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Based on the results from a number of eye-tracking experiments, Frisson and
Pickering (1999) and Pickering and Frisson (2001) proposed amode for the on-line
processing of words with semantically related senses. According to thismodel, only
the underspecified, schematic meaning of aword with multiplesensesisactivatedini-
tially. This underspecified meaning encompasses all related senses that are estab-
lished in someone' s lexicon. Once this underspecified meaning has been used to as-
signasemantic value, it can befollowed by ahoming-in stageinwhich contextisused
to arrive at the contextually appropriate sense. This article discussesthe implications
of the underspecification model with respect to the processing of figurative language
and asserts that this model gives a better account of how incremental semantic pro-
cessing can proceed smoothly and flexibly. In conclusion, the model isrelated to the
linguistic distinctions of polysemy and monosemy, and it is argued that, at this mo-
ment in time, there is no compelling evidence to postulate more than one
underspecified meaning.

Thisarticleaimsto explicatetheway in which peopleobtain afigurativeinterpreta-
tionfor aword. Most literature on figurative language is concerned with whol e ex-
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pressions or sentences, but the processing of individual wordsisextremely well re-
searched in other areas of psycholinguistics. We argue understanding lexical
ambiguity and its resolution allows us to understand the time-course of figurative
language processing. Thefirst part of the article considersthe nature of lexical am-
biguity resolution and how it can be applied to figurative language by considering
the way that the processor decides whether to interpret aword literally or figura-
tively. It then relates current figurative language processing modelsto such lexical
ambiguities. For example, the processor might alwaysaccessaliteral interpretation
before a figurative one, might access all interpretations in parallel, or might use
context to determine which interpretation to access. However, we present argu-
mentsin favor of arather different kind of account, the underspecification model,
whereby the processor initially accesses an interpretation that can be compatible
with both figurative and literal interpretations. We outline recent eye-tracking evi-
dence that provides support for this account. The final section proposes more de-
tails about the underspecification model and briefly addresses such issues as how
the processor is eventually ableto “homein” on afully specified interpretation.

SENSE AMBIGUITY AND FIGURATIVE LANGUAGE

This article is primarily concerned with figurative interpretations of individual
words. We focus on probably the best-known example of this—namely,
metonymy. The italicized word has a metonymic interpretation in 1 and 2:

1. That blasphemous woman had to answer to the convent.
2. A lot of Americans protested during Vietnam.

In 1, the convent does not refer literally to abuilding. Instead, it refersto thein-
stitution that isassociated with that building. In 2, Viethamrefersnot to the country
itself, but rather to the highly salient war. In these cases, asin other metonymic ex-
pressions, one salient aspect of an entity is used to refer to the entity asawhole or
some other aspect of the entity. However, we note that not all single-word figura-
tive expressionsare metonymic. In“ Thecar flewdowntheroad,” for instance, the
verb flew means (roughly) “traveled very fast,” which is presumably metaphorical
rather than metonymic. For our purposes, it is not important whether afigurative
interpretation of aword should be classed as metonymic or metaphorical.

Much more critically, we assume that the distinction between afigurativeand a
literal interpretation of aword is one of sense rather than meaning. Meanings are
unrelated, whereas senses are related. Words with multiple meanings are often
known as homonyms. Examples are bank, meaning a “river” bank or “money”
bank, and ruled (asin ruled acountry or ruled aline). Obviously, the critical point
is that people regard the meanings as unrelated; it is irrelevant whether they are
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etymologically related. In contrast, words with multiple senses have two related
interpretations. For instance, the novel can refer to a particular object (e.g., in The
novel was soaked by coffee) or to an abstract interpretation (e.g., The novel got
great reviews), and the verb paint can refer to merely applying paint on a surface
(e.g., paint the wall) or to doing thisin an artistic way (e.g., paint a portrait). Itis
important to stress that neither sense need be figurative. When a word does have
both a literal and a figurative interpretation, however, these interpretations are
generally related. Hence, literalfigurative ambiguities like convent and Vietham
are sense ambiguities. We also assume that words with figurative interpretations
aso aways have literal interpretations. Hence, it is not surprising that accounts of
sense-ambiguity resolution (Frazier & Rayner, 1990) and accounts of the resolu-
tion of literal—figurative ambiguitiesthat arelocalized to an individual word (Fris-
son & Pickering, 1999) have much in common.

Notice that we have not addressed the difficult question of when two differ-
ent uses of aword involve different senses and when they involve the same
sense (Tuggy, 1993). Thisis probably a much harder distinction to make than
the distinction between different senses and different meanings. When one use
of aword isfigurative and another isliteral, however, it isfairly uncontrover-
sial that two different senses areimplicated. Hence, thisissueis not too impor-
tant for our purposes.

A final important distinction is between familiar, or established, and unfamil-
iar, or novel, figurative interpretations for a word. In this article we are not con-
cerned with the way that people adopt novel interpretations for words, but restrict
ourselves to the discussion of the way that they select between pre-existing inter-
pretations. In other words, we are only concerned with established senses. We as-
sume that established senses have been conventionalized in the language and are
thus part of a person’slexical knowledge. For example, the wing of an airplaneis
an established interpretation of the word wing. Hence, in this article we restrict
ourselves to the issue of sense selection and do not consider sense creation (see
Brisard, Frisson, & Sandra, in press; Clark & Gerrig, 1983; Gerrig, 1989)

INCREMENTAL INTERPRETATION AND
FIGURATIVE LANGUAGE

A great deal of evidence indicates that both spoken and written language compre-
hension is essentially incremental, with the interpretation of each new word being
incorporated into the unfol ding meaning of the utterance pretty much assoon asitis
encountered (e.g., Just & Carpenter, 1980; Tyler & Marslen-Wilson, 1977; seearti-
clesin Garrod & Pickering, 1999). For example, astriking finding isthat semantic
anomalies can lead to increased processing difficulty as soon asaword isread. In
Traxler and Pickering (1996), people read sentences like 3 below:
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3. That's the very small pistol in which the heartless killer shot the hapless
man yesterday afternoon.

