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Abstract

Following the proposal by Nespor et al. (2003) t@isonants are more important in
constraining lexical access than vowels, New g28l08) demonstrated in a visual priming
experiment that primes sharing consonajaisi{JOLI) facilitate lexical access while primes
sharing vowels do nov@bi-JOLI). The present study explores if this asymmetrylzan
extended to the auditory modality and whether laggunput plays a critical role as
developmental studies suggest. Our experimenesdé&sench and English as target
languages and showed that consonantal informadiciiitated lexical decision to a greater
extent than vocalic information, suggesting that¢bnsonant advantage is independent of
the language’s distributional properties. Howevexyels are also facilitatory, in specific
cases, with iambic English CVCV or French CVCV wardhis effect is related to the
preservation of the rhyme between the prime andattyet (here, the final vowel), suggesting
that the rhyme, in addition to consonant informatamd consonant skeleton information is an

important unit in auditory phonological priming asploken word recognition.
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Consonants and vowels are described as two semn@telogical categories
(Ladefoged, 2005; Maddieson, 1984; but see Cad@) 2nd Stilp & Kluender, 2010, for a
unification proposal), with many differing propesi consonants are shorter and perceived
more categorically; there is more variability ire throduction of vowels than of consonants;
vowels are often harmonized within words while corents are not (Repp, 1984). There is
also neuropsychological (Caramazza, Chialant, Gap&dMiceli, 2000; Ferreres, Lopez &
China, 2003) and neurophysiological evidence (Q@ase Price, 2008; Carreiras, Vergara
& Perea, 2009; Vergara-Martinez, Perea, Marin &€eais, 2011) for different brain loci
involved in their processing. These fundamentdedsnces are also reflected in the
distribution of consonants and vowels in the warlidinguages: most languages have more
consonants than vowels (Maddieson, 1984), makingaaantal information more
informative for word identification. Altogether,gke observations led to the proposal that
consonants are more important than vowels in lépicecessing while vowels are more
important than consonants in relation to prosogitactic information (Nespor, Pefa &
Mehler, 2003). This proposal assumes that thegeepties of consonants and vowels are
universal — supported by a language module (BqriRefia, Nespor & Mehler, 2005, 2007) —
and therefore valid across languages regardlegsgoiistic specificities (for a discussion, see

Bonatti et al., 2007).

The evaluation of the contribution of consonantal gocalic information in word
learning and lexical processing in adults confithesexistence of a consonantal bias across a
number of languages. Regarding word learning, CAetin and Tanenhaus (2006a)
demonstrated with an artificial lexicon-learninggudigm that English-speaking adults
confuse newly learned words more often when thayestheir consonants (e.guba- sabg
than when they share their vowels (engsi- tagi), suggesting that consonants contribute to

lexical identification to a larger extent than vdsvélhis consonantal advantage was not
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modulated by the relative ratio between consonamtsvowels in the learned words,

although some modulation was found with respesetygment position (e.g., a weakened
consonant effect in the coda position). In anotkeent study on adult word learning, Havy,
Serres and Nazzi (in press) found that French-spgaldults identify an object on a screen
faster when its newly learned label differs fromistracter’s label by one consonant (e.g.,
target label /pyv/ - distracter label /tyv/) comgato when it differs by one vowel (e.g., /pos/

- [poes/). In contrast to the findings in Creehlet(2006a), no positional effect was found

(with respect to the onset/coda difference). In stin@ interaction between the consonant bias

and positional effects in these types of tasks nesnather unclear.

Moreover, when segmenting continuous speech intditial language, Bonatti et al.

(2005) showed that French speakers are able tactfaéimilies of words when transitional

probabilities highlight common consonants (e.gug§gi/ /pusegy/), but not common vowels

(e.g., /pkima/ /wxila/). The use of vocalic regularities seems peigéd for the extraction of

structural, grammar-like rules (see Toro, Nespandti & Mehler, 2008), but not lexical
cues, except in conditions allowing consecutivestéipns of the same word family

(Newport & Aslin, 2004).

Second, regarding lexical processing, classic adoitl processing tasks also point to
an advantage for consonantal information. In wexbnstruction tasks in which an auditory
pseudoword has to be transformed into a real wgrthanging one phoneme, listeners prefer
to preserve the consonantal structure over thelicamae, so thakebrawould be changed
into cobrarather tharzebra Comparable results have been observed in EnglashOoijen,
1996; Sharp, Scott, Cutler & Wise, 2005), Dutch &pdnish (Cutler, Sebastian-Gallés,
Soler-Vilageliu, & van Ooijen, 2000). Visual pringrexperiments, on the whole, also

converge toward a consonantal priming effect, testtd by the results found using the



relative-position ¢snprecedingcasinois facilitatory, but notio, Dufiabeitia & Carreiras,
2011), the delayed-letter (e.gy-bor b-Ib as primes precedinmulb, Vergara-Martinez et al.,
2011) and the replaced-letter (eduyoorrifa precedingliva, New, Aradjo & Nazzi, 2008;
New & Nazzi, in press) paradigms. On the contratydies using the transposed-letter
paradigm (e.gacademypreceded bpdacemyor acedamyCarreiras et al., 2009; Perea &
Carreiras, 2006; Perea & Lupker, 2004; Lupker, & ®avis, 2008) revealed a vowel
advantage. However, it has been suggested thateftaind in the transposed-letter
paradigm are mostly due to orthographic proces@iba & Perea, 2010) while studies
using paradigms tapping the phonological level ahigw a consonant advantage (see New
& Nazzi, in press, for a more detailed argumemtfalvor of this argument, replaced-letter
experiments (New et al., 2008; New & Nazzi, in glesvhere the whole consonant or vowel
tier is replaced, established an advantage of cameaelated primes (e.gluvg for prime
durations of 50 and 66ms, durations at which phagioal effects are typically observed
(Grainger & Ferrand, 1994, 1996). No consonant athage was observed with shorter
primes (33ms) that usually only induce orthogragitiming. This series of studies (see also
Berent & Perfetti, 1995; Colombo, Zorzi, Cubelligivio, 2003; Lee, Rayner & Pollatsek,
2001) suggests that the locus of this consonastibiat the phonological rather than the
orthographic level. The present study will explar®ther way to disentangle phonological
from orthographic effects: adults were tested Inetae auditory modality, which should

favor the use of phonological over orthographio&bimation.

Further insight into the mapping between phonolalgiorms and lexical
representations can be gained through infant sut@rd learning tasks with pairs of words
differing by one phoneme reveal that French-legynaudlers are sensitive to consonant but
not to vowel contrasts until the age of 30 monthavy & Nazzi, 2009; Nazzi, 2005; Nazzi

& Bertoncini, 2009; Nazzi, Floccia, Moquet, & Butl2009; Nazzi & New, 2007). Moreover,
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even older French-learning children and Frenchtadinow a consonant bias in word
learning tasks (Havy, Bertoncini & Nazzi, 2011; Kaat al., in press). A comparable
asymmetry is observed with a familiar word recaognitask in French-learning 14-to-23-
month-olds: a consonant change prevents word ré&emgrbut not a vowel change (Zesiger
& Johr, 2011). However, results from English-leaghchildren do not show such a pervasive
consonantal bias. Indeed, while Nazzi et al. (2G0@)wed that 30-month-old English
children give more weight to consonantal informatwhen learning new words, Creel (2012)
reported an equal sensitivity to consonant and Yavispronunciations in familiar words in
3.5-year-old children. In addition, younger childteave been found to access vocalic
information as well as consonant information indak processing (Mani & Plunkett, 2007,
2008) and word learning (Floccia, Nazzi, Delle LeicRoltrock & Goslin, in press). This
undermines the assumption of a universal consohiaiain place at the onset of lexical
acquisition. Recent work using an interactive wWiedatning task in Danish, a language with
many more vowels than consonants (19 consonaniwowels, doubled with a duration
contrast and 2 schwas, Bleses, Basbgll & Vach, R0é&tealed that Danish-learning 20-
month-olds rely more on vocalic than consonant@rmation (Hgjen & Nazzi, in

preparation; Nazzi et al., 2011). This suggeststtitaphoneme inventory or the acoustic
characteristics of a given language (e.g., condahblmition that makes consonants less

prominent in Danish) is important in development] anight also be in adulthood.

