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Abstract

The present study investigated the abilities of left-hemisphere-damaged (LHD) non-Xuent aphasic, right-hemisphere-damaged
(RHD), and normal control individuals to access, in sentential biasing contexts, the multiple meanings of three types of ambiguous
words, namely homonyms (e.g., “punch”), metonymies (e.g., “rabbit”), and metaphors (e.g., “star”). Furthermore, the predictions of
the “suppression deWcit” and “coarse semantic coding” hypotheses, which have been proposed to account for RH language function/
dysfunction, were tested. Using an auditory semantic priming paradigm, ambiguous words were incorporated in dominant- or subor-
dinate-biasing sentence-primes followed after a short (100 ms) or long (1000 ms) interstimulus interval (ISI) by dominant-meaning-
related, subordinate-meaning-related or unrelated target words. For all three types of ambiguous words, both the eVects of context
and ISI were obvious in the performance of normal control subjects, who showed multiple meaning activation at the short ISI, but
eventually, at the long ISI, contextually appropriate meaning selection. Largely similar performance was exhibited by the LHD non-
Xuent aphasic patients as well. In contrast, RHD patients showed limited eVects of context, and no eVects of the time-course of pro-
cessing. In addition, although homonymous and metonymous words showed similar patterns of activation (i.e., both meanings were
activated at both ISIs), RHD patients had diYculties activating the subordinate meanings of metaphors, suggesting a selective prob-
lem with Wgurative meanings. Although the present Wndings do not provide strong support for either the “coarse semantic coding” or
the “suppression deWcit” hypotheses, they are viewed as being more consistent with the latter, according to which RH damage leads
to deWcits suppressing alternative meanings of ambiguous words that become incompatible with the context.
  2005 Elsevier Inc. All rights reserved.
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1. Introduction

An increasing amount of evidence indicates that both
the left (LH) and the right hemisphere (RH) contribute to
the comprehension of semantic relations. Although it is well
established that the left hemisphere is dominant for lan-
guage processes, it is now acknowledged that the right
hemisphere also possesses certain linguistic abilities. More
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speciWcally, the RH has been considered to be involved in
the comprehension of meanings secondary to the central
meaning of a word (i.e., comprehending words that are
ambiguous) (e.g., Brownell, Potter, Michelow, & Gardner,
1984). Nevertheless, the extent of the contribution of each
hemisphere to the understanding of the diVerent types of
ambiguous words is still under investigation.

According to theoretical linguistics accounts, lexical
ambiguity is divided into two types, namely homonymy
and polysemy. Homonymy refers to the cases in which a
lexical item “accidentally” carries two distinct and
unrelated meanings (e.g., “bank1” which means “Wnancial
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institution” and “bank2” which means “river side”). On the
other hand, polysemy refers to the cases in which a single
lexical item has multiple related meanings (e.g., “mouth”
which refers to “an organ of the body” and to “where a
river meets the ocean”). Furthermore, polysemy is divided
into metonymic polysemy (i.e., metonymy), in which a rela-
tion of connectedness holds between the senses of the word
(e.g., “rabbit” refers to the “animal” and to the “meat of
that animal”), and metaphorical polysemy (i.e., metaphor),
in which a relation of analogy holds between the senses of
the word (e.g., “eye” which refers to “an organ of the
body” and to the “hole in a needle”) (Apresjan, 1974). The
two sub-types of polysemy diVer in that both the basic and
the secondary senses of metonymic polysemy are literal,
while the basic sense of metaphorical polysemy is literal,
whereas its secondary sense is Wgurative. However, there
are also similarities between the two sub-types of polysemy
in that the changes in meaning are productive and can be
observed across lexical items of the same category (e.g., all
lexical items referring to body parts have Wgurative exten-
sions that refer to physical objects).

Although two criteria have been proposed for the dis-
tinction between homonymy and polysemy, namely the
“etymological derivation of words” and the “relatedness/
unrelatedness of meaning,” the notions of homonymy and
polysemy seem to be relative concepts, as there is no clear
dichotomy between the two. Rather, there seems to be a
continuum from “pure” homonymy to “pure” polysemy.
Along this continuum, theoretical linguists (e.g., Apresjan,
1974; Nunberg, 1979) have argued that metonymy (which
is quite regular and productive) seems to be closer to
“pure” polysemy, while metaphor (which is considered
irregular) may be closer to homonymy. Thus, given these
sub-divisions, it is important to investigate whether the
three types of lexical ambiguity yield diVerential patterns
of processing. Moreover, exploiting these linguistic dis-
tinctions may also help shed more light on the linguistic
abilities of the LH and RH and their relative contribution
to the processing of ambiguous words.

Despite these theoretical distinctions of lexical ambi-
guity, most work in psycholinguistics has concentrated
on homonymy, while polysemous words have sometimes
been used interchangeably with homophones, homo-
graphs, or homonyms1 to test models and theories of lex-

1 Homophones, homographs, and homonyms refer to three subtypes of
ambiguous words that have distinct and unrelated meanings. To clarify,
homophony is the case where two words have the same pronunciation,
but they have diVerent written forms, as for example, “red” which refers
to “a color,” and “read” which is the past tense form of the verb “to
read.” Homography, on the other hand, is the case where two words have
the same written form, but diVerent pronunciation and meaning, such as
“wound1” which is the past tense of the verb “to wind,” and “wound2”
which means “a sore/cut.” Finally, homonymy is the case where both the
pronunciation and written form of two words are the same, but they have
distinct and unrelated meanings, as for example, “pen1” which means “a
writing device” and “pen2” which means “an enclosure.”
ical access and lexical ambiguity processing (Schreuder
& Flores d’ Arcais, 1989; but cf. Klein & Murphy, 2001;
Rodd, Gaskell, & Marslen-Wilson, 2002). Looking
closely at the results of psycholinguistic studies on lexi-
cal ambiguity processing collectively, they seem to point
towards a model that lies somewhere between the strong
versions of both the selective access (i.e., only contextu-
ally appropriate meanings are activated) and the multi-
ple access (i.e., all meanings are activated) models.
According to this “hybrid” model, activation of all
meanings seems to occur initially. However, within
200 ms there seems to be selection of the appropriate
meaning (e.g., Seidenberg, Tanenhaus, Leiman, & Bien-
kowski, 1982; Tanenhaus, Leiman, & Seidenberg, 1979).
A highly constraining context may also lead to selective
access of the appropriate meaning only (e.g., Simpson &
Krueger, 1991). Simpson (1984, 1994) even suggests that
the Wndings of the studies on lexical ambiguity process-
ing could be better explained by having a model where
all meanings are activated, but the degree of activation is
sensitive to the relative frequency of the meanings, and
the context in which the ambiguous word occurs. This
kind of hybrid model, which has actually been proposed
by Rayner and his colleagues (e.g., DuVy, Morris, &
Rayner, 1988) and is known as the “reordered access”
model, has found empirical support from studies using a
variety of methods, such as ambiguity detection (e.g.,
Neill, Hilliard, & Cooper, 1988), eye movement tracking
(e.g., DuVy et al., 1988), and event-related potentials
(ERPs) (e.g., Swaab, Brown, & Hagoort, 2003).

As far as neurolinguistic studies on lexical ambiguity
are concerned, the main issue has been if and how focal
brain damage disrupts lexical-semantic processing. Early
oV-line studies (e.g., Brownell, 1998; Brownell et al.,
1984; Brownell, Simpson, Bihrle, Potter, & Gardner,
1990; Schmitzer, Strauss, & DeMarco, 1997; Winner &
Gardner, 1977) showed that patients with focal RH
damage have problems with lexical ambiguity in general,
and metaphor in particular. These researchers compared
the performance of RHD, LHD, and normal control
individuals by using either sentence/context-picture
matching (e.g., Schmitzer et al., 1997; Winner & Gard-
ner, 1977) or word triad relatedness judgment (e.g.,
Brownell, 1998; Brownell et al., 1984, 1990) paradigms.
Overall, it was found that when individuals with LHD
were presented with ambiguous adjectives (e.g., “warm”
to refer to “hot” or “loving”), they chose metaphoric
interpretations (e.g., “loving”) more frequently and they
were less likely to select literal foils (e.g., “blanket”) than
were individuals with RHD. On the other hand, individ-
uals with RHD were as likely to choose metaphoric
interpretations as literal ones. In addition, in compari-
sons of comprehension performance across neutral, con-
notation-biased and denotation-biased contexts, RHD
patients exhibited decreased accuracy levels in the
neutral and connotation-biased contexts. Thus, it was
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suggested that secondary or subordinate (i.e., non-literal,
connotative) meanings are much less salient when the
right hemisphere is dysfunctional (Brownell et al., 1990;
Schmitzer et al., 1997).