Not surprisingly, they found this semantically anomalous sentence harder to
read than plausible control sentences (e.g., replacing inwithwith). What was strik-
ing wasthat, as soon asreadersfirst encountered the anomalousword shot, eyefix-
ation times increased. The point is that the sentence becomes implausible at shot
but not before. Hence, people must have interpreted shot with respect to the prior
context immediately when they encountered the word.

This incrementality means that the processor could in principle use context to
have very rapid effects on the process of ambiguity resolution. In many cases, prior
context makesit clear (or very likely) which meaning or sense of aword is appro-
priate. The evidence suggests that context plays this very rapid role in the resolu-
tion of words with multiple meanings (i.e., homonyms). We might therefore
predict that it also playsarapid rolein the resolution of wordswith literal and figu-
rative senses. In the following, we consider this suggestion.

Wemust first outline the way in which the processor disambiguates homonyms
in context. Aspectsof thisprocessare highly controversial, but there are helpful ar-
eas of agreement. Most researchers agree that both meanings of a homonym are
initially activated (e.g., Swinney, 1979; Tanenhaus, Leiman, & Seidenberg, 1979),
except perhaps when the most frequent meaning has strong contextual support
(Tabossi, 1988) or when one meaning isimmediately preceded by an associatively
related word that can prime oneinterpretation (Seidenberg, Tanenhaus, Leiman, &
Bienkowski, 1982). Context has arapid effect on ambiguity resolution, with con-
textually inappropriate interpretations being rapidly suppressed (e.g., Swinney,
1979). The process by which the processor adopts the appropriate meaning is af-
fected by both the context and the relative frequencies of the meanings (see, e.g.,
Binder & Rayner, 1998; Rayner, Binder, & Duffy, 1999; Rayner & Duffy, 1986;
Rayner, Pacht, & Duffy, 1994; Sereno, Pacht, & Rayner, 1992). In isolation or
neutral contexts, most theories agree that meanings are accessed in order of fre-
guency, with less frequent meanings being accessed later. In context, the situation
becomes rather less clear. According to some accounts, context cannot affect the
order of access but merely affects the way in which a meaning is integrated with
the context (e.g., Rayner & Frazier, 1989). Other theories assume that context can
facilitate the access of an infrequent meaning but cannot inhibit the access of afre-
guent meaning (Dopkins, Morris, & Rayner, 1992; Duffy, Morris, & Rayner,
1988). Moreinteractive accounts assume that context can override frequency and
cause an infrequent meaning to be accessed first if the context is strong enough
(Kellas& Vu, 1999). Even in such accounts, however, frequency isamajor deter-
minant of order of access, all other things being equal. Hence, the resolution of
homonyms is either frequency based or more generally interactive, but with fre-
guency constituting a major factor.
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There has been much lesswork on the processing of sense ambiguities. Oneim-
portant exception is Frazier and Rayner (1990), who used eye tracking to investi-
gate the processing of nouns with multiple senses (e.g., novel) and multiple
meanings (e.g., ball) and compared them to unambiguous nouns like door. Their
results showed that homonymswere processed differently from wordswith multi-
ple senses, which behaved much more like unambiguous words. For example,
when disambiguating information followed the ambiguous noun, nouns disam-
biguated to the subordinate meaning caused difficulty compared with nouns dis-
ambiguated to the dominant meaning. Apparently people generally adopted the
dominant meaning soon after they encountered the word. However, a comparable
difference did not emerge for nouns with multiple senses. Thus, they concluded
that people did not perform immediate sense disambiguation in the absence of
prior disambiguating context. In fact, it appearsthat sensesdid not get accessed in
order of frequency. Frazier and Rayner proposed a “minimal semantic commit-
ment” model in which asingle semantic valueis only assigned immediately when
two interpretations are incompatible.

Hence, alarge body of research has attempted to understand the stagesinvolved
in the resol ution of meaning ambiguities, though there has been much lesswork on
sense ambiguities. Notice that these experiments have carefully localized effects
to theword under investigation and have employed techniquesthat are sensitiveto
the earliest stages of processing. Studies of figurative language processing have
similarly attempted to provide accounts of the initial stages of processing. Unfor-
tunately they have paid much less attention to the accurate localization of effects
and have often not employed techniques that are sensitive to early processing.

First, anumber of expressionsderivetheir figurative interpretation not on the ba-
sisof the activation of afigurative sense of aword, but rather through the combina
tion with other lexica elements in the sentence. Hence, it is possible to have
figurative expressions consisting of words that in themselves do not have figurative
senses. Thisis, for example, the case for attributive metaphorslike “ Some jobs are
jails.” Although there are many theories of how such figurative expressions are in-
terpreted (for an overview, see Cacciari & Glucksberg, 1994), it is often hard to de-
termine the exact point at which the expression clearly becomes a metaphor. (The
same argument can be made concerning idioms like “ crying over spilled milk.”) In
contrast, literal—figurative sense ambiguities(i.e., wordsthat have both aliteral and a
figurative sense) can be appropriately localized, just like homonyms. In these cases,
lexical accessisthe important topic. Figurative language processing models, aswe
will see, differ exactly at thelexical access stage. However, they do not always seem
to make a distinction between these different types of figurative expressions.

