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The issue

▶ Representation and processing of ambiguous words
homonyms have unrelated senses, e.g. bank ‘financial institution’

vs. ‘river edge’
regular polysemes have predictably related senses, e.g. chicken

‘animal’ vs. ‘meat’
irregular polysemes have related senses, but the relation is

accidental, e.g. wire ‘piece of metal’ vs. ‘listening
device’

▶ Previous research focuses on homonyms vs. polysemes without
clearly distinguishing the two subtypes of polysemes.

▶ In principle, you could imagine irregular polysemes to pattern
either with homonyms (unpredictable) or regular polysemes
(partially shared meaning)
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Why am I interested?

▶ Getting a psycholinguistic handle on elusive linguistic distinctions
▶ Connections with issues in lexeme formation:

▶ Sometimes lexeme formation and regular polysemy do the same
thing, e.g. reflexivization of verbs.

▶ Derived lexemes are often polysemous, apparently instantiating
both subtypes of polysemy — and often it is hard to tell which.
▶ Regular: construction action vs. result
▶ Irregular: steamer cooking appliance vs. steam-propelled boat
▶ Hard to decide: Fr. garage action vs. place
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Main research question I
▶ Three possible approaches to the psycholinguistic representation

of irregular polysemy:
1. Separate representations: each sense is represented by a disjoint

semantic representation. Lexical access consists in one form
activating concurrently the two representations, possibly with a
frequency bias leading to higher activation for one.

could support the following subordinate-sense or domi-
nant-sense context equally well. Importantly, the authors
posited that the degree to which features that are not
shared between the senses are activated is a function
of their relative frequency. Unshared features associated
with the dominant sense will have higher frequencies
than unshared features associated with the subordinate
sense. However, activation of unshared features associ-
ated with a subordinate sense can be boosted by a pre-
vious subordinate-biased context. Thus, if subordinate-
biased context occurs before encountering a polyseme,
readers will more strongly activate the subordinate
sense, consisting of the shared portion of meaning and
the unshared (and boosted) portion of meaning. Cru-
cially, activating the unshared semantic information
leads to some resemblance of how biased homonyms
that follow subordinate-biased contexts are processed.
Note that this latter property of the shared feature
model might explain the homonym-like, albeit not iden-
tical, processing of polysemes in Klein and Murphy’s
(2001) study. In this study, ambiguous words were
presented together with a disambiguating modifier
(e.g. SHREDDED PAPER). This could have led to full acti-
vation of the specific sense’s unshared features, and
when the modifier realised the subordinate sense,
would lead to between-sense competition in inconsist-
ent trials (SHREDDED PAPER – LIBERAL PAPER), with
longer processing times.

Although a few studies have investigated ambiguous
words with two equally frequent interpretations, as of
this writing, there have been no studies that have investi-
gated lexical access in balanced irregular polysemes. This
gap is important because balanced irregular polysemes
might be retrieved differently from their biased counter-
parts, as is the case for biased and balanced homonyms.
Most of the extant data suggest that both meanings of
balanced, but not biased, homonyms are activated in par-
allel when no biasing context is provided, leading to

between-meaning competition (Duffy et al., 1988; Folk &
Morris, 2003; Mason & Just, 2007; Rayner & Duffy, 1986;
Seidenberg, Tanenhaus, Leiman, & Bienkowski, 1982;
Swinney, 1979). It is thus reasonable to hypothesise that
processing differences might also be observed between
balanced and biased irregular polysemes.

Models and predictions

Building on past research, we contrast a separate represen-
tation accountwith an overlapping representation account.
These two accounts make different predictions for the
processing of irregular polysemes whose senses are
unequal in frequency. Proponents of a separate entries
account assume that the senses of polysemes are rep-
resented similarly to the meanings of homonyms, i.e.
both senses have their own entry and their represen-
tations do not overlap (see Figure 1a). One consequence
of a separate entries account is that the two kinds of
ambiguous words should be accessed and disambigu-
ated similarly, no matter the degree of meaning/sense
similarity. For example, when ambiguous words are
biased, robust dominance effects shouldoccur, regardless
of whether the ambiguous word is a homonym or a poly-
seme. In contrast, an overlapping representation account
states that the multiple senses of irregular polysemes
overlap in their lexical representations. For example, the
two senses of WIRE may share the meaning features
thin, cylindrical, and metal, while for BANK, an institution
for housing money may not share any meaning features
with the slope bordering a body of water.

These differences in representation should lead to
differences in retrieval and disambiguation. In particular,
the availability of shared meaning should substantially
reduce dominance effects for biased irregular polysemes,
as the semantic information that overlaps between
senses equally characterises a common portion of the
dominant and subordinate senses. Thus, comparing

Figure 1. Illustration of representation models for irregular polysemes. A separate representations model of lexical representation is
depicted in (a), while the two versions of an overlapping representations model are shown in (b) underspecification account, and
(c) shared features account. Orthographic representations are represented via angled brackets while meaning representations are illus-
trated via the series of x’s in the ovals. Number of arrows represent strength of activation from orthography to meaning; x’s represent
meaning features.

