University of Plymouth

PEARL https://pearl.plymouth.ac.uk
Faculty of Health: Medicine, Dentistry and Human Sciences School of Psychology
2014-04

Differential processing of consonants
and vowels in the auditory modality: A
cross-linguistic study

Delle Luche, C

http://hdl.handle.net/10026.1/9947

10.1016/j.jml.2013.12.001
Journal of Memory and Language
Elsevier BV

All content in PEARL is protected by copyright law. Author manuscripts are made available in accordance with
publisher policies. Please cite only the published version using the details provided on the item record or
document. In the absence of an open licence (e.g. Creative Commons), permissions for further reuse of content

should be sought from the publisher or author.



Journal of Memory and Language 72 (2014) 1-15

Contents lists available at ScienceDirect

Journal of Memory and Language

journal homepage: www.elsevier.com/locate/jml

Differential processing of consonants and vowels in the auditory @ CrossMark
modality: A cross-linguistic study

Claire Delle Luche **, Silvana Poltrock "¢, Jeremy Goslin?, Boris New
Caroline Floccia?, Thierry Nazzi >

2School of Psychology, Plymouth University, United Kingdom

b Université Paris Descartes, Sorbonne Paris Cité, Paris, France

€CNRS, Laboratoire Psychologie de la Perception, UMR 8158, Paris, France

9 Institut Universitaire de France, Paris, France

€ Laboratory of Psychology and Neurocognition, UMR 5105, CNRS, University of Savoie, BP 1104, F-7301 Chambéry cedex, France

ARTICLE INFO ABSTRACT

Article history:

Received 11 December 2012
revision received 25 November 2013
Available online 25 December 2013

Following the proposal by Nespor, Pefia, and Mehler (2003) that consonants are more
important in constraining lexical access than vowels, New, Aratjo, and Nazzi (2008)
demonstrated in a visual priming experiment that primes sharing consonants (jalu-JOLI)
facilitate lexical access while primes sharing vowels do not (vobi-JOLI). The present study
explores if this asymmetry can be extended to the auditory modality and whether language
input plays a critical role as developmental studies suggest. Our experiments tested French
and English as target languages and showed that consonantal information facilitated lexi-
cal decision to a greater extent than vocalic information, suggesting that the consonant
advantage is independent of the language’s distributional properties. However, vowels
are also facilitatory, in specific cases, with iambic English CVCV or French CVCV words. This
effect is related to the preservation of the rhyme between the prime and the target (here,
the final vowel), suggesting that the rhyme, in addition to consonant information and con-
sonant skeleton information is an important unit in auditory phonological priming and
spoken word recognition.
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Introduction 2000; Ferreres, Lopez, & China, 2003) and neurophysiologi-

cal evidence (Carreiras & Price, 2008; Carreiras, Vergara, &

Consonants and vowels are described as two separate
phonological categories (Ladefoged, 2001; Maddieson,
1984; but see Carré, 2009 and Stilp & Kluender, 2010, for
a unification proposal), with many differing properties:
consonants are shorter and perceived more categorically;
there is more variability in the production of vowels than
of consonants; vowels are often harmonized within words
while consonants are not (Repp, 1984). There is also neuro-
psychological (Caramazza, Chialant, Capasso, & Miceli,
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Perea, 2009; Vergara-Martinez, Perea, Marin, & Carreiras,
2011) for different brain loci involved in their processing.
These fundamental differences are also reflected in the dis-
tribution of consonants and vowels in the world’s lan-
guages: most languages have more consonants than
vowels (Maddieson, 1984), making consonantal informa-
tion more informative for word identification. Altogether,
these observations led to the proposal that consonants
are more important than vowels in lexical processing while
vowels are more important than consonants in relation to
prosodic-syntactic information (Nespor, Pefia, & Mehler,
2003). This proposal assumes that these properties of con-
sonants and vowels are universal - supported by a
language module (Bonatti, Pefia, Nespor, & Mehler, 2005,
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2007) - and therefore valid across languages regardless of
linguistic specificities (for a discussion, see Bonatti et al.,
2007).

The evaluation of the contribution of consonantal and
vocalic information in word learning and lexical processing
in adults confirms the existence of a consonantal bias
across a number of languages. Regarding word learning,
Creel, Aslin, and Tanenhaus (2006) demonstrated with an
artificial lexicon-learning paradigm that English-speaking
adults confuse newly learned words more often when they
share their consonants (e.g., suba - sabo) than when they
share their vowels (e.g., nasi - tagi), suggesting that conso-
nants contribute to lexical identification to a larger extent
than vowels. This consonantal advantage was not modu-
lated by the relative ratio between consonants and vowels
in the learned words, although some modulation was
found with respect to segment position (e.g., a weakened
consonant effect in the coda position). In another recent
study on adult word learning, Havy, Serres, and Nazzi (in
press) found that French-speaking adults identify an object
on a screen faster when its newly learned label differs from
a distracter’s label by one consonant (e.g., target label /pyv/
- distracter label /tyv/) compared to when it differs by one
vowel (e.g., /[pos/ — [poes/). In contrast to the findings in
Creel, Aslin, et al. (2006), no positional effect was found
(with respect to the onset/coda difference). In sum, the
interaction between the consonant bias and positional ef-
fects in these types of tasks remains rather unclear.

Moreover, when segmenting continuous speech in an
artificial language, Bonatti et al. (2005) showed that French
speakers are able to extract families of words when transi-
tional probabilities highlight common consonants (e.g., /
pusagi/ /pusegy/), but not common vowels (e.g., /[pokima/
/poxila/). The use of vocalic regularities seems privileged
for the extraction of structural, grammar-like rules (see
Toro, Nespor, Mehler, & Bonatti, 2008), but not lexical cues,
except in conditions allowing consecutive repetitions of
the same word family (Newport & Aslin, 2004).

Second, regarding lexical processing, classic adult word
processing tasks also point to an advantage for consonantal
information. In word reconstruction tasks in which an
auditory pseudoword has to be transformed into a real
word by changing one phoneme, listeners prefer to pre-
serve the consonantal structure over the vocalic one, so
that kebra would be changed into cobra rather than zebra.
Comparable results have been observed in English (Sharp,
Scott, Cutler, & Wise, 2005; van Ooijen, 1996), Dutch and
Spanish (Cutler, Sebastian-Gallés, Soler-Vilageliu, & van
Ooiken, 2000). Visual priming experiments, on the whole,
also converge toward a consonantal priming effect, as at-
tested by the results found using the relative-position
(csn preceding casino is facilitatory, but not aio, Duilabeitia
& Carreiras, 2011), the delayed-letter (e.g., bu-b or b-lb as
primes preceding bulb, Vergara-Martinez et al., 2011) and
the replaced-letter (e.g., duvo or rifa preceding diva, New
& Nazzi, in press; New, Aradjo, & Nazzi, 2008) paradigms.
On the contrary, studies using the transposed-letter
paradigm (e.g., academy preceded by adacemy or acedamy,
Carreiras et al., 2009; Lupker, Perea, & Davis, 2008; Perea &
Carreiras, 2006; Perea & Lupker, 2004) revealed a vowel
advantage. However, it has been suggested that effects

found in the transposed-letter paradigm are mostly due
to orthographic processing (Acha & Perea, 2010) while
studies using paradigms tapping the phonological level
only show a consonant advantage (see New & Nazzi, in
press, for a more detailed argument). In favor of this argu-
ment, replaced-letter experiments (New & Nazzi, in press;
New et al., 2008), where the whole consonant or vowel tier
is replaced, established an advantage of consonant-related
primes (e.g., duvo) for prime durations of 50 and 66 ms,
durations at which phonological effects are typically ob-
served (Grainger & Ferrand, 1994, 1996). No consonant
advantage was observed with shorter primes (33 ms) that
usually only induce orthographic priming. This series of
studies (see also Berent & Perfetti, 1995; Columbo, Zorzi,
Cubelli, & Brivio, 2003; Lee, Rayner, & Pollatsek, 2001) sug-
gests that the locus of this consonant bias is at the phono-
logical rather than the orthographic level. The present
study will explore another way to disentangle phonologi-
cal from orthographic effects: adults were tested here in
the auditory modality, which should favor the use of pho-
nological over orthographical information.