Second, although alot of attention has gone to appropriate measuring techniques
in the meaning ambiguity literature (see, e.g., Simpson, 1994), the methodologies
used in the figurative language research are in general too insensitive to derive any-
thing with respect to the earliest processing stages (though see Blasko & Connine,
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1993, and McElree & Nordlie, 1999). Many experiments in the literature only con-
sidered reading times for entire sentences or large sentence fragments (e.g., Gerrig,
1989; Gibbs, 1990; Gibbs, Bogdanovich, Sykes, & Barr, 1997; Gibbs, Nayak, &
Cutting, 1989; Glucksberg, McGlone, & Manfredi, 1997; Keysar, 1989; Onishi &
Murphy, 1993; Ortony, Schallert, Reynolds, & Antos, 1978; Schraw, 1995; Shinjo
& Myers, 1987). Although such experiments can tell us how much timeisneeded to
achieve acomplete or specific interpretation for acertain figurative expression, they
say little about how thisinterpretation has developed over time, nor arethey ableto
localize effectsto particular words. The only eye-tracking experiments dealing with
metaphors that have been reported (Inhoff, Lima, & Carroll, 1984) also suffered
from alack of sensitivity. Although they had the advantage of investigating shorter
regions, only total reading times (i.e., the total viewing time on a word or region)
were examined, and, aswe shall see, these do not necessarily coincidewith the read-
ing pattern observed in the earliest stages of processing. Pickering and Traxler
(1998) used eye tracking to examine the processing of metonymic expressions in
syntactically ambiguous “ garden-path” sentences. Although the presence of a plau-
sible metonymic interpretation of the expression affected ease of recovery from an
initial syntactic misanalysis, the results were not informative about the initial stages
of figurative language processing.

A number of experiments made use of indirect techniques and measured, for ex-
ample, how quickly aninterpretablefigurative expression could berejected asbeing
literally false (e.g., Gildea & Glucksberg, 1983; Glucksberg, Gildea, & Bookin,
1982; Keysar, 1989; Swinney & Cutler, 1979). Other experiments looked at reac-
tionsto astimulusthat waseither related or unrelated to afigurativeor literal expres-
sion(e.g., Giora& Fein, 1999), and yet others ssimply had participantsrate sentences
off-line (e.g., Clark & Gerrig, 1983; Cronk, Lima, & Schweigert, 1993; Gibbs &
O'Brien, 1990; Glucksberg et a., 1997; Nayak & Gibbs, 1990; Tourangeau & Rips,
1991). Although all these experiments areinteresting in their own right, they do not
allow usto deduce what happens during the earliest stages of processing becausere-
actions or reading times are only measured after the expression has been processed
to alarge extent. Wetherefore agree with Gibbs (1992; see also Dascal, 1989) when
he pointed out that “most theories of metaphor draw unjustified conclusions about
the entire time-course of interpretation” (p. 575). Indeed, we would extend the criti-
cism to theories of other aspects of figurative language processing.

There have been many other problemswith studies of theinitial stages of figura-
tive language processing. For example, frequency has hardly ever been taken into
account. Likewise, plausibility of an expression and predictability of upcoming
words has not been controlled for (e.g., the likelihood of the idiomatic milk after
“crying over spilled” issurely much greater than any given nonidiomatic word), and
there has been little attempt to control for lexica priming by individual wordsinthe
context. In addition, most studies have not determined whether a particular figura-
tive sense is conventionalized or novel. It is quite possible, for instance, that the
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adoption of novel sensesisdelayed, but the adoption of conventionalized figurative
senses is more straightforward. In short, the experimental data give no conclusive
evidence for current moddls of figurative language processing.

APPLYING MODELS OF FIGURATIVE LANGUAGE
PROCESSING TO SENSE AMBIGUITY RESOLUTION

Over thelast 20 years or so, awhole array of models has been proposed to account
for the comprehension of figurative language. Most of these accounts have paid lit-
tle attention to the way in which words with multiple senses are disambiguated,
even though many such wordshave at least onefigurative sense. In thissection, we
discuss these accounts in relation to the resolution of individual words. We con-
sider when these models make predictionsthat can be straightforwardly tested, just
astheories of the resolution of homonyms can be and have been tested. In the next
section, we relate these theories to recent eye-tracking evidence (Frisson &
Pickering, 1999; Pickering & Frisson, 2001). Theway that we categorize these ac-
counts may be somewhat unusual and reflects the fact that we focus on the rele-
vance of such accounts to single word ambiguities.

Frequency-Based Models

If sense ambiguity resolutionissimilar to meaning ambiguity resolution, andif lex-
ical literalfigurative ambiguities (e.g., Vietnam as country or event) are atype of
sense ambiguity, then we predict that the principlesinvolved in homonym resolu-
tion would also hold for such literal—figurative ambiguities. If the more modular
models of homonym resol ution are supported, then meanings are accessed in order
of frequency (or, possibly, something very closely related to frequency such asage
of acquisition). We might therefore predict that senseswould be accessed in order
of frequency aswell, and order of accesswould be unaffected by whether aparticu-
lar sensewasliteral or figurative. Therefore, thefirst senseto be accessed would be
themost frequent sense. Thismodel doesnot seemto have been proposed explicitly
inthefigurativelanguageliterature. However, assuming that literalfigurative am-
biguity is a type of sense ambiguity, and assuming Frazier and Rayner’s (1990)
conclusionshold, frequency isunlikely to bethe determinant of the order of activa
tion of senses. Another possibility isthat the ordering of senses may depend on sa-
liency, which is defined in terms of familiarity, conventionality, frequency, and
prototypicality (e.g., Giora, 1997, in press).

Literal-First Model

Thismodel, developed mainly by Grice (1975, 1989) and Searle (1979), holdsthat a
figurativeinterpretation will only be sought after theliteral interpretation hasbeenre-
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jected. Regjection of the literal interpretation occurs when one of the conversational
maxims(e.g., therequirement that an i nterpretati on needsto beinformative) hasbeen
violated. Theorigina literal-first model maintained that the figurative interpretation
cannot begin until the whole utterance had been processed. However, it is now evi-
dent that interpretation is incremental and that semantic anomalies can be detected
during the processing of a sentence, not just at its end. Thus, amore reasonable ver-
sion of thismodel would predict that the figurative interpretation could be computed
as soon as the literal interpretation became anomalous.