446 A. BROCHER ET AL.

In such an approach irregular polysemy is like homonymy.
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Main research question II

2. Underspecified representations: the mental lexicon contains an
intermediate, underspecified representation that captures what is
common to both senses. Lexical access consists in activating only
that representation until decision on a specific sense is required
(e.g. because of disambiguating material).

could support the following subordinate-sense or domi-
nant-sense context equally well. Importantly, the authors
posited that the degree to which features that are not
shared between the senses are activated is a function
of their relative frequency. Unshared features associated
with the dominant sense will have higher frequencies
than unshared features associated with the subordinate
sense. However, activation of unshared features associ-
ated with a subordinate sense can be boosted by a pre-
vious subordinate-biased context. Thus, if subordinate-
biased context occurs before encountering a polyseme,
readers will more strongly activate the subordinate
sense, consisting of the shared portion of meaning and
the unshared (and boosted) portion of meaning. Cru-
cially, activating the unshared semantic information
leads to some resemblance of how biased homonyms
that follow subordinate-biased contexts are processed.
Note that this latter property of the shared feature
model might explain the homonym-like, albeit not iden-
tical, processing of polysemes in Klein and Murphy’s
(2001) study. In this study, ambiguous words were
presented together with a disambiguating modifier
(e.g. SHREDDED PAPER). This could have led to full acti-
vation of the specific sense’s unshared features, and
when the modifier realised the subordinate sense,
would lead to between-sense competition in inconsist-
ent trials (SHREDDED PAPER – LIBERAL PAPER), with
longer processing times.

Although a few studies have investigated ambiguous
words with two equally frequent interpretations, as of
this writing, there have been no studies that have investi-
gated lexical access in balanced irregular polysemes. This
gap is important because balanced irregular polysemes
might be retrieved differently from their biased counter-
parts, as is the case for biased and balanced homonyms.
Most of the extant data suggest that both meanings of
balanced, but not biased, homonyms are activated in par-
allel when no biasing context is provided, leading to

between-meaning competition (Duffy et al., 1988; Folk &
Morris, 2003; Mason & Just, 2007; Rayner & Duffy, 1986;
Seidenberg, Tanenhaus, Leiman, & Bienkowski, 1982;
Swinney, 1979). It is thus reasonable to hypothesise that
processing differences might also be observed between
balanced and biased irregular polysemes.

Models and predictions

Building on past research, we contrast a separate represen-
tation accountwith an overlapping representation account.
These two accounts make different predictions for the
processing of irregular polysemes whose senses are
unequal in frequency. Proponents of a separate entries
account assume that the senses of polysemes are rep-
resented similarly to the meanings of homonyms, i.e.
both senses have their own entry and their represen-
tations do not overlap (see Figure 1a). One consequence
of a separate entries account is that the two kinds of
ambiguous words should be accessed and disambigu-
ated similarly, no matter the degree of meaning/sense
similarity. For example, when ambiguous words are
biased, robust dominance effects shouldoccur, regardless
of whether the ambiguous word is a homonym or a poly-
seme. In contrast, an overlapping representation account
states that the multiple senses of irregular polysemes
overlap in their lexical representations. For example, the
two senses of WIRE may share the meaning features
thin, cylindrical, and metal, while for BANK, an institution
for housing money may not share any meaning features
with the slope bordering a body of water.

These differences in representation should lead to
differences in retrieval and disambiguation. In particular,
the availability of shared meaning should substantially
reduce dominance effects for biased irregular polysemes,
as the semantic information that overlaps between
senses equally characterises a common portion of the
dominant and subordinate senses. Thus, comparing

Figure 1. Illustration of representation models for irregular polysemes. A separate representations model of lexical representation is
depicted in (a), while the two versions of an overlapping representations model are shown in (b) underspecification account, and
(c) shared features account. Orthographic representations are represented via angled brackets while meaning representations are illus-
trated via the series of x’s in the ovals. Number of arrows represent strength of activation from orthography to meaning; x’s represent
meaning features.
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Main research question III

3. Shared features: the mental representations of senses consist in
sets of features that overlap. In lexical access, both the shared
features and the unshared features are accessed, though the shared
features might be more salient.

could support the following subordinate-sense or domi-
nant-sense context equally well. Importantly, the authors
posited that the degree to which features that are not
shared between the senses are activated is a function
of their relative frequency. Unshared features associated
with the dominant sense will have higher frequencies
than unshared features associated with the subordinate
sense. However, activation of unshared features associ-
ated with a subordinate sense can be boosted by a pre-
vious subordinate-biased context. Thus, if subordinate-
biased context occurs before encountering a polyseme,
readers will more strongly activate the subordinate
sense, consisting of the shared portion of meaning and
the unshared (and boosted) portion of meaning. Cru-
cially, activating the unshared semantic information
leads to some resemblance of how biased homonyms
that follow subordinate-biased contexts are processed.
Note that this latter property of the shared feature
model might explain the homonym-like, albeit not iden-
tical, processing of polysemes in Klein and Murphy’s
(2001) study. In this study, ambiguous words were
presented together with a disambiguating modifier
(e.g. SHREDDED PAPER). This could have led to full acti-
vation of the specific sense’s unshared features, and
when the modifier realised the subordinate sense,
would lead to between-sense competition in inconsist-
ent trials (SHREDDED PAPER – LIBERAL PAPER), with
longer processing times.

Although a few studies have investigated ambiguous
words with two equally frequent interpretations, as of
this writing, there have been no studies that have investi-
gated lexical access in balanced irregular polysemes. This
gap is important because balanced irregular polysemes
might be retrieved differently from their biased counter-
parts, as is the case for biased and balanced homonyms.
Most of the extant data suggest that both meanings of
balanced, but not biased, homonyms are activated in par-
allel when no biasing context is provided, leading to

between-meaning competition (Duffy et al., 1988; Folk &
Morris, 2003; Mason & Just, 2007; Rayner & Duffy, 1986;
Seidenberg, Tanenhaus, Leiman, & Bienkowski, 1982;
Swinney, 1979). It is thus reasonable to hypothesise that
processing differences might also be observed between
balanced and biased irregular polysemes.