Based on these early oV-line Wndings, which showed
that RHD patients have diYculties with lexical ambigu-
ity, as well as on later studies on lexical ambiguity pro-
cessing by both normal and brain-damaged populations,
two major theories have been proposed to account for
the deWcits observed after RH damage, namely the “sup-
pression deWcit” and the “coarse semantic coding”
hypotheses. According to the “suppression deWcit”
hypothesis, RHD patients’ deviant performance with
ambiguous words could be attributed to problems with
suppressing interpretations that are initially activated,
but eventually become irrelevant or incompatible with
the context (Tompkins & Lehman, 1998). The suppres-
sion mechanism is compromised in individuals with
RHD, and suppression function after RHD is assumed
to correlate with comprehension (Tompkins & Lehman,
1998). The large majority of investigations of the pro-
cessing of lexical ambiguity in context by individuals
with right-hemisphere damage (RHD) has supported the
“suppression deWcit” hypothesis (e.g., Grindrod &
Baum, 2003; Tompkins, Baumgaertner, Lehman, & Fos-
sett, 1997; Tompkins, Baumgaertner, Lehman, & Fass-
binder, 2000). In general, these studies have shown that
RHD patients seem to be impaired in the appreciation of
context which leads them to the ineVective use of contex-
tual cues to eventually suppress inappropriate (or irrele-
vant) meanings (Tompkins et al., 2000).

The other major hypothesis concerning RH process-
ing abilities, known as the “coarse semantic coding”
hypothesis, has been proposed by Beeman (1998).
According to this hypothesis, during word processing,
the LH is most selective, strongly activating small
semantic Welds, while the RH diVusely activates large
semantic Welds (Beeman, 1998). In particular, the RH is
assumed to coarsely code semantic input resulting in
weak activation of large semantic Welds, thus allowing
for vague interpretations only. Although such semantic
processing would make the RH less eVective for select-
ing the appropriate meaning of single words, it would
make it more sensitive to distant semantic overlap and
the maintenance of multiple word meanings. In con-
trast, the LH is assumed to Wnely code semantic input,
so that a word strongly activates a limited subset of
semantic features that are related to its primary mean-
ing. As a result, Wne semantic coding would make the
LH very eYcient at selecting the frequent or contextu-
ally appropriate meaning for further processing. Sup-
port for the “coarse semantic coding” hypothesis
primarily comes from divided visual Weld studies with
neurologically intact individuals. These studies have
used manipulations of sentential context to demon-
strate hemispheric diVerences in lexical-semantic pro-
cessing (e.g., Coney & Evans, 2000; Faust, Kravetz, &
Netzer, 2002; Titone, 1998). In general, it has been
shown that following biased priming sentences at longer
intervals, only the contextually appropriate meaning is
facilitated in the LH, whereas all related targets (i.e.,
both contextually appropriate and inappropriate) are
facilitated in the RH. In other words, although irrele-
vant meanings are suppressed in the LH, no suppression
or limited suppression eVects are observed in the RH
(Faust & Gernsbacher, 1996). These results indicate that
the two hemispheres respond diVerently to lexical ambi-
guity; the RH maintains activation of all meanings for a
longer time, whereas the LH focuses on the most domi-
nant or contextually appropriate meaning of ambigu-
ous words, dampening irrelevant interpretations more
quickly.

As discussed, a number of studies has provided evi-
dence in favour of either the “suppression deWcit” or the
“coarse semantic coding” hypotheses. However, it is not
always easy to compare the results of these studies and
formulate a uniWed account of the lexical-semantic abili-
ties of the RH and the deWcits observed after RH dam-
age, due to major methodological diVerences across the
investigations. The most crucial methodological diVer-
ence is that the studies that have supported the “suppres-
sion deWcit” hypothesis included brain-damaged
populations, whereas the studies that provided evidence
in favour of the “coarse semantic coding” hypothesis
mainly used the divided visual Weld methodology in non-
brain-damaged individuals. Thus, to date, experiments
have been unable to unequivocally support one hypothe-
sis over the other. In other words, neither the “suppres-
sion deWcit” nor the “coarse semantic coding”
hypothesis has garnered clear support. The present
study, which uses an auditory sentence priming para-
digm, was designed in an attempt to further address this
issue by carefully controlling the types of lexical ambigu-
ity under investigation.

Exploiting the theoretical linguistic distinction of lexi-
cal ambiguity into homonymy, metaphorical polysemy
(i.e., metaphor), and metonymic polysemy (i.e., meton-
ymy) may allow us to contrast more clearly the predic-
tions of the “suppression deWcit” and the “coarse
semantic coding” hypotheses. In homonymy, a lexical
item carries two (or more) distinct and unrelated mean-
ings. Therefore, there is, at best, only a distant semantic
relation between the meanings and no strong feature
overlap. In contrast, in metonymy, where a single lexical
item has several diVerent but related senses, there is a
close semantic relation between its senses and strong fea-
ture overlap. Although Klein and Murphy (2001) pro-
vide evidence that, at least for some polysemous words,
their senses seem to be quite distinct, there are other
studies that indicate that there are cases (especially in
metonymous words) where the senses are very closely
related and exhibit strong featural overlap (e.g., Frazier
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& Rayner, 1990; Klepousniotou, 2002; Rodd et al.,
2002). In particular, greater priming eVects (Klepousnio-
tou, 2002) and shorter Wxation times (Frazier & Rayner,
1990) have been found for metonymically polysemous
words than homonymous words. In addition, there is
evidence that ambiguous words with related meanings
(and in particular metonymous words) are processed
faster than unambiguous words, whereas ambiguous
words with unrelated meanings (i.e., homonymous
words) do not show such an advantage (Azuma & Van
Orden, 1997; Rodd et al., 2002; but cf. Rubenstein,
Lewis, & Rubenstein, 1971 who found a facilitatory
eVect of homography only when the alternative mean-
ings are equiprobable and not systematically related).
Finally, it has also been found that the various senses of
polysemous words are interdependent (Williams, 1992;
but cf. Klein & Murphy, 2001, 2002), and it may not be
possible to suppress them even in incongruent contexts
(Williams, 1992). These Wndings suggest that there may
be diVerences in the representations of ambiguous
words, depending on whether they have multiple mean-
ings (i.e., homonymy) or multiple senses (i.e., polysemy)
(but cf. Klein & Murphy, 2001, 2002). The present inves-
tigation exploits the types of metonymous words that
have very closely related senses and, thus, exhibit strong
featural overlap. Furthermore, in concert with the
notion of a continuum from “pure” homonymy to
“pure” polysemy (i.e., metonymy), metaphor seems to be
somewhere between the two end-points. Despite the fact
that the multiple meanings may be related through anal-
ogy, they may not have as strong feature overlap as met-
onymous words, and thus they may be, in terms of
processing, closer to homonymy. Based on the nature of
homonymy and metonymy, the “suppression deWcit”
and the “coarse semantic coding” hypotheses, in their
purest versions, make diVerent predictions.

The strongest version of the “suppression deWcit”
hypothesis would predict that RHD patients would
exhibit similar performance for all types of lexical ambi-
guity. Since all three types (i.e., homonymy, metaphor,
and metonymy) involve alternative meanings that must
be suppressed, irrespective of whether they are literal or
Wgurative and regardless of the strength of their interre-
latedness, individuals with RHD should be equally
impaired at suppressing the alternative (contextually
inappropriate) meanings of homonymous, metaphorical,
and metonymous words, at least at the longer delay
(1000 ms ISI).

The “coarse semantic coding” hypothesis, on the
other hand, in its strongest version, would predict diVer-
ential performance depending on the type of ambiguity
the lexical items exhibit. The alternative meanings of
homonymous words are unrelated and there is very
weak feature overlap (which could merely be phonologi-
cal and/or orthographic), whereas the alternative senses
of metonymous words are interrelated and there is
strong feature overlap. One might be tempted to suggest
no RH involvement in the processing of homonymous
words, given that there is no semantic relation between
their multiple meanings. However, the vast majority of
divided visual Weld studies provide evidence that
although there is distributed activation in both hemi-
spheres, the RH seems to show increased and prolonged
activation of peripheral or secondary/subordinate mean-
ings of homonymous words while dominant meanings
are mainly activated and maintained in the LH (e.g.,
Anaki, Faust, & Kravetz, 1998; Burgess & Simpson,
1988; Coney & Evans, 2000; Titone, 1998). Therefore,
based on the evidence from divided visual Weld studies
and the assumptions of the “coarse semantic coding”
hypothesis, it is predicted that RHD patients should be
impaired at accessing the alternative meanings of hom-
onymous and possibly metaphorical words, but not of
metonymous words.