Further insight into the mapping between phonological
forms and lexical representations can be gained through
infant studies. Word learning tasks with pairs of words dif-
fering by one phoneme reveal that French-learning tod-
dlers are sensitive to consonant but not to vowel
contrasts until the age of 30 months (Havy & Nazzi,
2009; Nazzi, 2005; Nazzi & Bertoncini, 2009; Nazzi, Floccia,
Moquet, & Butler, 2009; Nazzi & New, 2007). Moreover,
even older French-learning children and French adults
show a consonant bias in word learning tasks (Havy, Ber-
toncini, & Nazzi, 2011; Havy et al., in press). A comparable
asymmetry is observed with a familiar word recognition
task in French-learning 14-23-month-olds: a consonant
change prevents word recognition, but not a vowel
change (Zesiger & Johr, 2011). However, results from
English-learning children do not show such a pervasive
consonantal bias. Indeed, while Nazzi et al. (2009) showed
that 30-month-old English children give more weight to
consonantal information when learning new words, Creel
(2012) reported an equal sensitivity to consonant and vo-
wel mispronunciations in familiar words in 3.5-year-old
children. In addition, younger children have been found
to access vocalic information as well as consonant
information in lexical processing (Mani & Plunkett, 2007,
2008) and word learning (Floccia, Nazzi, Delle Luche,
Poltrock, & Goslin, in press). This undermines the assump-
tion of a universal consonantal bias in place at the onset of
lexical acquisition. Recent work using an interactive word
learning task in Danish, a language with many more vowels
than consonants (19 consonants vs. 16 vowels, doubled with
a duration contrast and 2 schwas, Bleses, Basbgll, Lum, &
Vach, 2010), revealed that Danish-learning 20-month-olds
rely more on vocalic than consonantal information (Hgjen
& Nazzi, in preparation; Nazzietal.,2011). This suggests that
the phoneme inventory or the acoustic characteristics of a
given language (e.g., consonantal lenition that makes conso-
nants less prominent in Danish) is important in develop-
ment, and might also be in adulthood.

Although these previous studies have provided consid-
erable evidence on the relative importance of consonantal
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information in lexical processing, most adult studies have
focused on visual paradigms. However, the initial proposal
by Nespor et al. (2003) was mostly concerned with speech,
the primary media for language processing and acquisition.
Evidence from the auditory modality in adult experiments
is so far mostly indirect, based on offline measures (Cutler
et al., 2000; van Ooijen, 1996). Therefore, the aim of the
current study was first to clarify the role of consonants
and vowels at the phonological level in adults, using a di-
rect online measure of auditory processing. This will be
done with an auditory adaptation of the replaced-letter
paradigm used in New et al. (2008) and New and Nazzi
(in press), to provide a direct comparison with the results
obtained in visual word recognition. Moreover, although
no cross-linguistic differences have been observed so far
in adulthood (but few have explored such a possibility),
studies with children report cross-linguistic differences,
calling for further evaluation of this issue in adulthood.

The second aim was therefore to shed light on the cross-
linguistic differences found in the developmental litera-
ture. To do so, we will focus on French and English adult
listeners, for two reasons. First, as reviewed above, these
two languages led to contrastive results in developmental
studies. Second, they differ on a few variables that are
likely to affect the phonological processing of consonants
and vowels. Not only do these languages differ regarding
their consonant/vowel ratio (17-15 in French, 24-12 in
English), which should give different weight to consonan-
tal information, but English also has more consonant clus-
ters than French (1133 vs. 545 in French, counted from
CELEX and LEXIQUE respectively, Baayen, Piepenbrock, &
Gulikers, 1995; New, Pallier, Ferrand, & Matos, 2001).
Added to the fact that the English vocalic system is more
complex in terms of diphthongs and contrastive features
than the French one, consonants are, in theory, compara-
tively more informative in English than in French, so we
could expect a larger consonantal bias in English. It is inter-
esting to note however that cross-linguistic developmental
evidence points to the exact opposite effect, as French-
learning toddlers show an earlier and more consistent con-
sonant bias than English-learning children (Floccia et al., in
press; Havy & Nazzi, 2009; Havy et al. 2011; Mani & Plunk-
ett, 2007, 2008; Nazzi et al., 2009).

Experiment 1: French

In this experiment, a group of French-speaking partici-
pants was tested in a lexical decision task in which audi-
tory targets (e.g., carreau [kaso/, meaning tile) were
preceded by auditory prime non-words. Like in New
et al. (2008) and New and Nazzi (in press), the primes
shared the same consonant tier as the targets but had dif-
ferent vowels (e.g., /kesg/), or shared the vowel tier but
had different consonants (e.g., /ga3o/), or shared no pho-
neme at all (e.g., /ge3e@/). The identity priming condition
(e.g., /kaso/ priming [kaso/) used in New et al. (2008)
and New and Nazzi (in press) in the visual version of this
task was excluded in this study to avoid strategic expec-
tancies in participants (since the primes are perceptible,
having a real word as a prime would have been an obvious
bias).

Method

Participants

Forty-two French participants (21 females, mean age:
28 years; range: 20-44 years) were tested at the Université
René Descartes in Paris for a payment of €5. All participants
reported no language or hearing impairment and were
monolingual native French speakers.

Stimuli and design

The target items consisted of 48 disyllabic nouns (see
Appendix 1) selected from the French LEXIQUE 3.70
database (New et al., 2001). Half of these had a phonolog-
ical CVCV structure (C: Consonant; V: Vowel) and half a
VCVC structure, none included diphthongs. These two
word categories were balanced across a range of linguistic
variables (subtitle frequency, phonological and ortho-
graphic Levenshtein distances, orthographic and phonolog-
ical uniqueness points, calculated with n-watch, Davis,
2005; see Appendix 1). An additional 48 distracter words
were also selected with the same proportion of C- and
V-initial words, but with a range of phonological structures
dissimilar to those used in the test items. Ninety-six non-
word targets were also generated, which had the same
distribution of phonological structures as the real words.
All non-words respected the phonotactic rules of French
and were created with the ‘trigram tool’ in LEXIQUE
Toolbox (New & Pallier, 2001).

These 192 target items were preceded by three types of
primes: (1) in the consonant-related condition, the conso-
nants of the target were preserved while the vowels were
minimally changed (e.g., carreau [kaxo/, meaning tile, is
changed to [kekg/); (2) in the vowel-related condition, the
vowels were preserved while the consonants were mini-
mally changed (e.g., [kako/ - /ga3o/); (3) in the unrelated
condition, all phonemes were changed (e.g., [kaso/ - |
ge3g/). None of these transformations led to a real French
word. Whenever possible, minimal changes consisted of a
single feature change (vowels: height, place, roundedness
or nasality; consonants: place, voicing or manner), but
some phonemes necessitated a change of two features
(17.7% of all the changes). The total number of two-feature
changes was matched across the consonant- and vowel-re-
lated conditions. To clarify, two thirds of all trials (targets
and distracters) were related by their consonant or vowel
tiers and one third were unrelated. This was the case for
both word and non-word targets.

The auditory stimuli were recorded by a native speaker
of French who was naive to the aims of the experiment, or
the link between target and primes. Recordings were con-
ducted in a sound-attenuated booth, digitized at a rate of
22,050 Hz and a resolution of 16 bits.

Procedure

Three lists of 192 trials were constructed in which
prime-target pairs were rotated according to a pseudo
Latin-square design, so that a given target was primed by
only one prime condition in each list, but by all three
conditions across the three lists. Each participant was
presented with a single list. Therefore, each list was
presented to 14 participants.
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Participants were tested individually in a quiet, dimly-
lit room. Stimulus presentation and response recording
were carried out using the E-Prime 1.1 software (Psychol-
ogy Software Tools). Each trial began with the presentation
of a fixation cross in the middle of the screen for 500 ms.
This was followed by the prime and then the target, with
a 10 ms ISI between the two. Each trial ended 1500 ms
after target offset, or when a response was provided by
the participant. Participants were instructed to indicate
the lexical nature of the second sound in each trial by
pressing a button with the index finger of their dominant
hand if the sound was a real word, and by pressing a but-
ton with the index finger of their non-dominant hand if it
was a non-word. Twelve practice trials were presented at
the beginning for warm-up purposes, each followed by
feedback about accuracy and reaction times to stress the
importance of both aspects. All items were presented in
pseudo-randomized order, with a maximum of three
words or non-words in a row. The participants could take
a short break after the first block of 96 trials. The experi-
ment lasted approximately 20 min.

Results and discussion

The data were analyzed on the target words only (CVCV
and VCVC structures). No target word had more than 23.8%
of errors (range between 0% and 23.8%, mean: 4.8%) and
since it satisfies the 33% limit criterion by New et al.
(2008), all items were thus included in the analysis. A re-
peated measure ANOVA was run on reaction times mea-
sured from the onset of the target (RTs), with priming
condition (consonant-related, vowel-related, and unre-
lated) and structure (CVCV vs. VCVC) as within-subject fac-
tors. F- and t-values are always given by subject (F;) and by
item (F,). Prior to the RT analysis, error responses (4.76%)
and outliers defined by RTs greater than 2.5 standard devi-
ations above or below the grand mean RT (2.08%) and 2.5
SD individually (2.07%) were discarded. A similar ANOVA
was run on errors, but since none of the main effects or
interaction in the error analysis were significant (all
ps >.12), they are not discussed any further.

The mean RTs of each priming condition are displayed
in Table 1, split by structure.