Although these previous studies have provided denable evidence on the relative
importance of consonantal information in lexicabgssing, most adult studies have focused
on visual paradigms. However, the initial propdsaNespor et al. (2003) was mostly
concerned with speech, the primary media for laggyaocessing and acquisition. Evidence
from the auditory modality in adult experimentsasfar mostly indirect, based on offline

measures (van Ooijen, 1996; Cutler et al., 2000¢ré&fore, the aim of the current study was
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first to clarify the role of consonants and vowaishe phonological level in adults, using a
direct online measure of auditory processing. Thisbe done with an auditory adaptation of
the replaced-letter paradigm used in New et aD82@nd New and Nazzi (in press), to
provide a direct comparison with the results oladim visual word recognition. Moreover,
although no cross-linguistic differences have baeserved so far in adulthood (but few have
explored such a possibility), studies with childreport cross-linguistic differences, calling

for further evaluation of this issue in adulthood.

The second aim was therefore to shed light onrnibeseinguistic differences found in
the developmental literature. To do so, we willieon French and English adult listeners,
for two reasons. First, as reviewed above, thesddanguages led to contrastive results in
developmental studies. Second, they differ on aviaiables that are likely to affect the
phonological processing of consonants and vowess oNly do these languages differ
regarding their consonant/vowel ratio (17-15 inrfete 24-12 in English), which should give
different weight to consonantal information, buigksh also has more consonant clusters
than French (1133 vs. 545 in French, counted fré&thEX and LEXIQUE respectively,
Baayen, Piepenbrock & Gulikers, 1995; New, Palk&rrand & Matos, 2001). Added to the
fact that the English vocalic system is more comjteterms of diphthongs and contrastive
features than the French one, consonants areganythcomparatively more informative in
English than in French, so we could expect a lacgasonantal bias in English. It is
interesting to note however that cross-linguisegelopmental evidence points to the exact
opposite effect, as French-learning toddlers showaalier and more consistent consonant
bias than English-learning children (Floccia etialpress; Havy & Nazzi, 2009; Havy et al.

2011; Mani & Plunkett, 2007, 2008; Nazzi et al.02p



Experiment 1. French

In this experiment, a group of French-speakingigpents was tested in a lexical decision
task in which auditory targets (e.garreau/kaso/, meaningile) were preceded by auditory
prime non-words. Like in New et al. (2008) and Nawd Nazzi (in press), the primes shared

the same consonant tier as the targets but hagtefiff vowels (e.qg., /ke/), or shared the

vowel tier but had different consonants (e.g.zéga or shared no phoneme at all (e.g.,

/gez@/). The identity priming condition (e.g., #& priming /kao/) used in New et al. (2008)

and New and Nazzi (in press) in the visual versibthis task was excluded in this study to
avoid strategic expectancies in participants (sthegrimes are perceptible, having a real

word as a prime would have been an obvious bias).

Method

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

speakers.

Stimuli and design. The target items consisted of 48 disyllabic noisee Appendix 1)
selected from the French LEXIQUE 3.70 database (bieaV., 2001). Half of these had a
phonological CVCV structure (C: Consonant; V: Voyeahd half a VCVC structure, none
included diphthongs. These two word categories Wwalanced across a range of linguistic
variables (subtitle frequency, phonological andhographic Levenshtein distances,
orthographic and phonological uniqueness pointsutated with n-watch, Davis, 2005; see
Appendix 1). An additional 48 distracter words walso selected with the same proportion
of C- and V-initial words, but with a range of plodogical structures dissimilar to those used
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in the test items. Ninety-six non-word targets wads® generated, which had the same
distribution of phonological structures as the reatds. All non-words respected the
phonotactic rules of French and were created wighttigram tool’ in LEXIQUE Toolbox

(New & Pallier, 2001).

These 192 target items were preceded by three tfgggnes: (1) in theonsonant-
related conditionthe consonants of the target were preserved wiel@owels were
minimally changed (e.gcarreau/kaso/, meanindile, is changed to /ka/); (2) in thevowel-

related conditionthe vowels were preserved while the consonante ménimally changed

(e.g., /k&ol - Igao/); (3) in theunrelated conditionall phonemes were changed (e.g.xfi{a

- /ges@/). None of these transformations led to a reah&m word. Whenever possible,

minimal changes consisted of a single feature ah&mwels: height, place, roundedness or
nasality; consonants: place, voicing or manner) sbme phonemes necessitated a change of
two features (17.7% of all the changes). The totahber of two-feature changes was
matched across the consonant- and vowel-relateditemms. To clarify, two thirds of all

trials (targets and distracters) were related by ttonsonant or vowel tiers and one third

were unrelated. This was the case for both wordnamdword targets.

The auditory stimuli were recorded by a native &peaf French who was naive to the
aims of the experiment, or the link between taeget primes. Recordings were conducted in

a sound-attenuated booth, digitized at a rate 85@24Hz and a resolution of 16 bits.

Procedure. Three lists of 192 trials were constructed in Wpecime-target pairs were
rotated according to a pseudo Latin-square desmthat a given target was primed by only

one prime condition in each list, but by all thoemditions across the three lists. Each



participant was presented with a single list. Tfages each list was presented to 14

participants.

Participants were tested individually in a quietnig-lit room. Stimulus presentation
and response recording were carried out using tRerge 1.1 software (Psychology
Software Tools). Each trial began with the presgnaof a fixation cross in the middle of
the screen for 500ms. This was followed by the prand then the target, with a 10ms ISI
between the two. Each trial ended 1500ms afteetaffset, or when a response was
provided by the participant. Participants wererinsted to indicate the lexical nature of the
second sound in each trial by pressing a button thi index finger of their dominant hand if
the sound was a real word, and by pressing a butithrthe index finger of their non-
dominant hand if it was a non-word. Twelve practitals were presented at the beginning
for warm-up purposes, each followed by feedbackibbocuracy and reaction times to stress
the importance of both aspects. All items were gmesd in pseudo-randomized order, with a
maximum of three words or non-words in a row. Theipipants could take a short break

after the first block of 96 trials. The experiméagted approximately 20min.

Results and discussion

The data were analyzed on the target words onlyQZ¥nd VCVC structures). No target
word had more than 23.8% of errors (range betwéen P3.8%, mean: 4.8%) and since it
satisfies the 33% limit criterion by New et al. (@), all items were thus included in the
analysis. A repeated measure ANOVA was run on i@atimes measured from the onset of
the target (RTs), witpbriming condition(consonant-related, vowel-related, and unrelated)
andstructure(CVCV vs. VCVC) as within-subject factors: andt-values are always given
by subject ;) and by itemE,). Prior to the RT analysis, error responses (4)7&%d

outliers defined by RTs greater than 2.5 standaxdations above or below the grand mean
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RT (2.08%) and 2.5 SD individually (2.07%) wereddisied. A similar ANOVA was run on
errors, but since none of the main effects or aggon in the error analysis were significant

(all ps>.12), they are not discussed any further.

The mean RTs of each priming condition are displageTlable 1, split by structure.

Analysis of RTs revealed a significant main effeicstructure(F,(1, 41) = 139.1p
< .001,4°= 0.77;Fx(1, 46) = 9.64p = .003,5°= 0.17) corresponding to longer RTs for
CVCV words M = 800ms) than for VCVC word$A = 750ms). There was also a significant
main effect oforiming condition(F1(2, 82) = 11.79p < .001,5°= 0.22;F»(2, 92) = 12.67p
< .001,5°= 0.21). Follow-up pairwise comparisons, usingfmm-Bonferroni procedure
(Holm, 1979) to adjust for multiple comparisons &lestp-value < .016; second smallgst
value < .025 and thirg-value < .05) were conducted. These comparisonseshthat,
overall, words preceded by unrelated primes wesparded to more slowly = 790ms)
than targets preceded by consonant-related primMes{57ms};(41) = 4.80p < .001,
Cohen’sd = 0.74;t,(47) = 4.52p < .001, Cohen’sl = 0.65), or vowel-related primeli(=
773mst;(41) = 2.39p = .021, Cohen’sl = 0.37;tx(47) = 2.67p = .01, Cohen’sl = 0.39).
The difference between the consonant-related amgdbvel-related priming conditions was
significant in the analysis by participati(41) = 2.60p = .01, Cohen’sl = 0.40;tx(47) =

1.48,p = .14, Cohen'sl = 0.21).
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The interaction betwegoriming conditionandstructurewas also significantH;(2, 82)
=14.89,p < .001,7°= 0.27;F»(2, 92) = 25.08p < .001,7°= 0.35). To explore this
interaction, we conducted separate analysgsiwiing conditionfor CVCV and VCVC

target words.