There areanumber of reasonsto believe that the literal-first model isreasonable.
For example, when placed in aneutral or short prior context, thefigurative interpre-
tation of an expression is harder than the literal interpretation (Inhoff et al., 1984;
Ortony et d., 1978; see also Gibbs, 1990; Pynte, Besson, Robichon, & Poli, 1996),
although this disadvantage disappears when it is preceded by amore extensive con-
text. In addition, mogt, if not al, figurative senses are derived from the literal sense
(possibly, but not necessarily, by means of an underlying conceptual metaphor), and
theliteral sensecanrestrict or guidethefigurativeinterpretation (see Paivio, 1979).

This model has come under considerable attack because experiments have
shown that afigurative interpretation can, under certain conditions, be processed
as quickly asaliteral interpretation (e.g., Glucksberg et al., 1982). However, itis
unclear whether such studies areindicative of the earliest stages of processing, and
the on-line evidence against this model is rather limited. The model does, how-
ever, havedifficulty explaining the results of Blasko and Connine (1993), McElree
and Nordlie (1999), and our eye-tracking results described in the following. Using
across-modal priming task, Blasko and Connine studied familiarity and aptnessin
metaphoric constructionslike“ Thefamilyisarock.” When compared to acontrol
word, both the literal-related target word (“hard”) and the metaphorical-related
target word (“ secure”) showed immediate priming effects for highly familiar met-
aphoric constructions. McElree and Nordlie (1999) used the speed-accuracy
trade-off task, in which participants are trained to respond immediately after hear-
ing atone, and found evidencethat, initially, literal and metaphoric interpretations
are computed in paralel. They also observed that, ultimately, the literal strings
were easier to judge as being meaningful expressions. Of interest, this result led
them to the conclusion that the interpretations of the metaphoric strings were less
constrained than the interpretations of the literal strings.

Figurative-First Model

Thismodel, which is the opposite of aliteral-first model, holdsthat people initialy
seek afigurativeinterpretation. If no interpretationisfound, or if theinterpretationis
contextually inappropriate, the processor then considerstheliteral interpretation. Itis
not clear that a general figurative-first account has ever been proposed, but figura-
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tive-first accounts for particular kinds of figurative language do exist. Thus, Gibbs
(1980) proposed an account of the processing of idioms in which “ subjects under-
standing unconventional usesof idiomsJi.e., literal interpretationsof idioms; Frisson
& Pickering] tend to analyze the idiomatic meaning of these expressions before de-
rivingtheliteral, unconventional interpretation” (p. 149). Evidence comesfromfind-
ings that the figurative interpretation of idioms can be processed more rapidly than
the literal interpretation (Gibbs, 1980; Gibbs & Gonzales, 1985; athough cf. Co-
lombo, 1993; Etill & Kemper, 1982). On one version of thisaccount, thefigurative
interpretation is only obtained first if the literd interpretation has to be derived (by
combining theinterpretations of different words). Thisversion makesno predictions
for theprocessing of literal—figurative sense ambiguitiesthat arelimited to oneword.
Another version of this account assumes that the processor adopts the conventional
(i.e., figurative) interpretation of idiomsfirst, however, smply becausethisinterpre-
tation is figurative. This appears to be the implication of Gibbs (1990), who sug-
gested that people may process some particularly appropriate metonymies (dang ex-
pressions) “asquickly aslitera descriptions, if not morequickly” (p. 65). Takentoan
extreme, this version of the account therefore amounts to a general figurative-first
model. For expressionsthat have both aliteral and an established figurativeinterpre-
tation, it predicts that the processor accesses the figurative interpretation before the
literal interpretation (see also the discussion in Chiappe, 1998).

Although it might be justified to claim that figurative language is very pervasive
in natural language (e.g., Lakoff, 1987), ageneral figurative-first model seems un-
likely. For example, the finding that in neutral or short prior contexts the figurative
interpretation requires more processing effort is strong evidence against this model
(see previous discussion). Moreover, aword can have many different figurative in-
terpretations, and it is unclear how the processor will select the right one.

Direct Access Model

The direct access model (Gibbs, 1994) proposes that a figurative sense can be ac-
cessed directly in“realistic social contexts” (p. 421). These contexts are thought to
provide a pragmatic framework in which the figurative expression can be under-
stood “without having to first analyze and reject their said [i.e., literal; Frisson &
Pickering] meanings’ (p. 421). Inthe other cases, theliteral senseisaccessed. The
model explainsthe observed advantagefor literal interpretationsin neutral or short
prior contexts (see previous discussion) and the equal processing timeswhen figu-
rative expressions are placed in longer figurative-inducing contexts.

Thismodel is an extreme version of an interactive model, in that it assumes that
context can indicate which sense of a litera—figurative sense ambiguity should be
accessed. Itishard to see how thismodel could be correct in general, smply because
itishard to see how contexts could in general set up aclear expectation for afigura-
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tive (or indeed a literal) sense. Consider A lot of Americans protested during Viet-
nam. It might appear that after during the processor could assume afigurative sense
would follow. Any number of continuations are possible, however, some figurative
(like this one), many litera (e.g., replacing Vietnam with the winter). Even if the
context was sufficiently constraining that a continuation referring to the Vietnam
war was extremely likely, the actual words could be Vietnam, whichisfigurative, or
the Vietnamwar, which isliteral. It isdifficult to imagine that direct accessisanor-
mal part of figurative language processing, evenif astrongly interactivemodel isas-
sumed (see also discussion of Frisson & Pickering, 1999, in the following).
Moreover, because the figurative sense of aword is generally less frequent than the
literal sense, itisunclear why theright (subordinate) sense of aword can be accessed
immediately, but not the right (subordinate) meaning of a homonym.