Analysis of RTs revealed a significant main effect of
structure (Fy(1,41)=139.1, p<.001, #%=0.77; Fy(1,46)=
9.64, p=.003, #*=0.17) corresponding to longer RTs for
CVCV words (M=800ms) than for VCVC words
(M =750 ms). There was also a significant main effect of
priming condition (Fy(2,82)=11.79, p<.001, 1?=0.22;
F5(2,92)=12.67, p<.001, #*>=0.21). Follow-up pairwise
comparisons, using the Holm-Bonferroni procedure
(Holm, 1979) to adjust for multiple comparisons (smallest
p-value <.016; second smallest p-value <.025 and third
p-value <.05) were conducted. These comparisons showed
that, overall, words preceded by unrelated primes were
responded to more slowly (M=790ms) than targets
preceded by consonant-related primes (M =757 ms,
t1(41)=4.80, p<.001, Cohen’s d=0.74; t,(47)=4.52,
p<.001, Cohen’s d=0.65), or vowel-related primes
(M=773ms, t,(41)=2.39, p=.021, Cohen’s d=0.37;
t,(47)=2.67, p=.01, Cohen’s d=0.39). The difference

Table 1

Mean reaction times (RTs; in ms) and percentages of error (PEs) for words
in Experiment 1 (French), overall and split by structure. Standard devia-
tions are given in brackets.

Type of prime Structure of target
cvev VCVC All
RT PE RT PE RT PE

Consonant-related 801 4.17 714 3.87 757 4.02
(/kerg/ - [karo/) (89) (8.13) (79) (647) (79) (5.83)

Vowel-related 775 238 773 655 773 4.46
(Jgaso] - [karo[)  (91) (4.97) (84) (10.78) (83) (6.37)
Unrelated 822 595 762 565 790  5.80

(/geso] - [karo/)  (89) (9.66) (79) (9.24) (74) (6.82)

between the consonant-related and the vowel-related prim-
ing conditions was significant in the analysis by participant
(t4(41)=2.60, p=.01, Cohen’s d=0.40; t,(47)=1.48,
p=.14, Cohen’s d = 0.21).

The interaction between priming condition and structure
was also significant (F;(2,82)=14.89, p<.001, ?=0.27;
F5(2,92)=25.08, p<.001, #*=035). To explore this
interaction, we conducted separate analyses of priming
condition for CVCV and VCVC target words.

VCVC words

Aone-way ANOVA revealed a significant effect of priming
condition (Fy(2,82)=25.47, p<.001, n*>=0.38; Fy(2,46)=
21.11, p <.001, #* = 0.48). Pairwise analyses between the
three priming conditions showed that RTs for the conso-
nant-related condition (M = 714 ms) were significantly fas-
ter than those for the unrelated (M = 762 ms, t1(41) =5.92,
p<.001, Cohen’s d=0.91; t,(23)=4.45, p<.001, Cohen’s
d=0.91) or vowel-related (M=773ms, t;(41)=7.30,
p <.001, Cohen’s d=1.13; t(23)=5.42, p<.001, Cohen’s
d=1.11) conditions. There was no significant difference
between the vowel-related and unrelated conditions
(t1(41)=1.11, p=.27, Cohen’s d=0.17; t5(23)=1.66,
p=.11,Cohen’s d = 0.34).

CVCV words

A significant effect of priming condition was also found
(F1(2,82) =7.44, p =001, n? = 0.15; F,(2,46) = 16.01, p < .001,
#? =0.41), but with a different pattern of results emerging
from pairwise comparisons. Target words that were preceded
by vowel-related primes (M = 775 ms) were processed faster
than those preceded by unrelated primes (M =822 ms,
t1(41)=3.83, p<.001, Cohen’s d=0.59; ,(23)=5.76,
p<.001, Cohen’s d=1.18), or consonant-related primes
(M=801ms, t;(41)=246, p=.018, Cohen’s d=0.38;
t5(23)=3.50, p=.002, Cohen’s d=0.71). The difference
between the unrelated and consonant-related conditions
was marginally significant in the item analysis only
(t1(41) = 1.53, p=.13, Cohen’s d = 0.23; t5(23)=1.97, p = .06,
Cohen'’s d = 0.40).

In sum, this experiment with French listeners shows (1)
a global priming effect for words preceded by related
primes (e.g., /atil/ and [esyd/ prime /asid/, acide meaning
acid) as compared to unrelated ones (e.g., [etyl/ — /asid/),
and (2) a larger global priming effect when the consonants
of the target are preserved in the prime than when the
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vowels are preserved (by subject only). For VCVC words we
found similar results to that of the French visual priming
study of New et al. (2008), with facilitation when conso-
nants were preserved, but no significant priming when
the vowels were preserved. However, our results for CVCV
words are quite different from those previously established
using visual priming, as we found a facilitatory priming ef-
fect for vowel-related primes, and one for consonant-re-
lated primes by items only, with more priming for
vowel- than consonant-related primes. Before offering
some explanations for this unexpected result, we first pres-
ent the English data in order to determine whether this
pattern is specific to French or also extends to English.

Experiment 2: English

This experiment is similar to Experiment 1, except that
it used English stimuli presented to English speakers, and
manipulated stress placement, which was irrelevant in
French. Indeed French does not have lexical stress,
although isolated words usually present final lengthening
(Fletcher & Vatikiotis-Bateson, 1994; Vaissiére, 1991). On
the contrary, English disyllabic words can have a trochaic
(stress initial, e.g., bunny) or iambic pattern (stress final,
e.g., tattoo), the trochaic pattern being predominant (Cutler
& Carter, 1987). Since it is possible that stress location has
an effect on the processing of consonants and vowels, just
as it does on the processing of whole syllables (Floccia,
Goslin, Morais, & Kolinsky, 2012; Sebastian-Gallés, Dup-
oux, Segui, & Mehler, 1992), this experiment will examine
the potential modulation of consonant and vowel priming
effects as a factor of the stress pattern of the words.

Method

Participants

Forty-five adults participated (26 females, mean age:
25 years, range: 18-40 years). All were tested at Plymouth
University for a payment of £4, were monolingual native
speakers of British English, and reported no language or
hearing deficit.

Stimuli and design

Seventy-two disyllabic target words were selected from
the CELEX database (Baayen et al., 1995) in four categories
of 18 words: trochaic CVCVs, trochaic VCVCs, iambic
CVCVs, and iambic VCVCs. Stimuli in each category were
balanced across various linguistic variables (see Experi-
ment 1, Appendix 2). Because there are less one-feature
changes between English vowels than French ones, and
to ensure that the primes were pronounceable and re-
spected the stress placement of the target word, more
two-feature changes were needed compared to the French
stimuli (overall, 38.2% of the changes included two fea-
tures). However, as in Experiment 1, the percentage of
one and two feature changes was balanced across vowels
and consonants, and also between prime and target
categories.

Seventy-two distracter words and 144 non-word
distracters were selected and matched with primes,

following the same method and criteria as in Experiment
1. Again, two-thirds of all trials (targets and distracters)
were phonologically related (either by consonants or vow-
els) and a third was not. Again, this was the case for both
word and non-word targets.

All auditory stimuli were recorded by a native speaker
of British English in a sound-attenuated booth and digi-
tized at a rate of 44.1 kHz and a resolution of 16 bits.

Procedure

The procedure was identical to the one of Experiment 1,
except that participant responses were captured using an
EPrime button-box rather than a keyboard.

Results

Responses to 14 target words reached the 33% error
cut-off and were removed from further analysis. This
unexpected high number of errors is unlikely to be due
to lower intelligibility of these recorded stimuli. Indeed,
error rates for all 72 target words correlated positively
with error rates obtained for these words in the visual
modality in a non-masked word recognition task (the
British Lexicon Project, Keuleers, Lacey, Rastle, & Brysba-
ert, 2012), r=.588, p <.001. It is possible that these re-
jected words may have been less familiar, less
imageable or had been acquired later in age, since these
three factors were correlated with accuracy in Keuleers
et al. (2012). Correct response rates for the remaining
words averaged 87% (from 69% to 100%). As in Experiment
1, RTs from erroneous responses (12.76%) and outliers
(3.49%), defined by RTs greater than 2.5 standard
deviations above or below the grand mean (2.19%) and
individual mean RT (1.30%), were discarded. After prepro-
cessing it was noticed that two participants did not
provide data for iambic CVCV words; however, they were
kept in the analysis. Both error rates and RTs were
analyzed using an ANOVA with the main factors of
structure, stress and priming condition.

