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The Representation of Polysemous Words

Devorah E. Klein and Gregory L. Murphy

Department of Psychology and Beckman Institute, University of lllinois at Urbana-Champaign

Words that have a number of related senses are polysemous. For expamaerefers to both a substance
and a publication printed on that substance. Five experiments investigated whether different senses are repre:
sented distinctly in the lexicon or if there is a common, core meaning. In all experiments, a polysemous word
was used twice, in phrases that selected the same or different senses. Experiment 1 showed that sense consi
tency aided memory for the polysemous word. Experiment 2 extended this result to a timed sensicality judgment
task. Experiment 3 demonstrated that the effects for polysemous words were very similar to those for
homonyms. Experiment 4 ruled out the possibility of modifier—modifier priming. Experiment 5 showed that
sense consistency facilitates comprehension relative to a neutral baseline, while sense inconsistency inhibits
comprehension. These experiments provide evidence that polysemous words have separate representations fi
each sense and that any core meaning is minimabkoo1 Academic Press
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Much research in lexical representation habese uses of the wopghperare related to one
compared homonyms with unambiguous wordsnother and clearly arose through a process ¢
Homonyms usually arise through a historical aextension of similar meanings rather than
cident in which two different word meaningsthrough an arbitrary historical coincidence
converge on the same phonological represen{&lark & Clark, 1979; Sweetser, 1990). This
tion, or in which a single word diverges intophenomenon of words having multiple related
very different meanings. A typical example isenses is called polysemiather than being an
bank, with the unrelated meanings of a financiaxception, polysemy can be found in most con-
institution and the side of a river. Most words d¢ent words to at least some degree.
not have such unrelated meanings, but linguistsWhereas the alternative meanings of a homo
and psycholinguists studying lexical meaningym like bankhave no obvious relation, the
have nonetheless identified a wide range e&nses of polysemous words are clearly relatec
meanings within individual unambiguousCertain semantic relations between a word’s
words. For example, the womhpermay refer senses appear over and over in polysemy (se
to a substance made out of wood pulp, a blathlehrer, 1990; Nunberg, 1979), for example, ob-
sheet of that substance, a daily publication, or gect/substance, object/representation of that ob
article that is printed on that substance. Thect, type/token, and text/object containing that
meaning of papehas been extended so far thatext. To illustrate one, the object/substance rela
it is now possible for students to turn in a papéion is found when the same word is used tc
by handing in a disk or sending a file electroniefer to an object and the substance that makes
cally, so that wood pulp is in no way involvedup, often becoming a mass noun in the secon
Unlike the meanings of a homonym, howevetase. For example, an oak is a tree that is th