Models and predictions

Building on past research, we contrast a separate represen-
tation accountwith an overlapping representation account.
These two accounts make different predictions for the
processing of irregular polysemes whose senses are
unequal in frequency. Proponents of a separate entries
account assume that the senses of polysemes are rep-
resented similarly to the meanings of homonyms, i.e.
both senses have their own entry and their represen-
tations do not overlap (see Figure 1a). One consequence
of a separate entries account is that the two kinds of
ambiguous words should be accessed and disambigu-
ated similarly, no matter the degree of meaning/sense
similarity. For example, when ambiguous words are
biased, robust dominance effects shouldoccur, regardless
of whether the ambiguous word is a homonym or a poly-
seme. In contrast, an overlapping representation account
states that the multiple senses of irregular polysemes
overlap in their lexical representations. For example, the
two senses of WIRE may share the meaning features
thin, cylindrical, and metal, while for BANK, an institution
for housing money may not share any meaning features
with the slope bordering a body of water.

These differences in representation should lead to
differences in retrieval and disambiguation. In particular,
the availability of shared meaning should substantially
reduce dominance effects for biased irregular polysemes,
as the semantic information that overlaps between
senses equally characterises a common portion of the
dominant and subordinate senses. Thus, comparing

Figure 1. Illustration of representation models for irregular polysemes. A separate representations model of lexical representation is
depicted in (a), while the two versions of an overlapping representations model are shown in (b) underspecification account, and
(c) shared features account. Orthographic representations are represented via angled brackets while meaning representations are illus-
trated via the series of x’s in the ovals. Number of arrows represent strength of activation from orthography to meaning; x’s represent
meaning features.
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Previous research I
▶ Well-documented dominance effect in the processing of biased

homonyms (Duffy et al. 1988): when processing an ambiguous word
one of whose senses is more frequent than the other (e.g. bank),
the dominant sense (‘financial institution’) is retrieved more
quickly than the subordinate sense (‘river edge’).

▶ This is argued to rely on separate representation of the two words:
the ambiguous form triggers concurrent activation of two lexical
entries; the more frequently used entry is more salient and hence
accessed more quickly.

▶ A series of studies mostly by Frisson and coauthors (see Frisson
2009) compare homonyms and regular polysemes. They replicate
the dominance effect for homonyms, but not for regular
polysemes. They argue that this provides evidence for an
underspecification account of polysemy, where no specific sense is
chosen in early stages of lexical processing.
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Previous research II
▶ Importantly though, these studies focus on regular polysemy.

▶ Foraker & Murphy 2012 do document a dominance effect for
polysemes, using a dataset from Klein & Murphy 2001 that is a
mixed bag of regular and irregular polysemes. They thus reach the
opposite conclusion from Frisson et al.

▶ However the response pattern is different from that found by Duffy
et al., and the strength of the dominance effect is modulated by
semantic similarity, which should not arise under a separate
representation approach.

▶ Brocher et al. (2016) is a previous study arguing for a shared
feature account through comparison of biased homonyms and
biased irregular polysemes. The present study will add balanced
ambiguous words (i.e. ambiguous words where the two senses are
(about) as likeky) to the comparison.
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Predictions of the three models
▶ If irregular polysemes have separate representations, we expect a

robust dominance effect (i.e. processing difficulty when accessing
the subordinate sense), for both homonyms and polysemes.

▶ If irregular polysemes have some form of common representation,
dominance effects should be reduced in irregular polysemes when
compared to the effect found with homonyms

▶ Among models positing common representations, an
underspecification model predicts that, in the absence of a
disambiguating preceding context, biased and balanced
polysemes should be processed with equal difficulty.

▶ On the contrary, a shared feature model is compatible with a more
processing difficulty for balanced polysemes, because there is
more uncertainty as to the selection of unshared aspects of
representation.
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Materials I

▶ The authors conducted two norming studies:
1. The homonymous vs. polysemic status of an ambiguous word was

assessed by exposing speakers to pairs of contexts and asking them
to evaluate how similar the word meanings were.

(1) Paul wanted to deposit all his cash but the bank was closed
(2) The couple went for a nice, long walk alongside the bank

▶ 20 participants each judging 50 sentence pairs exemplifying a total of
180 distinct words.

▶ Similarity scale from 1 to 7
▶ Selected items with scores around 1.35 for homonyms an 3.25 for

polysemes.
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Materials II

2. The biased vs. balanced status of an ambiguous word was assessed
by eliciting from speakers free associations for each ambiguous
word.
▶ Two raters then decided which proposed associations corresponded

to which sense.
▶ Proportions of association to the highest scoring sense were used as a

bias scale, ranging from 0.50 to 1.
▶ Selected items with scores around .56 for balanced words and .90 for

biased words.
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Experiment 1: materials

▶ Experiment 1 is a priming experiment, which assesses how an
ambiguous priming word affects the processing of a
disambiguating target.