It must be noted, however, that the above predictions
derive from the purest versions of the “suppression deW-
cit” and “coarse semantic coding” theories in which con-
textual bias and meaning dominance are not taken into
consideration. In fact, neither of the two theories explic-
itly discusses how contextual bias and meaning domi-
nance may aVect the processing of ambiguous words and
their predictions about RH involvement in language
processes. Nevertheless, if contextual bias and meaning
dominance were found to inXuence the predictions of the
two theories, both factors could be integrated into
revised versions of the theories, without having to dis-
card their fundamental assumptions.

With respect to the use of context, both the Wndings
of lexical ambiguity studies with non-brain-damaged
individuals, as well as the characteristics of RHD
patients indicate that it may provide interesting informa-
tion about the processing of lexical ambiguity. In partic-
ular, psycholinguistic studies have shown that the
presence of strong contextual cues aVects the activation
patterns of ambiguous words in non-brain-damaged
individuals (e.g., Seidenberg et al., 1982; Swinney, 1979),
limiting access to the contextually appropriate meanings.
Furthermore, individuals with RHD have been shown to
exhibit speciWc problems in understanding complex con-
texts (e.g., Beeman, 1993). Therefore, it is crucial to
investigate the eVects of context on RHD patients, as
well as LHD patients, and explore whether the use of
context enhances or inhibits the activation of alternative
(or inappropriate) meanings.

Another factor manipulated in the present study was
the length of the interval (ISI) between prime and target.
Previous studies have shown that the interval between
prime and target can aVect the pattern of activation of
the alternative meanings of ambiguous words (e.g., Bur-
gess & Simpson, 1988; Simpson & Krueger, 1991;
Swinney, 1979). Time-course studies with normal non-
brain-damaged individuals have suggested that short



E. Klepousniotou, S.R. Baum / Brain and Language 95 (2005) 365–382 369
intervals (up to 200 ms approximately) measure immedi-
ate activation processes, whereas longer intervals (more
than 500 ms) measure later post-access selection pro-
cesses. Furthermore, studies with brain-damaged popu-
lations have suggested that patients may not be impaired
at activating lexical-semantic information, but rather
may be delayed, so that contextual integration and selec-
tion processes are obvious only at longer intervals (e.g.,
Hagoort, 1993; Swaab, Brown, & Hagoort, 1998; but cf.
Milberg, Blumstein, & Dworetzky, 1987). Given the pre-
dictions of the two hypotheses, it is important to investi-
gate whether the performance of RHD patients is
actually due to a delay in activation or suppression of
alternative word meanings.

Thus, by carefully manipulating the site of lesion (LH,
RH), the type of context (dominant- or subordinate-
meaning biasing), the length of the interstimulus interval
(ISI), and the type of ambiguity (i.e., homonymy, meta-
phor, and metonymy), the present study attempted to
shed more light on the time-course of meaning activa-
tion in context, as well as test the “suppression deWcit”
and the “coarse semantic coding” hypotheses of RH lan-
guage function and dysfunction.

2. Method

2.1. Subjects

Three groups of subjects participated in the present
study: a group of 9 LHD non-Xuent aphasic individuals
(diagnosed according to results of the BDAE, see below),
a group of 8 RHD individuals and a group of 10 normal
control individuals matched in mean age to the two
brain-damaged groups. All subjects were native speakers
of English with hearing within normal limits for their age,
as attested by audiometric screening at <35 dB HL at the
speech frequencies of 0.5, 1.0, and 2.0 kHz.

Brain-damaged patients were recruited from a num-
ber of institutions in the Montreal area, and they had all
suVered a single unilateral cerebrovascular accident,
conWrmed by Computerized Axial Tomography (CT) or
Magnetic Resonance Imaging (MRI) scans. Radiologi-
cal reports of CT and/or MRI scans, as well as neurolog-
ical reports, determined the lesion sites of the
cerebrovascular accidents which were due to hemor-
rhagic or ischemic infarcts. At the time of the infarct
onset, most brain-damaged individuals had motor deW-
cits on the contralateral side to their lesions.

Tables 1 and 2 provide information about the etiol-
ogy and lesion site of the brain-damaged individuals.
Based on the CT/MRI scans and the neurological
reports, Wve of the eight RHD patients [R03, R04, R05,
R06, R07] had a lesion that involved the territory of the
right lateral cerebral cortex that is supplied with blood
by the middle cerebral artery (MCA) (see Table 2). RHD
patients with lesions in the territory of the right MCA
were chosen to match the type of lesions primarily
observed in LHD non-Xuent aphasic patients. The other
three patients [R01, R02, and R08] had primarily sub-
cortical lesions involving the right cerebral hemisphere.
In summary, the present group of RHD patients had
RH lesions (either cortical or subcortical) aVecting the
function of the right cerebral hemisphere. With regard to
the LHD non-Xuent aphasic patients, as can be seen in
Table 1, they had lesions resulting from infarcts in the
territory of the left middle cerebral artery aVecting the
function of the left lateral cerebral cortex. The presence
of multiple infarcts, a history of drug or alcohol abuse,
or a history of psychiatric and/or neurological disorders
constituted criteria for initial exclusion. The brain-dam-
aged patients were at least six months post-onset at the
Table 1
Background information of non-Xuent aphasic (LHD) individuals

Note. L, left hemisphere; H, hemorrhagic infarct; I, ischemic infarct; MCA, middle cerebral artery; MPO, months post-onset; BDAE, Boston Diag-
nostic Aphasia Examination; AC, Auditory Comprehension (percentage score); PAL, Psycholinguistic Assessment of Language; SWPM, Spoken
Word-Picture Matching (maximum score, 32); ASC, Auditory Sentence Comprehension (maximum score, 40).

a Best estimated conversion into years, based on information from subject (e.g., 2 years college, high school).
b Established on the basis of CT/MRI scans and/or neurological reports.

Patient Age (years) Educationa (years) Sex Etiology Lesion siteb MPO BDAE PAL

AC (%) SWPM (/32) ASC (/40)

L01 54 14 M I L MCA (parietal) 184 90 32 32
L02 71 9 F H L MCA (fronto-temporo-parietal) 115 60 32 27
L03 82 9 M I L MCA (frontal) 92 88.75 30 34
L04 74 12 F I L MCA (parietal) 116 88.75 32 40
L05 60 20 M I L cortical/subcortical 47 30 31 31
L06 69 12 F I L MCA (fronto-parietal) 92 82.5 32 30
L07 50 14 F I L MCA (fronto-parietal) 137 87.5 31 36
L08 58 11 F I L MCA territory 48 50 32 30
L09 58 10 M I L carotid artery ischemia 38 84 32 37

Mean 64.0 12.3 96.6 73.5 31.6 33.0
SD 10.5 3.4 47.8 21.7 0.7 4.1
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time of testing, and the two brain-damaged groups did
not signiWcantly diVer in the number of months
post-onset of stroke [F (1, 15)D 0.686, pD .42].

A series of screening and diagnostic tests were admin-
istered to the brain-damaged patients. The diagnostic
tests diVered (in part) across the groups given that left
and right hemisphere lesions typically lead to diVerent
types of impairments. In particular, the diagnosis of type
of aphasia exhibited by the LHD patients was deter-
mined by results of the Boston Diagnostic Aphasia
Examination (BDAE) (Goodglass, Kaplan, & Barresi,
2001). On the other hand, RHD patients do not typically
exhibit aphasic-like linguistic impairments. For the pres-
ent group of RHD patients, this was conWrmed by clini-
cal records and neurological reports. However, RHD
patients do exhibit more subtle linguistic impairments in
making inferences and comprehending Wgurative lan-
guage. Therefore, they were subjected to a test battery
adapted from the Test of Language Competence-
Expanded Edition (TLC-E) (Wiig & Secord, 1987) to
examine inferencing and Wgurative language abilities;
they were also tested on sections of an Emotional
Prosody Battery. As can be seen in Table 2, RHD
patients indeed exhibited problems with inferencing and
Wgurative language typically observed in this subject
population. Overall, the screening tests were used to
ensure that the brain-damaged patients participating in
the study had representative impairments typically
observed in LHD non-Xuent aphasic and RHD individ-
uals, respectively.