source of some oak (wood) used to make ¢
table; a chicken is an animal that may end up a
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some baked chicken (the food). If we were table sense is separately represented (e.g., a
hear of a new species of plant called a delggsroaches based on lexicology, such as Zguste
we could say both “There is a delgar growing i6971).
my yard” (individual plant) and “This pen is Thus, the questions of how many senses ar
made out of delgar” (the substance derived fronepresented, how they are linked in memory,
that plant). Thus, these forms of polysemy ar@nd how they are coordinated in processing ar
highly productive, and they are used quite easithe critical issues surrounding polysemy. The
when new words enter the lexicon (Murphypresent experiments aim to provide data tha
1997). For example, the wolmbokcan be used will constrain accounts of the representation anc
to refer both to a physical object containing processing of polysemy.
text and to the content of that text. The same Given the differences just described betweer
form of polysemy is present in recently inventegolysemy and homonymy, it is obviously criti-
words for new information-storage devices suatal to keep these two phenomena distinct. Poly
asvideotape CD, andDVD; for example,That semy is the normal, expected presence of relate
CD is crackedobject) and That CD is brilliant senses in a word, such as an object and the su
(content of the CD). stance making up that object, and homonymy i
The outlines of a theory of homonymic reprethe unpredictable coincidence of two different
sentation are fairly clear. The different meanings/ords having the same name. Unfortunately
of bankor calf are considered to be differentpsychologists have not been very good at keef
words, so it is generally believed that they aring these two terms separate. In particular, the
represented by differefemmaglexical units— term polysemy, which is used in linguistics to
see Levelt, 1989). In lexicology, there alsaefer to a word having related senses (e.g.
seems to be a belief that homonyms are differe@ruse, 1986; Geeraerts, 1993), is often used as
words, as indicated by separate dictionary ersynonym for ambiguityincluding homonymy)
tries (Zgusta, 1971, p. 74; also shown below)n the psychological literature. For example,
This is not to say that it is understood exactlyHino and Lupker (1996) titled their article “Ef-
how listeners identify which meaning of a hom{ects of Polysemy . . .” and then refer to their
onym is intended but that there is fairly goodstimuli as “ambiguous” and “unambiguous.”
agreement that these meanings are lexicallyhis is fairly typical of the terminology in the
separated. There is no such agreement for polgsychological literature. Furthermore, studies of
semy. Should the sense pipermeaning “sub- ambiguity have sometimes combined these tw«
stance made from wood pulp” be in the samphenomena in their experimental designs by
lexical entry as “sheet of writing material [madetreating homonyms and polysemous words a:
from that substance]"? Should the two senses bbth “ambiguous.” In the present article, we
bookmeaning “object with print” and “a partic- will use the term polysentp refer to the phe-
ular text” be in the same lemma? Although suchomenon of related senses in otherwise unan
senses seem closely related, they are sometinteguous words (i.e., following linguistic prac-
ontologically different things. In the sentencdice), and we will use ambiguitjo refer to
“Your book is green,” a physical object is beingwords that are homonyms or homographs.
talked about, but in “Your book was difficult to .
understand,” the textual content is being relNe Problem of Polysemous Representation
ferred to. If the senses are switched across sen-Whereas homonyms are different words tha
tences, the sentences may no longer be true: Thappen to share the same name, it is not entirel
textual content was not green; the object was netear how polysemous words, whose senses al
difficult to understand. Linguists have varied irmore closely related, are represented. In an in
their approach to this problem, ranging fronfluential paper, Nunberg (1979) argued agains
suggesting that there is a single representelde idea that all distinct senses should be repre
sense that accounts for all these uses of a wosénted in the lexicon. Instead, he proposed the
(Ruhl, 1989) to arguing that each distinguishpragmatic principles could be used to derive
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word senses from others. For example, if dogjly irrelevant senses of polysemous words are
refers to a class of animals, one could easily daetive even over long delays in a lexical deci-
rive the use of this word to refer to an individuasion task. He compared this to results from the
animal in this class. We should emphasize thhbmonym literature, which show that priming
Nunberg’s argument concerned how a linguistior the contextually irrelevant meaning of
theory of the lexicon should represent differeftomonymous words is short-lived. Therefore
senses. It was not presented as a psychologi@élliams argued that the senses of polysemous
theory of representation and processingvords cannot be represented independently, a
Nonetheless, one can readily construct a psgemonym meanings are (see also Durkin &
chological theory from this proposal. Accordinglanning, 1989). One possibility, then, is that
to this theory, all that is represented is a cotle polysemous senses are connected through
meaning of a word. The different polysemousommon core.
extensions are generated on the fly, using prag-Additional support for the core concept view
matics and plausible reasoning. Thus, on thef polysemy can be found in the work of Ander-
view, different senses are not prestored but asen and Ortony (1975), who argued that under
rather computed from contextual features. standing is more than finding the correct lexical
A similar account was proposed by Caraentry in a semantic associative network. Ac-
mazza and Grober (1976), who identified 26ording to their work, a polysemous word de-
separate but related senses for the word limézes rich representations from its sentence, an
They suggested that these senses are all reldteth context and world knowledge must be in-
to a core meaning and that “it is precisely theolved in deriving those representations. Thus
core meaning that is stored in the psychologictiey argued that semantic memory is not rich
representation for the meaning of line” (p. 188knough to explain how polysemous words are
They argued against the notion that each serisgerpreted. Like Caramazza and Grober (1976)
is explicitly stored in the mental lexicon. Ruhkhey seem to be suggesting that the lexical nef
(1989) went so far as to argue that there is a simerk contains core information, and other infor-
gle, defining sense for words (even moshation necessary to understand the exact sen:
homonyms), with distinct senses neither created the word is supplied by context.
or stored. Core-meaning theories suggest a view of poly-
Lehrer (1990) agreed with Nunberg thasemous senses as being somewhat ephemer
much polysemy can be predicted through gehexical meanings can be augmented or ex
eral principles of meaning extension, but shended in a given context, but those extende
also noted that these principles sometimes fadenses are not permanently stored in the lexicor
She argued that the lexicon is simply unpré=ven having created an extension once does n
dictable to some degree and that language userake a subsequent creation easier on a simp
must learn which words can be extended icore-meaning account, since it is the core mear
which ways, rather than relying entirely oring that is retained. (We will discuss more elab-
pragmatic principles. That is, at least somerate views in the General Discussion.)
senses must be explicitly represented (see alscAnother view of polysemy representation is
Rice, 1992). In lexicology, Zgusta (1971, p. 66pne that is much closer to homonym represente
argued that it is usually impossible to find a sirtion. According to this view, common senses
gle basic sense of a word from which the othevould have separate entries connected to th
senses can be derived. Thus, within the linguisame lemma. For example, the writing material
tic literature there is a variety of views on hovgense of papemight be its core meaning, but
explicit the lexicon must be—whether eaclother senses such as a daily periodical or an art
word sense must be represented or instead is die would be represented distinctly. Presumably
rived from a more basic or core meaning. these senses would all be linked to the sam
Few psychological studies have addressddmma, unlike homonyms. Such views can vary
this issue. Williams (1992) found that contextuconsiderably, depending on how many sense
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they claim are represented and whether one wbrd would have highly shared representations
these senses is picked out as being the c&enversely, if each sense of a polysemous wor
meaning. An important question surroundings encoded and represented separately, then tl
this approach is how to decide which senses aepresentation of one use of the word might no
distinct (e.g.,dog used to refer to the class ofoverlap that of a different use of the same word
dogs vs an individual dogfbgas an animal vs a There are also a number of intermediate possi
kind of meat?) and when a sense rises abovéitities, in which a core part of the meaning is
mere nonce usage to deserve full representatishared by most senses, varying in how much in
Many linguists appear to take the view tharmation is in the core and how much is in the
some reasonable number of senses are repenses. For example, one might believe tha
sented, rather than only a single (core) meanitigere is a very abstract core that is present in a
or every possible sense (e.g., Cruse, 198the uses of a word, but each sense provides col
Deane, 1988; Langacker, 1987; Rice, 199Ziderable detail to flesh out its particular mean-
Tuggy, 1993). ing. Alternatively, one might propose that the
As already mentioned, there is very little ex-core is a rich representation of the prototypical
perimental evidence to support either the corese of the word, and the senses provide only th
or a multiple-sense theory or to provide conminimal information that distinguishes them.
straints on either view, and what evidence existlong with each representational view there are
is often muddied by the use of homonyms in thea number of possible processing accounts a
polysemous stimuli. One study that focuseavell. For example, one might argue that the core
solely on polysemy was that of Murphy (1997)sense is activated first, since it is common to al
which showed that novel extensions of a wor@r many uses; one could argue that the core an
that were closely related to previously knowrother senses are activated in parallel; one migt
senses were more acceptable than were mariaim that all senses are activated until the cor
distantly related extensions. This suggests thegct one is selected, or that only the most likely
polysemy could develop by the construction ofense is activated.
a chain of extensions, each building on its pred- The problem in beginning an investigation of
ecessors (as proposed by Heine, 1992; Lakoffplysemy is that there are few explicit mod-
1987; Malt, Sloman, Gennari, Shi, & Wang,els of the representation and comprehensior
1999). Furthermore, this is evidence that peoplerocesses of polysemous words. Linguistic ap-
can create novel extensions of words in contexrroaches virtually never discuss processing
and that not all senses of a word need to be pressues. The psychological literature has focusec
stored to be understood—a conclusion reiren the single-sense notion but has not explorec
forced by research on nonce uses of existingost of the other possibilities. It is clearly im-
words (e.g., Clark & Gerrig, 1983; Gerrig,possible to sort through all these possibilities in
1989)—which is consistent with a core viewa single study. Our approach has been to col
However, although novel uses of a word may bkect data that will act as constraints on all of
comprehensible, this does not mean that conthese theories. We will argue that the results in-
monly encountered senses are not stored. Muffeed rule out some of them, even if they do not
phy used novel words and novel extensions, byet determine which one is correct. Our strat-
it is possible that many senses of actual wordsgy was to investigate the amount of overlap in
are represented in memory. It is our goal to indifferent senses, using a priming technique in
vestigate this question. which one use of a word was followed by a
The main question being investigated in thsubsequent use that involved the same or a dif
present experiments is the degree to which diierent sense. Differences between these condi
ferent senses of polysemous words use the satioais indicate the amount of overlap of the
or different representations. If polysemousenses’ semantic representations. The questio
words have only a core meaning, specific sensieswhether there is enough semantic common:-
being derived online, then different uses of ality across different uses of a word to indicate
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a possible shared core meaning. As we hav®w meaning is represented and involved in
just pointed out, even if one believes in a corgyroduction and comprehension.
it might range from being the entire stored rep-
resentation of a word to a minimal, abstract EXPERIMENT 1
component. If our results show that different The first experiment used memory perform-
senses have considerable semantic overlegmce as a measure of the representation of poly
then single-sense views or any view with &emous senses. In particular, it investigatec
substantial core will be supported. In contrastvhether people are better able to recognize ¢
if the results show minimal overlap, then sepaword used in the same sense or a different
rate-sense views or a view with a minimal coresense than its original presentation. The experi:
will be supported. The initial experimentsment was based on a paradigm developed b
begin by looking at whether there are distinctight and Carter-Sobell (1970). In their study,
tions between different senses of a single wordubjects saw phrases likeaffic jam and then
Later experiments attempt to gauge the size shw a phrase likestrawberry jamand were
such distinctions by comparing polysemoussked if they had previously seen the wgath.
words to homonyms. Performance was worse in such cases thal
Although our results will not be able to nar-when they sawraspberry jam followed by
row the field down to a single model, it isstrawberry jam, which usefam in the same
nonetheless important to begin to perform emway. In Light and Carter-Sobell’s (1970) exper-
pirical work that will elucidate the representaiment, most of the test words would be counted
tion of polysemy, because of its implicationsas homonyms rather than as polysemous words
for our understanding of lexical processingtis perhaps not surprising that using a word in
and representation. Gerrig (1986) pointed owine way makes it difficult to retrieve a memory
that considerable psycholinguistic research adf the word used in an unrelated way. However,
dresses how meaning is used in lexical acce#iss not so clear that the same effect would be
and discourse comprehension, yet there is lifound with the highly related senses of polyse-
tle agreement on exactly what semantic informous words. For example, would one find the
mation is included in lexical representationssame decline in recognition if one were to use
For example, psychologists argue abouhe wordpaperto mean newspaper and wrap-
whether meaning is selectively or exhaustivelping paper? If the two uses draw on a single
accessed (especially for homonyms) duringore meaning, recall might be quite high even
comprehension, yet neither they nor linguistsvhen the sense is changed. If the senses rely o
agree on just what that meaning is—what iseparate representations, recall would be ex
and is not included in a word’s semantic reppected to be lower when different senses are
resentation. Without an understanding of theased in learning and test. Because homonym:
content of lexical representations, it is imposelo not share a common core meaning, Light
sible to decide whether access is selective, and Carter-Sobell's results do not speak to this
in what ways it is and is not selective. Ifpossibility.
Caramazza and Grober (1976) are correct in A related experiment was Perfetti and Good-
saying that there are (at least) 26 distinanan’s (1970) study of semantic constraints on
senses of the wortine and 40 senses faun, disambiguation. They found that when ambigu-
for example, one might be reluctant to proous words were presented in a sentence contex
pose that all these senses are accessed eaubjects later false-alarmed in a recognition
time the word is encountered. In contrast, ifnemory test to words associated with the rele-
the representation of such polysemous word&nt sense of the word. For example, after read
is a core sense or only a few senses, then exig a sentence like “Many families rent a house
haustive access seems a likely possibilityn the country for the summer months” for the
Thus, specifying the representation of polyseeritical word country, subjects later were more
mous words is a necessary part of explaininlikely to say that the worctity (related to the
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rural sense otountry) but not the worehation if it is in a different sense. If the core meaning
(related to the political sense of country) hadiew is correct, there should be no such differ-
appeared in the list. In another experiment, Peence, as subjects will access the single sense
fetti and Goodman presented a list of words foa polysemous word every time it is encountered
subjects to learn. They did not find analogou thod
context effects when the context was the WOI’&I ©
on the list just prior to the ambiguous word. Materials. Twenty-four polysemous words
Thus, their results suggest that the context of 4ere used (see the Appendix). We started with
single word may not be sufficient to distinguishPurkin and Manning's (1989) list of 175 poly-
the senses of a polysemous word in the presetmous words and their most common different
experiment. senses and selected senses that were clearly r
However, the Perfetti and Goodman (197df1ted. Polysemy of senses was also ensured b
study is not entirely appropriate for investigatconsulting the words’listings in th®xford Eng-
ing the issues raised in the present enterpridiéh Dictionary. The meanings of homonyms in
They did not look at memory for the ambiguou8lis dictionary are given separate entries,
word itself but instead at false alarms to associhereas the related senses of our polysemou
ates. In Experiment 1, we looked at recognitiof{€ms were all listed under a single entry.
memory for the polysemous word itself, which These potential stimuli were then normed on
may be a more sensitive measure. FurthermoRIl Subject population. Thirty-six subjects pro-
the Perfetti and Goodman stimuli seem to hayiced definitions of polysemous words, and the
included both polysemous items (likeuntry) W0 mostcommon senses produced were chose
and homonyms. They argued (p. 427) that onf?r use in the first experiment. After the two
4 of the 30 items used in most of their experi€Nses were chosen, two phrases using the wol
ments were polysemous. So, again, it is uncle$ere constructed for each sense so that ther
whether evidence of distinct memory represeiere four phrases for each polysemous word
tation will be found for words that have highlyFor €xamplepaperis a polysemous word that
related semantic representations. The pres&@h mean sheets of material made from wooc
experiment attempts to answer that question. PUlp or a newspaper. (Note that our paraphrase
The experiment had two parts. In the learnin@f these senses are simply expository conven
phase, subjects read phrases and were tolgiggces. Since the descriptions were never use
study them for a later memory test. The phrasésthe experiments, they have no bearing on the
contained polysemous words, biased in interpré€sults.) There were two phrases created fol
tation toward one of two senses. In the te§@ch of these senses, as in the examples give

phase, subjects viewed similar phrases in whidglow.