The analyses of the error rates showed a significant
3-way interaction of structure x priming condition x stress
(F1(2,88)=7.13, p=.001, 5*=0.15; F,(2,108)=5.40,
p =.006, n* =0.09). No other effects or interactions were
significant. Separate one-way ANOVAs with priming con-
dition as within-subject factor were therefore carried
out for each of the 4 cells (structure x stress). The priming
effect was only significant in two conditions: for iambic
CVCV words in the item analysis (F;(2,88)=2.48, p=.09,
1> =0.05; F5(2,18)=3.86, p=.04, #*=0.30) and for iambic
VCVC words (F;(2,88)=5.12, p=.008, *=0.10; F»(2,32) =
7.32, p=.002, n*>=0.31). Although consonant-related
primes appeared to produce more errors (20.0%) compared
to unrelated (11.7%) or vowel-related (12.4%) primes, sin-
gle comparisons within iambic CVCV words revealed no
significant differences (because of the Holm-Bonferroni
correction, the p-values are between .03 and .85). In iambic
VCVC words there were significantly less errors with con-
sonant-related primes (7.3%) compared to vowel-related
primes (17.8%, t,(44)=3.17, p=.003, Cohen’s d=0.47;
t;(16)=2.97, p=.009, Cohen’s d=0.72) and unrelated
primes (15.9%, t,(44)=2.49, p=.02, Cohen’s d=0.37;
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t,(16) = 3.26, p =.005, Cohen’s d = 0.79). Error rates in the
unrelated and vowel-related conditions did not differ from
each other (t; < 1). In sum, the only significant effect on er-
ror rates is that iambic VCVC words were recognized more
accurately in the consonant-related priming condition.

The mean RTs of each priming condition are displayed
in Table 2, split by structure and stress pattern. F- and
t-values are again given by subject (F;) and by item (F,).

RTs were analyzed using a repeated measure ANOVA
with the factors of structure (CVCV vs. VCVC), stress (iam-
bic vs. trochaic) and priming condition (consonant-related,
vowel-related and unrelated). This revealed a significant
main effect of stress (Fy(1,42)=53.79, p <.001, #? = 0.56;
F5(1,54)=11.09, p =.001, ?=0.17) with trochaic words
(M=831ms) being responded faster to than iambic
words (M = 881 ms). This difference is likely to be related
to the difference in the durations of the words, as trochaic
words were, on average, 651 ms long and iambic words
719 ms. The main effect of priming condition was
also significant (Fy(2,86)=19.15, p<.001, »?=0.31;
F5(2,108) =23.00, p <.001, 5 =0.30). Pairwise compari-
sons showed that target words were processed faster in
the consonant-related (M =829 ms) condition than in
both the vowel-related (M =861 ms) condition (t;(44)=
4.85, p<.001, Cohen’s d = 0.72; t5(57) = 3.87, p <.001, Co-
hen’s d =0.51), and the unrelated (M = 879 ms) condition
(t1(44)=5.67, p<.001, Cohen’s d=0.84; t(57)=6.49,
p <.001, Cohen’s d=0.85). The difference between vo-
wel-related and unrelated conditions was also significant
(t1(44)=2.06, p=.04, Cohen’s d=0.31; t(57)=2.22,
p =.03, Cohen’s d = 0.29), with faster RTs in the vowel re-
lated condition. The effect of structure was only marginal
in the subject analysis (F;(1,42)=4.08, p =.05, % =0.09;
F»(1,54)<1; CVCV words, M=850ms; VCVC words,
M = 862 ms). There was a significant interaction between
priming condition and structure (F,(2,86)=3.79, p=.03,
7% =0.08; F5(2,108) = 5.10, p = .008, #? = 0.09), and a three
way interaction between those factors and that of stress
(F1(2,86)=4.70, p=.01, #?=0.10; F5(2,108)=4.29,
p =.02, n? =0.07). Further investigation of this three way
interaction was made by conducting four separate one-
way ANOVAs for each combination of structure (CVCV,
VCVC) and stress (trochaic, iambic) with priming condition
as the within-subject factor.

Table 2

VCVC trochaic words

The effect of priming condition was significant
(F1(2,88)=10.76, p<.001, #*=020; F5(2,28)=12.05,
p <.001, #% = 0.46), with pairwise analyses revealing signif-
icantly faster RTs with consonant-related primes
(M =788 ms) than unrelated primes (M =856 ms, t;(44) =
3.91, p<.001, Cohen’s d=0.58; t(14)=3.95 p=.001,
Cohen’s d=1.02) or vowel-related primes (M =834 ms,
t,(44)=3.13, p=.003, Cohen’s d=047; t,(14)=5.26,
p <.001, Cohen’s d = 1.36). The comparison between unre-
lated and vowel-related primes failed to reach significance
(t1(44)=1.79, p=.08, Cohen’'s d=0.27; t;(14)=1.24,
p=.23, Cohen’s d =0.32).

VCVC iambic words

There was a significant priming condition effect
(F1(2,88)=11.30, p<.001, #*=020; Fy(2,32)=12.64,
p <.001, #? = 0.44). Pairwise analyses showed that RTs in
the consonant-related condition (864 ms) were signifi-
cantly faster than in the wunrelated (M=911 ms,
t1(44)=4.19, p<.001, Cohen’s d=0.62; t(16)=3.79,
p=.001, Cohen’s d =0.92) and the vowel-related (921 ms,
t1(44)=3.83, p<.001, Cohen’s d=0.57, t(16)=4.36,
p <.001, Cohen’s d = 1.06) conditions. There was no signif-
icant difference between unrelated and vowel related
primes (t1(44) <1, t5(16) = 1.13, p = .28, Cohen’s d = 0.27).

CVCV trochaic words

Priming condition was found to have a significant effect
on RTs in the analysis by participant (F(2,88)=5.10,
p =.008, % =0.10; F5(2,30) = 2.63, p =.09, * = 0.15). With-
in subjects, pairwise comparisons revealed significantly
faster RTs in the consonant-related condition (M=
814 ms) than the unrelated condition (M =854 ms,
t1(44)=3.01, p=.004, Cohen’s d=0.45; t,(15)=2.11,
p =.05, Cohen’s d = 0.53). The difference between the con-
sonant-related condition and the vowel-related condition
(M =841 ms) was marginally significant by subjects:
t1(44)=2.30, p=.026, Cohen’s d=0.34; t,(15)=1.28,
p=.22, Cohen’s d = 0.32 (note that the significance thresh-
old is p=.025 for comparison of this order with Holm-
Bonferroni corrections). There was no significant difference
between unrelated and vowel-related primes (t;(44)<1,
p=.33, Cohen’s d=0.15; t,(15)=1.07, p=.30, Cohen’s
d=027t).

Mean reaction times (RTs; in ms) and percentages of error (PEs) for words in Experiment 2 (English), split by structure and stress.

Type of prime Type of stress

lambic Trochaic

Structure of target Structure of target

cvev VCvC cvev VCVC

RT PE RT PE RT PE RT PE
Consonant-related 848 20.0 864 7.3 814 114 788 8.9
(/benu/ - /bani/) (111) (23.5) (110) (14.3) (96) (15.4) (103) (16.8)
Vowel-related 838 124 921 17.8 841 14.0 834 8.0
(/nazi/ - /bani/) (120) (23.2) (89) (21.0) (112) (17.3) (99) (13.8)
Unrelated 903 11.7 911 15.9 854 16.2 856 12.4
(/nezu/ - /bani/) (113) (15.3) (90) (18.8) (128) (14.3) (100) (18.2)
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CVCV iambic words

The effect of priming condition was significant
(F1(2,86)=6.38, p=.003, #*=0.13; Fy(2,18)=12.23, p<
.001, #?=0.58). Pairwise analyses revealed significantly
faster RTs in the vowel-related condition (M = 838 ms) than
in the unrelated condition (M =903 ms, t;(43)=2.85,
p=.007, Cohen’s d=0.43; t;(9)=4.62, p=.001, Cohen’s
d=1.46). RTs for consonant-related primes (M = 848 ms)
were also significantly faster than RTs for unrelated primes
(t1(43)=2.98, p=.005, Cohen’s d=0.45; t,(9)=5.80,
p <.001, Cohen’s d = 1.83). However, there was no difference
between the vowel- and consonant-related conditions
(t4(42)< 1, p=.65, Cohen’s d=0.07; t(9)=1.22, p=.25,
Cohen’s d = 0.38).

These results show that consonant priming has a facili-
tatory effect on lexical decision latencies for all 4 tested
stimulus types. In contrast, the facilitatory effect of vowel
priming was only found to be significant in iambic CVCV
stimuli. A clear consonant advantage was found overall,
and in the two VCVC conditions, while a smaller consonant
effect was found for CVCV trochaic words, and a reversed
vocalic advantage was found for CVCV iambic words.

Comparing the French and English data

To compare priming effects in French (Experiment 1)
and English (Experiment 2), we conducted an ANOVA on
relative RTs, which are, for each language respectively,
the priming effect obtained by subtracting consonant-re-
lated and vowel-related RTs from unrelated RTs (Fig. 1).
A positive value signals a facilitatory effect, and a negative
value signals an inhibitory effect. Since our French stimuli
were recorded in isolation, they were “iambic-like”
(Fletcher & Vatikiotis-Bateson, 1994; Jun & Fougeron,
2002; Vaissiére, 1991), as our acoustic measures show
(Appendix 1, Section 4). Thus, they were compared to iam-
bic English target words only. For visual comparison pur-
poses, we have also added the results for the English

trochaic words. The ANOVA included priming condition
(consonant-related vs. vowel-related) and structure (CVCV
vs. VCVC) as within-subject factors and language as a be-
tween-subject factor.

