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LEXICAL AMBIGUITY

Abstract

Theoretical linguistic accounts of lexical ambiguity distinguish between homonymy,
where words that share a lexical form have unrelated meanings, and polysemy, where the
meanings are related. The present study explored the psychological retlig/tiogoretical
assumptionby asking whether therés evidence that homonyms and polysemes are
represented and processed differentlythe brain.We investigated theime-course of
meaning activatiorof different types of ambiguous words using EEGlomonyms and
polysemes wereachfurther subdivided into two: unbalanced homonyms (éagach’) and
balanced homonyms (e.gmatch’); metaphorical polysemes (e.gmouth’) and metonymic
polysemes (e.g:rabbif’). These four types of ambiguous words were presergpdmesin
a visual single-word priming delayed lexical decision task employing a long ISI (750 ms).
Targets were relatettd one of the meanings of the primes, or were unrelated. ERPs formed
relativeto the target onset indicated that the theoattlistinction between homonymy and
polysemy was reflecteth the N40O brain response. For targets following homonymous
primes (both unbalanced and balanced), no effects suraiviinils long ISI indicating that
both meanings of the prime had already deca@ecthe other hand, for polysemous primes
(both metaphorical and metonymic), activation was observed for both dominant and
subordinate senses. The observed processing differences between homonymy and polysemy
provide evidencen support of differential neuro-cognitive representations for the two types
of ambiguity. We argue that the polysemous sensaescollaborativelyto strengthen the
representation, facilitating maintenance, while the competitive nature of homonymous
meanings lead® decay.
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Highlights

ERP (N400) investigation of meaning activataframbiguous wordat a long ISI.

Evidence for differential neuro-cognitive representations for homonymy and polysemy.

Sustained meaning activation for polysemy but not homonymy.

Polysemous senses act collaboratitelgtrengthen the core representation.

The competitive naturef homonymous meanings leadsdecay.
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1. Introduction

Lexical ambiguity, where words share phonology and orthography buteefere than one
conceptjs very prevalenin language. Thus, comprehension of ambiguous werctsicial

for interpreting the intended messaeavritten or spoken language. Given the ubiquity of
ambiguityin language, neuro-cognitive models of word recognition and of language
comprehension more generally, must explain how ambiguous words are represented and
processedh the brain. The present study explores this issue Eitgmethodology and

visually presented ambiguous worblg¢e focusin particular on théime-course of activation

of ambiguous word meanings, and on what the processing differences between theoretically-
proposed types of ambiguity tell us about their representatighe brain.

Ambiguous words do not form a homogeneous category. Theoretical linguistic
accounts of lexical ambiguity distinguish between different tgp@snbiguity with the main
distinction being between homonymy and polysemy. Homonymy refeverds where a
single lexical form has multiple semantically-unrelated distinct meanings. For example,
“coaclh’ means a vehicle used for transport anehdividual who trains a sports team. The
different meanings of a homonym share a common lexical hyrhstorical accident and
accordingly lexicographers list different meanings of homorgsseparate entriea
dictionaries. Importantly, psychological daaonsistent with the linguistic approaich
homonymy andt is widely accepted that the different meanings have distinct lexical
representations the brain (Beretta, Fiorentino, & Poeppel, 2005; Pylkkanen, Llinas, &
Murphy, 20®). By contrast, the nature of polysemous representaitdas more
controversial and less well understood. Polysemy rédes®rds where a single lexical form
has multiple meanings that share a semantic relationship. For exgrapks’ means a type
of material and also the content of a publication sasghnewspaper, whids (at least

traditionally) printed on paper. Lexicographers list polysemous meanings under the same
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lexical entryin a dictionary, typically using shared etymolaggthe important criteriom
additionto shared semantics. From a psychological perspedtigajnclear how the
different meanings or senseasthey are more often referredare representad the brain.
Do polysemous senses, like homonymous meanings, have distinct lexical representations
the brain or do they share a single common representation?

The natureof polysemy representatias further complicated because polysemy does
not referto a homogeneous category and ther@ broad varietpf waysin which
polysemous senses are related. Most notably, and again within a theoretical linguistics
framework, a distinctiocanbe made between metaphorical polysemy and metonymic
polysemy (Apresjan, 1974). Metaphoriggbolysemous words (also referreoas metaphor)
have a primary or literal meaning and a secondary figurative meaitigough with
continued use oveime the secondary meaning mhg perceivedasliteral. For example, the
primary meaning ofmouth’ is the openingn the face and the secondary meaning refers
more generallyo anentrance or opening, for example of a cave. Metaphor links two distinct
concepts through analogy (e.gnouth’, part of human body and part of a cave). The
analogical relation may not always be very salient (Apresjan, 1974) and, morewver,
irregular and takes many different fornBg. contrast with metaphors, both primary and
secondary meanings of metonymically polysemous words are literal. Furthermore, the
semantic connection between the different meansgsually transparent and often follows
one of a number of systematic patterns (Lehrer, 1990). For example, a word réfearing
animal (e.g:‘rabbit’, “fish”) often also referto the meat of that animal, and a word referring
to a physical object (e.gbook”, “DVD”) often also referto the contents of that object
(Pustejovsky, 1995]t has been argued that such linguistic rules nitgessible that thers
a single basic or core lexical sense from which others are derived online during

comprehension (Nunberg, 1979). However, the core meaning prapasalwithout
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problems. Polysemous senses are not always predictabile sme cases, the different

senses of polysemes are semantically quite differentietiea relation between the tvean

be easily understood (e.gpaper” referringto wrapping paper ani the editorata

newspaper, Klein & Murphy, 2001lf. has also been argued that for most polysemous words

it is difficult to find a single basic sense from which the others can be derived (Zgusta, 1971).
Without the possibilityf deriving meanindpy a linguistic rulejt is argued the seesmust

be explicitly represented (Cruse, 1986; Lehrer, 1990). tteriavestigate the evidence for
distinct versus overlapping representations of the senses of metaphora@mgmsaswell
ashomonyms. Before turning our experimentye discuss the existing experimental

evidence.

1.1. Inconsistent behavioural evidence for representational and processing differences
between homonymous and polysemous words
A number of experimental psycholinguistic studies have investigated whether the
aforementioned linguistic claims and assumptions have a psychological reality, with mixed
results. Several studies that directly compared the processing of homonyms and polysemes
concluded that representational differences do exist between the two types. For example,
during reading, polysemes were associated with shorter fixation times than homonymous
words (Frazier & Rayner, 1990). This finding was utedrgue that different senses of
polysemous words are complementary, not incompatible, and thus selection of a specific
sensas not required immediately for processitogcontinue In contrast, the distinct
meaning®f homonyms compete for activation or selection, which delays processing. Further
evidence for a distinction between homonyms and polysemes comes from lexical decision
tasksin which reaction times were fasterpolysemous words than unambiguous words,

but slowerto homonymous words (Beretttal., 2005; Klepousniotou & Baum, 2007; Rodd,
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Gaskell, & Marslen-Wilson, 2002). The processing disadvantage observed for homonymous
wordsis also well explainethy anaccount of word recognitian which the different

meaningof the homonym compete for activation or selection, whereas the facilitation
observed for processing polysemous senses reflects @thetivation of multiple senses

which perhaps form a rich semantic representation, or activatemurfderspecified
representation where selection of a specific sexset required.

Another wayto assess the wag which different types of ambiguous words are
processed and representetb probe the activation of the various meanings of ambiguous
wordsby measuring semantic priming effects. For example,lexical decision task, where
faster responsée targets are observed when the targetrecededy a related compardd
anunrelated prime (e.g., a word, a sentence or a picture), the response facilitation reflects the
fact that the prime leads pre-activation of the target meaning or resintsasier post-
lexical integrationin the case of ambiguous primes, the meitmtbe usedto see whether a
particular meaning of a given word primes a subsequent target, andenae
conclusions about whether that meaning was activated. Likewise, a sentenceczoriiext
usedto prime a particular meaning of a subsequently presented ambiguous target and
compared for ambiguous primes of different types or frequencies (for example).