one of the two words was capitalized. Their taskheets of a materie Newspaper
was to decide if they had seen the capitalizedapping paper daily paper
word before. In experimental conditions, th&hredded paper liberal paper

word that was capitalized was the polysemoukhe phrases were selected so that there woul
word, which could be in the same phrase as priee minimal semantic overlap in the modifiers of
viously seen, in a different phrase that used tleach sense. For examptiily and liberalare
same sense, or in a phrase that used the altemeat from the same semantic field, even thougt
tive sense. However, the capitalized word wabkey both serve to margaper as indicating a
always the repeated word. Therefore, in the erewspaper. In addition, there was minimal mor-
perimental conditions, the response should ghhological overlap between the modifiers of an
ways be YES. In foils, the noncapitalized wordtem (e.g., two modifiers ending iring), and
was repeated. consistent pairs did not share morphologica

If polysemous words are represented withtructure more than did inconsistent pairs. In the
separate sense representations, memory sholglaming phase, subjects might see a phras
be better if a word is used in the same sense thasing one of the senses of paper, eitep-
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ping paperor daily paper. In the test phase theynemory test. They also received verbal instruc:
would see either the same phrase repeated (tlmms from the experimenter and were allowed
same phrase conditipna new phrase using theto ask any questions about the test. The tes
same sense (the consistent sense condition), gtease began immediately afterward. In this sec
new phrase using a different sense (the inconstd part, subjects were instructed to decide
tent sense condition). So, the test item shreddedhether the capitalized word in each phrase ha
PAPERwas in the consistent condition wherappeared in the first part of the study. If it had,
wrapping papemwas studied and was in the inthey pressed the YES button; if it had not, they
consistent condition whethaily paperwas stud- pressed the NO button. Subjects were told tc
ied. Note that the critical comparison (of consigead the whole phrase, because the other worc
tent vs inconsistent conditions) always involvedhight serve as a memory aid. They were alsc
a new modifier. told to go as fast as possible, without making

Counterbalancing items across conditions renistakes, although no explicit feedback about
quired six lists (each of two test phrases in exrors was given.
quadruple was preceded by a phrase that wasSubjects. Subjects were 61 introductory psy-
identical, consistent, or inconsistent). Thusshology students who participated in the exper-
none of the effects could be attributed to orienent for partial fulfillment of course credit.
sense being more familiar or memorable thafhey were all native speakers of English.
the other, since both senses appeared in both , )
consistent and inconsistent conditions. Results and Discussion

Foils also consisted of pairs of phrases, one One subject who had over 50% errors was
appearing in the study portion of the experidropped from the study. Reaction times (RTS)
ment and the second appearing in test. As Wwere not analyzed, given the large number of
the experimental items, one word of the phraseissing RTs (due to memory errors).
was repeated, but unlike in the experimental Same phrase items were the most accuratel
items, the repeated word was not the word sulevaluated (79% correct) (SB 19%), followed
jects were asked to judge. For example, they the consistent sense items (64%) (SD
study phrase might bennis ball, which would 25%), with the inconsistent sense items being
be followed in the test phase lignnis SHIRT, the most error prone (56%) (SB 24%),
where subjects were asked if they had sedf(2,118)= 23.14,p < .001;F,(2,46)= 25.75,
shirt before. These foils were used to forcgp < .001. For example, whepaperwas seen
subjects to focus on the critical word, ratheimnitially in a phrase like wrapping papewhich
than allowing them to respond positively if onesupported the “sheets of a material” sense, i
of the words seemed familiar. There were 24vas easier to verify having se@aper when
foils and 24 experimental items, for a total ofshredded PAPERwvas presented at test than
48 test trials. whenliberal PAPERwas presented at test. Not

Procedure. Subjects viewed the materials osurprisingly, seeing a word in an identical con-
a Macintosh Quadra 630 computer, which waext was the most helpful. These results indicate
connected to a PsyScope button box (Cohethat the way a polysemous word is processe
MacWhinney, Flatt, & Provost, 1993). Theirinitially affects later memory access.
dominant hands were assigned to the YES re-The repeated items were significantly more
sponse and their nondominant hands to the Nf@curate than the consistent sense phrase
response. For the first phase, subjects were #59) = 4.25,p < .001;t(23) = 5.80,p < .001.
structed to study the phrases that would Bdost importantly, the consistent sense phrase:
viewed for a later memory test. Phrases aptere reliably more accurate than the incon-
peared on the computer screen for 2 s apiesistent sense phrase$s9) = 2.75,p < .01;
with 2 s between trials. Each phrase was view#®3) = 2.23,p < .05. In fact, the inconsistent
once. At the end of this phase, instructions apendition was not reliably different from
peared telling subjects about the recognitiochance p's > .05).
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These results lend support to the hypothesis EXPERIMENT 2

that senses are stored separately and are evioyur main interest in Experiment 1 was not
dence against a single core meaning hypothesisemory for senses per se, but rather the issue
If the words were interpreted in terms of a conpow polysemous words are represented an:
mon core meaning (as suggested by a mongrocessed. The results did suggest that differer
semy view such as Ruhl's, 1989), memorgenses are stored separately. This result is su
would have been equivalent for the consistepkising enough to follow up in a task that in-
and inconsistent senses. Thus, these results suglves comprehension and semantic processin
gest that polysemous senses may be stored sapgier than memory. In this experiment, the task
rately. At the very least, they suggest that thgas to make a sense/nonsense judgment c
senses are functionally distinct in that samehrases similar to those used in the first memor,
sense uses are more related than are differegtperiment. The RT and accuracy of this judg-
senses uses of the same word. The fact that thent were the dependent measures. We aga
sense-inconsistent condition was not reliabljanipulated sense consistency by presentin
different from chance indicates that if there is phrases that involved the same or a differen
core sense, it is not at all strong, since it did ngense of a word and by looking for priming of a
provide a basis for memory. Semantic overlagonsistent use of a word compared to the incon
across senses is less, then, than might be eistent use.
pected, a conclusion that is examined further in For example, subjects might seliberal
Experiment 3. paperand have to say whether or not it made
This conclusion contrasts with that of Persense. On the previous trial, they would have
fetti and Goodman’s (1970) study describedeen eitherdaily paper (consistent sense) or
above. In their experiment, a single contexivrapping paperinconsistent sense). The ques-
word was not sufficient to force subjects to distion, then, is whether the difficulty in deciding
tinguish the senses of the learned wordshe sensicality ofiberal paperdepends on the
whereas a sentence context was. Althougtonsistency in sense of the prior usepafper.
there are many differences between their studyoils were used so that a sensical first phrase
and ours, perhaps the most important one @id not predict the sensicality of the second
that our subjects read the words as a phraghrase.) Again, if there is only a core meaning,
and therefore presumably interpreted them ascansistency should not make a difference, since
coherent concept (Gerrig & Murphy, 1992).all phrases would require access to the core con
For example, in order to understaridberal cept of paper. We used a sensicality judgment
paper, a subject would have had to determinbecause it requires subjects to access the meal
that paperreferred to a newspaper, rather thaing of the word, unlike lexical decision tasks,
to a sheet of blank paper, say, or else thehich only require subjects to verify that a
phrase would not have made sense. In contrastring is a word. Although meaning may be used
Perfetti and Goodman’s context was a precedd such a task, it may not be accessed at the
ing item on a list of to-be-remembered wordslevel of detail that would distinguish different
S0 subjects were not encouraged to integragenses. Furthermore, judging phrase sensicalit
the stimuli. Also, as mentioned earlier, our dehas been shown to be a sensitive measure ¢
pendent measure was memory for the targebnceptual processing in previous work (e.g.,
word itself, whereas their measure was the leddurphy, 1991).
direct measure of false alarms to another word Bainbridge, Lewandowsky, and Kirsner
related to one sense of the target word. As th@993) performed a similar study on polysemous
effect size was only 8% in our experiment, it isvords using sentence contexts and a lexical de
perhaps not surprising that a less direct measision task. Subjects made lexical decisions or
ure would not obtain a significant differencewords twice—preceded by contexts that evoked
between consistent and inconsistent senses. either the same or different senses across trials
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They found that polysemous words were judgegractice trials. Subjects were asked to judge th
faster in the second trial when they were presensicality of each phrase. They were explicitly
ceded by the same-sense context. Bainbridgeiastructed that sets of two phrases in a row
al. concluded (p. 624) that the different sensesould have a word in common. They were told
are represented separately, and that priming isto respond as quickly as they could without
a large degree dependent on activating the sameaking errors. Each phrase appeared by itse
sense of a word. However, their study did nobn the screen until subjects responded. Afte
separate repetition of a sense from repetition @very trial, subjects received feedback: Feed
the exact sentence context. That is, their condback telling them they were correct was on the
tion with different senses (necessarily) had difscreen for 1 s, while feedback after an error wa
ferent sentence contexts, whereas their samana the screen for 2 s. There was a pause of 2&
sense condition had the exact same sentenues between the end of the feedback and the b
context on both trials. As our Experiment 1ginning of the subsequent item, and there wa:
showed, seeing the exact same context providae particular marking of the phrase pairs that
more priming than simply activating the sameshared a word. The entire experiment took les:
sense. (In fact, the repetition effect there wathan 20 min.
larger than the sense consistency effect.) In Subjects. Subjects were 27 introductory psy-
order to fairly compare the same-sense and di¢hology students who participated in the experi-
ferent-sense conditions, one needs to use diffenent for partial fulfilment of course credit.
ent contexts in both cases, as in the present ekhey were all native speakers of English.
periment. . .
Results and Discussion

