verb vs. peefeerb). Figure 7a
shows the relevant data, spanning a time period from 1000 ms (senteset wmtil 7000 ms (end
of picture presentation) in 50 ms resolution. Note that the data for the metonyrhicwedition are
again collapsed across the two spoken versions, ending in either tleerpdedr the non-preferred
instrument noun.

As the figure indicates, there were indeed slightly higher proportions zdggan the com-
petitor instrument (magnifying glass) in the metonymic verb condition comparecetpréferred
verb condition, most markedly so in a time period of approximately 200-950 fogebile onset
of the instrument noun, and in a time period of approximately 350-1850 mstla#temnset of the
instrument noun. This would suggest a certain degree of competition in theyn@toverb condi-
tion. However, what can also be seen from the corresponding 95%tleane intervals in Panels (b)
and (c) of the figure (these are equivalent to a series of paired satrplgs, each assuming sig-
nificance atp < .05.) is that theearly difference was significant (by participants and items) only
within a single 50 ms time slot which comprised a potential negative outlier in therpedfverb
condition (marked by an arrow in Figure 7a). Thus, evidence for competitefore the onset of
the instrument noun appears to be rather faint, if not spurious.ldteepost-instrument differ-
ence, by contrast, extended over longer time periods and was compbratibust. However, this
post-instrument difference is hardly surprising given that half of the myetac verb trials ended
in the non-preferred instrument noun, whereas preferred verb &iatsys ended in the preferred
instrument noun.

We also fitted_PP functions to each of the data series in Figure 7a. However, these obtained
comparatively poor fitsR?s < .8) or no solution at all due to insufficient systematic variation over



SERIAL COERCION 20

time in some data subsets. The previously reported probability differemtemtsuffer from this
problem.

5. General Discussion

Previous experimental studies have shown that participants experisszasging difficulty
when reading metonymic constructions suchtlees artist started the pictureThis slowdown in
processing has often been attributed to enriched composition, which claitredidiional struc-
ture has to be constructed when a noun referring to an artifact (sygictase) is coerced into the
event representation required by the vethart (McElree et al., 2001; Traxler et al., 2002; Lapata
et al., 2003; McElree et al., 2005). However, as discussed in the intioduaf Section 4, such
differences in reading time could also be due to the fact that readers t@mmultiple interpre-
tations for metonymic verbs (e.ghe artist started painting/analysing/framing the pictuvehich
compete with one another and thus decelerate the process of establishingrpreiation that is
unambiguous enough for the reader to decide to move on in the text.

In this paper, we employed the visual-world paradigm to distinguish betweea tfossi-
ble accounts of metonymic verb interpretation: Serial Coercion (whereuwliffi associated with
metonymic verbs is solely due to enriched composition of a single interpreta®argllel Coercion
(where enriched composition triggers a competition between alternative retigipns), and Im-
mediate Competition (where competition alone is sufficient to explain the difficudtyceeted with
metonymic verbs).

Participants listened to metonymic sentences suctheaartist started the flowery picture us-
ing the depicted . .while at the same time looking at a visual array comprising instruments for two
potential interpretations ddtart, e.g., a palette with paint brushes (for the domirsatted painting
interpretation) and a magnifying glass (for the subordirsiteted analyzingnterpretation). This
setup allowed us to investigate the time course of metonymic verb interpretatmporpions of
looks to the depicted instruments were taken as an indicator of the kinds gfrattions that lis-
teners pursue at any given point in time, as well as of the strength of comntitmene of these
interpretations against potential alternative interpretations.

Detailed analyses of how visual preferences for the relevant instrtuemdities developed
over time revealed that processing was substantially slowed down in metonyicorestructions
relative to non-metonymic constructions with comparable interpretations. Eeinte evident in
substantially slower processing rates and delayed peak locations for theyméc verb condition
after fitting aLogistic Power Peaknodel to gaze probability differences over time. Enriched com-
position predicts such a slowdown for metonymic verbs via type-shifting artifact-denoting
object noun into an event representation required by this type of veracé] models that assume
this costly type-shifting operation to take place in metonymic verb constructians $erial or
Parallel Coercion) can easily explain the obtained differences in gimgedynamics. Immediate
Competition, on the other hand, fails to explain those differences becaumechanism other than
competition is provided in this framewofk.