Unranked Parallel

Theunranked parallel model assumesthat all sensesare activated at the sametime,
and the reader hasto choose which senseis applicablefor agiven context. Such an
account may never actually have been proposed in the literature, but it isareason-
able possibility and is probably compatible with the results of Frazier and Rayner
(1990). However, it faces the severe problem that many words have avery large
number of different senses. For example, Vietnam can refer to a geographical
space, an event, the government (Viethamraised interest rates), asoccer team, and
so on (though it is perhaps possible to argue that some of these sensesarenovel). A
model that only considered a few senses is possible, but some kind of ranking
would be needed to choose whi ch senses. In addition, onewoul d also expect tofind
competition due to the activation of different senses (asisthe case for homonyms
when the subordinate meaning is intended or when both meanings are equally
likely; see, e.g., Rayner & Duffy, 1986). The results of Frazier and Rayner, how-
ever, only found reliable immediate effects of competition for homonyms and not
for words with multiple senses.

The Underspecification Model

This model, proposed by Frisson and Pickering (1999) and Pickering and Frisson
(2001), assumesthat only onemeaning getsactivatedinitially. Thismeaning doesnot
correspond to any particular sense, but is rather compatible with all senses. In other
words, it is underspecified. No distinction is drawn between literal and figurative
sensesinthisregard. Thus, theinitial meaning of paint is underspecified with respect
to whether it refersto artistic painting or decoration, and the initial meaning of dis-
armedisunderspecified with respect to whether it refersto removing literal or figura-
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tive arms. The model then assumes that the processor is subsequently able to refine
this meaning on the basis of contextual information so that it can ultimately corre-
spond to aparticular sense. Hence, when aword with multiple sensesisencountered,
there is no immediate activation of asingle fully specified sense.

The model then assumes that the processor can subsequently homein on aspe-
cific sense. If preceding context hel ps determine which sense is appropriate, then
the processor may home in fairly rapidly. If preceding context is neutral with re-
spect to the different senses, then the processor may delay deciding which senseto
adopt. In Frazier and Rayner’s (1990) terms, the processor employs minimal se-
mantic commitments.

Because the underspecified meaning isthe samefor all related senses of aword,
there should be no need for alternative senses to compete for activation. This con-
trasts with many accounts of the resolution of words with multiple meanings,
where competition between alternative meanings is assumed to be the cause of
processing difficulty (Rayner & Duffy, 1986).

The underspecified meaning is only applicable for established senses. Because
the underspecified meaning is an abstraction over the features of specific senses, a
novel interpretation for aword cannot be captured by the underspecified meaning.
In this case, sense creation will occur (possibly using the underspecified meaning
as a starting point of interpretation; see Frisson, 2000). The underspecification
model is compatible, on the one hand, with Frazier and Rayner’s (1990) data and
their minimal commitment account (see also Gildea& Glucksberg, 1983), and, on
the other hand, with recent proposals in linguistics (e.g., Bezuidenhout, 1997;
Langacker, 1987) and computational semantics (e.g., Poesio, 1991; Van Deemter
& Peters, 1996).

EXPERIMENTAL EVIDENCE

Wenow summarizerecent experimental evidencefrom our laboratory that helpsus
distinguish between the previously discussed models of figurative language pro-
cessing (Frisson & Pickering, 1999; Pickering & Frisson, 2001). All of theseexper-
iments are concerned with cases of sense ambiguity where one senseisliteral and
oneisfigurative. Asin much previous lexical ambiguity research (e.g., Rayner &
Duffy, 1986), we empl oyed the eye-tracking paradigm. In thismethod, peopleread
sentences (or texts) on acomputer screen and the position of their eyeismonitored
every millisecond (or few milliseconds). Thereisvery good evidencethat the point
at which aperson islooking is extremely closely linked to the thing that they are
currently “thinking about” (see Rayner & Pollatsek, 1989). In addition, eye move-
ments are extremely sensitive to processing difficulty, so that as soon as a person
encounterscognitivedifficulty (e.g., ananomaly in atext), the pattern of eyemove-
mentsisdisrupted. For example, peopletend to fixate arare word for considerably
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longer than acommon word as soon as they encounter the word. It follows that we
can monitor eye movements to determine what particular aspects of a sentence
cause difficulty.

Frisson and Pickering (1999) examined the processing of two types of
metonymy: place-for-institution and place-for-event. Consider the place-for-insti-
tution metonymy first (Experiment 1). The word convent has literal and estab-
lished metonymic senses (as discussed previously). In one condition (4a),
preceding context indicated that only theliteral interpretation of thetarget word (in
italics) was appropriate; in another condition (4b), only the established metonymic
sensewas appropriate. In the other two conditions (4¢ and 4d), the same sentences
were used, but thetarget word was replaced by aword that did not have a contextu-
ally appropriate established metonymic sense. Theitemswere carefully controlled
for irrelevant factorsthat could in principle explain any effects, such aslength, fre-
guency, and predictability:

da. Thesetwo businessmentriedto purchasetheconvent at theend of last April,
which upset quite alot of people.

4b. That blasphemous woman had to answer to the convent at the end of last
March, but did not get alot of support.

4c. These two businessmen tried to purchase the stadium at the end of last
April, which upset quite alot of people.

4d. That blasphemous woman had to answer to the stadium at the end of last
March, but did not get alot of support.

For example, if theliteral-first model is correct, people should have no problem
processing 4a, because the literal sense is contextually appropriate. They should
have difficulty reading 4b, however, because the literal sense is anomalous: It is
not plausibleto talk to abuilding. More specifically, they should have difficulty as
soon as they encounter convent. In terms of eye movements, we would therefore
expect difficulty to emerge when theword isfirst fixated and before the rest of the
sentence has been fixated. Frisson and Pickering (1999) measured this using the
first-pass or gaze-duration measure, which is the time the eye spends fixating a
word beforeleaving it (Rayner, Sereno, Morris, Schmauder, & Clifton, 1989). An-
other related measure is the first-pass regressions measure, which measures the
likelihood that the eye regresses (i.e., goes backward) after reading the critical
word. If processing is disrupted, then regressions are more likely.