Method In order to be able to analyze RTSs, in this anc

Materials. The same phrases were used in treubsequent experiments we eliminated subject
critical trials as in Experiment 1. These phrasesho made too many errors and therefore ha
were counterbalanced, so that a subject migFkew trials per cell. Our criterion for dropping
see the prime phraserapping paperfollowed subjects was making more than 20% errors
by eithershredded papefconsistent) otiberal overall (which suggested a general lack of atten
paper (inconsistent) as targets, and a differertion) or making errors on more than 20% of
subject might sedaily paperas a prime, again the experimental trials. Seven subjects were
followed by eitherliberal paper (now consis- dropped from Experiment 2 on this basis. For
tent) orshredded papefinconsistent), requiring the remaining 20 subjects, experimental RTs
four counterbalancing lists. Within each listlarger than 3 SDs above each subject’s mea
half the critical items were consistent and halfvere omitted. Trials in which subjects made an
inconsistent. Each subject saw 24 total expererror on the prime were omitted from both
mental pairs of phrases and 72 foil pairs. Thanalyses, since we could not be sure that suk
foils were also two phrases sharing a word, witfects had correctly processed the prime phrase
at least one phrase that did not make sense.Which constituted the experimental manipula-
one-third of the foils, the first phrasédiigtory tion. This resulted in the exclusion of 1% of the
lecture) made sense while the seconelipw data.
lecture) did not. One-third of the pairs had the The error analysis of the critical phrases
reverse pattern, and the final third had two norshowed that it was easier to understand th
sensical phrases. As a result of these foils, thghrase when the repeated word was used in tf
sensicality of the first phrase did not predict sersame sense than in a different sefs€l,,19) =
sicality of the second across the experiment. Thet.77,p < .005; F,(1,23) = 10.12,p < .005.
same equipment was used as in Experiment 1.When subjects received consistent phrases, the

Procedure. To ensure that subjects undewere correct 96% of the time (SB 5%),
stood the instructions, there was a set of eigithereas when they received a prime and targe
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using different senses of the polysemous worthe less significant a core meaning could be.
they were correct 87% of the tim& = 10%). Homonyms provide a useful benchmark for es-
The RT analysis also showed the consistendimating the size of the effect, because the dif-
effect, although it was only reliable in the itemferent meanings of a homonym are essentially
analysis. When the prime and target were comrdependent. While a sense/nonsense judgmer
sistent, sensicality was judged more rapidlyask has not been done, to our knowledge, with
(792 ms;SD = 96) than when prime and tar-homonyms, one would expect that since their
get were inconsistent (859 m§D = 118), meanings are far more distinct, the consistency
F.1(1,19)= 1.82,p > .10;F,(1,23)= 9.64,p = effect would be far larger. For example, reading
.005. The lack of significance in the subjecthe wordbankto mean a financial institution
analysis is probably due to the small number ofill have a severe cost when the word was pre-
items per subject, once trials with errors (orviously used to refer to a mound of earth (Swin-
primes or targets) were removed. ney & Hakes, 1976; Tabossi, 1988; Tabossi &
When the second occurrence of a word wagardon, 1993; Van Petten & Kutas, 1987). The
consistent with the first one, subjects wer@rime will activate one lemma for this word,
more likely to judge the phrase as makingvhich will then be very strongly activated when
sense, and they tended to make this decisidhe word occurs again. When this is the incor-
faster. This constitutes further evidence againséct lemma (in the inconsistent condition), it
a single core meaning, using an online tasknust be suppressed and another one must b
Our results confirm those of Bainbridge et alselected. If the senses of polysemous word:s
(1993), who had a similar design using a lexioverlap, then they should reveal a smaller con-
cal decision task. But, as discussed earliesjstency effect. Furthermore, the linguistic as-
Bainbridge et al. used the exact same contexssimption is that these senses are connected |
in their consistent condition, and so their resultthe same lemma, so selection of a new one
could have been an effect of receiving the samgould not be necessary.
context on both trials. In our experiment, the In sum, homonyms provide a way to scale the
contexts were different in both conditions, angize of the consistency effect in polysemous
we still found an influence of same vs differenwords, since they represent the case in whicl
sense. different meanings are completely unrelated.
The results of Experiments 1 and 2 use veryhis experiment also serves as an attempt t
different techniques to converge on the conclueplicate the consistency effect found with poly-
sion that the different senses of a polysemousemous words in Experiment 2.
word are functionally distinct. In Experiment 1,
we argued that there was little absolute comethod
monality among the different senses of the The method was identical to that used in
same word, because the inconsistent conditidexperiment 2, with the one change that both
was not different from chance. Such a clainhomonymous and polysemous stimuli were
could not be made in Experiment 2, howevenised. For the experimental conditions in which
because there was no lower baseline agairtsie homonyms appeared, a subject might be
which the inconsistent sense condition could basked to judge the sensicality ebmmercial
compared. The next experiment provides suchkank and thensavings bank which use the
baseline. same meaning dbank. However, another sub-
ject might seecreek bankand thensavings
EXPERIMENT 3 bank, which use different meanings bank.
Experiment 3 served both to replicate ExperPolysemous and homonymous items were
iment 2 and to gauge the size of the consisteneised in the same list. Half of the experimental
effect. The consistency effect arises becausems a subject saw were consistent and hal
different uses of a word involve different se-were inconsistent. The subjects were 34 intro-
mantic properties. The stronger such an effeaiuctory psychology students who participated
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in the experiment for partial fulfilment of There was no difference overall between the
course credit. They were all native speakers dfomonyms and polysemous words, &8 < 1.
English. When results were analyzed separately fol
A slightly different set of polysemous the polysemous and homonymous words, bott
phrases was used in Experiment 3; modifiershowed the pattern found in prior experiments,
were replaced in some of the less successfuiith an advantage for consistency in errors anc
items from the prior experiments (e.g., thos®Ts (see Table 1 for the means), all §'s005.
with many errors). There were a total of 24lf anything, the improvement of the stimuli ap-
polysemous words and 24 homonymous wordsears to have strengthened the results for poly
(see the Appendix). Each subject saw 48 polysemous items.
semous phrases, 48 homonymous phrases, and his pattern of results is surprising, since a
288 control phrases, 96 in each of the contrdarger effect was expected for the homonyms
conditions. The foils from Experiment 2 wereAs discussed earlier, the different meanings of ¢
augmented by new items to make up the fulhomonym are generally thought to be repre-
complement. Four counterbalancing lists wersented distinctly, so there should have beel
used, as in the previous experiment, so th&drger consistency effects in these stimuli. Prim-
each critical phrase would appear in all condiing one meaning that is totally separate from the
tions across subjects. The procedure was idealiernate meaning should have more strongly
tical to that used in Experiment 2. aided understanding of a phrase using the sar
meaning and hurt understanding of a phrast
using the other meaning. Although the effect
Two subjects were dropped from the study faize for the homonyms was slightly larger (107
making errors on more than 20% of all thens) than for the polysemous words (64 ms),
phrases or of the experimental trials. For the réhere was no interaction by word type, so this
maining 32 subjects, RTs larger than 3&idve difference is at most suggestive.
each subject’s mean were omitted, as were trialsBecause this finding is somewhat surprising
in which subjects made an error on the prim&nd because there is a hint of the expected dif
phrase. This resulted in the exclusion of 2% dérence, we replicated the experiment. In addi-
the data. tion to the main experiment just reported, 24
One assumption was that homonyms and pabjects performed in an essentially identical
ysemous words would differ in the size of thetudy, with the exception that some of the homo-
consistency effect, with consistency beingym items were different (as described in Ex-
stronger for homonyms, due to the completelgeriment 4A). In this version of the experiment,
separate representations. Surprisingly, this wagich we will call Experiment 3A, we again
not found, as shown in Table 1: There were nfound no important difference between the hom-
interactions between consistency and word typenym and polysemy conditions, the interaction
either in RTsF(1,31)= 1.69,p > .20;F,(1,46) p’s all >.25. In fact, in this experiment, the
< 1; or errors,F,(1,31) = 2.56, p > .10; priming effect found for homonyms (25 ms,
F»(1,46) =2.62,p > .10. 12% errors) was actuallymallerthan that found
Importantly, although there were no interacfor polysemous items (80 ms, 12% errors). The
tions, consistency was still a reliable and impriming effect was significant in separate analy-
portant factor: when the prime and target werses of both classes of words, in RTs and error
consistent in the sense they referred to, thenalyses, with the exception of the item analysis
target phrase was evaluated 85 ms mo RTs for homonyms,F(1,23) < 1. Thus,
quickly and 12% more accurately than whermcross Experiments 3 and 3A, the size of the
the prime and target were inconsistent in senspriming effect was very close to being equal for
F.(1,31)= 46.01,p < .001;F,(1,46) = 35.76, homonyms and polysemous words. In one, the
p < .001 for RTs; and=4(1,31) = 77.79,p < effect was slightly larger for homonyms, and in
.001; F5(1,46) = 43.81,p < .001 for errors. the other, the effect was slightly larger for poly-

Results and Discussion
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TABLE 1

Mean Reaction Times (ms) with Standard Deviation in Parentheses and Percentage Correct for Experiments 3 anc