Most importantly, our experiment also revealed that cross-conditiorréiftes in amplitude
(the estimated maximum visual preference for the preferred instrumentinceadition, taken to

9This is not to say that competition-based frameworks are generallyabbapf modeling differences in processing
dynamics. In some implementations, the temporal behavior of the systerhecmodulated, for example, by varying
the timings with which different constraints enter the competition (see McRale 4998). However, any such solution
would require additional theoretical as well as empirical justification in éeuwy



SERIAL COERCION 21

indicate strength of commitment to the relevant interpretation) were virtually rieiglign other
words, our experiment failed to provide evidence for the simultaneougatiot of multiple inter-
pretations in metonymic verb constructions, a conclusion that is furtheslworated by the lack of
a convincing effect in looks to competitor instruments, see Section 4.2.4eTihdsgs are difficult
to reconcile not only with the Immediate Competition account but also with the RaCakecion
account — both assume a stronger degree of competition in metonymic vestrumbions as op-
posed to non-metonymic controls. Taken together, this leaves us with thé Geeiion account
as the best explanation of our data.

It seems likely that further experimental work is required to conclusivstgtdish that there
are no competition effects in the interpretation of metonymic verbs. An additivest,informa-
tive test would be an experiment in whighelevantinstruments are shown alongside preferred and
non-preferred instruments in the visual display (thus following more cldakelgesign in Allopenna
et al., 1998, for exampléf That is, the example picture would not only include the paintbrushes
(preferred instrument) and the magnifying glass (non-preferred imsint), but also, e.g., a jack-
hammer (an irrelevant instrument in the sense that it is not compatible with aing iofterpretations
triggered byThe artist started the picture .)..Given such a design, a parallel/competitive account
predicts that in the metonymic verb condition, the non-preferred competitwuiment (magnify-
ing glass) would attract more anticipatory looks than the irrelevant instru@aakhammer). This
is because, of these two instruments, only the competitor instrument wouldtoetate of the com-
peting interpretations taken into consideration by the processor. Thd Segecion account, on
the other hand, predicts that there should be no difference in propedidooks to competitor vs.
irrelevant instruments — both would be largely ignored since only the instruomenpatible with
the dominant interpretation (i.e., the preferred instrument) would be taken ontgideration. We
are currently conducting a follow-up experiment to test these predictions.

Most authors (starting with McElree et al., 2001) hypothesize that theepsotgy of coerced
verbs requires the comprehender to construct additional structurehwdads to increased pro-
cessing effort, and therefore to increased reading times (or to a detteteeffect such as the one
observed in the present study). However, there have been no atterapgddin the cognitive mech-
anisms that underlie the hypothesized construction of additional strutiiufiect, the only explicit
model of metonymic verb interpretation that we are aware of is the one otdapal. (2003). They
propose a Bayesian account where the comprehension of a metonyméssrp is modeled as
the computation of, the interpretation which maximizé¥(i,v,0,s), the joint probability ofi, the
metonymic verhy, its subjects, and objecb. This probability can be broken down as:

(3) arg mia>P(i,v, 0,S) = arg mia>P(i)P(o\i)P(v|i ,0)P(sli,0)

This equation implicitly assumes a serial coercion mechanism, as it returnsle isitggpretation

i (the one that maximizes the joint probability); a parallel coercion model wotldrre list of
interpretations (possibly ordered by probability). It is important to noteyewer, that Lapata et
al.’s (2003) model only captures the process of computing the prefiatiergretation of metonymic
constructions (such dke artist started the pictujelt does not deal with the interpretation of non-
metonymic constructions (such e artist painted the pictuje This means it offers only a partial
account of the data from Experiment 2, as it does not allow a comparetwrebn the metonymic

10We owe this suggestion to an anonymous reviewer.
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and the non-metonymic conditions. Extending the model to handle non-metonynsicwections is
a topic for future research.