VCVC words. A one-way ANOVA revealed a significant effectmfming condition
(F1(2, 82) = 25.47p < .001,7°= 0.38;F4(2, 46) = 21.11p < .001,4°= 0.48). Pairwise
analyses between the three priming conditions stidhet RTs for the consonant-related
condition M = 714ms) were significantly faster than thosetli@r unrelated\] = 762ms,
t1(41) =5.92p <.001, Cohen’sl = 0.91;tx(23) = 4.45p < .001, Cohen’si = 0.91) or
vowel-related 1 = 773ms};(41) = 7.30p < .001, Cohen'sl = 1.13;t5(23) = 5.42p < .001,
Cohen’sd = 1.11) conditions. There was no significant difece between the vowel-related
and unrelated condition§(41) = 1.11p = .27, Cohen’sl = 0.17;t5(23) = 1.66p = .11,

Cohen’sd = 0.34).

CVCV words: A significant effect oforiming conditionwas also foundH;(2, 82) =
7.44,p = .001,7°= 0.15:F,(2, 46) = 16.01p < .001,5°= 0.41), but with a different pattern
of results emerging from pairwise comparisons. &avgprds that were preceded by vowel-
related primesMl = 775ms) were processed faster than those pretgdeadrelated primes
(M = 822mst;(41) = 3.83p < .001, Cohen’sl = 0.59;t,(23) = 5.76p < .001, Cohen’sl =
1.18), or consonant-related primds £ 801mst;(41) = 2.46p = .018, Cohen’sl = 0.38;
t2(23) = 3.50p = .002, Cohen’sl = 0.71). The difference between the unrelated and
consonant-related conditions was marginally sigaiit in the item analysis onli{@1) =

1.53,p = .13, Cohen'sl = 0.23;t5(23) = 1.97p = .06, Cohen’'sl = 0.40).

In sum, this experiment with French listeners sh@ys global priming effect for
words preceded by related primes (e.g., /atil//asgd/ prime /asidacide meaningacid) as

11



compared to unrelated ones (e.qg., /etyl/ - /asahg, (2) a larger global priming effect when
the consonants of the target are preserved inrtireeghan when the vowels are preserved
(by subject only). For VCVC words we found simitasults to that of the French visual
priming study of New et al. (2008), with facilitati when consonants were preserved, but no
significant priming when the vowels were preserigowever, our results for CVCV words
are quite different from those previously estaldslising visual priming, as we found a
facilitatory priming effect for vowel-related priragand one for consonant-related primes by
items only, with more priming for vowel- than consaot-related primes. Before offering
some explanations for this unexpected result, vgé resent the English data in order to

determine whether this pattern is specific to Frenricalso extends to English.

Experiment 2: English

This experiment is similar to Experiment 1, exddyat it used English stimuli
presented to English speakers, and manipulatessgttacement, which was irrelevant in
French. Indeed French does not have lexical staftb®ugh isolated words usually present
final lengthening (Fletcher & Vatikiotis-Batesor§; Vaissiére, 1991). On the contrary,
English disyllabic words can have a trochaic (stiagial, e.g.bunny or iambic pattern
(stress final, e.gtattoo), the trochaic pattern being predominant (CutleC&ter, 1987).
Since it is possible that stress location has fatebn the processing of consonants and
vowels, just as it does on the processing of whgllables (Sebastian-Gallés, Dupoux, Segui
& Mehler, 1992; Floccia, Goslin, Morais & Kolinsk2012), this experiment will examine
the potential modulation of consonant and vowehprg effects as a factor of the stress
pattern of the words.

Method
12



Participants. Forty-five adults participated (26 females, meae: &% years, range: 18-
40 years). All were tested at Plymouth Universdyd payment of £4, were monolingual

native speakers of British English, and reportedanguage or hearing deficit.

Stimuli and design. Seventy-two disyllabic target words were selectedthfthe
CELEX database (Baayen et al., 1995) in four categ@f 18 words: trochaic CVCVs,
trochaic VCVCs, iambic CVCVs, and iambic VCVCs.rftili in each category were
balanced across various linguistic variables (sqeeBEment 1, Appendix 2). Because there
are less one-feature changes between English volaid-rench ones, and to ensure that the
primes were pronounceable and respected the giilssment of the target word, more two-
feature changes were needed compared to the Fsanulli (overall, 38.2 % of the changes
included two features). However, as in Experimernhé percentage of one and two feature
changes was balanced across vowels and consoaadtalso between prime and target

categories.

Seventy-two distracter words and 144 non word aisérs were selected and matched
with primes, following the same method and crit@san Experiment 1. Again, two-thirds of
all trials (targets and distracters) were phonaally related (either by consonants or vowels)

and a third was not. Again, this was the case &t lvord and non-word targets.

All auditory stimuli were recorded by a native speaof British English in a sound-

attenuated booth and digitized at a rate of 44.2 &htl a resolution of 16 bits.

Procedure. The procedure was identical to the one of Expertrieexcept that

participant responses were captured using an ERnitten-box rather than a keyboard.

Results

13



Responses to 14 target words reached the 33%acerroff and were removed from
further analysis. This unexpected high number adreris unlikely to be due to lower
intelligibility of these recorded stimuli. Indeegfror rates for all 72 target words correlated
positively with error rates obtained for these wsondthe visual modality in a non-masked
word recognition task (the British Lexicon Proje€guleers, Lacey, Rastle & Brysbaert,
2012),r = 0.588,p < .001. It is possible that these rejected wordyg have been less familiar,
less imageable or had been acquired later in agme these three factors were correlated
with accuracy in Keuleers et al. (2012). Correspanse rates for the remaining words
averaged 87% (from 69% to 100%). As in ExperimerRs from erroneous responses
(12.76%) and outliers (3.49%), defined by RTs gretitan 2.5 standard deviations above or
below the grand mean (2.19%) and individual mear{R30%), were discarded. After
preprocessing it was noticed that two participamsnot provide data for iambic CVCV
words; however, they were kept in the analysishBwtor rates and RTs were analyzed using

an ANOVA with the main factors of structure, strassl priming condition.

The analyses of therror ratesshowed a significant 3-way interactionsbfucturex
priming conditionx stress(F1(2, 88) = 7.13p = .001,5°= 0.15;F»(2, 108) = 5.40p = .008,
n?=0.09). No other effects or interactions were Higant. Separate one-way ANOVAs with
priming conditionas within-subject factor were therefore carrietifoueach of the 4 cells
(structurex stres$. The priming effect was only significant in tworditions: for iambic
CVCV words in the item analysi§{(2, 88) = 2.48p = .09,5°= 0.05;F»(2, 18) = 3.86p
= .04,7%= 0.30) and for iambic VCVC word§{(2, 88) = 5.12p = .008,5°= 0.10;F»(2, 32)
=7.32,p = .002,,°= 0.31). Although consonant-related primes appearguoduce more
errors (20.0%) compared to unrelated (11.7%) orelaelated (12.4%) primes, single
comparisons within iambic CVCV words revealed rqmdicant differences (because of the

Holm-Bonferroni correction, the p-values are betwd8 and .85). In iambic VCVC words
14



there were significantly less errors with consorratdated primes (7.3%) compared to vowel-
related primes (17.8%(44) = 3.17p = .003, Cohen’sl = 0.47;t5(16) = 2.97p = .009,
Cohen’sd = 0.72) and unrelated primes (15.9%44) = 2.49p = .02, Cohen’sl = 0.37,;

t2(16) = 3.26p = .005, Cohen’sl = 0.79). Error rates in the unrelated and vowkiteel
conditions did not differ from each othég <€ 1). In sum, the only significant effect on error
rates is that iambic VCVC words were recognizedaeramcurately in the consonant-related

priming condition.

The mean RTs of each priming condition are disglageTable 2, split by structure

and stress patterR- andt-values are again given by subjeef)(and by item,).