In fact, people experienced no difficulty reading convent in either 4a or 4b. In
contrast, they experienced immediate disruption reading stadium in 4d versus 4c.
The difference between 4c and 4d is that stadium is plausible in 4c but not in 4d.
Hence, we can conclude that people are disrupted by anomal ouswords, but that con-
vent is not anomalous when only either the literal interpretation or the figurative in-
terpretation is acceptable. These results are therefore incompatible with either the
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literal-first or the figurative-first moddl. Reading times and regression anayses
showed that both interpretations were processed equally fast, during both initial pro-
cessing and later processing (as indicated by other measures such as the total time
spent fixating a word). Moreover, detailed analyses showed that the relative fre-
quency of the senses did not affect processing time, so that people were no faster
reading amore frequent than alessfrequent sense. This causes difficulty for the fre-
quency-based model and provides further evidence that senses are not activated in
order of frequency (Frazier & Rayner, 1990). In addition, processing of the more
“basic” sense, defined asthefirst given in adictionary entry, was not predictive of
difficulty either. In conclusion, therewas no evidencefor ordering of senses. Thedi-
rect access model would also predict this result on the condition that the prior con-
text for the metonymic sense was strong enough. However, evidence from a
completion test, in which participants had to complete fragments like The blasphe-
mous woman had to answer to the ... showed that these context fragments were
completed with a noun with a literal interpretation 82.8% of the time. This means
that the contexts cannot have supported direct access to the figurative sense, and so
people should normally have adopted the literal interpretation initially. Thus, the di-
rect access model counterfactually predicts difficulty for the figurative sense. In
conclusion, the results are compatible with the unranked paralld account and the
underspecification account. Because of the difficulty of activating apotentialy very
large number of sensesat once, the evidence favorsthe underspecification account.

Experiment 2 used place-for-institution metonymiesand broadly supported this
conclusion. The structure of the conditionswasthe same asin Experiment 1: In 5a,
preceding context indicated that only theliteral interpretation of thetarget word (in
italics) was appropriate (Viethamreferring to the place); in 5b, only the established
metonymic sense was appropriate (Viethamreferring to thewar). In 5¢ and 5d, the
target word was replaced by aword (Finland) that did not have a contextually ap-
propriate established metonymic sense. Thiswas established by pretests that indi-
cated that people did not associate any particular event with Finland.

5a. Duringmy trip, | hitchhiked around Vietnam, butintheend | decided torent
acar for acouple of days.

5b. A lotof Americansprotested during Vietnam, butintheendthisdid not alter
the president’ s decision.

5c¢. During my trip, | hitchhiked around Finland, but intheend | decided torent
acar for acouple of days.

5d. A lot of Americansprotested during Finland, butintheend thisdid not alter
the president’ s decision.

Participants did experience difficulty with 5d, like 4d, but the difficulty was
somewhat delayed. In fact, pretests indicated that 5d was judged much less im-
plausible than 4d (though much moreimplausible than 5athrough 5c). Hence, par-
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ticipants probably made some kind of effort to determine a meaning for during
Finland. M ost important, they experienced no difficulty with either 5aor 5b, again
suggesting that the senses were not ordered and that neither aliteral nor afigura-
tive sense had to be rej ected before the right sense was attained. Because datafrom
a completion test showed that the prior contexts for the metonymic expressions
were in 93.8% of the cases completed nonfiguratively, the direct access model
cannot explain these results either.

Pickering and Frisson (2001) considered the processing of meaning ambiguous
(transitive) verbs and found considerable evidence that they behaved differently
from sense ambiguous verbs. Experiment 2 looked at the processing of verbswith
multiple senses, one of which was an established metaphorical sense. The verbs
were presented in one of four conditions:

6a. (Supportive preceding context, dominant sense):
After the capture of the village, we disarmed almost every rebel and sent
them to prison for avery long time.

6b. (Supportive preceding context, subordinate sense):
With hiswit and humor, the speaker disarmed almost every critic who was
opposed to spending more money on art.

6¢. (Neutral preceding context, dominant sense):
Mr. Graham is quite certain that they disarmed almost every rebel and sent
them to prison for avery long time.

6d. (Neutral preceding context, subordinate sense):
Mr. Grahamisquite certain that they disarmed almost every criticwhowas
opposed to spending more money on art.

The dominant (most frequent) sense aways coincided with the literal interpre-
tation, whereas the subordinate sense was always a metaphorical interpretation.
The metaphorical sense was determined on the basis of pretests or taken from a
dictionary. A pretest established that people interpreted the literal and metaphori-
cal sense as being closely related semantically. Again, the items were carefully
controlled for length, frequency, and predictability. The dominant, literal sense
was much more frequent than the subordinate, figurative sense.

In addition to being able to localize the processing cost to an individual word,
eyetracking also allows usto distinguish between early processing (asreflected in
measures such as gaze duration and first-pass regressions) and later processing (as
reflected in, e.g., second-pass and total reading times, and measures of later re-
gions of the sentence). The early measures provide us with an estimation of how
much time or effort is needed to process a word initially, whereas the later mea-
sures permit us to examine more integrative processes.

The most important finding was that processing difficulty with the subordinate
sense relative to the dominant sense did not emerge until much after the critical
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verb was first encountered. Similarly, prior disambiguating context reduced pro-
cessing difficulty, but again this difference did not emerge until later processing.
These results suggest that people did not initially adopt either sense and then
reanayze. Thus, the results are incompatible with literal-first, figurative-first, and
frequency-based models. In addition, because there was no evidence that in the
neutral context-subordinate sense condition, the literal sense was assigned to the
verb which would haveled to increased processing on the noun, theresultsarealso
incompatible with the direct access model.