How do our data compare to the results from a recent SAT study investighgrigme course
of metonymic verb interpretation (McElree et al., 2005)? In this experimernithalias based on
sensicality judgments, metonymic verb constructions were found to be paitésss accurately
and, most importantly, more slowly than non-metonymic controls. The differenaccuracy could
be taken as evidence for readers being less likely to compute a sensiblévevpterpretation
in metonymic constructions. The difference in processing speed is, agaigistent with a time-
consuming enriched composition process. Using a different paradignexperiment clearly con-
firmed the latter finding, while the difference in accuracy does not seeravi® & direct equivalent
in our data. However, it has to be noted that the two experiments measuregahtatively rather
different aspects of comprehension — sensicality judgments on the odehdrooks to instrument
entities associated with different verb interpretations on the other. Whilelfgkeet al.’s (2005)
study was primarily concerned with the problem of whether readers cly eame up with a sen-
sible interpretation for metonymic verb constructions, our study was tailm@mehd the question
of how manydifferent interpretations are computed for such verbs, and whether thevidence
for on-line competition between different metonymic verb interpretations. ditferent interpre-
tations were always visually supported in our paradigm, making it more likehfigtaners came
up with a sensible interpretation. However, the lack of a convincing compeéffent in our data
(in spite of the fact that our experimental setup shandouragehe generation of multiple inter-
pretations, given that instruments associated with different interpretatieradways present in the
visual display) strongly suggests that only a single, most dominant metonyridnterpretation
is computed at a given time. In this respect, our findings go beyond théusamts from McElree
et al. (2005).

Importantly, the relevant interpretational preferences (as evidenceiibal biases towards
associated instrument entities) were already established before stffid@mation about the in-
dicative instrument noun became available in the linguistic input (see Sectidl).43r visual
world experiment therefore adds to a growing body of research wiiotvs that listeners are able
to anticipate forthcoming reference to entities in the visual display on the biaisisremental in-
terpretation of concurrent spoken material (e.g., Altmann & Kamide, 198®ile, Altmann, &
Haywood, 2003; Kamide, Scheepers, & Altmann, 2003; Knoeferle é2@05; Arai et al., 2006).

Future research will show whether the present anticipatory effects degendent on recog-
nizing the wordusing or on integration of the preceding complement npiature(see Footnote 3).
The fact that instrumentsereanticipated in the present experimental setting has important impli-
cations, however. It suggests that the observed cross-conditi@natiiffes in processing dynamics
were triggered by comprehension processes that started before titvenest noun was available,
even though the slower experimental conditions reached their maximum gttgtipnal biases dur-
ing time periods beyond the onset of the instrument noun (see Figure 4).

A final point concerns the processing of non-preferred contmstractions such abe artist
analyzed the picturdn line with previous findings from reading (McElree et al., 2001; Traete
al., 2002), we found evidence for a processing slowdown in this typ@ms$touctions relative to
preferred non-metonymic controls. This effect can be attributed to thiefatnon-preferred con-

11Another problem is the fact the model is not incremental as it stands;ctmuat for time course data, the model
would have to be extended to work with partial information (e.g., if only tbeb\s available to compute the preferred
interpretation, but not the object).
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structions denote rather atypical situations which generally make less teelzsguage compre-
henders. In our experiment, we found that non-preferred serdararesed even higher processing
costs than coerced metonymic sentences, which is somewhat puzzlingtlgtereading studies
suggested the latter to be slightly harder to process than the former. Oumagtaindicate that
prediction of an instrument (which forms the basis of the present findinggntrast to previous
reading data) is particularly difficult for less stereotypical events ssdhe artist analyzed the
picture in stereotypical events such e artist painted the picturer the preferred interpretation
of the artist started the picturgrediction of the instrument may be relatively easy. This could be
an interesting question for further investigation. Future work might also dechiher types of logi-
cal metonymy (e.g. adjective-noun combinations), and enriched compaggitioasses outside the
domain of logical metonymy (Todorova, Straub, Badecker, & FrankQ2B@llman, 1997).

In conclusion, the present research provided evidence for theo€estriched composition,
confirming earlier results from reading and SAT experiments. Howeveriqus findings were
ambivalent as to whether processing difficulty associated with metonymis V&iolely due to
enriched composition, or whether competition between alternative interpretditensed by such
verbs could explain at least part of the difficulty. The present datgesighat the answer to the
latter is negative.
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Appendix A. Materials

Linguistic materials selected for Experiment 2 (the corresponding pictaede obtained
from the first author). For each item, the relevant verb triplet is providedsisting of metonymic
verb / preferred verb / non-preferred verb, along with the cpesing preferred / non-preferred
instrument noun pair.