Ambiguity Bias Dominance PRIME TARGET

Homonymy Biased Dominant BANK ROB
Biased Subordinate BANK CREEK

Polysemy Biased Dominant WIRE CABLE
Biased Subordinate WIRE POLICE

Homonymy Balanced Dominant CALF GOAT
Balanced Subordinate CALF SHIN

Polysemy Balanced Dominant CONE WAFFLE
Balanced Subordinate CONE CRASH

▶ Targets chosen using the associations proposed by participants in
the dominance norming study
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Experiment 1: design I
▶ Continuous priming: participants carry out a lexical decision task

on both primes and targets.

subordinate-meaning/meaning2 target), and prime type
(target preceded by an ambiguous word or an unrelated
baseline nonword). Note that our first prediction involves
the comparison of biased polysemes with biased homo-
nyms to test a separate vs. overlapping representation
account (i.e. Ambiguity ×Dominance × Prime Type
within biased words). The second prediction compares
biasedpolysemeswithbalancedpolysemes to investigate
two versions of an overlapping representation account;
namely, shared features vs. underspecification (i.e.
Bias × Dominance × Prime Type within polysemes). We
did not have any predictions regarding the full crossing
of the four predictors in themore complex Bias × Ambigu-
ity × Dominance × Prime Type interaction.

The 192 experimental items (64 ambiguous prime
words, 64 dominant-meaning/sense and 64 subordinate
meaning/sense related target words) were counterba-
lanced across two presentation lists, each occurring in a
50 ms ITI condition and a 200 ms ITI condition. The ITI
manipulation was a between-subjects manipulation.
Experimental items were interspersed amongst 384 dis-
tractor items that included words and nonwords. Non-
words were created either by changing one letter
(CRAVT), adding one letter (FIEVER), or leaving out one
letter (GOST). Nonwords also included 40 pseudohomo-
phones (nonwords like GRANE) as distractors to increase
participants’ engagement in the task and to potentially
increase the likelihood of semantic processing, based on
a successful phonological look-up in the mental lexicon
despite the wrong orthography (Azuma & Van Orden,
1997; Borowsky & Masson, 1996; but see Armstrong &
Plaut, 2016 for recent argumentswhypseudohomophones
might in fact de-emphasize semantic processing). Pseudo-
homophones never appeared in experimental trials. The
ratio betweenwords and nonwordswas 1:1. The complete
set of materials is available in the Online Supplement.

Procedure
We employed a continuous priming procedure
(McNamara & Altarriba, 1988; McRae & Boisvert, 1998) in
which lexical decisions were made to primes and
targets (see Figure 2). We used continuous rather than

paired priming to obscure our experimental manipula-
tions, and to lessen the likelihood that our results could
be due to response strategies (Hutchison, 2003). Depend-
ing on the intertrial interval (ITI) (50 ms or 200 ms), a trial
began either with a 50 ms or 200 ms fixation cross in the
centre of the screen, which was then replaced by a letter
string. Participants decided, as quickly and accurately as
possible for each string (primes, targets, distractors),
whether or not it was a word of English, by pressing a
labelled “yes” key with their right index finger if the
string was a word and a labelled “no” key with their left
index finger if the string was not. Thus, a letter string
was presented for as long as a participant needed to
make a lexical decision on it. After each lexical decision
a new trial began with a fixation cross presented for
50 ms or 200 ms. Forty-eight practice trials were first pre-
sented to familiarise participants with the task. Feedback
on speed and accuracy was provided throughout the
practice session but not during the experimental trials.
Participants were tested individually.

All participants were debriefed after they finished the
experiment. Thirty participants reported having noticed
some relationship between presented stimuli. Out of
these participants, 12 were able to report back one or
two pairs of words that were in fact related. Of the
reported pairs, 11 appeared as part of an experimental

Table 2. Mean forward and backward association strengths for dominant/meaning1 and subordinate/meaning2 targets of homonym
and irregular polyseme primes in Experiment 1.

Homonym Polyseme

Bias Dominant/Meaning1 Subordinate/Meaning2 Dominant/Sense1 Subordinate/Sense2

Biased Forward .03 .01 .02 .01
Backward .01 .01 .06 .01

Balanced Forward .06 .06 .06 .04
Backward .01 .03 .02 .01

Notes: Biased = biased ambiguous word, Balanced = balanced ambiguous word, Dominant = dominant meaning/sense of biased ambiguous word, Subordinate =
subordinate meaning/sense of biased ambiguous word, Meaning1/Sense1 = first meaning/sense of balanced ambiguous word, Meaning2/Sense2 = second
meaning/sense of balanced ambiguous word, Forward = forward association score between prime and target, Backward = backward association score
between prime and target.

Figure 2. Illustration of the structure of trials in Experiment
1. The difference between 50 and 200 ms is due to the two differ-
ent ISIs (see text).

450 A. BROCHER ET AL.

▶ Two separate experiments with different Inter Trial Intervals (ITIs),
to examine different stages of processing.
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Experiment 1: design II

▶ For each condition with a prime, matching condition with a
nonword for comparison.

Ambiguity Bias Dominance PRIME TARGET

… … … … …
Polysemy Biased Dominant WIRE CABLE

Biased Dominant GINDER CABLE
… … … … …

▶ 192 experimental items interspersed with 384 (word and nonword)
distractors.
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Experiment 1: results I
▶ At 50ms ITI, general priming effect, with no contrast between

homonyms vs. polysemes or balanced vs. biased items.

of around 400 ms in a paired-word priming task, both
dominant and subordinate meanings of biased homo-
nyms yielded priming. Given that participants could
dwell on primes words ad libitum, it is likely that the
50 ms ITI condition of our Experiment 1 corresponded
to an intermediate delay and thus tapped into this
phase of exhaustive access. Finally, analyses of error
rates did not reveal any reliable differences between
conditions, zs < 1.4, ps = .19.