RTs were analyzed using a repeated measure ANOWAthe factors otructure
(CVCV vs. VCVC),stress(iambic vs. trochaic) angriming condition(consonant-related,
vowel-related and unrelated). This revealed a Bggmt main effect ostress(F1(1, 42) =
53.79,p < .001,7%= 0.56;F,(1, 54) = 11.09p = .001,5°= 0.17) with trochaic words\{ =
831ms) being responded faster to than iambic wivids 881ms). This difference is likely to
be related to the difference in the durations efwlords, as trochaic words were, on average,
651ms long and iambic words 719ms. The main etieptiming conditionwas also
significant F1(2, 86) = 19.15p < .001,4°= 0.31;F»(2, 108) = 23.00p < .001,5°= 0.30).
Pairwise comparisons showed that target words mereessed faster in the consonant-
related M = 829ms) condition than in both the vowel-relafield= 861ms) conditiont{(44)

=4.85,p <.001, Cohen'sl = 0.72;t5(57) = 3.87p < .001, Cohen’sl= 0.51), and the
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unrelated 1 = 879ms) conditiont{(44) = 5.67p < .001, Cohen’sl = 0.84;t,(57) = 6.49p

< .001, Cohen’'sl = 0.85). The difference between vowel-related ametlated conditions
was also significant{(44) = 2.06p = .04, Cohen’sl = 0.31;t5(57) = 2.22p = .03, Cohen’s
d = 0.29), with faster RTs in the vowel related atiod. The effect otructurewas only
marginal in the subject analysiz; (1, 42) = 4.08p = .05,;72= 0.09;F,(1, 54) < 1; CvCV
words, M = 850ms; VCVC words, M = 862ms). There wasgnificant interaction between
priming conditionandstructure(F1(2, 86) = 3.79p = .03,°= 0.08;F,(2, 108) = 5.10p
=.008,5°= 0.09), and a three way interaction between tfasters and that aftress(F1(2,
86) = 4.70p = .01,5°= 0.10;F4(2, 108) = 4.29p = .02,4°= 0.07). Further investigation of
this three way interaction was made by conductiuy §eparate one-way ANOVAs for each
combination ofstructure(CVCV, VCVC) andstress(trochaic, iambic) wittpriming

conditionas the within-subject factor.

VCVC trochaic words. The effect opriming conditionwas significant,(2, 88) =
10.76,p < .001,5°= 0.20;F,(2, 28) = 12.05p < .001,4%= 0.46), with pairwise analyses
revealing significantly faster RTs with consonagiated primesNl = 788ms) than unrelated
primes M = 856ms};(44) = 3.91p < .001, Cohen’sl = 0.58;t,(14) = 3.95p = .001,
Cohen’sd = 1.02) or vowel-related primeM(= 834ms {1(44) = 3.13p = .003, Cohen’sl =
0.47;t,(14) =5.26p < .001, Cohen’sl = 1.36). The comparison between unrelated and
vowel-related primes failed to reach significang&é) = 1.79p = .08, Cohen’sl = 0.27;

t2(14) = 1.24p = .23, Cohen’s d = 0.32).

VCVC iambic words. There was a significaprriming conditioneffect (2, 88) =
11.30,p < .001,7°= 0.20;F»(2, 32) = 12.64p < .001,4%= 0.44). Pairwise analyses showed
that RTs in the consonant-related condition (864nese significantly faster than in the

unrelated M = 911ms};(44) = 4.19p < .001, Cohen’sl = 0.62;t5(16) = 3.79p = .001,
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Cohen’sd = 0.92) and the vowel-related (921m$44) = 3.83p < .001, Cohen’sl = 0.57,
t2(16)= 4.36)p < .001, Cohen’sl = 1.06) conditions. There was no significant ddéfece
between unrelated and vowel related printgd4) < 1,t,(16) = 1.13p = .28, Cohen’s d =

0.27).

CVCV trochaic words: Priming conditionwas found to have a significant effect on
RTs in the analysis by participaft;(2, 88) = 5.10p = .008,7°= 0.10:F»(2, 30) = 2.63p
=.09,7%= 0.15). Within subjects, pairwise comparisons ae® significantly faster RTs in
the consonant-related conditiddl € 814ms) than the unrelated conditidh£ 854mst;(44)
= 3.01,p =.004, Cohen’sl = 0.45;t5(15) = 2.11p = .05, Cohen’sl = 0.53). The difference
between the consonant-related condition and theslroalated conditionNl = 841ms) was
marginally significant by subject(44) = 2.30p = .026, Cohen’sl = 0.34;t,(15) = 1.28p
= .22, Cohen'sl = 0.32 (note that the significance threshold #s.025 for comparison of
this order with Holm-Bonferroni corrections). Thavas no significant difference between
unrelated and vowel-related primég44)<1,p = .33, Cohen’sl = 0.15;t5(15) = 1.07p

= .30, Cohen’'sl = 0.271).

CVCV iambic words: The effect oforiming conditionwas significant (2, 86) = 6.38,
p =.003,7°= 0.13;F»(2, 18) = 12.23p < .001,4°= 0.58). Pairwise analyses revealed
significantly faster RTs in the vowel-related cdamah (M = 838ms) than in the unrelated
condition M = 903ms};(43) = 2.85p = .007, Cohen’sl = 0.43;t5(9) = 4.62,p = .001,
Cohen’sd = 1.46). RTs for consonant-related primes (M =rB4Bwere also significantly
faster than RTs for unrelated primeg43) = 2.98p = .005, Cohen’sl = 0.45;t5(9) = 5.80,p
< .001, Cohen’sl = 1.83). However, there was no difference betwhervowel- and
consonant-related conditions(¢2) < 1,p = .65, Cohen’sl = 0.07;ty(9) = 1.22p = .25,

Cohen’sd = 0.38).
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These results show that consonant priming hasilgdeary effect on lexical decision
latencies for all 4 tested stimulus types. In castirthe facilitatory effect of vowel priming
was only found to be significant in iambic CVCVmstili. A clear consonant advantage was
found overall, and in the two VCVC conditions, véhd smaller consonant effect was found
for CVCV trochaic words, and a reversed vocalicadage was found for CVCV iambic

words.
Comparing the French and English data

To compare priming effects in French (Experimenardid English (Experiment 2), we
conducted an ANOVA on relative RTs, which are,dach language respectively, the

priming effect obtained by subtracting consonatdtesl and vowel-related RTs from
unrelated RTs (Figure 1). A positive value sigraafacilitatory effect, and a negative value
signals an inhibitory effect. Since our French siinivere recorded in isolation, they were
“iambic-like” (Fletcher & Vatikiotis-Bateson, 1994un & Fougeron, 2002; Vaissiére, 1991),
as our acoustic measures show (Appendix 1, sedjiorhus, they were compared to iambic
English target words only. For visual comparisorppses, we have also added the results for
the English trochaic words. The ANOVA includpdming condition(consonant-related vs.
vowel-related) andtructure(CVCV vs. VCVC) as within-subject factors alathguageas a

between-subject factor.

There was a significant main effectlahguagein the subject analys{$.(1, 42) = 4.66,
p=.04,7°= 0.10 ;F5(1, 71) < 1), with overall more facilitation in Eligh (M = 40ms) than
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in French (M = 26 ms). There was a main effectafcture(F1(1, 42) = 6.24p = .02,7°=
0.13;F,(1,71) =7.83p = .006,;72: 0.10), with more facilitation in CVCV word$/A(= 48ms)
compared to VCVC worddM = 19ms). There was also a significant effegbrarfning
condition(Fy(1, 42) = 13.33p < .001,7°= 0.24;F5(1, 71) = 11.18p = .001,4°= 0.14), with
consonant-related primes showing a larger primffece(M = 44ms) than vowel-related
ones M = 22ms) The only significant interaction was betwestructureandpriming
condition(Fy(1, 42) = 25.62p < .001,5°= 0.38;F5(1, 71) = 52.10p < .001,4°= 0.42). This
interaction was further analyzed for CVCV and VCW®Grds separately. The effect of
priming condition was significant for VCVC wordg(86) = 6.76p < .001, Cohen’sl =

0.72 ;15(40) = 7.03p < .001, Cohen’sl= 1.10), with more priming for consonant-related
primes M = 47ms) than for vowel-related primeéd € -10ms). For CVCV words, the effect
of priming conditionwas significant by item onlyty(85) = 1.17p = .24, Cohen’'sl = 0.13;
t2(33) = 3.51p =.001, Cohen’dl = 0.60), with more priming for vowel-related prism®1 =
56ms) than for consonant-related prims{ 40ms). The remaining interactions were non-
significant:languagex structure(F1(1, 42) < 1;F»(1, 71) = 2.40p = .13,;72= .03),language
x priming condition(F1(1, 42) = 1.48p = .235°= 0.03;Fx(1, 71) = 1.73p = .19,4°= 0.02),

andlanguagex structurex priming condition(F1(1, 42) < 1;F»(1, 71) < 1).