Using a priming methodologan influential study found no evidence that polysemes
are processed differentty homonyms and suggested that the different senses of polysemes,
like meaning®f homonyms, have separate representations (Klein & Murphy, 2001).
Polysemous words were visually presented twit@hrases (e.g“wrapping papeb); in the
second presentation the sense was either consistent or inconsistent with the first meaning
(e.g.,“shredded papgws.“daily papet) and participants performed a sensicality judgement
task (in which the polysemous phrases were interspersed with foils that did not make sense,

e.g.,“yellow lectur®). In contrasto a model of representation where different senses share a
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core meaning, which would predict no effect of consistency, reaction times were facilitated
by consistency and slowdxy inconsistency relativeo a neutral baseline. Furthermore, the

size of priming effects did not interact with ambiguity type, providing no support for a
difference between polysemes and homonyms (see also behavioural data of Py@kifinen
2006). Recognition memory was also better for consistent senses, again evidence against a
shared semantic representation and instead compatible with the existence of distinct
representations for the different senses. Further evidence that polysemous senses are
represented separately comes from a second biuiihe same authors (Klein & Murphy,

2002), which showed that volunteers did not explicitly categorise different senses of the
polysemous words together. HowevasKlein and Murphy acknowledge (Klein & Murphy,
2001, p. 278), their studies did not establish the type of semantic relationship between the
different polysemous senses and they purposefully chose word senses thdiiivwere

distinct” rather than exhibiting a clear semantic overlap. This issue was astthigsstlyin

a more recent study (Klepousniotou, Titone, & Romero, 2008) using the same paaadigm
Klein and Murphy (2001). Visually presented ambiguous words were independently
cakegorised according the amount of semantic overlap between the different meanings into
three groups: high overlap, which were mostly metonyms, low-overlap which were mostly
homonyms and moderate-overlap which were a mixture of homonyms, metonyms and
metaphors. Sense dominance was also manipulated. Results confirmed that sense overlap did
affect reaction time® make sensicality judgemeritsthe second presentation of ambiguous
target words, and furthermore that the influence was dependent on dominance. Specifically,
for dominant targets, sense consistency did not matter for those words with high sense
overlap, whereas those with only mode@téow overlap resulteth faster responses when

the target sense was consistent compgrattonsistent withihe first presentation. For

subordinate targets, responses were faster for consistent congoiaahsistent senses
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irrespectiveof the sense overlap, although accuracy for high sense overlap was not affected
by consistency wherediswas for moderate and low overlap targets (Klepousnietal,

2008). Taken together, these effects of sense or meaning overlap are indicative of
representational differences between homonyms and polysemes, and perhaps between
metonyms and metaphors.

There has bedlttle direct investigation of a potential distinction within the category
of polysemes, between metaphors and metonynene of just two behavioural studies
exploring the possibility (Klepousniotou, 2002), participants listeogulime sentences after
which they made lexical decisiotsvisually-presented related ambiguous words
(homonyms, metonyms, or metaphors), unrelated (control) veomaisn-words (ISI of 0 ms).
Priming (response facilitation relative unrelated control words) was stronger for
metonymic than homonymous words whereas metaphors did not differ statistically from
either of the two other types (Klepousniotou, 2002). These effects were expidhedin a
subsequent studg which participants made lexical decisiadasambiguous target words,
which were presentdd isolation interspersed with unambiguous control words and non-
words (Klepousniotou & Baum, 2007). For auditory presentation, resptngelysemes
were faster thato homonyms antb unambiguous control words, which did not differ.
Responset metonyms were also faster thametaphors. For visual presentation, results
were less clear but nonetheless supported a distinction between metonyms and netaphors

only response® metonyms were faster theamunambiguous controls.

1.2. The time course of meaning activation of ambiguous words
A number of behavioural priming studies have exploredithe courseof activation of
different meanings of ambiguous wotdgvarying the delay between the prime and the

target.In one such study, which focused on homonyms, participants made lexical ddcisions
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target words that were relatemldominant or subordinate meanings of ambiguous prime
words, or were unrelated (Simpson & Burgess, 1985). The delay between prime and target
(stimulus onset asynchrony; SOA) was variedr(lss- 750 ms). Results indicated access for
the dominant meaningy 16 msafter stimulus onset, whidby 100mswas accompanied
(althoughto a lesser extent)y activation of the subordinate meaning. Following activation
of both meanings, the subordinate meaning decayed whilst activation of the dominant
meaning was boosted again (Simpson & Burgess, 1888)similar study using Hebrew
homonyms (SOAs of 100 ms, 250 ms, 750 ms), priming results again indicated initial
activation of dominant and subordinate meanings of the ambiguouspyib@® ms;

however both were actiweslateas750msafter stimulus onset, perhaps reflecting language-
specific factors (Frost & Bentin, 1992). Thesealso a bodwpf evidence using the Divided
Visual Field (DVF) paradigm which suggests thattthe= course of activation differs across
the hemisphere$n one suctbVF study, again using the paradigm of Simpson & Burgess
(1985) (SOAs of 35 ms, 750 ms), priming results indicated that initially (35 ms) the left
hemisphere showed activation of both dominant and subordinate meanings, butesy

750 ms) although the dominant meaning was still active, the subordinate meaning had
decayed (Burgess & Simpson, 1988). These are similar réstiisse obtained with central
presentation (see Simpson & Burgess, 1988)the other hand, the right hemisphere takes
longer (around 300 m$) show activation of both meanings (Atchley, Burgess, Audet, &
Arambel, 1996; Kovisto, 1998) and then sustains those two meanings over a longer period of
time (Burgess & Simpson, 1988). Note that thierstill debate regarding the exact role of
context on the activation of different meanings. However, the weight of evidence suggests
that although multiple meanings are activated, access and selection are stronglylaffected

meaning frequency and context, with the relevant meaning rapidly selected whilst

10
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contextually irrelevant meanings are suppressgrhssively decay (for a review, see Morris,
2006).

The activation of polysemous senses diee has been less studied and results are
not strongly conclusive. Again using a priming paradigm, one study showed activation of
both dominant and subordinate polysemous sensasavhbiguous primat 250ms afterit
was presentenh isolation, although only this singlene point was tested (Williams, 1992).
When the interpretation of the polysemous prime word was basagreceding sentence
context, and multiple SOAs were tested, results indicated sustained activation for the
alternative (contextually irrelevant) seresdateas1100ms after onset, but only whehwas
dominant (Williams, 1992). Note that this result diffevg$he typical short-lived activation of
contextually irrelevant homonymous meanings (Morris, 20Bg)contrast, when the
alternative (contextually inappropriate) sense was subordinate, results were less conclusive:
statistically, priming effects did not differ significantly with those for the dominant condition,
but numerically, priming effects indicated only very weak activation that decayetroeer

(Williams, 1992).

1.3. Using MEG ancEEGto investigate lexico-semantic activation

More recent research into ambiguous word processing has capitalised on the advantages of
EEGand MEG methodm providinganonline record of brain processiagpeople listerio

or read words. Using MEG and a visual paradigm, Beretta and colleagues (2005) showed that
the M350 brain response, whithoughtto index lexical activation (Pylkkdnen & Marantz,

2003}, peaked latein responséo ambiguous homonyms relatit@unambiguous controls

1 Although it has been argued that the M350 is the earliest-onsetting MEG component sensitive to lexical
factors (Embick, Hackl, Schaeffer, Kelepir, & Marantz, 2001), and reflects automatic lexical activation rather

11
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and earliein responséo polysemessthe number of related senses increased. These results,
which indicate faster activatiasa function ofanincreasing numbeof relaed senses and
slower activationn the case of multiple distinct meanings, are fullgupport of a neuro-
cognitive distinction between homonyms and polysemes.