200 ms ITI
As can be seen in Figure 5 (biased words), with an ITI of
200 ms, priming was restricted to the dominant mean-
ings of biased homonyms. In contrast, for balanced

words (Figure 6), priming was observed for both homo-
nyms and polysemes regardless of whether their target
words corresponded to the more dominant or more sub-
ordinate meaning of an ambiguous prime word. The
outputs of the regression models are provided in
Table 5; error rates, priming effects, and Cohen’s ds are
shown in Table 3. As Table 5 reveals, the overall larger
priming for balanced versus biased words led to a mar-
ginal Bias × Prime Type interaction in the full model.
More importantly, the output of the full model also
suggests that, while there were no dominance effects
in balanced words, there were stronger dominance
effects for biased homonyms than biased polysemes.
This led to a significant Bias × Ambiguity × Dominance ×

Figure 3. Lexical decision latencies and 95% confidence intervals
for target words with biased primes in the 50 ms ITI condition.
Dominant = dominant meaning/sense of biased ambiguous
word, Subordinate = subordinate meaning/sense of biased
ambiguous word; Decision latencies with nonword primes are
shown in dark grey; Decision latencies with ambiguous primes
are shown in light grey.

Figure 5. Lexical decision latencies and 95% confidence intervals
for target words with biased primes in the 200 ms ITI condition.
Dominant = dominant meaning/sense of biased ambiguous
word, Subordinate = subordinate meaning/sense of biased
ambiguous word; Decision latencies with nonword primes are
shown in dark grey; Decision latencies with ambiguous primes
are shown in light grey.

Figure 4. Lexical decision latencies and 95% confidence intervals
for target words with balanced primes in the 50 ms ITI condition.
Meaning/sense1 =more frequent meaning/sense of balanced
ambiguous word, Meaning/sense2 = less frequent meaning/
sense of balanced ambiguous word; Decision latencies with
nonword primes are shown in dark grey; Decision latencies
with ambiguous primes are shown in light grey.

Figure 6. Lexical decision latencies and 95% confidence intervals
for target words with balanced primes in the 200 ms ITI con-
dition. Meaning/sense1 =more frequent meaning/sense of
balanced ambiguous word, Meaning/sense2 = less frequent
meaning/sense of balanced ambiguous word; Decision latencies
with nonword primes are shown in dark grey; Decision latencies
with ambiguous primes are shown in light grey.
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of around 400 ms in a paired-word priming task, both
dominant and subordinate meanings of biased homo-
nyms yielded priming. Given that participants could
dwell on primes words ad libitum, it is likely that the
50 ms ITI condition of our Experiment 1 corresponded
to an intermediate delay and thus tapped into this
phase of exhaustive access. Finally, analyses of error
rates did not reveal any reliable differences between
conditions, zs < 1.4, ps = .19.

200 ms ITI
As can be seen in Figure 5 (biased words), with an ITI of
200 ms, priming was restricted to the dominant mean-
ings of biased homonyms. In contrast, for balanced

words (Figure 6), priming was observed for both homo-
nyms and polysemes regardless of whether their target
words corresponded to the more dominant or more sub-
ordinate meaning of an ambiguous prime word. The
outputs of the regression models are provided in
Table 5; error rates, priming effects, and Cohen’s ds are
shown in Table 3. As Table 5 reveals, the overall larger
priming for balanced versus biased words led to a mar-
ginal Bias × Prime Type interaction in the full model.
More importantly, the output of the full model also
suggests that, while there were no dominance effects
in balanced words, there were stronger dominance
effects for biased homonyms than biased polysemes.
This led to a significant Bias × Ambiguity × Dominance ×

Figure 3. Lexical decision latencies and 95% confidence intervals
for target words with biased primes in the 50 ms ITI condition.
Dominant = dominant meaning/sense of biased ambiguous
word, Subordinate = subordinate meaning/sense of biased
ambiguous word; Decision latencies with nonword primes are
shown in dark grey; Decision latencies with ambiguous primes
are shown in light grey.

Figure 5. Lexical decision latencies and 95% confidence intervals
for target words with biased primes in the 200 ms ITI condition.
Dominant = dominant meaning/sense of biased ambiguous
word, Subordinate = subordinate meaning/sense of biased
ambiguous word; Decision latencies with nonword primes are
shown in dark grey; Decision latencies with ambiguous primes
are shown in light grey.

Figure 4. Lexical decision latencies and 95% confidence intervals
for target words with balanced primes in the 50 ms ITI condition.
Meaning/sense1 =more frequent meaning/sense of balanced
ambiguous word, Meaning/sense2 = less frequent meaning/
sense of balanced ambiguous word; Decision latencies with
nonword primes are shown in dark grey; Decision latencies
with ambiguous primes are shown in light grey.