There was a significant main effect of language in the
subject analysis (Fy(1,42)=4.66, p=.04, 1*>=0.10;
F>(1,71)< 1), with overall more facilitation in English
(M =40 ms) than in French (M =26 ms). There was a main
effect of structure (Fy(1,42)=6.24, p=.02, n*>=0.13;
Fy(1,71)=7.83, p=.006, 5 =0.10), with more facilitation
in CVCV words (M =48 ms) compared to VCVC words
(M =19 ms). There was also a significant effect of priming
condition (Fy(1,42)=13.33, p<.001, n?>=0.24; Fy(1,71)=
11.18, p=.001, #? = 0.14), with consonant-related primes
showing a larger priming effect (M = 44 ms) than vowel-re-
lated ones (M =22 ms). The only significant interaction
was between structure and priming condition (F(1,42)=
25.62, p<.001, n*=0.38; Fy(1,71)=52.10, p<.001, i*=
0.42). This interaction was further analyzed for CVCV and
VCVC words separately. The effect of priming condition
was significant for VCVC words (t1(86) = 6.76, p <.001, Co-
hen’s d=0.72; t;(40)=7.03, p<.001, Cohen’s d=1.10),
with more priming for consonant-related primes
(M =47 ms) than for vowel-related primes (M= —10 ms).
For CVCV words, the effect of priming condition was signif-
icant by item only (t1(85)=1.17, p = .24, Cohen’s d = 0.13;
t5(33) =3.51, p =.001, Cohen’s d = 0.60), with more priming
for vowel-related primes (M =56 ms) than for consonant-
related primes (M =40 ms). The remaining interactions
were non-significant: language x structure (Fy(1,42)<1;
Fy(1,71)=2.40, p = .13, #* = .03), language x priming condi-
tion (Fy(1,42)=1.48, p=.23 »*=0.03; Fy(1,71)=1.73,
p=.19, n? =0.02), and language x structure x priming con-
dition (F1(1,42) < 1; F5(1,71) < 1).

To sum up, for iambic (English) or iambic-like (French)
VCVC words, a consonant priming advantage was
observed, while for CVCV words the advantage was for
vowel-related priming (by items only). Although more

French English English
lambic lambic Trochaic
80
N H -
o I —
172
€
£
"
&
80
407 VCVC
07 I
|-related ‘ lated |-related ' lated vowel-;elated consona;t—related
Priming Type

Fig. 1. Consonant and vowel priming effects (in ms) for French and English CVCV and VCVC words (Experiments 1 and 2).
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priming (in the subject analysis only) was found in English
than French, the language factor did not interact with the
other factors, hence the overall larger priming in English
did not translate into differences in consonant- or vowel-
related priming across languages. In fact, no differences
were found between the two languages when comparing
words of similar syllabic and stress structures.

Interim discussion

The pattern of results in the English and French exper-
iments is twofold. On the one hand, results confirmed that
overall, consonant-related primes facilitate processing
compared to unrelated primes. This was found across all
stimuli used in these experiments and is in accordance
with the literature (e.g., Dufiabeitia & Carreiras, 2011;
New et al., 2008). On the other hand, the effect of vocalic
information appeared to be modulated by structure (and
stress in the case of English). lambic-like CVCV words in
French and iambic CVCV words in English were processed
faster when preceded by vowel-related than unrelated
primes, an effect not observed in the visual priming equiv-
alent of the present study (New & Nazzi, in press; New
et al., 2008). In French, this resulted in an overall conso-
nant bias (significant by subject only), which was however
modulated by structure: a predicted significant consonant
bias with VCVC words, compared to an unpredicted vocalic
bias with CVCV words. In English, we also found this over-
all consonant bias and its modulation by structure, with an
additional effect of stress. As such, we obtained the pre-
dicted significant consonant bias with VCVC words (tro-
chaic and iambic) and with CVCV trochaic words in the
subject analysis. For CVCV iambic words however, both
consonant- and vowel-related primes unexpectedly facili-
tated lexical decision to the same degree.

Hence while overall the data of Experiments 1 and 2 sup-
porta consonant bias that was obtained for the first time in an
online auditory task, and found for both French and English,
they identify two sub-categories of words that do not follow
the predicted pattern: CVCV iambic-like French words, and
CVCV iambic English words. What could explain the unpre-
dicted pattern found for these categories of words?

First, we explored the possibility that differences in
intelligibility might account for these findings. Differences
in stress may affect the confusability of the phonemes
(Creel, Tanenhaus, & Aslin, 2006), such that stressed vow-
els would be less confusable. In the case of English iambic
CVCV words and iambic-like French CVCV words, the final
vowel would thus be particularly well processed, which
might account for the vocalic facilitation observed. How-
ever, post hoc experiments (see Appendix 1, Section 5 for
French, and 2, Section 6 for English) showed that native
speakers judged the stimuli just as intelligible, whether
they were consonant- or vowel-related primes, iambic or
trochaic words, and independently of their structure. Vo-
wel-related priming effects should therefore not be attrib-
uted to a more perceptible final vowel in French and
iambic English CVCV vowel-related words.

A second explanatory factor that we considered is ambi-
syllabicity, a major component of English syllabification

(Ladefoged, 2001; Lahiri, 2001). Words can be ambisyllabic
when the intervocalic consonant is shared between sylla-
bles (Kahn, 1976), and it can be partly driven by the nature
of the first vowel (Treiman, Bowey, & Bourassa, 2002). Both
theory (e.g., Hooper, 1972; Kahn, 1976; Pulgram, 1970)
and practice (Treiman & Danis, 1988) suggest that stress
can also modulate syllabification, with intervocalic conso-
nants being drawn to the stressed syllable. Thus, in iambic
targets, the default syllabification of CV.CV and V.CVC
should be reinforced as iambs are hardly prone to ambisyl-
labicity (Trammell, 1993), while in trochaic targets, ambi-
syllabicity would increase the prevalence of CVC.V and
VC.VC syllabification. Based on ambisyllabicity, the modu-
lating effect of stress upon the consonant bias should be
found in both CVCV and VCVC words, yet in our data, it
was only found on CVCV words. It should also be noted
that the unexpected vowel-related priming effect was
found in iambic(-like) CVCV words in both French and Eng-
lish, yet there is no evidence of ambisyllabicity in French
(e.g., Goslin & Floccia, 2007). These arguments suggest that
ambisyllabicity alone cannot provide a satisfying explana-
tion for our pattern of results.

In our third approach we investigated the possibility
that the facilitatory effect found with vowel-related primes
in these two sub-categories of words (CVCV iambic-like
French words, and CVCV iambic English words), rather
than being due to vowels per se, might be due to rhyme
priming. The rhyme of a word corresponds to its stressed
vowel and all subsequent phones, e.g., -unny in bunny. In
our experiments, the only priming conditions where the
entirety of the rhyme of the target was preserved was in
the vowel-related primes of iambic CVCV words, as in this
case the rhyme is simply the final vowel of the word
(CVCQV). In all other targets the rhyme contains both conso-
nants and vowels (trochaic CVCV; iambic VCVC; trochaic
VCVC), and therefore cannot be primed in its entirety in
either the vowel- or consonant-preserved priming condi-
tions. Therefore, a possible interpretation of our pattern
of findings is that priming is observed either when conso-
nants are preserved, or when the rhyme is preserved. This
would result in a consonant bias in all conditions apart
from those in which the rhyme is preserved. Where the
rhyme was preserved this would result in either a vocalic
bias (such as in iambic-like CVCV French words where only
vowel priming is observed), or in a lack of bias (as in iambic
CVCV English words where both vowel and consonant
priming are found), dependent upon the relative strength
of the two priming effects.

What evidence do we have of rhyme priming? Auditory
priming studies (e.g., Dumay & Radeau, 1997; Dumay et al.,
2001; Radeau, 1995; Radeau, Morais, & Segui, 1995; Slow-
iaczek, McQueen, Soltano, & Lynch, 2000) have found, with
monosyllabic words (CVC and even CV words) that partic-
ipants are faster when there is an overlap between prime
and target in the final phonemes. While this effect has been
discussed as a syllable rime effect, it can also be seen as a
rhyme effect since both levels are confounded in monosyl-
labic words. In disyllabic words, there is evidence that the
consonant preceding the rhyme also needs to be preserved
for priming to occur (Emmorey, 1989). Importantly, this
effect seems to be specific to the auditory modality
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(Radeau et al., 1995), which could explain why it was not
reported in studies similar to ours conducted in the visual
modality (New & Nazzi, in press; New et al., 2008).

In Experiment 3, we explored the possibility that a
rhyme bias accounts for the vowel priming found in Exper-
iments 1 and 2. Specifically, we examined whether a con-
sonant bias can be observed when controlling for the
rhyme overlap between the primes and the targets in the
consonant- and vowel-related conditions.

Experiment 3

In Experiment 3, we focused on the word structures
which resulted in unexpected vowel priming effects in
Experiment 1, namely words starting with a consonant.
The experiment was conducted in French only for two rea-
sons. First, the strongest unexpected priming effects were
observed in French. Second, it turned out to be impossible
to design such an experiment in English due to an insuffi-
cient number of stress final CVCVCV words (e.g., kedgeree,
most of which being moreover very infrequent).