The latencyof the M350 response was also ugettack lexical activation of
ambiguous words a priming studypy Pylkk&nen and colleagues (2006) with the stimuli of
Klein and Murphy (2001). Homonyms and polysemes were presentedmvivee-word
phrases where the target meaning (second use of the ambiguoupaped) was
inconsistent with the prime (first use) meaning (€lmed papet — “liberal paper).

Priming effects were indexdxy the M350 latency for these ambiguous targets rel&tive
latencies for ambiguous control targets precduleal semantically unrelated prime phrase
(e.g.,“military post’ — “liberal papeY). Priming effects for the homonyms/polysemes were
also comparetb a standard semantic priming conditiarwhich unambiguous targets
(“magazin&) were precedely a semantically related prime (e.fined papet — “monthly
magazing) or anunrelated prime (e.dg:clock tick - monthly magazirig. As expected,
semantic priming was observed for the unambiguous targets that were piegadethted
prime relativeto when they were precedég anunrelated prime; this was realisasin

earlier M350in the left hemisphere, thougtat reflect facilitated activation. Alsasexpected,
given separate lexical entries for the prime and target meanings, homonym targets elicited a
later M350 latency than their contrafsthe left hemisphere, reflecting inhibition of the
inappropriate prime meanin@f most interest were the results for the polysemous targets,

which elicitedan earlier M350 latency than their contratsthe left hemisphere, thus,

than any post-lexical processes sensitive to decision making (Pylkkanen, Stringfellow, & Marantz, 2002) other
research suggests lexical access of written words much earlier, at least by 150 ms (Hauk, Coutout, Holden, &
Chen, 2012; Pulvermdiller, Shtyrov, & Hauk, 2009; Sereno & Rayner, 2003).

12
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patterning with the semantic priming effects and supporting a nmodadich different
polysemous senses share a lexical representation. Note, however, that for some individuals,
polysemous targets elicited a later M350 latency than comrthe right hemisphera line

with competition between senses.

UsingEEGrather than MEG, previous research has shown that the N400O evoked
brain responseanbe usedto investigate the nature of lexical representations and semantic
processingn the brain (for a review, see Kutas & Federmeier, 2011). The N49@itedin
responséo wordsaswell asword-like and meaningful stimulit is larger for items that are
semantically unrelateid the context, where context includes (amongst other things) word
pairs, sentences, wider discourse and world knowlddgesemantic priming paradigm, the
N400to a target word (e.gchair’) is reducedoy a preceding prime wortd whichit is
semantically related (e.gtable’) comparedo unrelated (e.g:;appl€’), whichis thoughtto
reflect easier access or integration of lexico-semantic information (Bentin, McCarthy, &
Wood, 1985; Rugg, 1985).

Several studies have used the N400 and a priming paraoigrestigate the
activation of homonyms showing that meaning dominance and context are important
determining activation patterns over time. For examplene study (Swaab, Brown, &
Hagoort, 2003), sentences were presented auditorily followed, with a delay of eitmes 100
or 1250 msby a target word. The N400 priming effettsthe target showed that the
dominant meaning was actiaeboth short and long delays irrespectivet®tongruence
with the preceding contex@y contrast, the subordinate meaning was also aatitres short
delay irrespective of the context, but actat¢he long delay only when supportegthe
context.In a similar study with visually presented stimuli (SOAs of &@and 700 ms),

activation of multiple meanings was also obserats short delay but was restrictey

13
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contextat a longer delay (Van Petten & Kutas, 1987). Howewethis study meaning
dominance was not manipulated and ambiguous words were all homonyms.

Most relevanto the present studg a recent investigation that used the N400 brain
responséo index the activation of different meanings of homonyms (balanced and
unbalancedh frequency of the alternative meanings) and polysemes (metaphors and
metonyms) (Klepousniotou, Pike, Steinhauer, & Gracco, 2012)cdodk for evidence of a
distinction between the ambiguity types. Lexically ambiguous items were presented visually
(for 200 ms)asprimes. After a short delay of 50 ms, target words that were either redated
one of two meanings of the primes, or unrelated were pres@yie@ssessing the extent of
semantic primingasindexedby a reductiorin the N400 for related compar&aunrelated
targetsjt was possibléo conclude whether particular meanings of the primes were active
and also whether activation patterns differed between the ambiguity types. For homonyms,
stronger priming effects were observed for targets retatdee more frequent, dominant,
meaning than for those relatexithe less frequent meaning. This finding suggestsatieat
short delay, the dominant meanisgctivated more strongly than the subordinate meaning,
although therés still some activation of the subordinate meaniBg.contrast, for
metonyms, there was no differeringhe extent of priming between the two related senses
indicating activation of both meanings and compatible with a shared representation for
metonymic senses. Metaphors, like homonyms, showed stronger priming for targets related
to the dominant than subordinate meaning. However, the activation of subordinate-related
meanings was also significant comparethe unrelated targets and was associated with a
different topographical pattern. Unlike homonyms where the priming effect for subordinate-
related meanings was larger over the left hemisphere, for metapheas,larger over the
right hemisphere. The findings indicate hemispheric differemctée recruitment of neural

resources for the activation of subordinate meanings between homonyms and metaphors, and

14
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arein line with suggestions that the right hemisphere plays a particulannble processing
of figurative meanings.

The aforementioned study provided evideimcsupport of a distinction between
homonymous and polysemous words, and within the category of polysemy, between
metaphors and metonyms. Notably, the delay between the target and the prime was very short
(50 ms), andsdiscussed above, a number of behavioural studies have shown that the
activation of different meanings of ambiguous words changes overitime@nclear whether
meanings might be sustained or might decay over time, and whether this process differs
between different typesf ambiguous words. For example, although evidence suggests both
metonymic meanings are initially activated, suppression may differ between the meanings.
And for homonyms, although activati@iinitially observed for both dominant and
subordinate meanings, dominant meanings produce a bilateral pdithetivation whereas
subordinate meanings activate predominantly a left lateralised neural pattern. However, this
pattern may change over time. For example, the subordinate meanifg maye strongly
activated later, which would be observah$a priming effect following a longer ISI. The
proposed research aintsinvestigate further thime-courseof meaning activation patterns
by drawing on the paradigm and stimuli of Klepousniatbal. (2012) and employing a
longer delay (750 ms) between primes and targets. Preskepiming effects eveatlong
delays would support sustained meaning activation. Moreover, any differenbegpriming
effects between homonymous and polysemous words would be further evidsapport of

a theoretical distinction between these two tygemmbiguous words.

1.4. The present study

We investigated the representation and processing of different types of lexical ambiguity,

namely homonymy (balanced and unbalanced) and polysemy (metaphorical and metonymic)

15
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by using the N400 ERP brain respotséndex meaning activatiotn a delayed visual

lexical decision taskye presented ambiguous (prime) words followed after a delay of 750
msby target words that were relatemlone of the meanings the primeor unrelated. EEG
was recorded and ERPs formed relativéhe onset of the target word. Semantic priming
effects, observablasa reductionn the N400 brain response for related targets relative
unrelated targets were takenindicate activation of the prime meanitagwhich the targeis
related. We compared the priming effects for targets relateglach of the meaningsd the
primes for each of the types of ambiguity.