Sense
Consistent Inconsistent
RT % correct RT % correct

Experiment 3

Polysemous words 774 (118) 95 838 (156) 86

Homonyms 743 (130) 97 850 (187) 83

M 759 96 844 85
Experiment 4

Polysemous modifiers 593 (108) 93 583 (112) 91

Homonym modifiers 565 (111) 96 574 (115) 97

M 579 95 579 94

semous words, but in neither case did the intedid. It is possible that the priming he found for
action of word class and priming approach sigthe contextually irrelevant sense of a word
nificance. would be significantly less than what would be
This pattern of results is consistent with théound for the relevant sense (analogous to oul
finding in Experiment 1 that memory was notonsistency effect). Thus, the present experi-
cued by using the word in a different sense. Iments provide a more complete comparison of
both cases, cross-sense performance was abpoilysemy and homonymy than did Williams'’s
the same as a baseline. That is, counterintstudy.
itively, the overlap of different senses of the
same word is minimal—about the same as the EXPERIMENT 4
overlap of homonym meanings. In functional The first three experiments looked at the re-
terms, this means that any core meaning shareation between phrases that used words in ¢
by these senses is also minimal. Such resuttsnsistent or inconsistent sense, finding a dif-
rule out not only a full single-sense view buference between these conditions both in
also any separate representation account nmemory and timed semantic judgments. We
which a core meaning plays a significant roldnave attributed these effects to the polysemou:
We discuss possible reasons for the minimalord being used in the same or a different
overlap of polysemous senses in the Gener#nse across trials. However, the way in which
Discussion. sense consistency was manipulated was via
This finding is in direct contrast to that of modifying word, so it is possible that the mod-
Williams (1992), who argued for representaifiers themselves were partly responsible for
tional differences between homonyms and polythese effects. To illustrate this possibility, con-
semous words. In particular, he found thasider the consistent phrase painsrapping
contextually inappropriate senses of polysepaper and shredded paper. It is possible that
mous words were still activated for some timehe word wrapping was priming shredded,
after presentation, whereas the literature omather than the consistency of the usepaper
homonyms generally shows suppression of theausing the effect. In this case, “sense consis
incorrect meaning (see introduction to Experitency” results would be obtained, but for the
ment 5 below). However, Williams did not ac-wrong reasons—having nothing to do with the
tually include homonyms in his study, so he dichoun, which was the word of interest. Thus,
not directly reveal any differences betweertxperiment 4 was a control experiment that
them and polysemous words. Also, his experinvestigated whether priming of the modifiers
ments did not compare priming of relevant anthemselves might be responsible for the con-
irrelevant senses, as the present experimersistency effects obtained.
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Experiment 4 also raised the possibility of exconnected to a PsyScope button box. Their
plaining the surprising findings of Experimentslominant hands were assigned to “WORD” re-
3 and 3A. One hypothesis was that thsponses and their nondominant hands tc
homonyms in that experiment would shoWNONWORD” responses. Subjects were told
stronger effects of sense consistency than ttweat letter strings would appear on the screer
polysemous words, since their meanings hawme at a time, in pairs. The first string in a pair
little or no semantic overlap. In fact, there wawould be a word, and it would be up for a short
no reliable difference between the two condiwhile (500 ms) and then disappear. Immedi-
tions. One possible reason for these findinggely, a string of letters would appear on the
could be uncontrolled item differences—in parscreen. Their task was to decide as quickly as
ticular, the modifier—modifier priming describedpossible, without making errors, if it was a
above. Perhaps the relations between the modierd or not. Feedback for correct responses
fiers was systematically different in the polysewas on the screen for 1 s, while feedback for
mous and homonymous stimuli, explaining whyncorrect responses was up for 2 s, followed by
the predicted larger effect in homonyms was nat gap of 250 ms before the next pair. Subjects
found. were also warned that there would be a memory

To address these possibilities, it was necegest at the end on what they saw, to ensure the!
sary to perform a control experiment to enpaid close attention to both primes and targets
sure that sense priming was not being drivethe memory test instructed them to write down
by the modifiers—to test for any possibleall the words they remembered seeing during
modifier—modifier priming and compare sucltthe experiment.
priming across word types. To this end, Ex- Subjects. Subjects were 37 introductory psy-
periment 4 was run on the modifiers alonechology students who participated in the experi-
using a lexical decision task. (The sensicalitynent for partial fulfilment of course credit.
judgment task used in the previous experiThey were all native speakers of English.
ments could not be used with single-word , )
stimuli.) Results and Discussion

Five subjects who made errors on over 20%
Method of the strings were omitted from analysis. For

Materials. The prior experiments usedhe remaining 32 subjects, RTs larger theBCB
phrases that included the polysemous word aatiove each subject's mean were omitted. Thi
a modifier. For exampleyaper was a polyse- resulted in the exclusion of 3% of the data.
mous word, and it was paired with the modifiers Analyses performed on the RTs found that the
wrapping, shredded/iberal, anddaily. In this modifiers of the homonyms were evaluated
experiment, only the modifiers from Experimentaster (569 ms) than the modifiers of the polyse:
3 (from both polysemous and homonymousmous words (588 ms), but this was reliable only
items) were used. The comparison of interest the subject analysig;,(1,31) = 4.25,p <
was modifiers taken from consistent pairs (liké5; F,(1,46)= 1.22,p > .25. There was also a
wrapping and shredded) vs modifiers takenreliable difference in accuracy, with the homo-
from inconsistent pairs (like liberand shred- nym modifiers more accurate (96% correct)
ded) in the previous experiments. Foils corthan the polysemous modifiers (92% correct),
sisted of words followed by nonwords. ProF(1,31) = 10.45,p < .005; F,(1,46) = 5.31,
nounceable nonwords were constructed from<<.05. One possible reason for this effect may
words matched for frequency (Francis &be that the senses of the polysemous words re
Kucera, 1982) and length to the actual wordsuired more complex modifiers to be distin-
used, with minimal changes (1-2 letters) tguished. However, as simple differences be-
transform them into nonwords. tween homonyms and polysemous phrases wel

Procedure. Subjects viewed the materials onot of interest in previous experiments, this re-
a Macintosh Quadra 630 computer, which wasult is not very revealing.
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More importantly, there was no reliable In order to eliminate modifier priming as a
priming of consistent items (we will refer to possible explanation for the results, we re-
the modifiers by the names of the conditionsnoved eight items that contributed to this prim-
they served in in Experiment 3), as would béng difference, so that the amount of modifier
expected if the modifiers were responsible fopriming was equated in the homonyms and pol-
the priming of the previous experiments, alysemous items. (These phrases were not used |
F's < 1. However, the interaction betweenExperiments 3 and 4.) We then reanalyzed the
word type and consistency, while not reliableesults of Experiment 3A with those items re-
in the RT analysisF4(1,31) = 1.40,p > .20; moved, to reevaluate the effect of consistency
F2(1,46) = 1.35,p > .25, was reliable in the for these equated modifiers. We again found &
error analysisF,(1,31) = 4.96, p < .05; reliable effect of consistency, with consistent
F2(1,46)= 4.16,p < .05. phrases evaluated 60 ms faster than their incon

Because of this reliable interaction and besistent counterpart$;,(1,23) = 7.38,p < .05;
cause there was a hint of a difference betwe&n(1,38) = 6.06,p < .05. The consistent items
the results for homonyms and polysemous itemgere also 12% more accurately judged than the
in Experiment 3, the modifiers of homonymsnconsistent oned;,(1,23) = 32.85,p < .001;
and polysemous items were examined sepiy(1,38)= 22.39,p < .001. There was again no
rately (see Table 1). The polysemous iteniateraction between consistency and word type
showed no differences between the consistefatl F's < 1).
and inconsistent modifiers in RTE)s < 1, In short, although there were some differ-
while in the error analysis, there was a norences between the modifiers of the two worc
significant trend toward the consistent itemgypes, they could not explain the consistency ef:
being more accurat&,(1,31)= 3.14,p = .09; fects found earlier. Consistency effects were
F»(1,23) = 4.02, p = .06. The homonyms found for stimuli that had no modifier priming
showed no differences between the consistefiixperiment 3), and the effects did not differ
and inconsistent modifiers in either RFs < when the modifier priming was equated for the
1, or errorsF,(1,31) = 1.00,p > .30;F,(1,23) two word types (the reanalysis of Experiment
< 1. The lack of significant effects and the smaBA). Note that the interaction of priming and
size of the trends make it hard to attribute the resord type was not reliable in any experiment, sc
liable consistency results in the previous expelthe reanalysis of the results of Experiment 3A
ments to modifier priming. was a conservative step. Nonetheless, it als