Half of the target stimuli were the CVCV words used in
Experiment 1. Crucially though, the consonant- and vowel-
related primes were both constructed with an additional
final syllable (CV.CV) overlap with the target. This meant
that the rhyme of the target was always preserved, while
ensuring that the percentage of overlap between prime
and target was the same in both conditions (75%, similar
to the overlap in Bedoin & Krifi, 2009). Therefore, a target
word like carreau [kaxo/, tile, could be preceded by its vo-
wel-related prime (e.g., /dako/) or its consonant-related
prime (e.g., /[kero/), with the final syllable /-s0/ remaining
unchanged. The consonant- and vowel-related conditions
were compared to an unrelated priming condition in which
only the final syllable (e.g., /deso/) was preserved, which
allowed us to evaluate consonant and vowel priming. We
also included another unrelated condition in which the fi-
nal syllable was not preserved (e.g., /de3@/) to evaluate
rhyme (or final syllable) priming effects.

Due to the higher percentage of prime-target overlap in
these stimuli (75%) which differed in only a single pho-
neme, additional trisyllabic CVCVCV stimuli were also in-
cluded. In these CVCVCV stimuli the degree of overlap
falls to 66%, closer to the 50% overlap seen in Experiments
1 and 2, and thus should potentially lead to more compa-
rable priming modulation. See Table 3 for a representation
of the four experimental conditions.

A rhyme bias should lead to faster reaction times in the
rhyme-related condition (technically, it is a final-syllable-
related condition) as compared to the unrelated condition.
Most importantly, with rhyme preservation in both vowel-
and consonant-related primes we should now expect to
see a clear consonant bias effect leading to faster reaction

Table 3

times in the consonant-related condition as compared to
both the vowel-related and the rhyme-related conditions.
These predictions are expected to hold in trisyllabic words.
However, for disyllabic words we predict there may well
be smaller, possibly non-significant, effects due to the
smaller number of phonemes manipulated between the
different priming conditions than for the trisyllabic words.

Note that unlike Experiments 1 and 2, where we con-
trasted consonant-initial and vowel-initial words, in this
experiment all critical words started with a consonant. Gi-
ven that the consonant bias in English trochaic words was
not modulated by phoneme position (CVCV vs. VCVC) there
was no further motivation in contrasting this factor.

Method

Participants

Forty native French participants (29 females, mean age:
24 years; range: 18-45 years) who did not participate in
Experiment 1 were tested at the Université René Descartes
in Paris and paid €5. They reported no language or hearing
impairment.

Stimuli and design

The test stimuli consisted of the 24 CVCV words from
Experiment 1, along with 24 CVCVCV words that were se-
lected from the French LEXIQUE 3.70 database (New et al.,
2001). Because of differences in their numbers or pho-
nemes, di- and trisyllabic words could only be matched
for cumulated frequency (see Appendix 3).

Primes were derived from their targets and were used
to create four experimental conditions: (1) in the conso-
nant-related condition, primes shared the final syllable
and the consonant(s) (e.g., carreau [kako/, tile, was changed
to /kero/, and cinéma [sinema/, meaning cinema, was chan-
ged to [syngma/); (2) in the vowel-related condition, primes
shared the final syllable and the vowel(s) (e.g., /dako/ and /
timema/); (3) in the rhyme-related condition, the primes
shared only the last syllable (e.g., /deso/ and /tymema/);
(4) in the unrelated condition finally, the primes shared
no phoneme with the target (e.g., /de3g/ and [tymgbeg/).
No phoneme change led to a real word, and minimal pho-
netic feature changes were applied with a method similar
to Experiments 1 and 2. Distracter words were 48 di- and
trisyllabic consonant initial words with a phonological
structure different from that of CVCV or CVCVCV target
words. Non-word counterparts were 24 CVCV and 24
CVCVCV, along with 48 consonant-initial words made of
two and three syllables with a different phonological struc-
ture than the target words. Primes for the word and non-
word distracters were constructed with the same criteria
as used for the target words. Three-quarters of all trials
were phonologically related (through vowels, consonants

Example for a CVCV and a CVCVCV stimulus, with phonetic transcription of the target word, meaning, and corresponding primes. Percentage of phoneme
overlap between the target and the prime are indicated in brackets (Experiment 3).

Target word Consonant related Vowel related Rhyme related Unrelated
cvev carreau kako tile kero (75%) daxo (75%) dexo (50%) de3g (0%)
cvevev cinéma sinema cinema syngma (66%) timema (66%) tymema (33%) tymebe (0%)
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and/or rhyme only) and a quarter were not. This was the
case for word and non-words targets.

All the auditory stimuli were recorded in a new record-
ing session by the same native speaker of French as in
Experiment 1, in the same conditions.

Procedure

The procedure was identical to that of Experiment 1, ex-
cept that four lists were created instead of three, as four
priming conditions were used. All factors were counterbal-
anced across participants.

Results and discussion

Only the target words were analyzed (CVCV and
CVCVCV words) similarly to Experiment 1. No word
reached the 33% error cut-off (mean error rate: 2.4%;
range: 0-12.5). Prior to the ANOVA, incorrect responses
(2.45%) and RTs greater than 2.5 standard deviations
around the grand mean were rejected (1.60%) as well as
RTs greater than 2.5 standard deviations around individual
means (1.25%).

The analyses of the error rates showed a main effect of
priming condition (Fy(3,117)=5.42, p=.001, 1*>=0.12;
F»(3,138)=5.11, p =.002, #* = 0.10) and a significant inter-
action between priming condition and length (di- vs. trisyl-
labic) by subjects only (Fy(3,117) =2.86, p =.04, n* = 0.07;
F»(3,138)=1.91, p=.13, #?=0.04). Pairwise comparisons
with Holm-Bonferroni correction (for 6 single compari-
sons: smallest p-value <.0083; 2nd p-value <.01, 3rd p-va-
lue <.0125, 4th p-value <.0167, 5th p-value <.025, and 6th
p-value <.05) within CVCV words revealed that unrelated
primes elicited significantly higher error rates (7.08%) than
vowel-related primes (0.42%), t1(39)=3.57, p<.001, Co-
hen’s d = 0.56; t,(23)=3.24, p =.003, Cohen’s d = 0.66). No
other comparisons reached significance (second smallest
p-value >.01). Within CVCVCV words, there were no signif-
icant differences in accuracy between priming conditions
(all ps>.15).

The ANOVA on RTs included priming condition (conso-
nant-related, vowel-related, rhyme-related and unrelated)
and length (di- vs. trisyllabic) as within-subject factors. It
revealed a main effect of length (F1(1,39) = 74.72, p <.001,
n*=.66; Fy(1,46)=6.49, p=.01, n*=.12), as CVCVCV
words (M =760 ms) were responded to more slowly than
CVCV words (M = 724 ms). This difference is likely to be re-
lated to the difference in the durations of the words, as
CVCV words were, on average, 611 ms long and CVCVCV
words 774 ms (t(46) = 8.62, p <.001, Cohen’s d = 2.54).

The effect of priming condition was also significant
(F1(3,117)=212.30, p<.001, #*=0.84; F5(3,138) = 129.56,
p <.001, #*=0.74). Follow-up pairwise comparisons (with
Holm-Bonferroni correction) revealed that words preceded
by unrelated primes were responded to more slowly
(M =838 ms) than targets preceded by (a) rhyme-related
primes (M=736ms, t;(39)=16.69, p<.001, Cohen’s
d=2.64; t,(47)=14.50, p <.001, Cohen’s d = 2.09), (b) con-
sonant-related primes (M =691 ms, t;(39) = 23.55, p <.001,
Cohen’s d =3.72; t,(47)=16.02, p <.001, Cohen’s d = 2.31),
and (c) vowel-related primes (M =704 ms, t;(39)=17.63,
p <.001, Cohen’s d=2.79; t,(47)=14.55, p <.001, Cohen’s

d=2.10). Besides, both the vowel- and the consonant-
related primes produced significantly faster RTs than the
rhyme-related primes (vowel-related: t,(39)=5.30,
p<.001, Cohen’s d=0.84; t5(47)=3.90, p<.001, Cohen’s
d =0.56; consonant-related: t;(39)=7.13, p <.001, Cohen’s
d=1.13; t,(47)=5.25, p <.001, Cohen’s d = 0.76). The conso-
nant-related condition did show a significant facilitation
compared to the vowel-related condition by subject only
(t1(39)=2.04, p=.048, Cohen’s d=0.32; t5(47)=1.27,
p=.21, Cohen’s d = 0.18).

Finally, the interaction between length and priming
condition was significant in the subject analysis only
(Fy(3,117)=2.90, p=.04, 1n?=0.07; Fy(3,138)=1.61,
p=.19, #? =0.03). Fig. 2 shows the means for each priming
condition, CVCV and CVCVCV separately. To explore this
interaction, we conducted separate analyses of priming
condition for CVCV and CVCVCV target words.