In addition, both groups of brain-damaged individu-
als were administered further tests in order to ensure
that they had adequate speech and language skills neces-
sary for their participation in the study, and in particu-
lar, adequate auditory comprehension of single words
and simple sentences so that the task materials and
instructions would be understood. It should be noted,
however, that comprehension impairments associated
with syntactically complex sentences or discourse-level
passages were not grounds for exclusion. The additional
tests included: the Bells test and sections (line crossing,
letter cancellation, star cancellation, Wgure and shape
copying, line bisection, and representational drawing) of
the Behavioural Inattention Test (BIT) (Wilson, Cock-
burn, & Halligan, 1987) to screen for visual neglect, an
Auditory Digit Span test, as well as a series of tests to
ensure speech and language skills including the Written
Word–Picture Matching subtest, and the Spoken Word–
Picture Matching subtest, and the Auditory Sentence
Comprehension subtest from the Psycholinguistic
Assessment of Language (PAL) (Caplan, 1992).

The normal control (NC) group was selected from
volunteers in the Montreal area. They were matched as
closely as possible to the brain-damaged groups for
mean age (MD 69.8, SDD 4.4), sex and education level
(M D 14, SDD 3.7) (see Table 3). Normal control

Table 3
Background information of normal control individuals

Note. C, control subjects.
a Best estimated conversion into years, based on information from

subject (e.g., 2 years college, high school).

Subject Age (years) Educationa (years) Sex

C01 71 9 M
C02 66 11 M
C03 69 18 F
C04 69 13 F
C05 70 9 M
C06 75 14 M
C07 67 13 F
C08 68 16 F
C09 79 18 F
C10 64 19 M

Mean 69.8 14.0
SD 4.4 3.7
Table 2
Background information of right hemisphere damaged (RHD) individuals

Note. R, right hemisphere; H, hemorrhagic infarct; I, ischemic infarct; MCA, middle cerebral artery; PCoA, posterior communicating artery; MPO,
months post-onset; TLC-E, Test of Language Competence-Expanded Edition; Fig, Wgurative language (maximum score, 10); Inf, inferences (maxi-
mum score, 10); PAL, Psycholinguistic Assessment of Language; ASC, Auditory Sentence Comprehension (maximum score, 40).

a Best estimated conversion into years, based on information from subject (e.g., 2 years college, high school).
b Established on the basis of CT/MRI scans and/or neurological reports.

Patient Age (years) Educationa (years) Sex Etiology Lesion siteb MPO TLC-E (adapted) PAL

Fig (/10) Inf (/10) ASC (/40)

R01 62 13 F H R PCoA territory 152 8 10 40
R02 68 13 F H R internal capsule/basal ganglia 92 5 9 39
R03 37 13 F I R MCA (parietal) 89 9 10 38
R04 65 12 M I R MCA territory 24 7 6 35
R05 45 9 F I R MCA territory 71 6 4 36
R06 90 11 M H R MCA territory 70 7 6 38
R07 81 11 M I R MCA (fronto-temporo-parietal) 65 7 7 37
R08 73 14 M H R thalamus 72 6 7 37

Mean 65.1 12.0 79.4 6.9 7.4 37.5
SD 17.5 1.6 35.9 1.2 2.1 1.6
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subjects had no history of neurological and/or psychi-
atric illness, or speech-language disorders. To exclude
the possibility of cognitive decline or dementia, a series
of neuropsychological tests were used to screen all con-
trol subjects. These tests included the Boston Naming
Test (BNT) (Kaplan, Goodglass, & Weintraub, 1983),
the Mini-Mental State Examination (MMSE) (Folstein,
Folstein, & McHugh, 1975), and the Logical Memory I
(immediate recall) and II (delayed recall) subtests of
the Wechsler Memory Scale-Revised (WMS-R) (Wechs-
ler, 1987). Overall, the three participant groups did not
diVer signiWcantly in terms of mean age [F (2, 24)D
0.675, pD .518] or education [F (2, 24)D1.097, pD .349].
A summary of neuroradiological, demographic, and
language performance data for the LHD non-Xuent
aphasic and RHD individuals as well as for the normal
control individuals is presented in Tables 1–3,
respectively.

2.2. Materials

Prime–target pairs representing three distinct types of
lexical ambiguity were constructed in the following way.
Eighteen of each of the three types of ambiguous words
were selected as primes: (1) unbalanced homonymous
words (e.g., “bank”) (i.e., one meaning was more fre-
quent (i.e., dominant) than the other meaning (i.e., sub-
ordinate)); (2) metaphorical words (e.g., “mouth”); and
(3) metonymous words (e.g., “rabbit”).

Unbalanced homonymous words were chosen from
standardized lists of ambiguous words (e.g., Nelson,
McEvoy, Walling, & Wheeler, 1980; Twilley, Dixon,
Taylor, & Clark, 1994). The frequency of occurrence of
the dominant meaning was never less than 63% and the
frequency of occurrence of the subordinate meaning was
never greater than 32%. Overall, the dominant meaning
had a mean frequency of occurrence of 77% (range: 63–
93%) and the subordinate meaning had a mean fre-
quency of 15% (range: 2–32%). The average frequency of
occurrence of the homonymous words was 36 (range: 1–
120) (Francis & Kucera, 1982). In the present study, the
choice of unbalanced homonymous words was dictated
by the predictions of the “coarse semantic coding”
hypothesis. In particular, according to this hypothesis,
the LH subserves dominant meanings while the RH sub-
serves alternative interpretations. Thus, in order to max-
imize the possibility that alternative meanings are in the
realm of the RH, homonymous words with a clear dis-
tinction between dominant and subordinate meanings
were chosen (i.e., unbalanced homonymous words).

Standardized lists of metonymous and metaphorical
words do not exist; therefore, these words were chosen
so as to exhibit speciWc relations between their two
senses as documented in the theoretical linguistics litera-
ture (e.g., Nunberg, 1979; Pustejovsky, 1995). To control
for repetition eVects and semantic facilitation eVects
from an experimental stimulus to another, as well as to
investigate the eVects of a broader range of words with
metonymic and metaphorical meaning extensions, multi-
ple types of metonymous and metaphorical words were
included. In particular, metonymous words exhibited the
following three types of metonymic relations: 6 words
with the count/mass relation (e.g., “rabbit”! “the ani-
mal” and “the meat of that animal”); 6 words with the
container/containee relation (e.g., “bottle”! “the con-
tainer” and “the contents in it”); and 6 words with the
Wgure/ground reversals relation (e.g., “cage”! “the
actual object” and “the space that is enclosed within it”).
The mean frequency of occurrence for the metonymous
words was 26 (range: 7–99) (Francis & Kucera, 1982).
Similarly, metaphorical words exhibited three types of
metaphorical relations, namely 6 body part/object words
(e.g., “mouth”! “an aperture on the face” and “where a
river meets the ocean”), 6 animal/human characteristic
words (e.g., “fox”! “a wild animal of the forest” and “a
sly and cunning individual”), and 6 physical object/
human characteristic words (e.g., “star”! “a bright
object in the night sky” and “a famous individual”). The
average frequency of occurrence of the metaphorical
words was 30 (range: 1–103) (Francis & Kucera, 1982).
Standard dictionaries were consulted to verify the classi-
Wcation of all stimuli as homonymous, metonymous or
metaphorical (see also Rodd et al., 2002). All such dictio-
naries respect the distinction between homonymy and
polysemy by listing the diVerent meanings of homony-
mous words as separate entries, whereas the diVerent
senses of metonymous and metaphorical words are listed
within a single entry. In addition, all standard dictionar-
ies respect sense dominance by listing the central or
dominant sense of metonymous and metaphorical words
Wrst and then providing the extended or subordinate
senses. Finally, all ambiguous prime words (i.e., hom-
onyms, metonymies, and metaphors) were matched for
frequency of occurrence (Francis & Kucera, 1982), sylla-
ble length, concreteness, and grammatical category (see
Appendix A).

Ambiguous words were incorporated in sentences
that biased one or the other meaning of the ambiguous
lexical item which always appeared in the sentence-Wnal
position. Thus, each of the three types of ambiguous
words (i.e., homonymy, metaphor, and metonymy) was
incorporated in two meaning bias conditions (i.e., domi-
nant-meaning bias and subordinate-meaning bias). Sen-
tence primes were constructed with the restriction that
word associates of the ambiguous words were not
included in the sentences, so that the whole context,
rather than an individual word, biased the meanings.
Sentence primes were matched for length (5–8 words)
and syntactic complexity (only active voice sentences).