A similar experiment was also carried out ofiound strong consistency effects for both word
the modifiers used in Experiment 3A. (We wiltypes. Thus, the results show very similar find-
refer to this as Experiment 4A.) In the completigs for homonyms and polysemous words.
analysis, we found no consistency effgrs, >
.10, and no interaction of consistency and word EXPERIMENT 5
type,p’s > .25. However, visual examination of This experiment was conducted to examine
the results did seem to suggest that there wasvhaether the priming of polysemous word sense:
possible difference between the word typess due to inhibitory or facilitory processes. Fa-
Separate analyses revealed no priming whatswhtation could come about through a number of
ever for polysemous items. Therefore, the comeans. One obvious way is that if different
sistency effect found in Experiments 2 and 3A&vord senses have separate representations, i
cannot be attributed to modifier effects. Surprigerpreting a word in one sense might activate
ingly, a sort of reverse priming effect was founthat sense for later trials. When the word ap-
in the homonym stimuli, in which consistentpears again, the correct sense is already select
items were verified 24 ms more slowly than inand ready to be used in interpreting the new
consistent itemsF,(1,27) = 5.01, p < .05; phrase. Thus, continued activation of a given
F2(1,23)= 4.66,p < .05, although there was nosense could speed processing. One could ima
effect in errors. ine a rather different facilitative process that
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would also lead to priming, however. It may béated to the intended meaning as well as to
simply that the consistency of the interpretatiowords related to the unintended meaning. How-
of the entire phrase is responsible for the prinever, after a delay, the activation to the unin-
ing. For examplewrapping paperand shredded tended meaning decreased, whereas activatio
paperrefer to similar kinds of things (i.e., haveto intended meanings did not. Significantly,
shared semantic properties), whereas wrappimghen the context did not pick out the correct
paperanddaily paperrefer to different kinds of meaning of an ambiguous word, both meanings
things. It could be the shared semantic compeemained active after the delay. Gernsbache
nents of the whole phrase that speed subjectsid Faust explained this pattern of results by
decision that the consistent phrase makes senagyuing that both meanings initially receive ac-
Inhibition of incorrect senses is another pogivation during the comprehension process, anc
sible cause of the priming results. Gernsbachtre incorrect meaning is then suppressed by
(1990) has emphasized the importance of supentextual processes. Such a pattern might b
pressing incorrect meanings of words and seaexpected when a single word is associated tc
tences as part of a fluent comprehensidwo very different semantic representations. In-
process. However, if senses inhibit one anothéibition is possible and indeed desirable in such
they must have separate representations. Thease, because one can fish from only one kin
newspaper sense of papamnot be suppressedof bank and withdraw money from only the
while the sheets of material sense is spared wther kind: identifying one of the meanings as
less the two senses are functionally distinct. dorrect indicates that the other meaning is com-
judging wrapping paperactually made it more pletely incorrect and so should be inhibited.
difficult to interpret daily pape(relative to a  This situation is not exactly the same for pol-
neutral condition), this would suggest that twgsemy, since the two senses are related. Indee
different senses are stored. The second accoimsome cases, the same word can be used in tv
given above for facilitation would not predictsenses at once, as in Your book is not only bad
inhibition of senses. That is, if consistentvritten, it is too heavy; or The factory fired its
phrases are easier to judge because they shaogkers and then was burned to the ground
semantic components, it does not follow thgFauconnier, 1985; Cruse, 1986; Geeraerts
phrases using different word senses would H®93). Thus, it is not clear that inhibition would
mutually inhibitory, merely that there would bebe as desirable as it is for homonymy—or ever
less facilitation, because they do not share asssible. To the degree that polysemous senst
many semantic properties. share some meaning, it should be harder to fe
The prior experiments do not distinguish facilitate one sense while suppressing the othel
cilitation or inhibition of senses. Because onlyTrhus, finding results parallel to those found for
two conditions were tested, it is not possible tthomonyms would indicate fairly distinct repre-
say whether consistent phrases received an antations.
vantage, inconsistent phrases suffered a disad-The present experiment therefore aimed tc
vantage, or some combination of the two. Sucliscover whether the priming effects observec
a conclusion requires a neutral condition th&br polysemous senses were due to inhibition o
the others can be compared to: Faster responghs inconsistent sense, facilitation of the consis
than the neutral condition would indicate facili-tent sense, or both. Since inhibition and facilita-
tation, and slower responses would indicatéon are both measured relative to a neutral con
inhibition. In studies of homonyms, Gerns-dition, the selection of an appropriate neutral
bacher and Faust (1991; also see discussionitem is obviously crucial. It would not be appro-
Gernsbacher, 1990) showed that there was bgphiate to use an unrepeated condition as neutra
facilitation and inhibition involved in the com- Once one has read the wqdper, it would be
prehension of ambiguous words in sentenceasier to read it again in the next trial com-
contexts. When reading words likenk, sub- pletely independent of any issues of semantic
jects showed increased activation to words reepresentation, so an unrepeated condition coul
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not meaningfully be compared to the consistesense. Then we replaced one-third of each of th
and inconsistent trials in which the word was rdeil types with pairs of phrases in which the
peated. prime was neutral, to match the frequencies ir
Our neutral baseline used a prime in which #ghe experimental stimuli. Although this resulted
blank line took the place of the modifier. For exin some foil primes that now did make sense
ample, papermight be followed bylib- (when the initial nonsensical phrase was re:
eral paper. This neutral condition primes theplaced by the neutral line modifier), it main-
word paper but does not select any particulattained the pattern that the sensicality of the tar
sense. This was to be compared to the conditioget phrase was statistically unrelated to the
in which the prime selected the consistent or incondition of the initial phrase.
consistent sense of the noun, as in prior experi- Materials. The polysemous materials from
ments. Because of the form of the target stimulExperiment 3 were used here as well, but due t
which consisted of multiple words, a blank linethe addition of a new condition (neutral prime),
was deemed more appropriate than simply pré more items were created so that the complet
senting the single word. Other possible neutralet consisted of 30 polysemous word quads (se
modifiers would have been the use of a string dhe Appendix). Each subject saw 60 experimen
letters (XXXX) or an unrelated word (such agal polysemous phrases and 180 foil phrases, 6
BLANK). Den Heyer, Taylor, and Abate (1986) of each of the types of foils.
found that unrelated words are more neutral than Procedure. Using the same equipment anc
the strings of X's. However, in the current paraprocedure as previously, subjects were asked t
digm, it was impossible to find completely unrejudge the sensicality of each phrase. They wer
lated words that would not influence the taskexplicitly instructed that all the blank, neutral
For exampleBLANK papelis inappropriate be- phrases made sense (since they were just of
cause it suggests a particular senseayer, so word).
it would hardly be neutral. This sort of problem Subjects. Subjects were 60 introductory psy-
seems likely for any neutral word that would bechology students who participated in the experi-
used. For this reason, we used a blank line preaent for partial fulfilment of course credit.
ceding the word in the neutral primes. They were all native speakers of English.

Method Results and Discussion

Design. As in Experiments 2 and 3, subjects Performance in this experiment was very ac-
were asked to read phrases containing the polgurate, and no subjects were dropped from thi
semous word and then make judgments as shudy. However, RTs greater than 3 &bove
their sensicality. Phrases occurred in sequentiahch subject's mean were omitted. Trials were
pairs. The prime could select one of the twammitted in which subjects made an error on ei-
senses of the polysemous word or be in théner the prime or the target phrase. This resulte
neutral, blank line condition. The targets werén the exclusion of less than 1% of the data.
the same as before. Therefore, each polyse-An ANOVA found a clear difference between
mous word had associated with it three priméhe consistency conditions, with the neutral con-
phrases (e.gwrapping paperdaily paper, and dition (879 ms) falling between the consistent

paper) and two target phraseshfed- (832 ms) and inconsistent (938 ms) conditions
ded papeiandliberal paper), so six counterbal- in RTs,F;(2,118)= 6.33,p < .005;F,(2,58) =
anced lists were necessary. One-third of the ef1.16,p < .001. Error means followed the same
perimental items in each list were senseattern as the RTs, with the neutral items (89%
consistent, one-third sense inconsistent, ammbrrect) less accurate than the consistent item
one-third neutral. Subjects saw each polys€96% correct) and more accurate than the incon
mous word in only one pair. sistent items (84% correc#y(2,118)= 19.21,

As before, we constructed foils in which the < .001;F,(2,58)= 14.26,p < .001. More de-
first, second, or both phrases did not makailed analyses found evidence for both facilita-
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tion of consistent items and inhibition of inconwith the word, these senses must be function
sistent items. The consistent condition was relaélly and therefore representationally distinct.
ably better than the neutral condition in botiClearly, the notion that the word has a single
RTs (a 47-ms differencef(59) = 2.26,p < .05; core meaning that is the basis for every use car
t(29) = 2.30,p < .05; and errorg(59) = 4.39, not accommodate such results. The implication:
p < .001;t(29) = 3.26,p < .01. The compari- of these results go beyond that conclusion, how
son of the inconsistent and neutral conditiorsver, in that they suggest that the senses of poly
was fully reliable over errorg(59) = 2.12,p < semous words are quite distinct in spite of their
.05;1(29) = 2.66,p < .05, and the 59-ms RT apparent relatedness. For example, one migk
difference was reliable in the item analysihave thought that the fact that newspapers ar
t(59) = 1.77,p = .08; t(29) = 2.32,p < .05. printed on paper would make it difficult to acti-
This suggests that for polysemous words, conate the newspaper sensepaperwhile simul-
sistency facilitates comprehension and inconsitneously inhibiting the sheets-of-paper sense
tency inhibits comprehension. However, this was not the case.