CVCV words

The effect of priming condition was significant
(F1(3,117)=114.00, p<.001, n?>=0.74; F,(3,69)=64.4,
p <.001, % = 0.74), with pairwise analyses revealing signif-
icantly slower RTs with unrelated primes (M =827 ms)
than (a) rhyme-related primes (M=718ms, t;(39)=
11.48, p<.001, Cohen’s d=1.81; t5(23)=10.92, p<.001,
Cohen’s d =2.09), (b) vowel-related primes (M =676 ms,
t1(39)=14.89, p<.001, Cohen’s d=2.35; t5(23)=12.00,
p<.001, Cohen’s d=2.45) and (c) consonant-related
primes (M=673ms, t;(39)=16.07, p<.001, Cohen’s
d=2.54; t,(23)=10.52, p <.001, Cohen’s d = 2.15). Vowel-
and consonant-related primes elicited significantly faster
RTs than rhyme-related primes (vowel-related:
t1(39)=4.74, p<.001, Cohen’s d=0.75; t(23)=3.09,
p=.001, Cohen’s d=0.63; consonant-related:
t1(39)=4.83, p<.001, Cohen’s d=0.76; t,(23)=2.96,
p=.007, Cohen’s d = 0.60). However, there was no differ-
ence between vowel- and consonant-related priming
(t1(39)<1; t(23) < 1).

CVCVCV words

The effect of priming condition was significant
(Fy(3,117)=109.00, p<.001, #?=0.74; F5(3,69)=67.25,
p <.001, n?=0.74). Pairwise analyses show again signifi-
cantly slower RTs after unrelated primes (M =848 ms)
than after (a) rhyme-related primes (M =754 ms,
t1(39)=12.59, p<.001, Cohen’'s d=1.99; t,(23)=09.64,
p<.001, Cohen’s d=1.97), (b) vowel-related primes
(M=732ms, t;(39)=1231, p<.001, Cohen’s d=1.94;
t5(23)=9.19, p<.001, Cohen’s d=1.87) and (c) conso-
nant-related primes (M =708 ms, t;(39)=16.54, p <.001,
Cohen’s d=2.61; (23)=12.29, p<.001, Cohen’s
d=2.51). Vowel- and consonant-related primes elicited
significantly faster RTs than rhyme-related primes (vo-
wel-related: t,(39)=2.61, p=.01, Cohen’s d=0.41;
t5(23) = 2.41, p=.02, Cohen’s d = 0.49; consonant-related:
t1(39)=5.96, p<.001, Cohen’s d=0.94; t,(23)=4.77,
p <.001, Cohen’s d = 0.97). Importantly, the difference be-
tween vowel- and consonant-related primes was also sig-
nificant  (£,(39)=2.90, p=.006, Cohen’s d=0.46;
t5(23)=2.17 1, p=.04, Cohen’s d=0.44), with faster re-
sponse times in the consonant-related condition.
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Fig. 2. Consonant, vowel and rhyme RTs (in ms) for French CVCV and CVCVCV words in Experiment 3.

To summarize, in Experiments 1 and 2, we found a con-
sonant bias in all tested stimuli apart from iambic-like
French CVCV and iambic English CVCV words, where vow-
els primed words equally (English) or more (French) than
consonants. We suggested that this effect might be due
to rhyme priming, as these CVCV words happened to be
the only ones in which vowel-related primes also pre-
served the rhyme. In Experiment 3, we tested whether
we could observe the consonant bias in these CVCV words
when neutralizing the effect of the rhyme or final rime. To
do so, we ensured that both consonant- and vowel-related
priming conditions had a final syllable overlap with the
target. However, because we anticipated that this manipu-
lation would lead to primes and targets sharing too many
phonemes for modulated effects to emerge (only one chan-
ged phoneme), we also included CVCVCV words in which
primes and targets would be acoustically and phonemi-
cally more distant (and would have two changed pho-
nemes as was the case in Experiment 1).

The results of Experiment 3 show a graded priming ef-
fect in the predicted directions. First, as predicted from
previous studies showing rhyme priming in monosyllabic
words (Radeau et al.,, 1995; Slowiaczek et al., 2000), we
found a final syllable (which included the rhyme) priming
effect, with CVCV and CVCVCV words being processed fas-
ter when preceded by a non-word prime sharing their final
syllable than a totally unrelated prime.

Second, we found a clear priming advantage for conso-
nants compared to vowels when the rhyme effect is neu-
tralized. However, this effect was only found in CVCVCV
words. In CVCV words, consonant and vowel priming were
no different from one another, presumably due to the large
overlap between primes and targets in those words (only
one changed phoneme, compared to two for the CVCVCV
words) which might have prevented modulation between
priming conditions. It should be noted that the CVCVCV
stimuli are more comparable to those of CVCV used in
the previous experiments, as in both cases primes were
differentiated by two phonemes.

Finally, it must be noted that priming effects overall
were larger in this third experiment (around 125 ms) than
in the previous ones (around 50 ms). This could be ex-
plained by the higher relatedness proportion (RP) used in
this experiment: here, 75% of the targets were phonologi-
cally related to the primes against 67% in Experiments 1
and 2. It has been established that increasing RP usually re-
sults in larger priming effects (e.g., Hutchison, Neely, &
Johnson, 2001; Neely, 1977), possibly due to a greater
involvement of attentional mechanisms (strategic priming
as opposed to automatic priming). However this only tends
to be found with relatively long SOAs (e.g., Hutchison et al.,
2001). As we used a 10 ms SOA throughout this study, it
seems unlikely that the increase in RP could result in an in-
crease of strategic priming, and therefore, to a larger prim-
ing effect overall. Having said this, it remains possible that
the high proportion of trials in which both primes and tar-
gets shared the rhyme (3/4) could have contributed to en-
hance participants’ global attention towards rhyme
processing, accentuating the weight of rhyme priming ef-
fects across all phonologically related trials. However, it
does not undermine the main finding that in CVCVCV
words consonant-sharing primes are processed faster than
vowel-sharing primes when the rhyme is held constant.
Implications of the present findings for interpreting Exper-
iments 1 and 2, together with a second complementary
explanation for the lack of consonant bias in CVCV words,
are further discussed below.

General discussion

Following the proposal by Nespor et al. (2003) of an
asymmetry in the role of consonants and vowels in lexical
processing, three experiments evaluated the contribution
of preserved consonantal and vocalic phonemes using an
online auditory priming method. A cross-linguistic ap-
proach was adopted in Experiments 1 (French) and Exper-
iment 2 (English) to explore in adulthood the differences
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observed for French and English in the developmental lit-
erature. Based upon the findings of these first two experi-
ments, Experiment 3 was designed to examine consonant-
and vowel-related priming in the context of rhyme overlap
priming.

For Experiments 1 and 2, the results confirm the general
observation of a facilitatory effect when the target shared
the consonant tier with its prime, in line with previous
adult literature that mostly focused on visually-presented
stimuli, or used offline auditory tasks. The effect of vowels,
however, reveals a more complex pattern than observed in
previous adult experiments so far. Indeed, while no vocalic
priming was found for VCVC words in both languages and
in trochaic CVCV words in English (resulting in a consonant
bias in these conditions), preserving the vocalic tier cued
faster word recognition than the control unrelated condi-
tion, mainly for CVCV words in French (resulting in an
unpredicted vocalic bias), and to a lesser extent in iambic
CVCV English words (resulting in no bias). These results
stand in sharp contrast to those obtained in visual priming
experiments since so far only non-facilitatory (see among
others, Dufabeitia & Carreiras, 2011; Carreiras, Vergara &
Perea, 2009; Lupker et al., 2008; New et al., 2008; Perea
& Lupker, 2004) or even inhibitory effects (New & Nazzi,
in press) had been observed for vowels.

Following these findings, we considered different fac-
tors to account for the unpredicted performance with iam-
bic-like CVCV French words and iambic CVCV English
words. First, we argued that intelligibility of the primes
and syllabification/ambisyllabicity could not explain the
present pattern of results. Second, we discussed how
rhyme priming, which appears specific to the auditory
modality, might explain the unexpected priming of vo-
wel-related primes in these iambic(-like) CVCV words. In-
deed, previous auditory priming studies had revealed the
importance of the overlap of final phonemes (including
the word rhyme) in spoken word recognition (Dumay &
Radeau, 1997; Dumay et al, 2001; Emmorey, 1989;
Radeau, 1995; Radeau et al., 1995; Slowiaczek et al.,
2000). We discussed how interpreting our findings in terms
of rhyme priming would predict the pattern of results found
in Experiments 1 and 2, in which vowel priming was only
found in cases where the rhyme was preserved between
the target and the primes, that is, both iambic-like CVCV
French words and iambic CVCV English words.