To ensure that the sentences actually biased the
appropriate meaning of the sentence-Wnal ambiguous
word and the associated target word, a sentence rating
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study was conducted. A (diVerent) group of 30 healthy
young individuals was asked to rate the relatedness of
the target word to the sentence prime. The two sentences
that were constructed for each ambiguous word to bias
either the dominant or the subordinate meaning (with
the ambiguous word underlined in sentence-Wnal posi-
tion) were followed by a single target word which was
either related or unrelated to the priming sentence. The
participants were asked to read the sentences carefully
and rate how related that single word was to the mean-
ing suggested by the sentence. The rating scale ranged
from 1 to 7, and the participants were instructed to circle
1 if they thought that the sentence and the single word
were not related at all. They were instructed to circle 7 if
they thought that the sentence and the single word were
strongly related, and to use numbers 2–6 to indicate
intermediate levels of relatedness. To avoid repetition of
the ambiguous words, two lists of sentences were con-
structed and were administered with an interval of 10
days. No sentence prime or target word was repeated in
the same list. A target word was considered to be unre-
lated to the biasing sentence if it received a mean rating
of less than 1.5 (out of 7), while a target word was con-
sidered related if it received a mean rating above 4 (out
of 7). Eight sentence-target word pairs, which did not
conform to the criteria, were modiWed and rated again.
Overall, unrelated target words had a mean relatedness
rating of 1.06 (out of 7; range: 1–1.5), whereas related
target words had a mean relatedness rating of 5.93 (out
of 7; range: 4.1–6.97). More speciWcally, for the homony-
mous words, unrelated target words had a mean related-
ness rating of 1.06 (out of 7; range: 1–1.2), whereas
dominant-meaning-related target words had a mean
relatedness rating of 6.11 (out of 7; range: 4.77–6.8) and
subordinate-meaning-related target words had a mean
relatedness rating of 5.91 (out of 7; range: 4.13–6.87). For
the metonymous words, unrelated target words had a
mean relatedness rating of 1.05 (out of 7; range: 1–1.4),
whereas dominant-meaning-related target words had a
mean relatedness rating of 6.12 (out of 7; range: 4.8–
6.97) and subordinate-meaning-related target words had
a mean relatedness rating of 5.96 (out of 7; range: 4.47–
6.73). Finally, for the metaphorical words, unrelated tar-
get words had a mean relatedness rating of 1.08 (out of
7; range: 1–1.5), whereas dominant-meaning-related
target words had a mean relatedness rating of 5.78 (out
of 7; range: 4.1–6.77) and subordinate-meaning-related
target words had a mean relatedness rating of 5.71 (out
of 7; range: 4.63–6.83).

Four types of auditory targets were used: (1) words
related to the dominant meaning of the ambiguous word
primes; (2) words related to the subordinate meaning of
the ambiguous word primes; (3) control words unrelated
to the ambiguous word primes; and (4) legal non-words.
Target words were matched as closely as possible for fre-
quency of occurrence (Francis & Kucera, 1982), syllable
length, and concreteness (see Appendix A). Target non-
words were constructed respecting the phonotactic rules
of English.

Word associates for the homonymous, metonymous,
and metaphorical words with the animal/human charac-
teristic relation were obtained from a standardized list of
word association norms (Nelson, McEvoy, & Schreiber,
1998). For the metaphorical words exhibiting body part/
object relations (e.g., “mouth”) and object/human char-
acteristic relations (e.g., “star”), which did not appear in
the word association norms, a word association study
was administered. A (diVerent) group of 30 healthy
young individuals was asked to generate the Wrst three
words associated with a given ambiguous word.
Responses were grouped according to the general mean-
ing they conveyed (e.g., for the metaphorically polyse-
mous word “nucleus,” the Wrst meaning group was
“chemistry” and the second meaning group was “basis
of a community”). Only ambiguous words for which
word associates for both their meanings were given by
more than 80% of the participants were used in the prim-
ing study.

In the experiment, each sentence prime (either domi-
nant or subordinate) was followed either by a target
word related to the sentence-Wnal ambiguous word (thus
being either contextually appropriate or inappropriate),
an unrelated control target word, or a non-word (see
Table 4 for examples). Overall, there were a total of 108
priming sentences (54 sentences biasing the dominant
meaning, and 54 biasing the subordinate meaning), 162
target words and an equal number of target non-words.
Non-words were presented following sentence primes
that had the same characteristics as the experimental
sentence primes (e.g., type of ambiguous word in sen-
tence-Wnal position, length, and syntactic complexity),
but were not part of the experimental sentence group.
All stimuli were recorded by a female native speaker of
English, digitized at a rate of 20k samples/second and
low pass Wltered at 9 kHz using the Brown Lab Interac-
tive Speech System (BLISS) software (Mertus, 2000).

The interval (ISI) between the oVset of the sentence
prime and the onset of the target item was manipulated
in order to investigate the time-course of activation.
Based on previous studies (e.g., Burgess & Simpson,
1988; Tompkins et al., 2000), a short (100 ms) and a long
(1000 ms) interval were chosen to explore immediate ver-
sus more delayed processes of meaning activation (and
suppression). Each trial consisted of the auditory presen-
tation of a biasing sentence prime and a target (either
word or non-word).

To reduce the number of repetitions of the sentence
primes and targets, three separate lists of stimuli were
constructed for each ISI, presented across three test ses-
sions each at least one week apart. One third of the
experimental stimuli comprised each of the three lists.
Thus, each list had 54 sentences biasing the sentence-
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Wnal ambiguous words toward their dominant meanings
and 54 sentences biasing the subordinate meanings. One
third of the biasing sentences were followed by a target
word associated with the dominant meaning of the
ambiguous word, one third were followed by a target
word associated with the subordinate meaning, and one
third of the sentence primes were followed by an unre-
lated control target word. No sentence primes or target
words were repeated in the same list. A total of 108
experimental sentences and word targets were presented
in each list. An equal number of Wller sentence primes
followed by target non-words were also included in each
list. Thus, each list included 216 sentence primes and tar-
gets (words and non-words), and there was an equal
number of “yes” and “no” responses.

2.3. Procedure

All participants were tested in three sessions, each
lasting approximately 1 h. A practice session of 6 trials
preceded the presentation of the actual experiment. Dur-
ing a single test session, two diVerent lists were presented
with a 20 min break between them. One list was pre-
sented at a 100 ms ISI, whereas the other had a 1000 ms
ISI. Items within a list were presented in Wxed random
order. The order of presentation of the lists was counter-
balanced across subjects within each group (NC, LHD,
and RHD). The study was completed in three sessions,
after all lists in both ISIs had been presented to the sub-
jects. Test sessions were administered with an interval of
a week between them to avoid any carry-over repetition
eVects.

Participants were tested individually, seated in a com-
fortable position. They were wearing headphones and
the volume was adjusted to their preference. Each trial
began with the auditory presentation of a sentence prime
through the headphones. At 100ms or 1000 ms after the
oVset of the sentence prime, an auditory target was pre-
sented for lexical decision. Participants were told that
they would Wrst hear a sentence and then they would
hear a single word, and they would have to make lexical
decisions only about the word. They were instructed to
respond as accurately and as quickly as possible on a
response box located in front of them (using their cur-
rently dominant hand) by pressing the YES key if they
thought the single word was a real word in English, and
the NO key if they thought it was a non-word. Reaction
times (in ms) and accuracy rate were recorded by the
computer.

3. Results

Error rates for lexical decision responses were Wrst
examined. For each subject, error rates were calculated
for each ISI condition separately. A cutoV accuracy rate
of 67% per list was used, so that the data of any subject
who made more than 33% errors in a single list would be
removed from further analysis. No subject reached the
cutoV point for any of the lists; furthermore, no diVer-
ences were observed across test sessions. Thus, the data
of all the lists were used in the statistical analyses. In
addition, given that unrelated target words acted as con-
trols for both dominant- and subordinate-related target
words, if an error was made on an experimental target
word (dominant- or subordinate-related), the corre-
sponding control word was still included in the statistical
analyses. Due to the limited number of errors and the
lack of variance for the NC subjects, statistical analyses
were not carried out. For the brain-damaged groups, the
results of the error analyses paralleled the reaction time
results to be described below. Therefore, the discussion
will be restricted to the results of the reaction time (RT)
data.