Figure 6. Lexical decision latencies and 95% confidence intervals
for target words with balanced primes in the 200 ms ITI con-
dition. Meaning/sense1 =more frequent meaning/sense of
balanced ambiguous word, Meaning/sense2 = less frequent
meaning/sense of balanced ambiguous word; Decision latencies
with nonword primes are shown in dark grey; Decision latencies
with ambiguous primes are shown in light grey.
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Biased distribution, 50ms ITI Balanced distribution, 50ms ITI
(dark = nonword, light = ambiguous)

▶ Suggests that at the relevant stage of processing, all senses are
accessed.
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Experiment 1: results II

▶ At 200ms ITI, contrasts emerge:

of around 400 ms in a paired-word priming task, both
dominant and subordinate meanings of biased homo-
nyms yielded priming. Given that participants could
dwell on primes words ad libitum, it is likely that the
50 ms ITI condition of our Experiment 1 corresponded
to an intermediate delay and thus tapped into this
phase of exhaustive access. Finally, analyses of error
rates did not reveal any reliable differences between
conditions, zs < 1.4, ps = .19.

200 ms ITI
As can be seen in Figure 5 (biased words), with an ITI of
200 ms, priming was restricted to the dominant mean-
ings of biased homonyms. In contrast, for balanced

words (Figure 6), priming was observed for both homo-
nyms and polysemes regardless of whether their target
words corresponded to the more dominant or more sub-
ordinate meaning of an ambiguous prime word. The
outputs of the regression models are provided in
Table 5; error rates, priming effects, and Cohen’s ds are
shown in Table 3. As Table 5 reveals, the overall larger
priming for balanced versus biased words led to a mar-
ginal Bias × Prime Type interaction in the full model.
More importantly, the output of the full model also
suggests that, while there were no dominance effects
in balanced words, there were stronger dominance
effects for biased homonyms than biased polysemes.
This led to a significant Bias × Ambiguity × Dominance ×

Figure 3. Lexical decision latencies and 95% confidence intervals
for target words with biased primes in the 50 ms ITI condition.
Dominant = dominant meaning/sense of biased ambiguous
word, Subordinate = subordinate meaning/sense of biased
ambiguous word; Decision latencies with nonword primes are
shown in dark grey; Decision latencies with ambiguous primes
are shown in light grey.

Figure 5. Lexical decision latencies and 95% confidence intervals
for target words with biased primes in the 200 ms ITI condition.
Dominant = dominant meaning/sense of biased ambiguous
word, Subordinate = subordinate meaning/sense of biased
ambiguous word; Decision latencies with nonword primes are
shown in dark grey; Decision latencies with ambiguous primes
are shown in light grey.

Figure 4. Lexical decision latencies and 95% confidence intervals
for target words with balanced primes in the 50 ms ITI condition.
Meaning/sense1 =more frequent meaning/sense of balanced
ambiguous word, Meaning/sense2 = less frequent meaning/
sense of balanced ambiguous word; Decision latencies with
nonword primes are shown in dark grey; Decision latencies
with ambiguous primes are shown in light grey.

Figure 6. Lexical decision latencies and 95% confidence intervals
for target words with balanced primes in the 200 ms ITI con-
dition. Meaning/sense1 =more frequent meaning/sense of
balanced ambiguous word, Meaning/sense2 = less frequent
meaning/sense of balanced ambiguous word; Decision latencies
with nonword primes are shown in dark grey; Decision latencies
with ambiguous primes are shown in light grey.
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of around 400 ms in a paired-word priming task, both
dominant and subordinate meanings of biased homo-
nyms yielded priming. Given that participants could
dwell on primes words ad libitum, it is likely that the
50 ms ITI condition of our Experiment 1 corresponded
to an intermediate delay and thus tapped into this
phase of exhaustive access. Finally, analyses of error
rates did not reveal any reliable differences between
conditions, zs < 1.4, ps = .19.

200 ms ITI
As can be seen in Figure 5 (biased words), with an ITI of
200 ms, priming was restricted to the dominant mean-
ings of biased homonyms. In contrast, for balanced

words (Figure 6), priming was observed for both homo-
nyms and polysemes regardless of whether their target
words corresponded to the more dominant or more sub-
ordinate meaning of an ambiguous prime word. The
outputs of the regression models are provided in
Table 5; error rates, priming effects, and Cohen’s ds are
shown in Table 3. As Table 5 reveals, the overall larger
priming for balanced versus biased words led to a mar-
ginal Bias × Prime Type interaction in the full model.
More importantly, the output of the full model also
suggests that, while there were no dominance effects
in balanced words, there were stronger dominance
effects for biased homonyms than biased polysemes.
This led to a significant Bias × Ambiguity × Dominance ×

Figure 3. Lexical decision latencies and 95% confidence intervals
for target words with biased primes in the 50 ms ITI condition.
Dominant = dominant meaning/sense of biased ambiguous
word, Subordinate = subordinate meaning/sense of biased
ambiguous word; Decision latencies with nonword primes are
shown in dark grey; Decision latencies with ambiguous primes
are shown in light grey.

Figure 5. Lexical decision latencies and 95% confidence intervals
for target words with biased primes in the 200 ms ITI condition.
Dominant = dominant meaning/sense of biased ambiguous
word, Subordinate = subordinate meaning/sense of biased
ambiguous word; Decision latencies with nonword primes are
shown in dark grey; Decision latencies with ambiguous primes
are shown in light grey.

Figure 4. Lexical decision latencies and 95% confidence intervals
for target words with balanced primes in the 50 ms ITI condition.
Meaning/sense1 =more frequent meaning/sense of balanced
ambiguous word, Meaning/sense2 = less frequent meaning/
sense of balanced ambiguous word; Decision latencies with
nonword primes are shown in dark grey; Decision latencies
with ambiguous primes are shown in light grey.