The delayed effect of context was also found for the processing of verbs that
were relatively unambiguous (e.g., fined the ... driver; see Pickering & Frisson,
2001, Experiment 3). Pretests indicated that these verbs had only one relatively
frequent sense (though different shades of interpretation are of course still possi-
ble). We manipulated whether a constraining context preceded the verb and found
that reliable context effects only occurred on later measures of processing. Hence,
context had similar effects on verbs with multiple senses and unambiguous verbs
(cf. Frazier & Rayner, 1990). The pattern that was found for the verbs with multi-
ple senses contrasted starkly with the pattern for verbs with multiple meanings
(i.e., verb homonyms). In Experiment 1 of Pickering and Frisson (2001), the two
meanings were either preceded by a supportive context or a neutral context. The
design is comparable to Experiment 2 described previously:

7a. (Supportive preceding context, dominant meaning):
As he had al the power, that sultan ruled this very nice country as he
thought best.
7b. (Supportive preceding context, subordinate meaning):
By using afineartist’ spencil, Max ruledthisvery nicelineonall hispapers.
7c. (Neutral preceding context, dominant meaning):
As there was no-one to ask, Mr. Jones ruled this very nice country as he
thought best.
7d. (Neutral preceding context, subordinate meaning):
Astherewasno-onetoask, Mr. Jonesruled thisvery nicelineonall hispapers.

This time pretests indicated that the interpretations were not semantically re-
lated. This is compatible with intuitions and dictionary definitions, which sug-
gested that the two interpretations were unrel ated meanings. These verbs showed a
much earlier context effect, with the sentences containing a preceding supportive
context being read significantly faster than the neutral conditions. Thisresult sug-
gested that the processor selected between the two meaningsfairly rapidly. (Of in-
terest, early frequency effects did not occur, in contrast to nouns with multiple
meanings, Duffy et al., 1988. See Pickering & Frisson, 2001, for discussion.)

Direct comparisons between verbs with multiple meanings and verbs with mul-
tiple senses also showed that, on some early measures, processing of sentences
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containing verbs with multiple meanings was slower and caused more regressive
eye-movements in comparison to verbs with multiple senses. We argue that thisis
caused by a competition between the two meanings of the homonymous verb, al-
though this competition did not seem to occur for the two interpretations of the
verbswith multiple senses (see Rayner & Duffy, 1986). These resultsindicate that
an underspecified meaning of the sense-ambiguous verb was activated rather than
that all senseswere activated in an unranked fashion. If thelatter had been the case,
we would have expected competition for these verbs as well.

In conclusion, our datafor wordsinvolving literal—figurative sense ambiguities
can only be explained adequately by a model in which the initial activation of a
word’s meaning is not dependent on a specific sense interpretation or on the fre-
guency-ranked activation of multiple senses. Because the contexts for the figura-
tive senses were not so strong that people expected a word that had to be taken
figuratively, and becausetheliteral sensewas not assigned immediately inthe neu-
tral context conditions, the direct access model can be ruled out aswell. Given the
problemswith the unranked parallel model discussed previously, we conclude that
the underspecification model can best explain our data.

The finding that the metaphorical interpretation of the verbs (e.g., “ disarm a
critic”) required more processing effort in the later stagesis, we argue, not duetoa
difference in meaning activation, but is situated at the homing-in level. However,
because the metaphorical interpretations were also considerably lower in fre-
guency than theliteral ones, it isunclear whether thiseffect isrelated to literalness
or frequency. Crucial is that no effects were found in the immediate processing
measures. In the remainder of the article, we consider some consequences of this
view for the on-line semantic processing of words with multiple senses.

CONSEQUENCES OF THE
UNDERSPECIFICATION MODEL

Theview that, at |least inreading, wordswith multiple sensesare notimmediately inter-
preted to the fullest degree, but that a specific interpretation is achieved on the basis of
the activation of an underspecified meaning and the interaction with contextua infor-
mation can explain why, inmost cases, semanticinterpretation of asentenceevolvesso
effortlesdy and effectively. If the processor assigned a specific sense immediately, it
would haveto reanayze frequently because the wrong sense will be chosen regularly.
According to the underspecification mode, however, awrong sense will never be as-
signed and, thus, context does not haveto act asajudge (Isthisinter pretation compati-
bleor not?). Rather, contextisactively involved in refining theinterpretation of aword
by changing the underspecified meaning into a specific interpretation.

The underspecification moddl assumesthat the processor initially adoptsasingle
underspecified meaning corresponding to a set of senses. It then uses context to
homein on the contextually appropriate sense. Thismodel holdswhether the differ-



OBTAINING A FIGURATIVE INTERPRETATION 165

ent sensesareall literal or areamixture of literal and figurative ones. For instance, in
Mr. Grahamisquite certain that they disarmed almost every rebel, the processor ini-
tially adopts ameaning of disarmed that indicates an act of removing athreat, but is
underspecified as to whether it refers to a physical or linguistic act (say). When,
however, it encountersrebel, the literal interpretation as a physical act of removing
weapons becomes much more plausible, and so the meaning of the verb is made
much more precise, now corresponding to afully specified sense. Hence, aslong as
there is no semantic “clash” between the activated underspecified meaning and the
ongoing context, sentential processing can continue and specification of meaning
can occur when more information has been processed or when the need arisesto do
so. Itisquitelikely therefore that the process of homing in on a specific senseisnot
immediate, although it is possible that under certain conditions (e.g., a very con-
straining context), this specification will happen more quickly than in other cases.
When thereisnot just one underspecified meaning, asisthe casefor homonyms, the
processor will make a selection between the (underspecified) meanings much more
quickly so as not to have to keep different, semantically incompatibleinterpretations
activated in pardlel (see Pickering & Frisson, 2001).