If both meanings of a prime are activatethe same extente should see no
differencedn the size of priming effects between the two related targets (relatikie
unrelated target). Alternatively, the size of the priming@&finaybe dependent on the
dominance of the prime meaning, with larger priming effects reflecting stronger meaning
activation. Based on recent electrophysiological data (Klepousrebsdy 2012)we
predicted differences between semantic priming effects for homonyms and polyi$ehess.
activations of ambiguous meanings obseretie 50msdelay are sustained, homonyms
will show an effect of meaning dominance with greater priming effects observed for targets
relatedto the dominant meaning comparedhe subordinate meaning. Polysemes will show
equivalent priming effects for targets relatedhe dominant and subordinate meanings.
Alternatively,the pattern of meaning dominance may change over time. For exattpke,
later delay equivalent priming effects magobserved for targets relatemthe two
meaningof homonyms reflecting equal activation of both meanings (note this could be
either because the subordinate meaning has incremaetivation or because the dominant
meaning has decreasedactivation). Another possibilitis that no priming effects are
observed because both meanings have decaykd latertime point. Thuspy presenting the

targetsata long delay (750 ms) after the ambiguous prime waavill be ableto draw

16
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conclusions about the maintenance of mearasgeell asabout processing and

representational differences between homonyms and polysemes.

2. Methods

1.1. Participants

Twenty eight native British English speakers (15 female, mean age 21 years; range 18-31
years) took paiin the study for course credits. Participants were right-handed based on the
Briggs and Nebes inventory (Briggs & Nebes, 1975), had no speech or language difficulties,
had normal or correcte-normal vision and no record of neurological diseases. Ethical
approval was issuddly the Institute of Psychological Sciences, University of Leeds, and
informedwritten consent was obtained from all voluntedrs.additional 6 participants were
tested and excluded from data processing and analysis for tailbognplete the experiment

(1 participant), for making lexical decision errdosmore than 10% of the experimental

target wordg2 participants), for moving a lot during the record{@garticipants), for

having high impedance (>2%2) during the recording resulting noisy datg1 participant).

1.2.  Stimuli

Experimental stimuli comprised prime-target pairs, which were imsagreviously

published study (Klepousniotaial., 2012). Thirty okachof the four types of ambiguous
words were selecteasprimes: (1) unbalanced homonymous words (éagpachy); (2)

balanced homonymous words (e:gnatch?’); (3) metaphorically polysemous words (e.g.,
“mouth”); and (4) metonymically polysemous words (¢ gpbbit’). The ambiguous primes
were nouns, althougisis commonly the case with English nouns many could also be used

asverbs. Each of the 120 ambiguous experimental primes was paired with three types of

17
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targets: (1) words relateéd the dominant meaning tifie prime; (2) words related the

subordinate meaning of the prime; (3) control words unretatéte prime. A further 120
ambiguous filler primes (30 @&achof the 4 types) with similar characteristasthe

experimental primes (grammatical category, number of letters and syllables) were paired with

three pseudowords each (see Table 1 for examples of the experimental stimuli).

Tablel. Examplesof stimuli for the four ambiguity types

Ambiguity Category Meaning Dominance  Prime Target

Dominant Subordinate Unrelated

Homonymy Unbalanced coach bus teach cotton
(biased)
Balanced match mix burn fork
(equibiased)
Polysemy Metaphorical mouth breath flow rifle
(biased)
Metonyrmic rabbit hop stew chalk
(equibiased)

Homonyms were selected from standardised lists (Gilhooly & Logie, 1980; Nelson,
McEvoy, & Schreiber, 1998; Twilley, Dixon, Taylor, & Clark, 1994). For unbalanced
homonyms the mean frequency of the dominant meaning was 80% G&A§&o0) andof the
subordinate meaning was 14% (range 1-32%). For balanced homonyms the mean frequency
of the dominant meaning was 50% (range 35-48%) and of the subordinate meaning was 41%

(range 35-48%).

18
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As there are no standardised lists of polysemes, metaphors and metonyms were
choserto exhibit specific relations between their two serastocumentedh the theoretial
linguistics literature (Nunberg, 1979; Pustejovsky, 19@5the metaphors, 10 exhibited a
body part/object relation (e.gmouth’, referringto the organ of the bodyr to anaperturan
nature), 10 exhibitednanimal/human characteristic (e.tfgx”, referringto the animal oto
the human characteristic), and 10 exhibaedbject/human characteristic (e.tstar’,
referringto the object oto the human characteristi€)f the metonyms, 10 words exhibited a
count/mass relation (e.grabbift’, referringto the animal oto the meat)10 words exhibited
a container/containee relation (e:tpottle”, referringto the container or the contents); and
10 words exhibited a figure/ground reversals relation (&cggé, referringto the structure
of the cage or the space contained within).

The four type®f ambiguous words were matched on mean frequehogcurrence
[F(3, 116) = 0.044, p = 0.98Kucera & Francis, 1967): unbalanced homonyms = 43 counts
per million (range 1-120); balanced homonyms = 35 (range 3-127); metaphors = 33 (range:
1-103); metonyms = 32 (range 7-119). Mean number of letters was 4.8 letters (range 3-8
letters) and did not differ between the four typéambiguous words [F(3, 116) = 2.27,p =
0.083]. There was alsw difference between word typasterms of bigram frequency [F(3,
116) = 1.96, p = 0.314] and trigram frequency [F(3, 116) = 0.17, p = 0.915].

Meaning dominance was independently established. Thirty participants who did not
take parin theEEG experiment were asked judge the relative familiarity/ frequency of
eachmeaning/ sense of the ambiguous words using a seven-point Likertlscgdeesented
rare, 7 very often). The mean familiarity ratings were: unbalanced homonymy, 5.3 (SD = 0.8)
for dominant meanings and 3.4 (SD = 1.1) for subordinate meanings; balanced homonymy,
4.8 (SD = 0.9) for dominant meanings and 4.6 (SD = 1) for subordinate meanings;

metaphorical polysemy, 5.8 (SD = .07) for dominant meanings and 3.4 (SD = 0.8) for
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subordinate meanings; metonymic polysemy, 5.3 (SD = 0.7) for dominant meanings and 5.3
(SD = 0.8) for subordinate meanings. Thus, meaning dominance was biased for unbalanced
homonymy and metaphorical polysemy but equibiased for balanced homonym and
metonymic polysemy. For reasoofsparsimonywe retain the standard terminology
“dominant” and‘“subordinate” evenin the case of the balanced homonymy and metonymic
polysemy.

Meaning/sense relatedness was also independently established. A differemfgroup
thirty participantsvere askedo judge the degree of relatedness of the two meanings/senses
of the ambiguous words using a seven-point Likert dalepresented completely unrelated,

7 very related). The mean relatedness ratings were for unbalanced homonymy, 1.4 (SD =
0.2); balanced homonymy, 1.7 (SD = 0.7); metaphorical polysemy, 3.2 (SD = .05);
metonymic polysemy, 6.1 (SD = 0.As expected, meaning/sense relatedness was low for
unbalanced and balanced homonymy, moderate for metaphorical polysemy and high for
metonymic polysemy.

As a final check, the classification of the stimagihomonymous or polysemous and
the dominance of the meanings, were veribgadonsulting standard dictionaries (swdthe
Wordsmyth dictionary; see also, Roelthl., 2002). Dictionaries respect the theoretical
distinction between homonymy and polysebwlisting the different meanings of
homonymous wordasseparate entries, whereas the different sesfgaslysemous words
are listed within a single entrin addition, all standard dictionaries respect sense dominance
by listing the central or dominant sense of polysemous words first and then providing the
extended or subordinate senses.

The target words (related the dominant or subordinate meaning of the ambiguous
primes, or unrelated) were obtained from a standardized list of word association norms

(Nelsonetal., 1998). Importantly, target words were matched for mean frequency of
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occurrence [F(11,348) < {Kucera & Francis, 1967): dominant-meaning related target = 31
counts per million (range 1-116); subordinate-meaning related target = 32 (range 1-121);
unrelated target = 31 (range 1-126), and matched for number of letters [F(11,348) = 0.78, p =
0.65] and for number of syllables. The pseudoword targets were phonotacticaliy legal
English and were constructeg taking real English words and replacing one or two letters.
Mean numbeof letters was 5 (range 3-8).