To sum up, for iambic (English) or iambic-like (hod) VCVC words, a consonant
priming advantage was observed, while for CVCV wedite advantage was for vowel-
related priming (by items only). Although more pmm (in the subject analysis only) was
found in English than French, the language facimndt interact with the other factors,
hence the overall larger priming in English did translate into differences in consonant- or
vowel-related priming across languages. In factlifferences were found between the two

languages when comparing words of similar sylland stress structures.
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I nterim Discussion

The pattern of results in the English and Frengieerents is two-fold. On the one
hand, results confirmed that overall, consonarateel primes facilitate processing compared
to unrelated primes. This was found across alligtiosed in these experiments and is in
accordance with the literature (e.g., Dufabeiti@&reiras, 2011; New et al., 2008). On the
other hand, the effect of vocalic information apeeao be modulated by structure (and
stress in the case of English). lambic-like CVCVWdgin French and iambic CVCV words
in English were processed faster when precedeaWgirelated than unrelated primes, an
effect not observed in the visual priming equivaleinthe present study (New et al, 2008;
New & Nazzi, in press). In French, this resultedmoverall consonant bias (significant by
subject only), which was however modulated by stngc a predicted significant consonant
bias with VCVC words, compared to an unpredictecalic bias with CVCV words. In
English, we also found this overall consonant biad its modulation by structure, with an
additional effect of stress. As such, we obtairedgdredicted significant consonant bias with
VCVC words (trochaic and iambic) and with CVCV thaic words in the subject analysis.
For CVCV iambic words however, both consonant- amel-related primes unexpectedly

facilitated lexical decision to the same degree.

Hence while overall the data of Experiments 1 asdf@ort a consonant bias that was
obtained for the first time in an online auditoagk, and found for both French and English,
they identify two sub-categories of words that db follow the predicted pattern: CVCV
iambic-like French words, and CVCV iambic Englisbrds. What could explain the

unpredicted pattern found for these categoriesartlaf?

First, we explored the possibility that differencesntelligibility might account for
these findings. Differences in stress may affeetdbinfusability of the phonemes (Creel,
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Tanenhaus & Aslin, 2006b), such that stressed wwwelld be less confusable. In the case
of English iambic CVCV words and iambic-like Frenr€WCV words, the final vowel would
thus be particularly well processed, which mightcamt for the vocalic facilitation observed.
However, post-hoc experiments (see Appendix 1-3fench, and 2-6 for English) showed
that native speakers judged the stimuli just adligible, whether they were consonant- or
vowel-related primes, iambic or trochaic words, amtependently of their structure. Vowel-
related priming effects should therefore not belatted to a more perceptible final vowel in

French and iambic English CVCV vowel-related words.

A second explanatory factor that we considereanbisyllabicity, a major component
of English syllabification (Ladefoged, 2001; Lah2001). Words can be ambisyllabic when
the intervocalic consonant is shared between dghaliKahn, 1976), and it can be partly
driven by the nature of the first vowel (Treimamgviey & Bourassa, 2002). Both theory (e.g.,
Hooper, 1972; Kahn, 1976; Pulgram, 1970) and prad¢fireiman & Danis, 1988) suggest
that stress can also modulate syllabification, witervocalic consonants being drawn to the
stressed syllable. Thus, in iambic targets, thawesyllabification of CV.CV and V.CVC
should be reinforced as iambs are hardly pronenoisyllabicity (Trammell, 1993), while in
trochaic targets, ambisyllabicity would increase pinevalence of CVC.V and VC.VC
syllabification. Based on ambisyllabicity, the méating effect of stress upon the consonant
bias should be found in both CVCV and VCVC words, ip our data, it was only found on
CVCV words. It should also be noted that the unetgmevowel-related priming effect was
found in iambic(-like) CVCV words in both Frenchdanglish, yet there is no evidence of
ambisyllabicity in French (e.g. Goslin & Floccidd@). These arguments suggest that

ambisyllabicity alone cannot provide a satisfyixglanation for our pattern of results.
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In our third approach we investigated the possybihat the facilitatory effect found
with vowel-related primes in these two sub-categgdf words (CVCV iambic-like French
words, and CVCV iambic English words), rather thamng due to vowels per se, might be
due torhymepriming. The rhyme of a word corresponds to itesged vowel and all
subsequent phones, e.ginAyin bunny In our experiments, the only priming conditions
where the entirety of the rhyme of the target was@rved was in the vowel-related primes
of iambic CVCV words, as in this case the rhymsinsply the final vowel of the word
(CVCV). In all other targets the rhyme contains both oaastsandvowels (trochaic @CV;
iambic VCQVC; trochaicVCVC), and therefore cannot be primed in its entiratgither the
vowel- or consonant-preserved priming conditiortseréfore, a possible interpretation of our
pattern of findings is that priming is observedertwhen consonants are preserved, or when
the rhyme is preserved. This would result in a ooast bias in all conditions apart from
those in which the rhyme is preserved. Where thmenwas preserved this would result in
either a vocalic bias (such as in iambic-like CVEMNch words where only vowel priming
is observed), or in a lack of bias (as in iambicGNENglish words where both vowahd

consonant priming are found), dependent upon tlaéive strength of the two priming effects.

What evidence do we have of rhyme priming? Audifmiyning studies (e.g., Dumay
& Radeau, 1997; Dumay et al., 2001; Radeau, 1988gRu, Morais & Segui, 1995;
Slowiaczek, McQueen, Soltano & Lynch, 2000) hawenfy with monosyllabic words (CVC
and even CV words) that participants are fastemwhere is an overlap between prime and
target in the final phonemes. While this effect hasn discussed as a syllabiee effect, it
can also be seen astgymeeffect since both levels are confounded in monakid words. In
disyllabic words, there is evidence that the coasbipreceding the rhyme also needs to be
preserved for priming to occur (Emmorey, 1989). émantly, this effect seems to be specific

to the auditory modality (Radeau et al., 1995),chtgould explain why it was not reported in
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studies similar to ours conducted in the visual alibg(New et al., 2008; New & Nazzi, in

press).

In Experiment 3, we explored the possibility thahgme bias accounts for the vowel
priming found in Experiments 1 and 2. Specificallyg examined whether a consonant bias
can be observed when controlling for the rhyme lapelbetween the primes and the targets in

the consonant- and vowel-related conditions.

Experiment 3

In Experiment 3, we focused on the word structwigh resulted in unexpected
vowel priming effects in Experiment 1, namely wosdarting with a consonant. The
experiment was conducted in French only for twsoea. First, the strongest unexpected
priming effects were observed in French. Secondyiited out to be impossible to design
such an experiment in English due to an insufficrermber of stress final CVCVCV words

(e.g.,kedgereemost of which being moreover very infrequent).

Half of the target stimuli were the CVCV words usedExperiment 1. Crucially
though, the consonant- and vowel-related prime® Wweth constructed with an additional
final syllable (CVCV) overlap with the target. This meant that the rbyohthe target was
always preserved, while ensuring that the percentdgverlap between prime and target
was the same in both conditions (75%, similar eodlerlap in Bedoin & Kirifi, 2009).
Therefore, a target word likearreau/kago/, tile, could be preceded by its vowel-related
prime (e.g., /deo/) or its consonant-related prime (e.g. gk, with the final syllable &o/
remaining unchanged. The consonant- and voweleglednditions were compared to an

unrelated priming condition in which only the firgflllable (e.qg., /deo/) was preserved,
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which allowed us to evaluate consonant and vowelipg. We also included another

unrelated condition in which the final syllable wast preserved (e.g., k&) to evaluate

rhyme (or final syllable) priming effects.

Due to the higher percentage of prime-target oparidhese stimuli (75%) which
differed in only a single phoneme, additional tiiesyic CVCVCV stimuli were also included.
In these CVCVCYV stimuli the degree of overlap fatl66%, closer to the 50% overlap seen
in Experiments 1 and 2, and thus should potentiedig to more comparable priming

modulation. See Table 3 for a representation ofdheexperimental conditions.

A rhyme bias should lead to faster reaction tinmetheé rhyme-related condition
(technically, it is a final-syllable-related coridit) as compared to the unrelated condition.
Most importantly, with rhyme preservation in bothwel- and consonant-related primes we
should now expect to see a clear consonant biastéffading to faster reaction times in the
consonant-related condition as compared to bothdhel-related and the rhyme-related
conditions. These predictions are expected to imoldsyllabic words. However, for
disyllabic words we predict there may well be seralpossibly non-significant, effects due
to the smaller number of phonemes manipulated lestwee different priming conditions

than for the trisyllabic words.

Note that unlike Experiments 1 and 2, where weresitéd consonant-initial and

vowel-initial words, in this experiment all criticaords started with a consonant. Given that
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the consonant bias in English trochaic words wasmamulated by phoneme position

(CVCV vs. VCVC) there was no further motivationdantrasting this factor.