There is good reason to believe that words are not aways interpreted to their
deepest extent. For example, Barton and Sanford (1993) showed that, following a
context about a plane crash on the border between two countries, aimost half of the
participants did not notice the anomaly in the sentence Where should the survivors
be buried? (See aso the “Moses illusion” investigated by Erickson & Mattson,
1981; Van Oostendorp & de Mul, 1990.) They interpreted thisfinding asindicative
of shallow semantic processing inwhichinitially the* coremeaning” of awordisac-
cessed, and when this meaning fitswell into the scenario, further or degper semantic
analysisislesslikely to occur. We suggest that shallow processing can happen on
reading a sentence like John painted yesterday in which it is |eft unspecified what
kind of painting is intended. The same applies to litera—figurative sense ambigu-
ities. Consider The man was wounded in Vietnam. Here, it does not really seem to
matter whether Vietnam has to be interpreted literally or metonymically.

That aword can have two different senses at the same time is also apparent in
the sentence I’ ve been reading that adulterer Dickens over the summer. Here, that
adulterer Dickens seemsto be aliteral reference to Dickens (as the man) whereas
reading that adulterer Dickens seems to be a reference to the works of Dickens
(hence, producer-for-product metonymy). Linguistically, the explanation for this
paradox is presumably that Dickensisused literally at thelevel of the noun phrase,
but the noun phraseitself isthen interpreted metonymically at the level of the sen-
tence (or verb phrase). In terms of incremental processing, however, the word
Dickensappearsto requirealiteral and afigurative interpretation at the sametime.
This seemsincompatible with a sense-sel ection account. Notice that such multiple
interpretations are not normally possible for meaning ambiguities (e.g., “ Thetele-
phone had a diamond ring” )—although it may not always be possible in cases of
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sense ambiguity either, or isodd (e.g., | spoke to the freshly painted gallery). The
possibility of multiple senses at the sasmetimefor aword ismost straightforwardly
compatible with an underspecification account.

Related to this, the underspecification model predicts that words with more
senses will not be harder to process than words with fewer senses (unlike hom-
onyms; see Rayner & Duffy, 1986). If all senses of aword were immediately acti-
vated on encountering a sense-ambiguous word, one would predict increased
competition the more senses a word has. The underspecification model, however,
predicts no differences because just one underspecified meaning will be activated.
Theresultsfor the unambiguousverbs, which behaved very much liketheverbswith
multiple senses, and the results from the metonymy experiments, which showed no
differences between sense-ambiguous words (e.g., Vietnam) and words that do not
have an established metonymic sense (e.g., Finland), lend support to thisidea.

The psychological status of figurative senses has generated alot of discussions
in the field of figurative language processing (see, e.g., Cacciari & Glucksberg,
1994; Dascal, 1987, 1989; Gibbs, 1984, 1989, 1994; Gibbs & Gerrig, 1989;
Murphy, 1996, 1997). More specifically, the debate at hand is whether figurative
senses are “ special” senses, requiring different processing mechanisms from the
other nonfigurative senses of aword, or whether they are fundamentally similar. A
consequence of the idea of underspecified meanings is that figurative language
processing is, at least in the initial processing stages, not different from the pro-
cessing of other types of language. Hence, the distinction between literal and figu-
rative senses of aword isnot crucial to early processing (see also Gibbs, 1992). In
fact, the underspecification model goes a step further: Not only isinitial process-
ing of afigurative senseidentical to the processing of aliteral sense, but theinitial
activation of aword's semanticsisidentical as well. Because the underspecified
meaning does not distinguish between different senses of a word, the separation
between literal and figurative sensesis not relevant at this stage.

Throughout this article, we assumed that the different established senses of a
word are also represented in the mental lexicon. However, this need not necessarily
be the case. In contemporary linguistic theories that are also interested in the repre-
sentational aspect of language, there is a lot of controversy about what part of a
word’' s meaning gets represented. Two extreme positions can be discerned: the radi-
cal polysemy view, which maintains that all specific representations of aword are
stored, and the radical monosemy view, which claims that only one meaning of a
word is stored and that specific interpretations are computed on the basis of contex-
tual information (for an overview of the possible models, see, eg., Croft, 1998;
Ruhl, 1989; Sandra, 1998). The underspecification model isin principle compatible
with both views, at least as long as underspecified meanings are aso part of a
polysemous lexicon. However, if we are correct that homing in on a specific inter-
pretation involves using contextual information to refine an underspecified meaning
rather than using context to guide the selection of an established sense, thiswould be
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more compatible with a monosemous account. If so, the whole distinction between
literal and figurative senses becomes even more irrelevant in processing terms.

CONCLUSION

The aim of thisarticle wasto outline amodel of semantic processing that also ex-
plains the mechanisms behind the on-line interpretation of figurative language. In
fact, the experimental evidence strongly suggeststhat established figurative senses
are, at least initially, treated in exactly the same way as any other established sense
of aword and that context is used to arrive at a specific interpretation. This should
comeasno surprise: Inalmost all cases, the processor iscompl etely ignorant about
what wordwill comenext, let alonewhether that word will havetobetakenliterally
or figuratively. Hence, because the processor does not know beforehand how the
next word needs to be interpreted, it does not seem sensible to propose different
processing mechanisms for different types of language. Rather, to process lexical
input quickly and effectively, aprocedure needsto be empl oyed that can handleall
typesof language and that ensuresthat the activated semanticinformation of aword
need not be rejected regularly. The idea of underspecified meanings fits well into
this picture.

The model we propose is in essence a modular model because context is be-
lieved not to affect the initial activation of aword's meaning. At the same time,
however, context plays an important role in semantic processing because it influ-
ences the ultimate, specific interpretation of a word. In other words, we believe
that the full interpretation of a word is the interpretation of that word in a given
context. Theon-line experimental evidencethat wasreviewed here did not directly
address this aspect of interpretation, though, but concentrated on the initial pro-
cessing of sense-ambiguous words. And these results, with no immediate effects
of frequency or measurable effects of competition between senses, favorsthe ini-
tial activation of word meanings that are not sense-specific.
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