Only correct responses to word targets were analyzed.
Prior to statistical analysis, errors and outliers (§2 SD
from each subject’s mean per condition) were removed.
Due to within subject group variability, the reaction time
data were normalized using a log transformation
(Stevens, 1996). The log transformed data were then
Table 4
Examples of dominant- and subordinate-biasing sentences followed by both related and unrelated target words for the homonymy, metonymy and
metaphor conditions

Meaning bias Sentence prime Target word

Related Unrelated

Dominant Subordinate

Homonymy
Dominant bias His nose bled after the powerful punch. Wst fruit cloud
Subordinate bias For the party, she prepared a punch. Wst fruit cloud

Metonymy
Dominant bias In the supermarket, she chose a big potato. spud mash claw
Subordinate bias For lunch, she only had some potato. spud mash claw

Metaphor
Dominant bias The core of the atom is the nucleus. electron boss motel
Subordinate bias Undoubtedly, Tim is the company’s nucleus. electron boss motel
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subjected to 2 (ISI)£2 (Meaning bias)£ 3 (Ambiguity
type)£ 3 (Target type) repeated measures analyses of
variance (ANOVA) for subjects (F1) and items (F2) for
each subject group separately, in keeping with other
research that has used similar analyses (e.g., Hagoort,
1993; Hagoort, Brown, & Swaab, 1996; Swaab et al.,
1998; Tompkins et al., 2000).

3.1. Normal control subjects

For the normal control (NC) subjects, errors and out-
liers (§2 SD) comprised 6.41% of the data for the short
ISI (100 ms) and 6.96% for the long (1000 ms) ISI.

The ISI (short, long)£Meaning bias (dominant,
subordinate)£Ambiguity type (homonymy, metonymy,
and metaphor)£Target type (dominant-related, subordi-
nate-related, and unrelated) ANOVA revealed signiWcant
main eVects of ISI2 [F1(1,9)D47.78, p < .0001;
F2(1,611)D112.68, p < .0001], Ambiguity type [F1(2,18)D
13.00, p< .001; F2(2,611)D7.16, p < .001], and Target type
[F1(2,18)D46.67, p < .0001; F2(2,611)D 31.97, p <.0001].

There were also signiWcant two-way interaction eVects
of Meaning bias£Ambiguity type (for subjects)
[F1 (2,18)D 5.12, p < .05; F2 (2,611)D1.88, pD .153],
ISI£Target type [F1 (2, 18)D3.82, p < .05; F2 (2, 611)D
2.50, pD .082], Meaning bias£Target type [F1 (2, 18)D
30.81, p < .0001; F2 (2, 611)D 10.62, p < .0001], as well as
a signiWcant three-way interaction of ISI£Meaning
bias£Target type (for subjects) [F1 (2, 18)D3.82, p < .05;
F2 (2, 611)D 1.18, pD .308].

Post hoc comparisons using the Duncan test (p < .05)
to further explore the Meaning bias£Ambiguity type
interaction did not reveal any diVerences of interest.
Comparisons to further explore the ISI£Target type
interaction revealed that for both the short and the long
ISIs, RTs to dominant- and subordinate-related targets
were signiWcantly faster than to control-unrelated tar-
gets (see Fig. 1). Inspection of the individual data3

revealed that this pattern of performance was evidenced
by 90% of NC subjects for the short ISI and 70% of NC
subjects for the long ISI.

In addition, post hoc comparisons to further explore
the Meaning bias£Target type interaction revealed that
after dominant-meaning biasing sentences, RTs to domi-
nant- and subordinate-related targets were signiWcantly
faster than to unrelated control targets (see Fig. 1).
Inspection of the individual data revealed that this pat-

2 Note that the overall reaction times for the normal control subjects
are much longer at the long ISI compared to the short ISI, while this
diVerence does not exist for the two brain-damaged subject groups.
This could probably be attributed to the fact that the brain-damaged
subjects were already performing quite slowly at the short ISI, making
it impossible to exhibit substantially slower responses at the long ISI.

3 When referring to individual data, a diVerence of at least 20 ms was
arbitrarily considered to be reaction time facilitation.
tern of performance was evidenced by 100% of NC sub-
jects for the dominant-related targets and by 90% of NC
subjects for the subordinate-related targets. Similarly,
after subordinate-meaning biasing sentences, RTs both
to dominant- and subordinate-related targets were sig-
niWcantly faster than to unrelated control targets (see
Fig. 1). Inspection of the individual data revealed that
this pattern of performance was evidenced by 80% of
NC subjects for the dominant-related targets and 100%
of NC subjects for the subordinate-related targets.

Most importantly, post hoc comparisons exploring
the ISI£Meaning bias£Target type interaction showed
that, for the short (100 ms) ISI, after dominant-meaning
biasing sentences, RTs to both dominant- and subordi-
nate-related targets were signiWcantly faster than to
unrelated control targets (see Fig. 1). Inspection of the
individual data revealed that this pattern of performance
was evidenced by 100% of NC subjects. Similarly, after
subordinate-meaning biasing sentences, RTs to both
dominant- and subordinate-related targets were signiW-
cantly faster than to unrelated control targets (as evi-
denced by 90% of NC subjects) (see Fig. 1). For the long
(1000 ms) ISI, however, following dominant-meaning
biasing sentences, only dominant-related targets were
facilitated (shown by 70% of NC subjects, while 30%
showed facilitation for both dominant- and subordinate-
related targets), whereas following subordinate-meaning
biasing sentences, only subordinate-related targets were
facilitated (as evidenced by 60% of NC subjects, while
30% showed facilitation for both dominant- and subor-
dinate-related targets) (see Fig. 1).

3.2. LHD non-Xuent aphasic subjects

For the LHD non-Xuent aphasic subjects, errors and
outliers (§2 SD) comprised 12.68% of the data for the
short ISI (100 ms) and 10.83% for the long (1000 ms) ISI.

The ISI (short, long)£Meaning bias (dominant,
subordinate)£Ambiguity type (homonymy, metonymy,
metaphor)£Target type (dominant-related, subordi-
nate-related, unrelated) ANOVA revealed signiWcant
main eVects of ISI (marginally for subjects) [F1 (1, 8)D
3.61, p < .09; F2 (1, 612)D 7.15, p < .01], Meaning bias (for
subjects) [F1 (1, 8)D 7.22, p < .05; F2 (1, 612)D1.96, pD
.162], Ambiguity type [F1 (2, 16)D 16.15, p < .001;
F2 (2, 612)D6.00, p < .01], and Target type [F1 (2, 16)D
44.89, p < .0001; F2 (2, 612)D26.75, p < .0001].

There were also signiWcant two-way interaction eVects
of ISI£Meaning bias [F1 (1, 8)D 5.73, p < .05; F2 (1,
612)D8.48, p < .01] and Meaning bias£Target type
[F1 (2,16)D 8.01, p < .01; F2 (2, 612)D 3.57, p < .05]. Fur-
thermore, there was a trend toward a three-way interac-
tion of ISI£Meaning bias£Target type (for subjects)
[F1 (2,16)D 2.85, p < .08; F2 (2, 612)D1.13, pD .323].

Post hoc comparisons using the Duncan test (p < .05)
to further explore the ISI£Meaning bias interaction did
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not reveal any diVerences of interest. However, post hoc
analysis of the Meaning bias£Target type interaction
revealed that after dominant-meaning biasing sentences,
only RTs to dominant-related targets were signiWcantly
faster than to unrelated targets. Inspection of the indi-
vidual data revealed that this pattern of performance
was evidenced by 100% of LHD individuals. On the
other hand, after subordinate-meaning biasing sen-
tences, RTs to both dominant- and subordinate-related
targets were signiWcantly faster than to unrelated targets
(shown by 100% of LHD patients) (see Fig. 2).

Although the ISI£Meaning£Target interaction did
not reach statistical signiWcance (and only showed a
trend), it is interesting to note that at the short ISI, both
contextually appropriate and inappropriate targets were
responded to faster than unrelated targets for both dom-
inant-meaning and subordinate-meaning biasing sen-
tences (as evidenced by 100% of LHD subjects for
contextually appropriate targets and 77.7% of LHD sub-
jects for contextually inappropriate targets) (see Fig. 2).
On the other hand, looking at the long ISI, after domi-
nant-meaning biasing sentences, 77.7% of LHD subjects
exhibited faster RTs only to dominant-related targets
than to unrelated targets, while after subordinate-mean-
ing biasing sentences, RTs to both dominant- and subor-
dinate-related targets were faster than to unrelated
targets (shown by 100% of LHD subjects) (see Fig. 2).

3.3. RHD subjects

For the RHD subjects, errors and outliers (§2 SD)
comprised 11.88% of the data for the short ISI (100 ms)
and 10.99% for the long (1000 ms) ISI.

The ISI (short, long)£Meaning bias (dominant,
subordinate)£Ambiguity type (homonymy, metonymy,
metaphor)£Target type (dominant-related, subordi-
nate-related, unrelated) ANOVA revealed signiWcant
main eVects of Ambiguity type [F1 (2, 14)D 4.73, p < .05;
Fig. 1. Mean reaction times (and standard error) for normal control subjects (NC) at both ISIs (100 ms and 1000 ms) for control unrelated word tar-
gets (Unrelated), word targets related to the dominant meaning (Dominant), and word targets related to the subordinate meaning (Subordinate) fol-
lowing dominant (Dominant bias), and subordinate (Subordinate bias) biasing sentences for each ambiguity type (Homonymy, Metonymy, and
Metaphor).
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F (2, 612)D5.28, p < .01], and Target type [F1 (2, 14)D
18.42, p < .001; F2 (2, 612)D29.91, p < .0001].