In the experiment, each prime was presented visually folldyedvisual target. The
prime-target pairs were split into three lists. Each list comprised 120 ambiguous word
experimental primes: 40 paired with dominant meaning related targets, 40 paired with
subordinate meaning related targets, 40 paired with unrelated control word targets, and 120
ambiguous word filler primes paired with pseudoword targets. Thus, every participant was
presented with each prime three times (dnasach list) but witleachtarget only once.
Presentation of lists was counterbalanced across participants and stimuli within a list were

presentedh a fixed random order.

1.3. Procedure

Participants were tested individuaitya single session lasting approximately one and a half
hours. Stimuli were presented visuahylight grey text on a black background. Each trial
began with the visual presentation of a series of exclamation gipt®r 1000 ms, which
was a signal for the participatatrest their eyes and blink. After a delay of 208a fixation
point (+) was presented for 5@@sto signal thathe trial was aboui begin. After 100 ms,

the prime was presented for 208 followed by a delay of 75@nsand then the target for 500
ms. After a delay of 100sa question mark (?) appeared for 15@during whichtime
participants hatb make a lexical decision about the target (decide whether drwas a

real wordin English)by pressing one of two buttons on a hand held button box
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(counterbalanced across patrticipants). Participants were insttactsppondasaccuratelyas
possible; accuracgnd reaction times (imsfrom the onset of th¥?””) were recorded. After

the response (@tthe end of 150@nsif the participant did not respond), there was a delay of
100mshbefore the next trial started (see Figure 1). The experimental session was pigceded
a practice session comprising 10 trials, which was repeated until participants could perform

the task and procedure with no errors (usually one or two practice sessions were required).

Figure 1 here

blink

delay +
200 ms

fixation time

500 ms
delay toast
100 ms

prime
200 ms

delay bread
750 ms

target
500 ms

delay ?
1000 ms

response
1500 ms

ITI
100 ms

Figurel. A single trial procedure showing timingéeachstage.

1.4. EEGrecording and data processing

EEGwas recorded (Neuroscan Synamps?2) f6@g/AgCl electrodes which were
embeddedn acapbased on the extended version of the Internation20ibsitioning
system (Sharbrougtt al., 1991) and fitted with QuikCell liquid electrolyte application
system (Compumedics Neurosgtafdditional electrodes were placed on the left and right
mastoids. Data were recorded using a central reference electrode placed QzteveeiCPz.

The ground electrode was positioned betwieeand FpzTo monitor eye movements
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electro-oculargrams (EQGSpwere recorded using electrodes positioaegither side of the
eyes, and above and below the left étethe beginning of the experiment electrode
impedances were below k. The analogue EEG and EOG recordings were amplified
(band pass filter 0.tb 100Hz), and continuously digitised (32-at)a sampling frequenayf
500 Hz.

Data were processed offline using Neuroscan Edit 4.3 software (Compumedics
Neuroscan). Data were filtered (0.1-40Hz, 96 dB/Oct, Butterworth zero phase filter),
inspected visu@y and segments contaminategimuscular movement markesbad. The
effect of eye-blink artifacts was minimiség estimating and correcting their contributiton
theEEGusing a regression procedure which involves calculatirayerage blink from 32
blinks foreachparticipant, and removing the contribution of the blink from all other channels
on a pointby-point basis. Data were epoched between -100 and808lativeto the onset
of the experimental targets (brain respotesthie pseudoword targetgs not analysed) and
baseline correctelly subtracting the mean amplitude over the pre-stimulus interval. Epochs
were rejected participants did not make a response within the allocated time (during
presentation of th&?”), orif they madenincorrect response (mean = 1%j or when drift
(absolute differencan amplitude between the first and last data point of each individual
epoch) was greater than 100 pV. Data were teeaferencedo the averagef left and right
mastoid recordings and smoothed over five panthateachsampling point represents the
average over the two previous and two subsequent points. Finally, further epochs were
rejected when amplitude on any channel exceeded +75 V. Average ERPs were calculated
for the target wordm eachof the 12 experimental conditiof¥ ambiguity types x 3 target

types; meamwf 26 trials per condition) and grand averages calculated across participants.

1.5. EEGdata analysis
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To assess the processing of different types of ambiguity (unbalanced and balanced
homonymy, metaphorical and metonymic polysemg)analysed priming effects indexbg

the N400 brain response. The amplitude of the ERP brain resgorisedarget wordsere
compared between experimental conditions with repeated measures Analyses of Variance
(ANOVASs) using the Greenhouse-Geisser correction for inequaligriance where

appropriate (data are reported with corrected p values). Statistical analyses were performed
on mean amplitudes over ttime window of 320-420 ms, chosémcapture the maximum of

the N400, based on previous studies and inspection of the data (Figures)3vVdadl$o

carried out analyses over ttime windows of 500-60@ns and 600-700ns choserto

capture a late positivity often observed followargN400, and which appeargéaibe present

in the current data (Figures 3 and®9.explore the data fully, ANOVAs were performed on
data from midline electrodes (Midline ANOVA) and then on data from all remaining
electrodes (Omnibus Lateral ANOVA), which were grouped into 12 clusters (Figure 2). Both
ANOVASs included the factors of Ambiguity Category (homonymy vs. polysemy), Meaning
Dominance (biased: i.e., unbalanced homonymy and metaphorical polysemy, vs. equibiased:
i.e., balanced homonymy and metonymic polysemy) and Target Type (dominant vs.
subordinate vs. unrelated). The Midline ANOVA included the additional factor of Site (Fpz,
Fz, FCz, Cz, CPz, Pz, POz, Oz) and the Omnibus Lateral ANOVA included the additional
factors of Hemisphere (left vs. right), Location (frontal vs. central vs. posterior) and Region
(lateral vs. medial). Significant interactions involving the experimental conditions
(Ambiguity Category, Meaning Dominance and Target) were followed up with further
ANOVAs and Newman-Keuls post-h@g < .05) tests where appropriate. Only significant
effects reflecting priming (effect of Target Type) and involving the experimental factors of

interest (Ambiguity Category and Meaning Dominance) are reported.
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left frontal
medial

right frontal
medial

left frontal right frontal

lateral

left central
lateral

right central
lateral

left central
medial

right central
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left posterior
medial medial

midline

Figure2. Approximate layoubf the60 electrodes from which data were recorded. Analyses were perfommed

data recorded over the midline electrodes Bhdlectrode clusters (see labels).

3. Results

3.1. Behavioural data

The task was a delayed lexical decision task aitbmphasis placed on accuracy and thus
overall error rate was low (1.67%). Table 2 shows the mean percentage of errors for the
experimental targeis the 12 conditionsAn ANOVA with factors of Ambiguity Category
(homonymy vs. polysemy), Meaning Dominance (biased vs. equibiased) and Target Type
(dominant vs. subordinate vs. unrelated) revealed a main effect of Target [F(2,54) = 4.040,

MSE = 1.455, p < .02] reflecting the overall greater error rate for unrelated than for related
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target words. The main effect was qualifl@daninteraction between Ambiguity and Target
Type [F(2,54) = 3.909, MSE = 2.673, p <.04], reflecting a higher error rate for subordinate-

related than unrelated targaighe metaphorical condition.