(6)  The artist{started / painted / analysgthe flowery picture using the depictégaintbrushes
/ magnifying glass.

(7 The engineer wilfstart / write / readl the urgent memo using his nefballpoint pen / pair
of glasses.

(8)  The editor will{finish / write / read the leading article using his olballpoint pen / pair of
glasses.

9) The interior designer wil{begin / design / decoratehe new kitchen using the depicted
{drawing-board / wallpapér

(10)  The editor will{finish / edit / read the drafted newspaper using his good fbencil / desk
lamp}.

(11)  The publisher wilfbegin / publish / reaflithe exciting novel using the practicegdomputer
/ desk lamp.

(12)  The exper{started / evaluated / paintpthe valuable picture using his nefmagnifying
glass / paintbrushés

(13) The director will{start / write / read the new script using a conventiongtlypewriter /

desk lamp.

(14)  The banker wilKstart / make / drink the morning coffee using his owftoffee maker /
cup}.

(15)  The boy will{finish / write / sendl the letter for Santa Claus using a bl{f@untain pen /
stampg.

(16)  The mechanic wilffinish / repair / wax the articulated lorry using his specigtioolkit /
car polish}.

(17)  The teenager wil{begin / read / writ¢ a new novel using his stylisfiglasses / ballpoint
pen;.

(18)  The studenffinished / read / wrotpthe heavy book using her nefpair of glasses / pgn

(19)  The chef will{start / cook / edtthe rich dinner using the depictdérying pan / cutlery.

(20) The composer wil{begin / write / direc} a grandiose symphony using his beloveplill
/ batory.

(21)  The builder will{start / build / demolish the small house using his approvébricks /
wrecking bal}.

(22)  The guitarist will{attempt / play / sing§ a spirited solo using his neyelectric guitar /
microphoné.



(23)

(24)
(25)

(26)

(27)

(28)

(29)
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The diner will{start / eat / cook the luscious meal using his high-qualitgutlery / frying
pan;.
The cook will{try / taste / buy the hot spices using his ofgpoon / pursg

The mechanic willfinish / repair / switch off the old TV using his all-purposétools /
remote controj.

The builder will{master / drive / constru¢tthe winding road using the impressiysports
car / steamrolle}.

The diva will{enjoy / sing / watch the ambitious aria using her neinicrophone / binoc-
ulars}.

The carpenter wil{ finish / clean / plangthe wooden commode using his spedipblish /
planef

The distiller will {begin / make / tasfethe superb whisky using a traditiongbot still /
glasg.
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(a) Metonymic verb condition (started)
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(b) Preferred verb condition (painted)
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(c) Non-preferred verb condition (analysed)
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Figure 3 Gaze probabilities (by time steps of 50 ms) for the two caititarget regions (preferred vs. non-
preferred instrument) in each experimental conditionidBetrtical lines represent the average onsets of the
verb and the instrument noun in each condition, dotted lindkate 99% confidence limits (by items) for
these onsets. The gray boxes highlight time periods whembets of gazes differed significantly between
the two target regiond{nomial p< .01).
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Figure 4 Gaze probability differenced\P) from the onset of the verb until about 1000 ms after the onset

of the instrument noun. Solid lines indicate the best graretage fit of the data, based on a 11-parameter
Logistic Power Peaknodel (see text).
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Figure 5 lllustration of thelogistic power peaLPP) parameters used to fit the probability difference
distributions in Figure 4.
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Figure 6. Gaze probability difference€\P) from the onset of the verb until the peak location derivexhfr
the bestL.PP model (see previous section). Solid lines indicate the pesid average fit of the data, based
on a 9-parametesigmoidmodel (see text).
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(a) Probability of gazes on competitor instrument
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(b) 95% ClIs for the difference (by participants)
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(c) 95% ClIs for the difference (by items)
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Figure 7. Top panel: probabilities of gazes on the competitor imsent (magnifying glass) for the
metonymic verb and the preferred verb condition. Solid igattlines represent the average onsets of the
verb and the instrument noun. Panels (b) and (c) show 95%cdmnde intervals (by participants and items,
respectively) for the difference between the two condgigmeach 50 ms time slot (positive values imply
higher proportions of gazes on the competitor instrumerihhénmetonymic verb condition). Significant dif-
ferences are highlighted by filled symbols in Panels (b) ahd (