Experiment 3 explored this interpretation, testing
French adults with words having the same structure (CVCV
and CVCVCV) as the ones for which we had found vowel
priming and a vocalic bias in Experiment 1. Our results first
show that preserving only the last syllable (which included
the rhyme) between the prime and the target facilitates
word recognition, in line with the results cited above. Sec-
ond, in these conditions we were able to observe the ex-
pected advantage of consonant tier preservation over
vowel tiers, at least in CVCVCV words. This effect, in retro-
spect, indicates that the vocalic priming effect observed in
French and English iambic CVCV words was likely to be
mostly due to a rhyme priming effect than that of vowels
priming per se.

Thus, the most parsimonious explanation for the
pattern of results across the three experiments is that there

are two coexisting biases in auditory processing, a conso-
nant bias and rhyme bias, and that these act additively in
the present priming task. This would predict a consonant
bias in all stimuli except where there was a rhyme overlap
between prime and target, where the bias is neutralized by
the rhyme overlap priming. This hypothesis accounts for
most of our findings, with one exception being the lack
of robust consonant priming for French CVCV stimuli in
Experiments 1 and 3. In Experiment 1 the use of these
stimuli led to a significant vowel bias, while in Experiment
3 no consonant bias was found even when rhyme overlap
was controlled. To explain these exceptions to the general
pattern of consonant priming we need to go beyond our
empirical observations, and propose a tentative explana-
tion regarding the locus of the consonant bias in the course
of lexical activation. Discussing their results in the visual
modality, New and Nazzi (in press) recently suggested that
the consonant bias in the written modality could be ex-
plained by skeleton-shared neighborhoods which may
cue differences across experimental conditions, or even
languages. The shared-vowel skeleton represents the num-
ber of words that can be built with the sequence of vowels
shared by the prime and the target (and the same goes for
the consonant skeleton). How could the consonant bias be
mediated by shared neighborhood effects? One possibility
is that these skeleton values indicate how informative
partly related primes are. For example, the word otage (/
ota3/, meaning hostage) has only two consonant skeleton
neighbors (/-t-3/, in étage [eta3/, meaning floor and in atti-
ger [atize/, a very low frequency colloquial word meaning
to exaggerate), but there are twelve neighbors with the
same vowel skeleton (/o-a-/, e.g., hommasse, opaque, hom-
ard, etc. - meaning respectively butch, opaque and lobster).
In this example, a prime with the consonant skeleton /-t-3/
can only activate three words, otage and its two neighbors,
while a prime with the vowel skeleton /o-a-/ will activate
13 words, and is therefore less informative. If test words
happen to have vowel skeletons with larger neighborhoods
than consonant skeletons, this could translate into less
priming from vowel-related primes than consonant-re-
lated primes. Alternatively, a larger skeleton neighborhood
could turn a non-word prime into a more word-like se-
quence, thus increasing the activation of its corresponding
word in the lexicon. In this perspective, a prime with a lar-
ger neighborhood would lead to faster recognition of the
target word. Since New and Nazzi (in press) found that
consonant-related primes were more effective than vo-
wel-related primes, and that consonant skeleton neighbor-
hoods were smaller than vowel skeleton neighborhoods,
their findings support the first proposal that the larger
the shared neighborhoods, the smaller the priming effect.

Looking back at our French and English stimuli in
Experiments 1-3, we established that, as in New and Nazzi
(in press), the majority of our selected words have less con-
sonant skeleton neighbors than vowel neighbors (see
Table 4). This difference might explain the overall
consonant advantage: smaller consonant skeleton neigh-
borhoods might be more informative than larger vowel
skeleton neighborhoods, resulting in a larger consonant
priming effect. The only exception to this disparity in
neighborhood was in the French CVCV target words used
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in Experiments 1 and 3. In this case the lack of skeleton
imbalance would predict the observed null effect in the ab-
sence of rhyme overlap (Experiment 3), and the vowel bias
we found when the rhyme is preserved between the vo-
wel-related prime and the target (Experiment 1). There-
fore, our findings appear to be fully explained by the
combined effects of a consonant bias based on an imbal-
ance in consonant versus vowel skeleton neighborhoods,
and a rhyme bias.

At this point, we would like to discuss potential impli-
cations of our findings to models of lexical access, both in
terms of the consonant bias and rhyme overlap effect. With
the exception of New and Nazzi (in press), little attempt
has been made to integrate the consonant bias in models
of either written word recognition (e.g., SOLAR, Davis,
2010; open-bigram model, Grainger, Granier, Farioli, Van
Assche, & van Heuven, 2006) or spoken word recognition.
The PARSYN model of spoken word recognition, based on
neighborhood activation (Luce, Goldinger, Auer, & Vitev-
itch, 2000), posits that phonological similarity between a
prime and its target usually leads to inhibition (see for
experimental evidence Goldinger, Luce, Pisoni, & Marcario,
1992; Magnuson, Dixon, Tanenhaus, & Aslin, 2007; Peer-
eman & Content, 1995), but this is because the aforemen-
tioned studies used real words as primes and targets,
suggesting inhibition at the lexical level, in agreement with
the NAM (Luce & Pisoni, 1998) or Cohort models (Marslen-
Wilson, 1987). With non-words as primes, the time course
of activation might be different. Because non-words are
unlikely to be mistaken for words and then fully activate
word candidates, the activation of the potential target
word is contained at the phonological or pre-lexical levels,
where activation is always facilitatory. Interestingly, a re-
cent paper by Mayor and Plunkett (2014) replicated the
consonant-vowel asymmetry in a TRACE model imple-
mented on infants’ lexicon, with the consonant bias arising
from cohort and neighborhood competition in an expand-
ing lexicon. Another way of accounting for the consonant
bias could be that phonemes do not exclusively project
activation in isolation, but that phoneme tiers, or skele-
tons, also activate the network. Primes with fewer skele-
tons, usually consonant skeletons, would activate fewer
words that receive comparatively more activation than
primes with more skeleton neighbors. As a consequence
low skeleton neighbors are more pre-activated and this
advantage translates into the consonant advantage.

Models of spoken word recognition should likewise ac-
count for the facilitatory rhyme overlap, although Cohort
models have argued for a crucial role of the initial

Table 4

phoneme in visual word recognition (and see Frauenfelder,
Scholten, & Content, 2001 for investigation of positional ef-
fects within words). Models based on probabilities such as
Shortlist B (Norris & McQueen, 2008) or TRACE (McClelland
& Elman, 1986) where processing stages are not so strictly
hierarchical (Allopenna, Magnuson, & Tanenhaus, 1998;
McQueen, Dahan, & Cutler, 2003) are better candidates to
explain how non-words prime the recognition of real
words, and as such might be better at accounting for the
rhyme overlap effects.

Another goal of the study was to provide a controlled
cross-linguistic comparison of the consonant/vowel asym-
metry. The two languages tested, French and English, were
selected because they have been found to lead to con-
trasted results in the developmental literature (see Floccia
et al., in press; Havy & Nazzi, 2009; Nazzi, 2005) and their
linguistic properties vary. For example, their consonant-
vowel ratios are different, with a more balanced ratio in
French than in English, which would predict a larger con-
sonant bias for lexical processing in English (albeit con-
trary to the infant data). However, our findings do not
reveal much of a modulation of priming by language. On
the contrary, listeners in the two languages showed strik-
ingly similar behaviors, although in English stress was a
modulating factor (which could not occur in French due
to the absence of lexical stress in this language). Therefore,
although the onset of the consonant bias in lexical process-
ing in the course of language development reveals impor-
tant differences between children learning French and
English, adult data suggest a strong similarity in auditory
processing in adulthood, supporting the original Nespor
et al. (2003) claim that the consonant bias at the lexical le-
vel is language-general.

In conclusion, the present experiments provide some
answers regarding the universality of the consonantal bias
proposed by Nespor et al. (2003), supporting the view that
in spoken word processing, consonants have an overall
privileged role over vowels at the phonological level, in
French and English, the two languages tested here. This is
the first demonstration of the consonant advantage in an
online auditory task, reinforcing the phonological interpre-
tation suggested for the bias which had been found in the
visual modality (New & Nazzi, in press; New et al., 2008).
More research is necessary to get a fuller comprehension
of the factors that can contribute to the consonant/vowel
asymmetry, such as the acoustic/phonological properties
of the phonemes involved or the skeleton neighbors, and
modulate these effects, such as the rhyme bias we uncov-
ered. This should help determine what leads consonants to

Consonant and vowel skeleton neighborhood, split by word category (Experiment 1, 2 and 3).

Language Structure Stress C-skeleton V-skeleton t p
French (Exp. 1) cvev - 45.33 56.17 <1 n.s.
VCVC - 12.29 34.62 3.41 .001
English (Exp. 2) cvev Trochaic 11.06 189.19 4.13 <.001
lambic 11.20 87.70 427 <.001
VCVC Trochaic 14.80 317.13 4.59 <.001
lambic 16.65 63.00 6.11 <.001
French (Exp. 3) cvev - 45.33 56.17 <1 n.s.
cvevev - 14.75 61.42 30.04 <.001
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be reliable cues for lexical access, while vowels hinder or
facilitate processing depending on the paradigm and the
age of the listeners.
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