These data indicate that multiple processesWe argued earlier that such inhibition ruled
combine to give sense-consistent phrases an adt one explanation of the earlier priming effect.
vantage. First, it appears that the consisteRerhaps a liberal paper is just generally more
sense is being activated, which effectively lowsimilar to a daily paper than it is to some wrap-
ers the threshold for subsequent activation. It 8ng paper. This kind of semantic consistency of
not clear from these data how long this effe¢che whole phrases—without any mention of pol-
lasts, but it is present at least long enough ysemy—might explain the advantage of consis-
have an effect on the next phrase read. Secoteht over inconsistent word uses in the first three
the activation of one sense appears to causexperiments, as similar concepts would have
dampening of activation for different senses. some of the same properties, which might aid ir

The facilitation of consistent uses of a word imaking a sensicality judgment to the target
easily explained as repetition priming of semarphrase. (However, we should note that, in fact,
tic features or an entire word sense. Howeverrapping paper is not that similar to shreddec
this mechanism cannot explain the inhibition gbaper: One cannot wrap something with shred
the inconsistent sense. If inconsistency weed paper, and wrapping paper is not the mos
worse than consistency only because the consigpical shredded paper. Similarlgiaily paper
tent sense was primed, then the inconsistesinphasizes a very different aspect of newsps
condition would be about as fast as the neutraérs than does liberal paper. We selected modi
condition, since neither one would have the cofiers just so that the same-sense phrases wou
rect sense primed (but both would have had gemet describe very similar things, avoiding
eral priming from reading the word, etc.). Inphrase pairs like weekly papand daily paper.)
stead, we found that the inconsistent conditiofhis explanation would not predict suppression
was reliably harder than the neutral one, whiobf an inconsistent use of the word, however,
is analogous to Gernsbacher and Faust's (1994hich is what we found in the present experi-
finding that the inappropriate meaning of thenent. Such suppression would seem to requir
homonym showed less priming relative to théhat a word like papenave different representa-
neutral condition after a delay. This findingions for different senses, one of which could be
could be caused by an active process of inhilduppressed while the other was simultaneousl
tion (as Gernsbacher and Faust propose), &cilitated.
though other explanations may also be possibleWe should emphasize that the present stud
(see the General Discussion). was designed to investigate the representation:

These results give even stronger evidendégsues involving polysemous senses, and in pal
about the separate representation of polysemdicular it did not address the processing issue
senses. If one sense can be activated and that has been of so much interest in ambiguity
other inhibited as a result of an earlier encountezsearch more generally, namely, the question ¢
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whether the initial activation process is contextsrober (1976) argued for a core meaning tha
sensitive from the start or only after initial confepresents polysemous words but also suggeste
text-free activation of all meanings (i.e.that the lexicon contains a set of “instruction
whether the selection process is or is not modusles,” analogous to derivation rules in the
lar). We mention this because such studies oftgnrammar, that could produce more specific
use a priming technique similar to ours (thougbenses from the core. If one interprets this pro
usually with a lexical task rather than a semantmsal to mean that every distinct sense has an i
one). Given the difficulty in answering thisstruction rule that is stored in order to generate
question in the homonymy literature (see Simghat sense from the core meaning, then this prc
son, 1994, for a review), it seems likely that thposal is actually not a core meaning account an
answer will be no easier to find for polysemymore, since the instructions would be separat:
Our results suggest that selective access is pospresentations of each sense. Such rules wou
sible, since different senses seem to be repieve to be quite specific in order to derive the
sented separately. If the senses shared a ceemses they found fdine, such as “rope” or
representation that included most of eachine of business,” from the core geometric
sense’s meaning, selective access could not ineaning, so they could not be rules that apply
achieved. Whether selective access in fact owidely across the lexicon.
curs is a question we leave to future research. An alternative more consistent with the core
meaning view might instead make a distinction
GENERAL DISCUSSION between the permanent representation in lexica
Taken as a whole, these experiments provigeemory and more temporary, episodic con-
evidence for separate representations of tlsgructions of word senses (Anderson & Ortony,
senses of polysemous words. The studies fouth@l75). That is, perhaps a word likaperhas a
evidence for sense priming in polysemy. Usingingle (core) representation in the lexicon, but
a word in a specific sense facilitated comprehewhen it appears in a specific context, a more de:
sion for a phrase that used the word in the sarteéled context-appropriate sense is constructe
sense and inhibited comprehension for a phraisethe sentence representation. One could thel
that used the word in a different sense. In addirgue that this sense is what is influencing the
tion, we found that the effects of sense consigiterpretation of later uses of the word. For ex-
tency in polysemy are similar to the effects aimple, once one has used the context to inter
meaning consistency in homonyms. Finallypretpaperto mean a daily publication of news,
using a word in the same sense was a goode can then interpret the subsequent appeal
memory cue, but using the word in a differenance ofpaperin the same way much more eas-
sense was not. ily. There are four major problems with this
A straightforward core meaning view is easproposal. First, it is not clear how this view
ily disconfirmed by our data, because it wouldould explain the inhibition of a different sense,
not predict any difference between using a wotas was found in Experiment 5, since specific
in the same or a different sense. And this viegenses must be represented in order to be suj
would certainly predict that there should be pressed. Second, this view cannot explain why
qualitative  difference between homonymshe consistency effect was at least as strong fo
(which have no core meaning) and polysemoymlysemous and homonymous words. Since it
words (which do), yet we found no such differassumes that the specific senses of a polyse
ence. In short, words like papeannot be repre- mous word are created on the fly from a sharec
sented by a single semantic description that égere meaning, but different meanings of
accessed every time (“flat sheets made of wobdmonyms are stored separately (since the
pulp” or the like). cannot be derived), it should predict a greater
One can elaborate a core meaning view inansistency effect for homonyms. Experiments
number of ways that might make it more consi and 3A did not find this result. Third, the sole
tent with the present results. Caramazza amepresentation of a core meaning seems psychc
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logically implausible if specific senses are freReasons for Minimal Sense Overlap
quent. That is, it would be very surprising if As we noted in the Introduction, polysemous
people often used the worgdaperto refer to senses are (by definition) related, whereas
newspapers and to published articles, yet didomonyms are not. Why, then, did we find no
not represent this fact in the lexicon, but dedifference in the consistency effect between
rived it from general principles on every OCCUI'-p0|ysemous words and homonyms? Or, put
rence. Finally, linguists have argued that thenore generally, why do our results show so lit-
details of word usage are not in fact derivablge over|ap in po|ysemous senses if the sense
from a core meaning and that conventionajre related, often by productive relations? One
senses must therefore be represented in the Ixight wonder whether there is some error in the
icon (Lehrer, 1990; Rice, 1992). In sum, vieWmethods that have given this counterintuitive
ing senses as episodic constructions does neisylt.
save the core-meaning theory. In her thesis, Klein (2000) explored the rela-
As mentioned in the introduction, there are ngions between polysemous senses in a variety o
detailed psychological models that attempt t@onceptual tasks (rather than online comprehen
explain how polysemous words are represent&fon tasks) in order to better understand the rela
and processed. The present results speak taijéhs among the senses of polysemous words
number of the possible models one could deder results confirmed the low overlap of differ-
velop. Perhaps the main empirical result is thent senses in a number of different tests of con:
finding that different senses have little funcceptual coherence. For example, subjects
tional overlap—about the same as the unrelategrongly preferred to sort together different
meanings of homonyms. (We attempt to explaiwords from the same superordinate category
this finding in the next section.) Obviously, thisover the same word used in two different senses
creates problems for a core view. However, iiind the induction of a property from one sense
also greatly limits all the possible core-plusof a word to a different sense was very low. In-
senses views. If one believes that there is a coterestingly, the scores for homonyms were
meaning that is common to all uses of a word, aglightly, but significantly, lower in the same
at least a prototypical meaning that is accessedsks. For example, she found that subjects
first, then processing the word in one senssorted different senses of a polysemous word to
should provide some benefit to processing it igether only 14% of the time in one experiment,
another sense. However, in both a memory tadlut this was reliably higher than the 6.6% for
(Experiment 1) and a semantic judgment tasthe different meanings of homonyms.
(Experiments 3 and 3A), we found that cross- These results show that naive subjects see li
sense priming was minimal. In the memory taskle conceptual commonality in the different
the different-sense use of a word did not provideenses of a word, although it is very slightly
a reliable memory cue. In the sensicality tasknore than that seen in the completely unrelate
the effect of switching senses was virtually thddomonym meanings. How can such results b
same as the effect of switching meanings afconciled with the fact that senses are semant
homonyms. These results argue that if there isally and historically related? To explain this,
common core to words, it has little content andve need to distinguish semantielatedness
little effect on processing. The finding thatfrom semantic overlap, which we have been
cross-sense priming is inhibitory (Experiment 5using somewhat interchangeably prior to this
also provides evidence that sharing a core meapeint. The different senses of polysemous word:
ing is not sufficient to benefit comprehensionare clearly related. In some cases, a strong argt
As a matter of parsimony, the present results dment can be made for how one sense develope
not give us any reason to believe that there istaistorically from another one (Clark & Clark,
core meaning, so separate representations 179; Malt et al.,, 1999; Murphy, 1997;
each sense appear to be a better bet than Beeetser, 1990). Although such cases must ne«
core-plus-senses view. essarily be “related,” a relation does not make