Table2. Meanpercentage error rates for the lexical decision tastke three typesf targets presented

following the four type®f ambiguous primes

Ambiguity Category Meaning Dominance Target Type

Dominant Subordinate Unrelated

Homonymy Unbalanced 1.07 1.43 1.90
(biased)
Balanced 0.48 1.07 3.21
(equibiased)
Polysemy Metaphorical 1.43 2.26 1.79
(biased)
Metonymic 1.19 1.67 2.74
(equibiased)

3.2. ERPdata

Figures 3 and 4 show ERPs eliciiadespons¢o the three types of target words that were
presented following homonymous and polysemous prime wiordgneral, ERPs for all
target types show a negative-going response, maximal arounds3®r central and
posterior electrodes, typical of the N40O0 brain response associated with activation of

semantic meaning. Semantic priming effecthatis reductionin the N400 amplitude for
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targets that are relatéd the prime comparew those that are unrelatedvere strongest
between 320-42fsand showed differences between experimental conditsesplained
below. Following the N40O, targets elicited a positive deflection maximal around 50@s700
(exploredin two separatéme windows: 500-60@ns and 600-700 ms), typical of a P600

brain response, which also showed differences between experimental conditions.

Homonymous words

left frontal T right frontal
T A AN -t
7 R e A P ol
\ LT 1 \ //'7‘*’-*/'
&:gé/‘ 1 =
T left central T right central
= W 1 | 11\‘/\ ! / \‘h\\“‘:g:::j?"‘!_—ﬁ'
~ t\\"" N 1 W 1 LY T b T
m . left posterior right posterior
I T RA 1T
i e } AR : Vi o

T dominant-related

subordinate-related
unrelated

Figure3. Grand average ERPs elicitedresponseo the onsebf target words presented following

homonymous words (balanced and unbalanced). Target wordselaesito the dominant (solid line)r

subordinate (dotted line) meaningfsthe prime worder wereurrelated (grey line). Data are shown for

electrode clusterat frontal, central and posterior locaticaithe left and right hemispheres (see Figdjtelhe

N400 and P600 time windows are highlighted. Negaty#otted downwards.
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Polysemous words
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Figured. Grand average ERPs elicitedresponseo the onsebf target words presented following polysemous
words (metaphorical and metonymic). Target words were refating dominant (solid line)r subordinate
(dotted line) meaningsf the prime worder were unrelated (grey line). Data are shown for electrode cladters
frontal, central and posterior locatioaithe left and right hemispheres (see Fige)celThe N400 and P600 time

windows are highlighted. Negativ&plotted downwards.

3.2.1. N40O analyses

In the 320-420nstime window, the midlineANOVA with factors of Ambiguity Category,
Meaning Dominance, Target Type and Site revealed a main effect of Target Type [F(2,54) =
4.073, MSE = 56.030, p < .03], aadinteraction between Target Type and Site [F(14,378) =

2.240, MSE = 2.452, p < .0DPost-hoc tests (Newman-Keuls) indicated that relativhe
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unrelated targets, there was a reduciiothe N400 response (less negativity) for dominant-
related targetép < .04) and for subordinate-related targets .03. The N400 reduction for
dominant and subordinate targets was signifiedRCz (dominant-related, p <.0005;
subordinate-related, p <.0000z (dominant-related, p < .0006; subordinate-related, p <
.008), CPz (dominant-related, p < .002, subordinate-related, p < .00Bz é&hoiminant-
related, p <.0006, subordinate-related, p < .004) electrdti€z, only subordinate-related
targets showednN400 reductior{p < .0002).At Fz, both related targets showsatN400
reduction (dominant-related, p < .00088hordinate-related, p < .002) and subordinate-
related targets were also less negative than dominant-related {prge@002) At POz,

only dominant-related targets showadN400 reductior{p < .002).

The omnibus lateral ANOVA with factors of Ambiguity Category, Meaning
Dominance, Target Type, Hemisphere, Location and Region revealed a main effect bf Targe
Type [F(2,54) = 3.982, MSE =51.15, p < .03] amdnteraction between Target Type and
Region [F(2,54) = 3.422, MSE = 2.475, p < 0.04]. Post-hds (dewman-Keuls) indicated
that overall, there was a reductionthe N400 response (less negativity) for subordinate-
related targets comparénlunrelated target® < .02) and a trend towards a reduced N400 for
dominant-related targets (p=.08) compai@dnrelated targets, but no differences between
the two related targets. The N400 reduction for related targets was sigrafiatal
(dominant related p < .0001; subordinate related p <.0001) and medial (dominant related p <
.001; subordinate rekdl p < .0001) regions. Subordinate-related targets showed a more
reduced N400 than dominant-related targetsoth latera(p < .01) and mediglp < .001)
regions.

The omnibus lateral ANOVA also revealed interactions between Ambiguity Category
and Location [F(2,54) = 4.095, MSE = 13.211, p < .05]. Post-hoc tests (Newman-Keuls)

indicated differences between homonyms and polysatrfesntal (p < .01) but not central or
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posterior locations. Most notably, there veasnteraction between Ambiguity Category,
Meaning Dominance, Target Type, Hemisphere and Location [F(4,108) = 2.795, MSE =
2.795, p < .05], indicating that the priming effects (the effect of Target) difesr@dunction
of the type of lexical ambiguity (homonynay polysemy) and meanirdpminance (biased or
equibiased)To explore the five-way interaction that involved Ambiguity Category and
Meaning Dominance, separate ANOVAs were performed for the two types of lexical
ambiguity, homonymy and polysemy, with factors of Meaning Dominance (biased vs.
equibiased), Target Type (dominant vs. subordinate vs. unrelated), Hemisphere (left vs. right)
and Location (frontal vs. central vs. parietal). Note thattduis lack of interaction with
Ambiguity Category and Meaning Dominarnoghe omnibusANOVA, the factor of Region
was not includedsa separate factor.

For both types of Homonyms (Figurk 80 effects involving the experimental
conditions of interest reached significance, reflecting the abséseenantic priming for
either meanin@t this long delayBy contrast, for Polysemes (Figure 4) there was a
significant interaction between Target Type and Location [F(4,108) = 2.794, MSE = 3.573, p
<.03](p < .06, Greenhouse-Geisser corrected) reflecting semantic priming effects which
differed over the scalp location. Post-hoc tests (Newman-Keuls) revealed a restuttteon
N400 response for both dominant-related and subordinate-related targets campared
unrelated targetst the central (dominant related p < .01; subordinate related p <.001) and
posterior locations (dominant related p < .001; subordinate related p < .009), and for
subordinate-related targets compatiednrelated targetst the frontal locatiorfp < .001).
Although no differences were observed between the two types of related saogetisal and
posterior locations, dominant-related targets were more negative than subordinate-related

targety(p < .002)at the frontal location.
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3.2.2. Late positivity analyses

In the 500-600nstime window, the midlinBANOVA with factors of Ambiguity Category,
Meaning Dominance, Target Type and Site revealed an interaction between all four factors
[F(14,378) = 2.701, p < .0009] but no significant post-hoc results. There was also a
significant interaction between Ambiguity Category, Target Type and Site [F(14, 378) =
4.776, p < .0001]. Post-hoc tests (Newman-Keuls) showed that for homonyms, telative
unrelated targets, dominant-related targets showed greater positR®Dz(p < .05) but

reduced positivityat Oz (p < .005). Subordinate-related targets showed greater positivity than
dominant-related targetg Fz (p < .03). For polysemes, both related targets showed reduced
positivity relativeto unrelated targetst CPz (dominant-related, p < .004; subordinate-related,
p <.003.