There were also signiWcant two-way interaction eVects
of ISI£Meaning bias (for subjects) [F1 (1, 7)D5.74,
p < .05; F2 (1,612)D 3.24, p < .07], Meaning bias£Target
type [F1 (2,14)D11.17, p < .01; F2 (2, 612)D 5.62, p < .01],
and Ambiguity type£Target type [F1 (4, 28)D5.12,
p < .01; F2 (4, 612)D3.36, p < .01].

Post hoc comparisons using the Duncan test (p < .05)
to further explore the ISI£Meaning bias interaction did
not reveal any diVerences of interest. In contrast, post
hoc comparisons of the Meaning bias£Target type
interaction revealed that after dominant-meaning bias-
ing sentences, RTs to both dominant- and subordinate-
related targets were signiWcantly faster than to unrelated
targets (pattern of facilitation shown by 100 and 75% of
RHD patients, respectively). Similarly, after subordi-
nate-meaning biasing sentences, RTs to both dominant-
and subordinate-related targets were signiWcantly faster
than to unrelated targets (see Fig. 3). This pattern of
facilitation was shown by 87.5% of RHD individuals.

Furthermore, post hoc comparisons exploring the
Ambiguity type£Target type interaction revealed that
for homonymy and metonymy, RTs to both dominant-
and subordinate-related targets (which did not diVer
from each other) were signiWcantly faster than to unre-
lated control targets (see Fig. 3). Inspection of the indi-
vidual data revealed that this pattern of performance
was evidenced by 100% of RHD individuals for homon-
ymy, and by 75% of RHD patients for metonymy. For
metaphor, on the other hand, RTs to dominant-related
targets were signiWcantly faster than to both subordi-
nate-related targets (as evidenced by 75% of RHD indi-
viduals) and unrelated targets (shown by 100% of RHD
individuals) (see Fig. 3). Subordinate-related targets did
not show any facilitation relative to unrelated targets (as
evidenced by 62.5% of RHD patients). There were no
obvious characteristics (either in terms of age or in terms
Fig. 2. Mean reaction times (and standard error) for left-hemisphere damaged non-Xuent aphasic subjects (LHD) at both ISIs (100 ms  and 1000 ms)
for control unrelated word targets (Unrelated), word targets related to the dominant meaning (Dominant), and word targets related to the subordi-
nate meaning (Subordinate) following dominant (Dominant bias), and subordinate (Subordinate bias) biasing sentences for each ambiguity type
(Homonymy, Metonymy, and Metaphor).
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of lesion site) that diVerentiated those individuals who
conformed to the group pattern from those who did not.
Thus, in the present study, the performance of the 3
RHD participants with predominantly subcortical
lesions did not diVer from the performance of the other 5
RHD participants with cortical lesions (but cf. Copland,
Chenery, & Murdoch, 2000; Copland, Chenery, & Mur-
doch, 2001 for results on lexical ambiguity processing
following LH subcortical lesions).

4. Discussion

The present study aimed to investigate the time-
course of meaning activation and the eVects of sentential
context on the processing of ambiguous words. Impor-
tantly, by exploiting the distinctions among diVerent
types of ambiguous words (i.e., homonyms, metonymies,
and metaphors), the study also explored the eVects of the
strength of the semantic relations that hold between
their meanings (or senses) in an attempt to test the “sup-
pression deWcit” (Tompkins & Lehman, 1998) and the
“coarse semantic coding” (Beeman, 1993) hypotheses of
RH language function and dysfunction. Although the
results failed to support the strongest versions of either
the “suppression deWcit” or the “coarse semantic cod-
ing” hypothesis, they seem to indicate that RH damage
leads to impairments in the eVective use of sentential
context and to changes in the normal patterns of the
time-course of activation. As a result, RHD patients
seem to have diYculties selectively activating the appro-
priate meaning of ambiguous words, and ultimately,
inhibiting inappropriate meanings.

With respect to normal control subjects, the present
Wndings are consistent with the existing psycholinguistic
literature that shows that both context and interstimulus
interval aVect the meaning activation process. More spe-
ciWcally, previous studies with young healthy adults have
Fig. 3. Mean reaction times (and standard error) for right-hemisphere damaged subjects (RHD) at both ISIs (100 ms and 1000 ms) for control unre-
lated word targets (Unrelated), word targets related to the dominant meaning (Dominant), and word targets related to the subordinate meaning
(Subordinate) following dominant (Dominant bias), and subordinate (Subordinate bias) biasing sentences for each ambiguity type (Homonymy,
Metonymy, and Metaphor).
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shown that at a short ISI (less than 200 ms), all meanings
of ambiguous words are activated even in the presence
of a biasing context (e.g., Seidenberg et al., 1982; Swaab
et al., 2003; Swinney, 1979). However, at a longer ISI
(more than 500 ms), there is evidence that only the con-
textually appropriate meaning of ambiguous words
remains activated (e.g., Swinney, 1979). The present
study replicated these Wndings with older non-brain-
damaged participants. In particular, it was found that at
the short delay (100 ms), targets related to both the dom-
inant and subordinate meanings of ambiguous words
showed facilitation relative to unrelated control targets,
irrespective of the biasing context (whether context
biased the dominant or the subordinate meaning). How-
ever, at the longer delay (1000 ms), the normal control
subject group showed eVects of context, as only the con-
textually appropriate targets (either dominant or subor-
dinate) were facilitated relative to unrelated control
targets. Furthermore, these Wndings held for all three
types of ambiguous words (i.e., homonymy, metonymy,
and metaphor), indicating that in the presence of biasing
context, the strength of the semantic relation between
the meanings (or senses) of ambiguous words does not
critically inXuence activation patterns. In other words,
the presence of context can facilitate access even to
meanings that may not be typically available in isolation
(e.g., the subordinate meanings of metaphors; see Kle-
pousniotou & Baum, 2005).

Thus, the Wndings for the normal control subjects
contribute to our understanding of the importance of
the semantic relations between the multiple meanings/
senses of ambiguous words. The present Wndings indi-
cate that the strength of the semantic relation among the
multiple meanings of homonymous (no relation) and
metonymous (close relation) words does not seem to
play a role in the activation process when the ambiguous
words serve as primes. These Wndings, thus, do not make
a distinction in the processing of words with multiple
unrelated meanings (i.e., homonymy) and words with
multiple related senses (i.e., metonymy). Nevertheless,
according to theoretical and computational linguists
(e.g., Cruse, 1986; Lyons, 1977; Pustejovsky, 1995), hom-
onymous and metonymous words are assumed to repre-
sent two end-points on the continuum from multiple
unrelated meanings (in the case of homonymy) to multi-
ple related senses (in the case of metonymy). Previous
psycholinguistic studies have also provided evidence that
homonymous and polysemous words are processed
diVerentially and, thus, may be stored diVerently in the
mental lexicon (e.g., Azuma & Van Orden, 1997; Frazier
& Rayner, 1990; Klepousniotou, 2002; Rodd et al., 2002;
Rubenstein et al., 1971; but cf. Klein & Murphy, 2001,
2002). One possible account of the disparate Wndings
relates to crucial diVerences in the methodology of the
present experiments as compared to previous studies. In
particular, previous studies that have shown diVerential
processing for homonymous and metonymous words
have used the ambiguous lexical items as targets, thus
measuring the eVect (or cost) of having multiple mean-
ings, as opposed to multiple senses, on the activation
process. The present study used the ambiguous lexical
items as primes, measuring whether and how they can
facilitate access to word associates that are related to
their dominant or subordinate meanings/senses. There-
fore, the present study was not speciWcally designed to
assess the cost of having multiple meanings or senses,
but rather whether participants can access the multiple
meanings/senses of ambiguous words when they appear
in sentential context. The Wndings of the present study
suggest that when the ambiguous words serve as primes,
there are no diVerences in the activation patterns for
their multiple meanings/senses.