Method

Participants. Forty native French participants (29 females, naga1 24 years; range:
18 - 45 years) who did not participate in Experitiewere tested at the Université René

Descartes in Paris and paid €5. They reportedmgukge or hearing impairment.

Stimuli and design. The test stimuli consisted of the 24 CVCV wordsir
Experiment 1, along with 24 CVCVCV words that westected from the French LEXIQUE
3.70 database (New et al., 2001). Because of diffggs in their numbers or phonemes, di-

and trisyllabic words could only be matched for cleted frequency (see Appendix 3).

Primes were derived from their targets and werd tsereate four experimental
conditions: (1) in theonsonant-relatedondition, primes shared the final syllable aral th
consonant(s) (e.gcarreau/kaso/, tile, was changed to /ke/, andcinéma/sinema/, meaning
cinema was changed to /syngma/); (2) in ttosvel-relatedcondition, primes shared the final
syllable and the vowel(s) (e.qg., id and /timema/); (3) in thdhymerelatedcondition, the

primes shared only the last syllable (e.g.gtdend /tymgma/); (4) in thenrelated condition

finally, the primes shared no phoneme with theda(g.g., /dgag/ and /tymg¥/). No

phoneme change led to a real word, and minimal gimfeature changes were applied with
a method similar to Experiments 1 and 2. Distrast@rds were 48 di- and trisyllabic
consonant initial words with a phonological struetdifferent from that of CVCV or
CVCVCV target words. Non-word counterparts wered22ACV and 24 CVCVCYV, along

with 48 consonant-initial words made of two ancethsyllables with a different phonological

structure than the target words. Primes for thedveord nonword distracters were constructed
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with the same criteria as used for the target wortisee-quarters of all trials were
phonologically related (through vowels, consonamd/or rhyme only) and a quarter were

not. This was the case for word and non-words targe

All the auditory stimuli were recorded in a newasting session by the same native

speaker of French as in Experiment 1, in the sanditons.

Procedure. The procedure was identical to that of Experimerxtept that four lists
were created instead of three, as four priming tmmd were used. All factors were

counterbalanced across participants.
Results and discussion

Only the target words were analyzed (CVCV and CVEM@ords) similarly to
Experiment 1. No word reached the 33% error cu(yofan error rate: 2.4%; range: 0 —
12.5). Prior to the ANOVA, incorrect responses $26) and RTs greater than 2.5 standard
deviations around the grand mean were rejecte@%d).@s well as RTs greater than 2.5

standard deviations around individual means (1.25%)

The analyses of therror ratesshowed a main effect priming condition(F1(3, 117) =
5.42,p = .001,7°= 0.12;Fx(3, 138) = 5.11p = .002,4,°= 0.10) and a significant interaction
betweerpriming conditionandlength(di- vs trisyllabic) by subjects only{(3, 117) = 2.86,
p=.04,7°= 0.07;F4(3, 138) = 1.91p = .13,5°= 0.04). Pairwise comparisons with Holm-
Bonferroni correction (for 6 single comparisonsadiest p-value < .0083:"¢p-value < .01,
3 p-value < .0125, % p-value < .0167, Bp-value< .025, and"'Bp-value < .05) within
CVCV words revealed that unrelated primes elicgrgphificantly higher error rates (7.08%)
than vowel-related primes (0.42%)39) = 3.57p < .001, Cohen’dsl = 0.56;t,(23) = 3.24p

=.003, Cohen’sl = 0.66). No other comparisons reached significdaeeond smallest p-
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value > .01). Within CVCVCV words, there were ngrsficant differences in accuracy

between priming conditions (gik > .15).

The ANOVA on RTs includeg@riming condition(consonant-related, vowel-related,
rhyme-related and unrelated) dedgth(di- vs. trisyllabic) as within-subject factors. |
revealed a main effect téngth(F(1, 39) = 74.72p < .001,5°= .66;F4(1, 46) = 6.49p
=.01,7%=.12), as CVCVCV wordsM = 760ms) were responded to more slowly than
CVCV words (M = 724ms). This difference is likely be related to the difference in the
durations of the words, as CVCV words were, onayey611ms long and CVCVCV words

774ms {(46)=8.62,p < .001, Cohen’sl = 2.54).

The effect oforiming conditionwas also significant(3, 117) = 212.30p < .001,°=
0.84;F,(3, 138) = 129.56p < .001,;72: 0.74). Follow-up pairwise comparisons (with Holm-
Bonferroni correction) revealed that words preceolednrelated primes were responded to
more slowly M = 838ms) than targets preceded by (a) rhyme-celaienes M1 = 736ms,
t1(39) = 16.69p < .001, Cohen’'sl = 2.64;t5(47) = 14.50 p<.001, Cohen’sl = 2.09), (b)
consonant-related primes! (= 691mst;(39) = 23.55p < .001, Cohen’'sl = 3.72;tx(47)
=16.02 ,p < .001, Cohen'sl = 2.31), and (c) vowel-related primed € 704ms}1(39) =
17.63,p<.001, Cohen’sl = 2.79;t5(47) = 14.55p < .001, Cohen’sl = 2.10). Besides, both
the vowel- and the consonant-related primes pratlagmificantly faster RTs than the
rhyme-related primes (vowel-relatgg:39) = 5.30p < .001, Cohen’sl = 0.84;t,(47) = 3.90,

p <.001, Cohen’dl = 0.56; consonant-related(39) = 7.13p < .001, Cohen’'sl = 1.13;
t2(47) = 5.25p < .001, Cohen’dsl = 0.76). The consonant-related condition did show
significant facilitation compared to the vowel-iteld condition by subject only;(39) = 2.04,

p =.048, Cohen’'sl = 0.32;t,(47) = 1.27p = .21, Cohen’sl = 0.18).
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Finally, the interaction betwedengthandpriming conditionwas significant in the
subject analysis only=¢(3, 117) = 2.90p = .04,5°= 0.07;F4(3, 138) = 1.61p = .19,4°=
0.03). Figure 2 shows the means for each primimgliton, CVCV and CVCVCYV separately.
To explore this interaction, we conducted sepaaatdyses opriming conditionfor CVCV

and CVCVCYV target words.

CVCV words: The effect ofpriming conditionwas significant (3, 117) = 114.00p
< .001,5°= 0.74;Fx(3, 69) = 64.4p < .001,4°= 0.74), with pairwise analyses revealing
significantly slower RTs with unrelated primég € 827ms) than (a) rhyme-related primes
(M = 718ms1(39) = 11.48p < .001, Cohen’sl = 1.81;t,(23) = 10.92p < .001, Cohen’sl
= 2.09), (b) vowel-related primeM(= 676ms {1(39) = 14.89p < .001, Cohen’d = 2.35;
t2(23) = 12.00p < .001, Cohen’sl = 2.45) and (c) consonant-related prinMds{(673ms ,
t(39) = 16.07p < .001, Cohen’sl = 2.54;t,(23) = 10.52p < .001, Cohen’sl = 2.15).
Vowel- and consonant-related primes elicited sigaiitly faster RTs than rhyme-related
primes (vowel-related;(39) = 4.74p < .001, Cohen’sl = 0.75;t5(23) = 3.09p = .001,
Cohen’sd = 0.63; consonant-related(39) = 4.83p < .001, Cohen’sl = 0.76;t,(23) = 2.96,
p =.007, Cohen’sl = 0.60). However, there was no difference betwasmel- and

consonant-related primingy(39) <1;tx(23) < 1).

CVCVCV words: The effect ofpriming conditionwas significant (3, 117) = 109.00,
p < .001,7°= 0.74;Fx(3, 69) = 67.25p < .001,5°= 0.74). Pairwise analyses show again

significantly slower RTs after unrelated prim&s £ 848ms) than after (a) rhyme-related
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primes M = 754ms};(39) = 12.59p < .001, Cohen’sl = 1.99;t5(23) = 9.64p < .001,
Cohen’sd = 1.97), (b) vowel-related primeMl(= 732ms 1;(39) = 12.31p < .001, Cohen’s
=1.94;t5(23) = 9.19p < .001, Cohen’sl = 1.87) and (c) consonant-related prinds<(
708ms 11(39) = 16.54p < .001, Cohen’sl = 2.61;t,(23) = 12.29p < .001, Cohen'sl =
2.51). Vowel- and consonant-related primes elic#ignificantly faster RTs than rhyme-
related primes (vowel-relatet(39) = 2.61p = .01, Cohen’sl = 0.41;t5(23) = 2.41p = .02,
Cohen’sd = 0.49; consonant-related(39) = 5.96p < .001, Cohen’sl = 0.94;t5(23) = 4.77,
p <.001, Cohen’sl = 0.97). Importantly, the difference between vovesld consonant-
related primes was also significab(89) = 2.90p = .006, Cohen’sl = 0.46;t5(23) = 2.17 1,

p = .04, Cohen’sl = 0.44), with faster response times in the consbrelated condition.