The lateral omnibuANOVA with the factors of Ambiguity Category, Meaning
Dominance, Target Type, Hemisphere, Location and Region showed a significant interaction
between all six factors [F(4,108), p = 3.877, p < .006], whielollowed upby analyzing
effects separately for Homonyms and Polysemes. For Homonyms, there was a significant
interaction between Meaning Dominance, Target Type, Hemisphere, Location and Region
[F(4,108) = 8.358, p < .0001]. Newman-Keuls post-hoc tests showed that for unbalanced
homonyms there was greater positivity for subordinate-related targets redatieeunrelated
targets over the left hemisphexdrontal medialp < .04), central medigp < .006), central
lateral(p < .03), posterior medidp < .0002), and posterior later@ < .006) electrode
clusters, and over the right hemisphatr&ontal medialp < .03), frontal laterafp < .05),
and central laterdp < .0006) electrode clusters. Dominant-related targets showed greater
positivity than unrelated targets over the left hemisphtcentral latera{p < .04) and
posterior laterafp < .002) electrodes and over the right hemisphecentral latera{p < .05)

electrodes. Subordinate-related targets also showed greater positivity than domireoht-relat
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targetsat right posterior lateral electrodgs< .004). For balanced homonyms, greater
positivity was observed over left posterior lateral electrodes for both dominant-(glated
.0002) and subordinate-related targets .0002) relativeo unrelaedtargets.

The ANOVA for Polysemes alone also showed a significant interaction between
Meaning Dominance, Target Type, Hemisphere, Location and Region [F(4, 108) = 2.858, p <
.03]. Post-hoc tests showed that for metaphors, subordinate-related targets showed greater
positivity than dominant-related targets over left central medial elect(pde$006). For
metonyms, there was reduced positivity relatovéhe unrelated targets for subordinate-
related targetat left posterior medial electrodés < .03) and for dominant-related targats
left posterior lateral electrodés < .02).

In the 600-700nstime window, the midlinBANOVA with factors of Ambiguity
Category, Meaning Dominance, Target Type and Site revaalederaction between
Ambiguity Category, Target Type and Site [F(14, 378) = 3.299, p < .0001]. Post-hoc tests
showed that for homonyms, subordinate-related targets were more positive than dominant-
related targetat Fz (p < .04) and more positive than unrelated targeEECz(p < .03).
Dominant-related targets were less positive than unrelated tatgt§p < .04) andat Oz (p
<.005.

The lateral omnibuANOVA with the factors of Ambiguity Category, Meaning
Dominance, Target Type, Hemisphere, Location and Region showed and interaction between
Ambiguity Category, Meaning Dominance, Target Type and Hemisphere [F(4, 108) = 4.718,
p <.002], whichwe followed upby analyzing the effects separately for Homonyms and
Polysemes. For Homonyms, there vaasnteraction between Meaning Dominance, Target
Type and Hemisphere [F(2, 54) = 3.563, p < .04]. Newman-Keuls post-hoc tests showed that
for unbalanced homonyms over the left hemisphere there was greater positivity teltte/e

unrelated targets for subordinate-relafied .0002) and dominant-relat@al < .02) targets,
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and subordinate-related targets were more positive than dominant-related(paxg€302).
For balanced homonyms over the right hemisphere, subordinate-related targets were more
positive than unrelated targéfs< .004) and dominant-related targgis< .006). For

polysemes, there were no significant effects involving the factor of Target.

4. Discussion

The present study provides electrophysiological evidence for representational and processing
differences between homonymy and polysemy, and informs our understandingrokethe
course of activation of ambiguous word meanings. Volunteers viewed ambiguous prime
words, which were followed with a delayof 750ms— by a target wordo which they made

a delayed lexical decision judgement. Targets were refatae of the two meaningd the

prime or unrelated, and were interspersed with pseudo-words smbksigly, semantic

priming effectsasindexedby a reductiorin the amplitude of the N400 brain response
relativeto unrelated targets, were observed for target words refatemth meaningsf
polysemous prime words (both metaphors and metonyms) but not for targetsteelated
homonymous prime words (both balanced and unbalanced). Following the N400, there was
anincreasen the positivity of brain responses, the timing of whihompatible withts
interpretatiorasa P600, and the amplitude and characteristics of which differed between
homonyms and polysemes. For homonyms, particularly those with more unbalanced
meanings, there was greater positivity for subordinate-relateddaathe extent dominant-
related targets) relatiie unrelated target3.he difference was present bilaterally and
widespread over the scalpy contrast, for polysemes the only indications of differences
between target types were, for metonymic polysemthe opposite direction a reduction

in positivity for subordinate-related and dominant-related targets retativeelated targets

that was localized over left posterior sites. Metaphorical polysemy showed a larger positivity
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for subordinate-related compareddominant-related meanings over left centnatlial

electrodes but no differences compat@dnrelated targets.

4.1. Differencedn the time course of processing homonymous and polysemous words
Across many studigs has been shown that the N46@arger (more negative) for words
whose meanings are more diffictdtaccess or integrate within the context and reduced when
processings facilitated by a preceding related prime word or supporting context (for a
review, see Kutas & Federmeier, 2011). The reduatidghe N400 responde target words
relatedto polysemous primes indicates that after a long delay (of 750 ms) both meanings of
the prime are sufficiently activated facilitate semantic processing of the tar@st.contrast,
the absence @&n N400 reduction for targets relatelhomonymous primes indicates that the
meaningof these primes were not actigethe long delay. Thus, the present findings
indicate clear differencan thetime course of processimgf homonyms and polysemes.
Previous research on homonyms consistently indicated exhaustive access of both
dominant and subordinate meanings within 250 ms, based on behavioural (Burgess &
Simpson, 1988; Frost & Bentin, 1992; Simpson & Burgess, 1985) and electrophysiological
(Atchley & Kwasny, 2003; Klepousniotat al., 2012; Swaabt al., 2003) data, although
activation patterns did show some differencestdwwmminance. For example, a recent ERP
study (Klepousniotoet al., 2012), which usednidentical paradignio the present study but
a delay of 50nsbetween the prime offset and the target onset demonstrated N400 priming
effects that were more widely distributed over the scalp for dominant than for subordinate
meanings. This result was interpretateflecting activation of a richer semantic
representation for dominant words.line with this finding, behavioural priming results
using the Divided Visual Field (DVF) methodology and a prime-target SOA ofs3so

indicated activation of dominant meanings across both hemispheres but activation of
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subordinate meanings onlythe left hemisphere (Burgess & Simpson, 1988)erms of the
pattern of meaning activation over a longer period of time, findings from previous research
have been mixed. For example, one study demonstrated thatséBter presentation of the
ambiguous word, activation was observed for both meanings (Frost & Bentin, 1992), whereas
another showed activation of only the dominant meaning (Simpson & Burgess, 1h385).

third study using the DVF methodology there was activation of the dominant meaning over
both hemispheres but activation of the subordinate meaning only over the right hemisphere
(Burgess & Simpson, 1988). Finally, another study combining ERP recordings with the DVF
paradigm indicated activation of the dominant follovesgdhe subordinate meaning over the
left hemisphere but no activation over the right hemisphere (Atchley & Kwasny, 2003). The
electrophysiological data the current study demonstrate yet another alternative pattern of
results, showing thdty 750ms after pime offset (950ms after onset) both meanings have
decayed. One possible explanativthat sustained activation of the meanings of
homonymous words requires more supporting context than that provided by a singie word
the present experiment, particularly when the task does not require selection or retention of
the meanings. Indeed ERP research shows that conteam imgortant influence on the
processing of ambiguous words. Data suggests that although both meanings are activated
initially, irrespective of the context, beyond 7%8 post-ambiguity although the dominant
meaning may still be active, the subordinate meaisiagtive only when supportdxy

context (Swaaletal., 2003; Van Petten & Kutas, 1987). The present findings suggest that
low relatedness among the meanings of homonyms (both balanmtedbalanced) strips

away any chances of meaning collaboration and insteadtteatsaning competition. The
absencef external support from context and the continued competition between the

meanings for activation eventually letadfaster decay time®r both meanings.
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Although contexis clearlyanimportant influencen the activation of alternative
meaningof ambiguous words, particularlt a longettime lag after the ambiguityn the
present study, polysemous word meanings were still activatech§&fier they had been
presentedn the absence of contexio date, there has beétile research examining thiene
course of activation of polysemous senses, particularly for words presergelhtion.
Klepousniototet al. (2012) showed théaty 250ms after polyseme onset both dominant and
subordinate senses were activated, although there was a distinction between patterns for
metonymic and metaphorical polysemy. Alternative senses of metonyms showed equivalent
levels of activation whereas for metaphorical polysemy activation was stronger for dominant
comparedo subordinate senses, and this was particularly the case over the left hemisphere
contrasto the right hemisphere where there wasffect of dominancdn the context of
these findings, results from the present study, which indicate activation of all polysemous
meaningdy 750ms post-offset (950ns post-onset) and no hemispheric differences, suggest
that the activation of the subordinate seviseetaphors increases ovane and that the
dominant metaphorical and both metonymic senses are sustained over this long period even
in the absencef context.In other words, moderate and high relatedness among the
senses/meanings of ambiguous words (fanndetaphors and metonyms respectively)
increases the probability that activation for both senses will be sustdiloed delays.