Figure 6. Lexical decision latencies and 95% confidence intervals
for target words with balanced primes in the 200 ms ITI con-
dition. Meaning/sense1 =more frequent meaning/sense of
balanced ambiguous word, Meaning/sense2 = less frequent
meaning/sense of balanced ambiguous word; Decision latencies
with nonword primes are shown in dark grey; Decision latencies
with ambiguous primes are shown in light grey.
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Biased distribution, 200ms ITI Balanced distribution, 200ms ITI
(dark = nonword, light = ambiguous)
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Experiment 1: results III

▶ Main results of statistical analysis:
1. Dominance effect for biased homonyms: priming only for targets

corresponding to the dominant sense.
2. No priming effect (and hence no dominance effect) for biased

polysemes.
3. Uniform priming effect for balanced items (both homonyms and

polysemes), with no role of dominance.
4. Overall larger priming for balanced than for biased items

(Bias×Prime type interaction).
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Experiment 1: discussion I

▶ Homonyms: results consistent with previous studies.
▶ Consistent priming for balanced homonyms at both 50ms and

200ms ITI support separate representation with concurrent lexical
access; in the absence of bias both senses prime, as expected.

▶ For biased homonyms, the contrast between 50ms and 200ms ITIs
can be interpreted in terms of the time course of competition: while
at early stages of processing of the prime we expect faster access to
the dominant sense, by the time the speaker reaches the target,
both senses have been activated; hence the uniform priming at
50ms ITI. Activation of the subordinate sense decays faster however
(because it is less salient). This explains the dominance effect.

18



Experiment 1: discussion II
▶ Irregular polysemes

▶ Absence of a dominance effect for biased polysemes speaks against
separate representation. If there was the same mode of
representation as for homonyms, we should find the same effect.

▶ The existence of priming for balanced but not for biased polysemes
ar 200ms ITI favors a shared feature account over an
underspecification account.
▶ Under an underspecification account, we expect balanced and biased

polysemes to behave the same (either priming or not priming): by
hypothesis, the only thing that is accessed until the disambiguating
target is reached is the underspecified representation.

▶ Under a shared feature account, we expect that both shared and
unshared features of the two senses are activated upon treatment of
the ambiguous word.

▶ Shared features are by definition more frequent, and hence more
easily accessible. This may explain why at the shorter ITI there is
uniform priming.
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Experiment 1: discussion III

▶ Nonshared features are less frequent, and hence their activation will
decay quickly. This may explain why there is no priming for biased
polysemes at the longer ITI: the useful disambiguating information is
not salient anymore.

▶ Balanced, but not biased polysemes lead to competition between
senses (= unshared features), just as is well documented for balanced
homonyms. With a longer delay this competition increases as readers
attempt to resolve the ambiguity. Hence the relevant features are
activated, which explains why priming occurs.

▶ All this is plausible, but highly dependent on hypotheses on the
timing of lexical processing that are not directly tested in the paper
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Experiment 2: design and materials
▶ Eyetracking while reading sentences containing an ambiguous

word and a later disambiguating sequence.subordinate-biased disambiguating information appeared
after an irregular polyseme, we would not observe longer
reading times for the disambiguating region relative to
an unambiguous control condition. On a more theoretical
basis, this prediction is based on the assumption that a
shared features representation would allow readers to
avoid or delay commitment to one sense, even over a
clause boundary (compared to lexical decisions). To test
this prediction, we created sentences in which an ambigu-
ous word, i.e. a homonym or polyseme, appeared in a first
clause, and context supporting that word’s subordinate
meaning/sense appeared in a second clause. Based on
the results of Experiment 1, we should find stronger dom-
inance effects for biasedhomonyms than for biased irregu-
lar polysemes in this condition.

Our second prediction was that if unshared features
for the different senses are activated along with, or
after the shared features, they should engage in
between-sense competition. For balanced polysemes,
this competition should lead to longer reading times
for both senses, compared to an unambiguous control
word. In fact, the results of Experiment 1 suggest that
we should observe longer reading times for balanced
polysemes and balanced homonyms relative to controls,
and that these reading time differences should be
roughly equal. Importantly, however, based on findings
by Duffy et al., (1988), we should also observe longer
reading times at disambiguating regions following
balanced as compared to unambiguous control words,
because readers may select the incorrect meaning/
sense on average half of the time for balanced words.
This, in turn, means that readers would need to engage
in a costly reanalysis at the disambiguating region
approximately half of the time. Now, our critical predic-
tion here is that balanced polysemes should display
much smaller reanalysis costs than balanced homonyms,
because the availability of shared features should make it
easier to switch to the competing sense than is the case
when meanings are unrelated.

Method

Participants
Thirty students from SUNY at Buffalo (seven female, two
left-handed) participated for course credit. All partici-
pants were recruited from an introductory psychology
class and were monolingual native speakers of American
English with no history of a language or learning disabil-
ity, and reported normal or corrected-to-normal vision.

Materials
We assessed 64 ambiguous words, with 16 each of
balanced homonyms (CALF), biased homonyms (BANK),

balanced irregular polysemes (CONE), and biased irregular
polysemes (WIRE), and a matched control word for each
ambiguous word. The sentences consisted of two
clauses. The first clause always contained the ambiguous
or controlword,while the secondclause contained contex-
tual information that always disambiguated the ambigu-
ous word toward its less frequent interpretation
(subordinate meaning/sense for biased ambiguous
words and meaning2/sense2 for balanced ambiguous
words). A set of example sentences is shown in Table 6.
The full set of materials is available in the Online
Supplement.