278 KLEIN AND MURPHY

senses similar. For example, if one uses thiketermines priming in the present tasks. If this is
word paperto refer to sheets of writing mate-correct, it is not surprising that the senses ar
rial, one might find it very natural to extend thestored separately in the mental lexicon.
word to refer to the content written on the paper . .
(His paper was boring. However, the content Limitations on the Present Results
is not similar to the sheets: One is information, One question about these results is how fa
the other is made of wood pulp; one has semadiiscriminations between senses can be drawr
tic content, the other has molecular structur&ye chose senses of words that were fairly dis
one has an author, the other has a manufacturénct, so that we could select each sense with
and so on. As a result, wrapping paper and a libingle-word modifier. However, some forms of
eral paper do not have much semantic overlgpolysemy involve very subtle distinctions.
even if the relation between the two is easily ucor example, Nunberg (1979) discusses the
derstood. When the word is extended even fuiype/token polysemy found in almost all nouns
ther (e.g.,paper meaning the publisher of ain which a word can refer to an individual or a
newspaper, as in The paper fired half its reslass. The wordlog can refer to an individual
porters), the overlap is even less. If priming anfThe dog dug up my flowers) or to the entire
memory cueing in these tasks (and sorting amthss (The dog has been domesticated for cer
induction in Klein, 2000) primarily result from turies). Since the individual is a member of the
shared semantic features, then even obviousiiass, generally having all the properties typical
related senses may not overlap in meanirgf the class, these two senses have very simile
enough to produce performance advantages. content. Although there may be an important
If this argument is correct, then it convergesntological difference between an individual
on our previous conclusions about what a coend the class it is in, when describing dogs as
meaning might be, for those views that includelass (domesticated four-legged mammals, usu
some kind of core representation. Clearly, thally with fur, etc.), the description also applies
core cannot be a basic component of meanitg a typical individual in that class (a particular
that is shared by all or most of the senses. dbmesticated four-legged mammal, with fur,
papercan refer to a kind of a material but alsetc.). Given this overlap in meaning, it might be
the content printed on that material—and, inquite difficult, if not impossible, to facilitate one
deed, the content minus the material as whef these senses while suppressing the other,
one presents a paper verbally, or perhaps using/a found in Experiment 5. In contrast, the use
computer projection system—then the sense$§dogas a verb, meaning to follow and harass,
are related without having overlapping represeems quite different from the individual canine
sentations. So, if there is a core sense, it wousénse, so it should be possible to facilitate on
probably be a prototypical or perhaps historiwhile suppressing the other. This issue does nc
cally early sense that is nsharedby the other arise for homonyms, because their different
senses but instead is the original basis fromeanings are unrelated. But a complete mode
which the other senses were historically deriveaf polysemy will have to explain which senses
(although it seems likely that some senses aredre enhanced and which are suppressed when
turn derived from other derived senses; Malt gfiven sense is selected.
al., 1999; Murphy, 1997). Such a core would not This issue leads to another critical question
play a critical part in the online processing o&bout polysemy, namely, how to tell if two dif-
the word, although it might be important in linferent senses are indeed represented separate
guistic analysis. In the limit, “the meaning of any word formis in
To summarize, our proposal is that linguistisome sense different in every distinct context in
analyses arguing that polysemic senses are vehich it occurs” (Cruse, 1986, p. 51). Clearly, it
lated (e.g., Nunberg, 1979) are correcis impossible (and probably undesirable) to rep-
Nonetheless, the different senses of a word magsent each such distinction in the lexicon; ye
not be very similar, and it is this variable thathe present data suggest that at least some mee
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ingful distinctions are indeed represented. Thuspmetimes the endpoints of a spectrum had ver
it is likely that the mental lexicon representslifferent meanings and could not plausibly be
some reasonable number of senses, rather tlwunted as being part of the same sense, eve
the extremes of one core sense or every possitieugh intermediate “adjacent” senses were s
semantic distinction. If two senses are only verglose as to not require separate entries. Thu
subtly different, it seems unlikely that speakersne is faced with arbitrarily dividing up the
will develop separate entries for them, since spectrum into distinct senses, in spite of the con
single entry will suffice to specify most of thetinuum of meanings, or conversely treating the
meaning for both. If two senses are strikinglyery diverse meanings as all falling under one
different, then a single entry will probably besense.
unsuccessful at representing both meanings,This awkward situation is a methodological
which will presumably lead to the formation ofpuzzle, but it may not be so much of a puzzle
separate entries. Although this “in-betweenfor speakers to represent. For example, color is
proposal seems eminently reasonable, it is alpbysically instantiated through a continuous set
rather vague. What is needed is a more specifit dimensions, with no natural break between
model of what causes a sense to be separatitlg colors we perceive. In order to represent
represented, from which one could derive presolor differences, the human visual system use:
dictions about which uses would involve th@ few landmarks—three photoreceptors that
same senses and which would involve differenliffer in the frequencies they are most sensitive
senses. Such a proposal is not yet to be foundt@gr—and any given color is identified in relation
the literature (though see Murphy, 1997, foto those landmarks. The particular location of
some discussion) and is beyond the scope of ttmse landmarks (i.e., the frequencies the re:
present article. However, one empirical demorceptors are most sensitive to) is to some degre
stration that diverse uses could be reduced taebitrary, so long as they can triangulate the
manageable number of senses can be foundsjpace that needs to be covered. Similarly, in
Gibbs, Beitel, Harrington, and Sanders (1994prder to represent a word likgaperthat has a
who examined 35 different senses of the wondide range of possible senses (ranging from
stand. Using hierarchical clustering, they founthings made out of wood pulp to the manage-
that three main categories could adequately rement of a newspaper), one needs to establis
resent the similarity among the 35 uses (i.e., aenough specific senses so that most commol
count for substantial variance of the similarimeanings are covered—the specific senses th:
ties). Thus, one might argue that people woulare represented may not be critical (see alst
be likely to represent three general senses Mtinberg, 1979). If one first learngaper to
standin order to make the distinctions amongefer to unlined sheets for writing, one may not
different uses. It would be interesting to test thateed to develop a new sense referring to linec
grouping with the priming technique used hersheets, since such uses are easily understoc
or the conceptual methods used by Kleiby the pre-existing sense, and contextual addi
(2000). tion of the lines is simple. But the reverse is
Some linguistic analyses of polysemy havelso true: If one first learnepdaperto refer to
proposed that there is no firm line to be drawimed sheets, one would probably not need to
between polysemy and more usual ambiguifiprm a new sense to refer to the unlined sheets
(see Geeraerts, 1993, and Tuggy, 1993, for ofiéus, the specific senses that are represente
such discussion). Furthermore, some linguisteay be somewhat arbitrary, dependent on ar
have argued against the more basic assumptiodividual speaker’s learning history. What is
of separable senses. For example, Cruse (1986incipled is the process by which new senses
pp. 71 ff.) argued that some words had rangesarfe formed, based on the range of senses that
senses that shaded imperceptibly from one teord expresses.
another, forming a sense spectrum. The difficult The development of a model of sense creat-
aspect of such spectra, he claimed, was thag would require more detailed description of
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the principles involved in establishing newitself by virtue of the semantic similarity struc-

senses. It is possible that the connectionist coture of the entire set of uses of the word. It
cept of local attractors may be helpful in develwould be particularly interesting to see if such a
oping such principles. That is, so long as anodel could account for the similar results for
given use is sufficiently close enough to a locgbolysemous senses and homonym meaning w
(semantic) attractor, there will be no need tdound.

form a new sense. But if a given sense is not se- In conclusion, polysemous senses are semat
mantically close enough to an established atically related but are not very similar, resulting

tractor, a new set of distinctions will have to bén same-sense facilitation and cross-sense inh
learned with experience. Indeed, in his articléition. If polysemous words do have a core
primarily about homonymy, Kawamoto (1993 meaning, it cannot be a substantial semanti
pp. 511-512) makes just such a proposal faomponent that is common to all the senses of
polysemy. On his account, a sense will becomsord. It remains for a future paper to illuminate
separately represented when it is frequerhe exact form of the sense representations, t
enough or different enough from existing sensesxplain how new senses are added to a lexice
to develop its own local minimum in the se-representation, and to construct a process mod
mantic space. If there are a number of abowf understanding polysemy. We look forward to
equally frequent senses that are only slightlthat paper, be it a talk, a journal article, or a
different from one another, this will not resultnews story.

in separate representations but rather a fairly

wide “basin” in semantic space. All such uses APPENDIX: STIMULI
would be quickly understood, as Iistener%

. .. . . olysemous Homonym Polysemous
would not be attempting to distinguish differentems in ai items in Experi- items added in
senses. experiments ments 3 and 4 Experiment 5

ngyza_mqtqg (1993) pr(_)posal does not ha_vgook arms glasses
explicit inhibition of meanings, so how could it ball class
explain the interference found in our Experirun bat box
ment 5? The negative effects of using a word gge bridge sign
a different sense could be attributed to the difff2Pe" calf trunk

Ity of having to climb out of the old (incor- ke date drive
culty of ha _g_ oc 0'_“' 0 e old (inco television poker
rect) local minimum and into the correct onegpeet fan
That is, if one reads the wopéperused to refer corn pool*
to a newspaper, connection weights would bk post*
modified so that subsequent encounters of tRePWer bank
word would be more likely to go to that locatiory <" pen
. . ytog . r.il_tmosphere ring
in semantic space. When the word is read agaigyt band
with a different sense, contextual informatiorold mint
will have to overcome this tendency, thereby rdortune mold
sulting in longer comprehension times (i.e.lr,“"t‘t|| p'ltcther
longer times to reach the correct local minir-i,ji:Br Sito
mum). Such an explangtion impli_es that thgayy match
senses used in our studies were in fact repkgange seal
sented as separate local minima rather than imrgduction second
wide basin, so it is also consistent with our corfetton tick

. éalhrr\]g toast

clusion that separate senses are represented | bail**

the lexicon. However, one advantage of this et
view, which Kawamoto points out, is that it does Single asterisks indicate items used in Experiments 3 an

not require us to specify in advan?e which only. Double asterisks indicate items used in Experiment:
senses are separate, as the system discoversahiand 4A only.
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