Turning to the brain-damaged groups, previous stud-
ies (e.g., Grindrod & Baum, 2003; Hagoort, 1993; Swaab
et al., 1998; Tompkins et al., 1997; Tompkins et al., 2000)
have demonstrated diVerential eVects of LH and RH
lesions on the processing of ambiguous words. With
respect to LHD non-Xuent aphasic patients, who in the
present study showed performance largely parallel to
that of the normal control subjects, both context and
interstimulus interval seem to have inXuenced the
processing of ambiguous words. Importantly, the LHD
non-Xuent aphasic patients were, as expected, able to
understand the short, canonical, active voice sentences
used in the present study (see also Caramazza & Zurif,
1976; Berndt, Mitchum, & Wayland, 1997), indicating
that the presence of some types of context (such as the
ones used here) may assist linguistic processing in these
patients. Nevertheless, the data for the LHD non-Xuent
aphasic patients should be interpreted with caution,
given that the results did not always reach statistical sig-
niWcance. In the present study, diVerences in activation
were observed between the shorter and longer delays. In
particular, at the short (100 ms) delay, both contextually
appropriate and inappropriate targets were facilitated
relative to unrelated targets. On the other hand, at the
long (1000 ms) ISI, after dominant-biasing sentences,
only dominant-related targets were facilitated, while
after subordinate-biasing sentences, facilitation eVects
were still observed for both dominant- and subordinate-
related targets, indicating that the LHD non-Xuent
aphasic patients were inXuenced by both context and
meaning frequency. Most importantly, however, the
LHD non-Xuent aphasic patients showed similar perfor-
mance for all three types of ambiguous words (i.e., hom-
onymy, metonymy, and metaphor), as did the normal
control subjects, indicating that they can also activate
meanings that may not be typically available in isolation
(e.g., subordinate meanings of metaphors). The present
results are consistent with the Wndings of some previous
studies that have shown that LHD non-Xuent aphasic
patients demonstrate relatively intact processing of
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ambiguous words in that they can access alternate mean-
ings (e.g., Grindrod & Baum, 2003; Hagoort, 1993; Mil-
berg & Blumstein, 1981; Swaab et al., 1998; but cf.
Prather, Zurif, Love, & Brownell, 1997; Swinney, Zurif,
& Nicol, 1989 for evidence that Broca’s aphasic patients
exhibit slower than normal activation patterns and facil-
itation eVects only for dominant meanings of homony-
mous words).

Turning to RHD patients, recall that exploiting the
particularities of the three types of lexical ambiguity (i.e.,
homonymy, metonymy, and metaphor), the present
study set out to test the predictions of the “suppression
deWcit” (Tompkins & Lehman, 1998) and the “coarse
semantic coding” (Beeman, 1993) hypotheses that have
been proposed to account for the deWcits observed after
RH damage. The two hypotheses make diVerent predic-
tions about the performance of individuals with RHD, if
the linguistic distinctions of lexical ambiguity are taken
into consideration. In particular, as described earlier, the
strongest form of the “coarse semantic coding” hypothe-
sis (Beeman, 1993) would predict that RHD patients
should be diVerentially impaired at accessing alternative
meanings of homonymous but not metonymous words.
Alternatively, the strongest form of the “suppression
deWcit” hypothesis (Tompkins & Lehman, 1998) would
predict that RHD patients should be able to initially
activate all meanings, but eventually (at the longer ISI)
they should be equally impaired at suppressing the alter-
native meanings/senses of all types of lexical ambiguity.
However, the present Wndings did not reveal exactly such
patterns of lexical ambiguity processing. Previous prim-
ing studies with RHD patients have shown that they
experience problems inhibiting the contextually inappro-
priate meanings of homonymous words (Tompkins
et al., 1997, 2000), and that access to context is disrupted
(Grindrod & Baum, 2003). The Wndings of the present
study are consistent with such previous studies, in that
the performance of RHD patients did not diVer over the
time-course of processing. For both ISIs, facilitation
eVects were observed for both dominant- and subordi-
nate-related targets compared to unrelated control tar-
gets, largely irrespective of contextual bias (i.e., whether
targets were presented after dominant-meaning or sub-
ordinate-meaning biasing sentences). Thus, these Wnd-
ings are consistent with previous research that has
shown that RHD patients are impaired in their ability to
eVectively use context (e.g., Beeman, 1993; Grindrod &
Baum, 2003; Schmitzer et al., 1997; Tompkins et al.,
2000; but cf. Leonard & Baum, 1998; Leonard, Baum, &
Pell, 2001; Leonard, Waters, & Caplan, 1997). Consistent
with previous Wndings (e.g., Tompkins et al., 1997;
Tompkins et al., 2000), the present results seem to point
toward a lack of time-course eVects, leading to an inabil-
ity of RHD patients to eVectively select only the contex-
tually appropriate meaning and eventually suppress
inappropriate ones.
Importantly, the Wndings reported above were
observed for both homonymous and metonymous
ambiguous words. Thus, the present study suggests that
despite diVerences in the word types, in the presence of
biasing context, the strength of the semantic relation
among the meanings (or senses) of ambiguous words
(more speciWcally homonymous and metonymous
words) does not seem to signiWcantly aVect processing
patterns in RHD patients. However, in contrast to the
normal control subjects and the LHD non-Xuent aphasic
patients, RHD patients did show diVerential eVects for
metaphorically ambiguous words, for which only the
dominant meaning was facilitated, regardless of biasing
context and interstimulus interval. This Wnding, which is
consistent with earlier oV-line studies by Brownell et al.
(1984, 1990) that also showed impairments in the appre-
ciation of metaphorical meanings, suggests that RHD
patients may have a particular problem activating the
subordinate, Wgurative meaning of metaphors (in addi-
tion to their diYculties appreciating context and eventu-
ally suppressing inappropriate meanings). This Wnding is
also consistent with the theoretical linguistics literature
that holds that metaphorical senses tend to be inconsis-
tent and unsystematic (Apresjan, 1974) and therefore
more loosely related than the systematic and predictable
metonymic senses. Metaphors are thought to have more
distantly related semantic features that probably need a
highly speciWc context situation to be triggered (or even
be computed on demand), and even in the presence of an
appropriate context situation, access to the secondary,
metaphorical senses of these words seems to be diYcult
for RHD patients. In fact, previous studies (e.g., Beeman,
1993; Grindrod & Baum, 2003; Schmitzer et al., 1997;
Tompkins et al., 2000; but cf. Leonard & Baum, 1998;
Leonard et al., 2001; Leonard et al., 1997), as well as the
present results, indicate that RHD patients have diYcul-
ties with the appreciation of context. Given the inability
of RHD patients to eVectively use context, it is conceiv-
able that when the activation of the subordinate mean-
ing heavily relies on contextual cues (as in the case of
metaphorical polysemy), the processing abilities of RHD
individuals are severely compromised. As a result,
although the biasing context assisted the activation of
the secondary meanings of metaphors in the normal
control subject population, as well as in the LHD non-
Xuent aphasic population, no such eVects were observed
for the RHD individuals.

The results of the present study are contrary to the
strongest expectations of both the “coarse semantic
coding” and the “suppression deWcit” hypotheses of
RH language abilities. In particular, there were no pro-
cessing diVerences in the RHD patients between hom-
onymous and metonymous words that would provide
support to the predictions of the strongest form of the
“coarse semantic coding” hypothesis. Similarly, RHD
patients did not exhibit deWcits in the suppression of
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contextually inappropriate meanings across all types of
lexical ambiguity (i.e., homonymy, metonymy, and
metaphor) which would provide support to the predic-
tions of the strongest form of the “suppression deWcit”
hypothesis. Nevertheless, RHD patients did show
impairments in the time-course of processing and an
inability to fully appreciate context. Thus, the present
Wndings could be interpreted as supporting a softer ver-
sion of the “suppression deWcit” hypothesis. In particu-
lar, RHD patients showed facilitation for both
dominant and subordinate meanings (at least for hom-
onymous and metonymous words) largely irrespective
of contextual bias and interstimulus interval. There-
fore, even the presence of biasing context did not inXu-
ence activation patterns by limiting activation (at least
at the longer delay) to the contextually appropriate
meaning alone. In addition, RHD patients showed a
selective impairment in the appreciation of secondary/
Wgurative meanings of metaphorical polysemy. Thus,
the present Wndings seem to indicate that individuals
with RHD may, indeed, have a deWcit suppressing
alternative, contextually inappropriate meanings of
ambiguous words (conWned to homonymy and meton-
ymy) as well as a particular impairment in the appreci-
ation of Wgurative meanings.
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Appendix A

Experimental word stimuli for the sentence priming study

Ambiguous word prime 
(in sentence-Wnal position)

Target

Dominant Subordinate Unrelated 
control

Homonymy
ball round dance battle
count eighty duke rake
Wle drawer carpenter trumpet
march april soldiers portion
park bench vehicle context
yard grass mile sin
drill machine practice marriage
fan breeze sport tile
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