Most of the ambiguous words in our sentences were
drawn from those used in Experiment 1. For the 64
ambiguous words, the dominance scores for biased
homonyms (M = .92), biased polysemes, M = .87,
balanced homonyms, M = .57, and balanced polysemes,
M = .56, were very similar to the distribution in Exper-
iment 1, as were the similarity scores: biased homonyms,
M = 1.37, biased polysemes, M = 3.29, balanced homo-
nyms, M = 1.4, balanced polysemes, M = 3.25. The
senses of polysemes remained more similar than the
meanings of homonyms. A linear regression model
revealed a main effect of similarity, t = 11.25. Likewise,
meanings/senses of biased words were more biased
than meanings/senses of balanced words, t = 14.90. No
other effect reached significance, ts < 1.2. All control
words were matched to their ambiguous counterparts
in frequency, using the contextual diversity measure in
Subtlex-US (Brysbaert & New, 2009), as well as word
length, and number of syllables. There were no significant
differences within any set of ambiguous and unambigu-
ous control words, all ps > .5.

Sentence norming. We collected plausibility judgments
for each sentence, asking 95 native American English-
speaking participants (at SUNY Buffalo State College).
The experimental sentences were interspersed among

Table 6. Example materials for Experiment 2.
Frequency Ambiguity Sentence

Biased Homonym Ken decided on the |bank (lake) |near the |
clubhouse, since the other |beaches were too |
crowded for swimming.

Biased Polyseme When Mr. Jordon discovered the |wire (bomb) |in
the |lamp, the |FBI aborted |the top secret
mission.

Balanced Homonym Something seemed to be wrong with the |calf
(pony) |that day |, because the |animal did not |
drink nor eat.

Balanced Polyseme Marlene looked out for a |cone (barrel) |on her |
way home, since a big |pothole had been |
marked there yesterday.

Notes: For illustration purposes only, the ambiguous word appears in bold
and its matched control follows in parentheses, the disambiguating
region appears in italics, and the pipe symbols indicate analysis regions.
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▶ Importantly, only the less frequent reading is examined.
▶ Each example sentence has a matched control which is identical

except that the ambiguous word is replaced by an anambiguous
word.

▶ Analysis of reading times on the ambiguous word, in its immediate
region, and in the disambiguating region.
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Experiment 2: predictions

▶ If the shared features account is correct:
1. One should find a dominance effect leading to longer reading times

in the disambiguating region for biased homonyms. This effect
should be less strong (or even absent) for biased polysemes.

2. One should find longer reading times for balanced items than for
controls, and little difference between balanced homonyms and
balanced polysemes. In addition, one should find longer reading
times for balanced items relative to controls in the disambiguating
region, because speakers may have picked the wrong reading.
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Experiment 2: results I

▶ Refresher:
First Fixation is the duration of the first fixation in a region.
First pass reading time is the sum of fixations that occur in a

region before exiting that region.
Regression path duration is the sum of all fixations in a region, as

well as regressive fixations to earlier parts of the
sentence before progressing past the region’s right
boundary.

Total reading time is the sum of all fixations in a region.
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Experiment 2: results II

▶ Main results:
▶ Overall, regression path was longer for biased words than for

controls. That is not true for balanced words. The effect seems
driven by homonyms.

▶ Marginal effects on total reading time, suggesting that participants
reread homonyms more that polysemes and reread biased
homonyms more than balanced homonyms. This suggests that there
is regression to biased homonyms at the time of reanalysis.
▶ The effect is marginal. In addition, why not examine explicitly whether

there is regression after the disambiguating region has been read?
▶ Homonyms lead to longer reading times in the disambiguating

region, polysemes don’t.
▶ No significant interaction with dominance, although the numerical

tendency goes in the right direction.
▶ not significant, hence not significant
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Evaluation I

▶ Within the limits of what one can expect from priming studies,
experiment 1 validates the shared features account of irregular
polysemes:
▶ Polysemes are unlike homonyms in having partially shared

representation. Hence, no dominance effect for polysemes in early
stages of processing (corresponding to 50ms ITI).

▶ Polysemes are like homonyms in having (partially) different
representations. Hence, dominance effect in later stages of
processing (corresponding to 200ms ITI).

▶ Experiment 2 fails to strongly validate the predictions of the
shared feature account:
▶ Total reading times of ambiguous words point in the direction of a

differential dominance effect, but not clearly significant.
▶ Reading times in the disambiguating region contrast homonyms

with polysemes, but no significant interaction with reading times.
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Evaluation II
▶ Does experiment 2 have insufficient sample size? Does it fail to pay

attention to relevant variables? (e.g. existence of a regression from
the disambiguating region to the ambiguous word)

▶ Take-home messages for the linguist:
▶ Previous literature shows that homonyms reliably lead to dominance

effects (Duffy et al.), while regular polysemes don’t (Frisson et al.).
Clearly, irregular polysemes fall somewhere in between.

▶ It is interesting that speakers have gradient judgements on
semantic similarity of senses of a polyseme, independent of
regularity. It would be worth exploring that in more detail.
▶ Connect with literature on computational vs. psycholinguistic

measures of semantic similarity?
▶ Unclear from the paper: is there a good reason to assume a

categorical cutting point between homonymy and polysemy?
▶ Also unclear from the paper: how does one distinguish regular from

irregular polysemes?
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