The between-condition differencesthe P600 observed following the N40O further
corroborate differencaa thetime course of processing homonyms and polysemes. Several
alternative functional accounts of the P600 component have been proposed. For example, the
P600is often thoughto index syntactic integration and, accordings mainly foundin
studies with sentential contexts (Kaan, Harris, Gibson & Holcomb, 200t)e present
study, there was no extended contexhduce syntactic integration. However, the P600

component has also been thoughihdicatere-analysis costs, with Friederici (1995), for
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example, claiming that reflects repair processes following the detectioargpparent)
ungrammaticality (see also Munte, Matzke & Johannes, 1997). A slightly different
interpretation of the P60 thatit reflects the cost of reprocessing with data suggesting that
the more difficultit is to construct a grammatical representation, the larger the P600
(Osterhout, Holcomb, & Swinney, 1994). Finally, another yet interpretation of thei$600
thatit does not reéicta purely linguistic process, but more genérairprise’” and‘‘context
updatingprocesses’” (Donchin, 1981) relatet the occurrence ainunexpected input
(Coulson, King & Kutas, 1998; Gunter, Stowe, & Mulder, 1997). Regardless of the specific
interpretation of the P600, the increased positivity, obsanvpdrticular for the target words
relatedto homonymous primes relative the unrelated targets, indicate difficultias

activating, processing and relating these meartmtj'e homonymous word primesthis

long ISI. Moreover, such difficulties are compatible with our proposals, based on the N400
data, thaby 750msafter homonymous words, their alternative meanings have dedyed.
contrast, the absenoéanincreased positivity for targets relatidpolysemous primes
comparedo unrelated targetis compatible with reduced difficulties (both dominant and
subordinate) target processiaga result of continued activation from the polysemous

primes.

4.2. Representational differences between homonymous and polysemous words

The observed processing differences between homonymy and polysemy provide evidence for
differential neuro-cognitive representations for the two types of ambiguity, consistent with
claims maden previous studies (Klepousniotou & Baum, 2007; Klepousnietal, 2012;
Roddetal., 2002). Sustained activation of both meanings of polysemous words s@pports
account of representatiam which the multiple senses are stored together. The current results

do not directly address the natafgpolysemous representations, but they are compatible
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with the possibility that polysemes ex&sta basic or common, core representation, which
could be seeasunderspecified (Frazier & Rayner, 1990; Frisson & Pickering, 1999). The
core representation comprises semantic information common across the differenbisenses
the polysemous word (e.¢grabbit” might include +animate, +farm animal, +edible, +meat]),
which canbe expanded online for complete comprehension when the cositexdilable (or
perhapsvenwhenit is not).In the absence of contextual informationfathe contexts

vague with respedb the appropriate interpretation, the representation could remain
underspecified (Frisson & Pickering, 1998 alternativeto anunderspecified polysemous
representatiors one thais semantically rich comprising all relevant information associated
with a particular word form. Ovéime asmore meanings are acquired tBpresentation
becomes richer. Importantlyy neither form of representatiamnthere competition between
the various senses, which instead are complementarmgaaied-exist andco-activate quite
easily.We suggest that upon presentation of a polysemous word, the different aeinses
collaborativelyto strengthen the representation, which facilitates the maintenance even after
a long delayasin the present study.

Onthe other hand, the observed lack of activation of homonymous meanthgs
current resultss well explainedoy a processing mechanismwhich the different meanings
compete for activation (sedso, Berettaetal., 2005; Rodet al., 2002). We suggest than
the absence of a biasing contexsupport one meaning or the other, and the absence of a
task requiring retention of either meaning, this competition reisuttscay of both meanings.
Suchanaccount relies on the existence of distinct neuro-cognitive representatieastof
the semantically distinct meanings, which are associated with a single lexical form. Initially,
very early after presentation of a homonymous word, multiple meanings are rapidly
activated, althoughn the absence of contextual information, dominant meanings are

activated more quickly ano a greater extent (Simpson & Burgess, 1985), and their
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activation engages larger regions of the cerebral hemispheres than subordinate meanings
(Burgess & Simpson, 1988; Klepousniottal., 2012). Over time, however, the alternative
representations interfere wigdachother.In the absence of contextual cueshe contrary,

the dominant meaning will be selected, whilst the subordinate ngeaii be suppressedr
decay (Swaabt al., 2003). Criticallywe suggest the competition processes may work even
to suppress/leatb decay the dominant meaning when thenmeo contexto supportits

activation and task demands do not reqitite be active.

The representational differences between homonymous and polysemous words, which
are supporte@ly the current study, are compatible with research that has shown diffeirences
thetime course of processing these two typéwords relativeo unambiguous control
words. Across a number of studiesias been shown that processing words with distinct
meanings delays word recognition (homonymy disadvantyagasuredby lexical
decision times (Berettat al., 2005; Rodeétal., 2002), eye fixation times (Frazier & Rayner,
1990) and the latency of the M350 brain response (Pylkkétredn 2006). These studies
mostly interpret their resulia terms of competition between the alternative meanings of
homonym&. Onthe other hand, words with multiple senses have been sioaesultin
faster processing (sense advantage) across a range of measuresdBeref@05; Rodet
al., 2002), whichs typically accounted fopy semantically richer representations relative
unambiguous words. Our findings contribtdehis body of researdby using neural
measures$o show that whilst multiple related senses of polysemous words (both metonymy

and metaphorsjctcollaborativelyto strengthen a representation, alternative unrelated

2 Beretta et al., (2005) suggest that the homonymy disadvantage could also be explained by frequency rather
than competition because homonyms were matched with control words on frequency of the surface form,
thus the frequency of individual meanings was smaller than that of the controls. Lower frequency is known to
slow word recognition.
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meaningf homonymous words (both balanced and unbalanced) compete agaimst
other.By 750msafter ambiguous word offset (9%5@s after onset) although both sensés

polysemes are still active, competition has resutietecay of both homonymous meanings.

4.3. Conclusions

The present study investigated the neuro-cognitive processing of visually-presented
ambiguous words using the N400 ERP effechdex meaning activation. Semantic priming
effects were observed for targets presented with a delay ohZ&fier the offset (95fhs

after the onset) of polysemous primes (both metonymy and metaphors), indicating activation
of both polysemous sensaighistime. By contrast, semantic priming effects were not
observed for homonymous words (both balanced and unbalanced) indicatingithat the
meanings had already decayed. These processing differences, which reflect diffarences
meaning activation over time, also support a neuro-cognitive distinction between the
representation of homonymy and polyseMie suggest that whilst polysemous seresgs
collaborativelyto strengthen a unified representation, the separate representations of
homonymous meanings compete for activation whitkhe absence of supporting linguistic

context, lead$o decay.
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