To summarize, in Experiments 1 and 2, we foundrsanant bias in all tested stimuli
apart from iambic-like French CVCV and iambic EsplCVCV words, where vowels
primed words equally (English) or more (Frenchntbansonants. We suggested that this
effect might be due to rhyme priming, as these CMW@ds happened to be the only ones in
which vowel-related primes also preserved the rhym&xperiment 3, we tested whether we
could observe the consonant bias in these CVCV swatten neutralizing the effect of the
rhyme or final rime. To do so, we ensured that lmothsonant- and vowel-related priming
conditions had a final syllable overlap with theget. However, because we anticipated that
this manipulation would lead to primes and targéiging too many phonemes for
modulated effects to emerge (only one changed phepeve also included CVCVCV words
in which primes and targets would be acousticatky phonemically more distant (and would

have two changed phonemes as was the case in Evgoerl).

The results of Experiment 3 show a graded primifecein the predicted directions.

First, as predicted from previous studies showingne priming in monosyllabic words
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(Radeau et al., 1995; Slowiaczek et al., 2000)fomed a final syllable (which included the
rhyme) priming effect, with CVCV and CVCVCV wordgibg processed faster when

preceded by a non-word prime sharing their findlabje than a totally unrelated prime.

Second, we found a clear priming advantage for @msusts compared to vowels when
the rhyme effect is neutralized. However, this effgas only found in CVCVCV words. In
CVCV words, consonant and vowel priming were néedént from one another, presumably
due to the large overlap between primes and tangét®se words (only one changed
phoneme, compared to two for the CVCVCV words) Wwhaght have prevented
modulation between priming conditions. It shouldnio¢ed that the CVCVCYV stimuli are
more comparable to those of CVCV used in the prevexperiments, as in both cases primes

were differentiated by two phonemes.

Finally, it must be noted that priming effects alewere larger in this third experiment
(around 125ms) than in the previous ones (arounash0This could be explained by the
higher relatedness proportion (RP) used in thigergent: here, 75% of the targets were
phonologically related to the primes against 67%xperiments 1 and 2. It has been
established that increasing RP usually resultangelr priming effects (e.g., Hutchinson,
Neely & Johnson, 2001; Neely, 1977), possibly dua greater involvement of attentional
mechanisms (strategic priming as opposed to automting). However this only tends to
be found with relatively long SOAs (e.g., Hutchings al., 2001). As we used a 10ms SOA
throughout this study, it seems unlikely that theréase in RP could result in an increase of
strategic priming, and therefore, to a larger pmigneffect overall. Having said this, it remains
possible that the high proportion of trials in whizoth primes and targets shared the rhyme
(3/4) could have contributed to enhance particigagibbal attention towards rhyme

processing, accentuating the weight of rhnyme pripafiects across all phonologically
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related trials. However, it does not underminerttaen finding that in CVCVCV words
consonant-sharing primes are processed fastevtvagl-sharing primes when the rhyme is
held constant. Implications of the present findifggsnterpreting Experiments 1 and 2,
together with a second complementary explanatiothi®lack of consonant bias in CVCV

words, are further discussed below.

General discussion

Following the proposal by Nespor et al. (2003) maymmetry in the role of
consonants and vowels in lexical processing, texgeriments evaluated the contribution of
preserved consonantal and vocalic phonemes usinglare auditory priming method. A
cross-linguistic approach was adopted in Experisiér(French) and Experiment 2 (English)
to explore in adulthood the differences observed-fench and English in the developmental
literature. Based upon the findings of these fingt experiments, Experiment 3 was designed

to examine consonant- and vowel-related primintgp@context of rhyme overlap priming.

For Experiments 1 and 2, the results confirm theega observation of a facilitatory
effect when the target shared the consonant tir itéi prime, in line with previous adult
literature that mostly focused on visually-presdrggmuli, or used offline auditory tasks.

The effect of vowels, however, reveals a more cemphttern than observed in previous
adult experiments so far. Indeed, while no vogatiming was found for VCVC words in

both languages and in trochaic CVCV words in Emg{resulting in a consonant bias in these
conditions), preserving the vocalic tier cued fasterd recognition than the control

unrelated condition, mainly for CVCV words in Fréngesulting in an unpredicted vocalic
bias), and to a lesser extent in iambic CVCV Emglirds (resulting in no bias). These

results stand in sharp contrast to those obtame&sual priming experiments since so far
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only non facilitatory (see among others, Dufiabditi@arreiras, 2011; Vergara & Perea,
2009; Perea & Lupker, 2004; Lupker et al., 2008ywN¢ al., 2008) or even inhibitory effects

(New & Nazzi, in press) had been observed for vewel

Following these findings, we considered differeatdtbrs to account for the unpredicted
performance with iambic-like CVCV French words aachbic CVCV English words. First,
we argued that intelligibility of the primes andlabification/ambisyllabicity could not
explain the present pattern of results. Secondjis@issed how rhyme priming, which
appears specific to the auditory modality, mightlai the unexpected priming of vowel-
related primes in these iambic(-like) CVCV wordsdéed, previous auditory priming studies
had revealed the importance of the overlap of foeinemes (including the word rhyme) in
spoken word recognition (Dumay & Radeau, 1997; Dyetaal., 2001; Emmorey, 1989;
Radeau, 1995; Radeau et al., 1995; Slowiaczek, 080). We discussed how interpreting
our findings in terms of rhyme priming would pretdice pattern of results found in
Experiments 1 and 2, in which vowel priming wasydiolund in cases where the rhyme was
preserved between the target and the primes,ghlabih iambic-like CVCV French words

and iambic CVCV English words.

Experiment 3 explored this interpretation, testingnch adults with words having the
same structure (CVCV and CVCVCYV) as the ones fackive had found vowel priming
and a vocalic bias in Experiment 1. Our results Bhow that preserving only the last
syllable (which included the rhyme) between thenerand the target facilitates word
recognition, in line with the results cited abo8econd, in these conditions we were able to
observe the expected advantage of consonant @sepation over vowel tiers, at least in

CVCVCV words. This effect, in retrospect, indicatkat the vocalic priming effect observed

32



in French and English iambic CVCV words was likilybe mostly due to a rhyme priming

effect than that of vowels priming per se.

Thus, the most parsimonious explanation for theepabf results across the three
experiments is that there are two coexisting biasasiditory processing, a consonant bias
and rhyme bias, and that these act additivelyerpitesent priming task. This would predict a
consonant bias in all stimuli except where there wahyme overlap between prime and
target, where the bias is neutralized by the rhgreglap priming. This hypothesis accounts
for most of our findings, with one exception bethg lack of robust consonant priming for
French CVCYV stimuli in Experiments 1 and 3. In Ebipeent 1 the use of these stimuli led to
a significant vowel bias, while in Experiment 3 cansonant bias was found even when
rhyme overlap was controlled. To explain these ptioas to the general pattern of
consonant priming we need to go beyond our empioicservations, and propose a tentative
explanation regarding the locus of the consonaas ini the course of lexical activation.
Discussing their results in the visual modalityywNe&nd Nazzi (in press) recently suggested
that the consonant bias in the written modalitylddae explained by skeleton-shared
neighborhoods which may cue differences acrossrempetal conditions, or even languages.
The shared-vowel skeleton represents the numbeowfs that can be built with the
sequence of vowels shared by the prime and thettéagd the same goes for the consonant
skeleton). How could the consonant bias be mediayeshared neighborhood effects? One

possibility is that these skeleton values indi¢ete informative partly related primes are.

For example, the wordtage(/otas/, meaninghostagé has only two consonant skeleton

neighbors (/-ts/, in étage/eta/, meaningloor and inattiger/atize/, a very low frequency
colloquial word meaningp exaggeratg but there are twelve neighbors with the sameefow

skeleton (/o0-a-/, e.dqpommassepaque homard,etc. — meaning respectivdiyitch opaque
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andlobste). In this example, a prime with the consonantesiosl /-t3/ can only activate
three wordsptageand its two neighbors, while a prime with the vbslesleton /o-a-/ will
activate 13 words, and is therefore less inforneatit/test words happen to have vowel
skeletons with larger neighborhoods than consaslkealetons, this could translate into less
priming from vowel-related primes than consonahditesl primes. Alternatively, a larger
skeleton neighborhood could turn a non-word printe & more word-like sequence, thus
increasing the activation of its corresponding warthe lexicon. In this perspective, a prime
with a larger neighborhood would lead to fastepggution of the target word. Since New
and Nazzi (in press) found that consonant-relatedgs were more effective than vowel-
related primes, and that consonant skeleton nergblbds were smaller than vowel skeleton
neighborhoods, their findings support the firstgosal that the larger the shared

neighborhoods, the smaller the priming effect.

Looking back at our French and English stimuli kpEriments 1-3, we established that,
as in New and Nazzi (in press), the majority of selected words have less consonant
skeleton neighbors than vowel neighbors (see T@bl€his difference might explain the
overall consonant advantage: smaller consonangtskeheighborhoods might be more
informative than larger vowel skeleton neighbortmadsulting in a larger consonant
priming effect. The only exception to this dispaiit neighborhood was in the French CVCV
target words used in Experiments 1 and 3. In thgeche lack of skeleton imbalance would
predict the observed null effect in the absenadgine overlap (Experiment 3), and the
vowel bias we found when the rhyme is preservedden the vowel-related prime and the
target (Experiment 1). Therefore, our findings apge be fully explained by the combined
effects of a consonant bias based on an imbalanoenisonant versus vowel skeleton

neighborhoods, and a rhyme bias.
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At this point, we would like to discuss potentialglications of our findings to models
of lexical access, both in terms of the conson&a# &nd rhyme overlap effect. With the
exception of New and Nazzi (in press), little atpeinas been made to integrate the
consonant bias in models of either written wordggttion (e.g., SOLAR, Davis, 2010;
open-bigram model, Grainger, Granier, Farioli, Viasche & van Heuver, 2006) or spoken
word recognition. The PARSYN model of spoken wagdagnition, based on neighborhood
activation (Luce, Goldinger, Auer & Vitevitch, 200@osits that phonological similarity
between a prime and its target usually leads tibitiin (see for experimental evidence
Goldinger et al., 1989; Magnuson et al., 2007; ®&®aan & Content, 1995), but this is
because the aforementioned studies used real \@erpismes and targets, suggesting
inhibition at the lexical level, in agreement witle NAM (Luce & Pisoni, 1998) or Cohort
models (Marslen-Wilson, 1987). With non-words ass, the time course of activation
might be different. Because non-words are unlikelige mistaken for words and then fully
activate word candidates, the activation of theptial target word is contained at the
phonological or pre-lexical levels, where activatie always facilitatory. Interestingly, a
recent paper by Mayor and Plunkett (in press) cafgd the consonant-vowel asymmetry in a
TRACE model implemented on infants’ lexicon, wittetconsonant bias arising from cohort
and neighborhood competition in an expanding lexi@nother way of accounting for the
consonant bias could be that phonemes do not exelygroject activation in isolation, but
that phoneme tiers, or skeletons, also activateétwork. Primes with fewer skeletons,
usually consonant skeletons, would activate fewande that receive comparatively more
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activation than primes with more skeleton neighbAssa consequence low skeleton

neighbors are more pre-activated and this advanitagslates into the consonant advantage.

Models of spoken word recognition should likewiseaunt for the facilitatory rhyme
overlap, although Cohort models have argued foueaial role of the initial phoneme in
visual word recognition (and see Frauenfelder, eh& Content, 2001 for investigation of
positional effects within words). Models based oobabilities such as Shortlist B (Norris &
McQueen, 2008) or TRACE (McLelland & Elman, 1986@)exe processing stages are not so
strictly hierarchical (Allopenna, Magnuson & Tanank, 1998; McQueen, Dahan & Cutler,
2003) are better candidates to explain how non-gprine the recognition of real words,

and as such might be better at accounting fortiimmne overlap effects.

Another goal of the study was to provide a condbltross-linguistic comparison of the
consonant/vowel asymmetry. The two languages teBtedich and English, were selected
because they have been found to lead to contrestetts in the developmental literature (see
Floccia et al., in press; Havy & Nazzi, 2009; Na2£105) and their linguistic properties vary.
For example, their consonant-vowel ratios are wbfig with a more balanced ratio in French
than in English, which would predict a larger camsat bias for lexical processing in English
(albeit contrary to the infant data). However, todings do not reveal much of a modulation
of priming by language. On the contrary, listeriarghe two languages showed strikingly
similar behaviors, although in English stress wasoaulating factor (which could not occur
in French due to the absence of lexical stressisnanguage). Therefore, although the onset
of the consonant bias in lexical processing indbwrse of language development reveals
important differences between children learninghEheand English, adult data suggest a
strong similarity in auditory processing in adulbko supporting the original Nespor et al.

(2003) claim that the consonant bias at the lexead! is language-general.
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In conclusion, the present experiments provide sansgvers regarding the universality
of the consonantal bias proposed by Nespor e2@03), supporting the view that in spoken
word processing, consonants have an overall pgedeole over vowels at the phonological
level, in French and English, the two languagetetekere. This is the first demonstration of
the consonant advantage in an online auditory tagkforcing the phonological
interpretation suggested for the bias which haad lieend in the visual modality (New et al.,
2008; New & Nazzi, in press). More research is asagy to get a fuller comprehension of
the factors that can contribute to the consonam#&@asymmetry, such as the
acoustic/phonological properties of the phonemeslued or the skeleton neighbors, and
modulate these effects, such as the rhyme biasw@vared. This should help determine
what leads consonants to be reliable cues foraéaiccess, while vowels hinder or facilitate

processing depending on the paradigm and the athe disteners.
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Table 1: Mean reaction times (RTs; in ms) and petages of error (PEs) for words in
Experiment 1 (French), overall and split by struetuStandard deviations are given in

brackets.

Structure of target

CvCVv VCVC All

RT PE RT PE RT PE
Type of prime
Consonant-related 801 4.17 714 3.87 757 4.02
(/kero/ - /karo/) (89) (8.13) (79)  (6.47) (79) (5.89
Vowel-related 775 2.38 773 6.55 773 4.46
(/gazo/ - /karo) (91) (4.97) (84)  (10.78)  (83) (6.37)
Unrelated 822 5095 762 565 790  5.80
(/ge3o/ - /karo/) (89) (9.66) (79)  (9.29) (74) (6.82)
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Table 2: Mean reaction times (RTs; in ms) and petages of error (PES) for words

in Experiment 2 (English), split by structure arigess.

Type of stress

lambic

Structure of target

Trochaic

Structure of target

CVCV VCVC CVCV VCVC

Type of prime RT PE RT PE RT PE RT PE
Consonant-related 848 200 864 7.3 814 114 788 8.9
(benu/ - bani/) (111)  (235) (110) (14.3) (96) (15.4)  (103) (16.8)
Vowel-related 838 12.4 921 17.8 841 14.0 834 8.0
(hazi/ - bani/) (120)  (23.2)  (89) (21.0) (112)  (17.3)  (99) (13.8)
Unrelated 903 11.7 911 159 854 16.2 856 12.4

(113)  (15.3)  (90) (18.8) (128)  (14.3)  (100) (18.2)

(/hezu/- bani/)
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Table 3: Example for a CVCV and a CVCVCYV stimukil) phonetic transcription
of the target word, meaning, and corresponding psnPercentage of phoneme overlap

between the target and the prime are indicatedratkets (Experiment 3).

Target word Consonant Vowel Rhyme

related related  related Unrelated

CcvCv carreau k&o tile keko daro dego dezo

(75%) (75%)  (50%)  (0%)

(66%) 66%)  (33%)  (0%)
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Table 4. Consonant and vowel skeleton neighborhsplit, by word category

(Experiment 1, 2 and 3).

Language  Structure Stress C-skeleton V-skeletbn
French cvCcv 45.33 56.17 <1 n.s.
(Exp. 1) VCVC 12.29 34.62 3.41 .001
English cvcv Trochaic 11.06 189.19 4.13 <.001
(Exp. 2) lambic 11.20 87.70 4.27 <.001
VCVC Trochaic 14.80 317.13 4.59 <.001
lambic 16.65 63.00 6.11 <.001
French CcvCv 45.33 56.17 <1 n.s.
(Exp. 3) cvcvev - 14.75 61.42 30.04 <.001
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Figure 1: Consonant and vowel priming effects (&) for French and English CVCV and

VCVC words (Experiments 1 and 2).
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Figure 2: Consonant, vowel and rhyme RTs (in msFffench CVCV and CVCVCV words in

Experiment 3.
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