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REGULAR ARTICLE

Consonant, vowel and lexical neighbourhood processing during word
recognition: New evidence using the sandwich priming technique
Silvana Schmandta,b,c, Thierry Nazzib,c and Boris Newd,e

aCenter of Cognitive Sciences, Universität Potsdam, Potsdam, Germany; bCentre Universitaire des Saint-Pères, Université de Paris, Paris,
France; cCNRS (Integrative Neuroscience and Cognition Center, UMR 8002), Paris, France; dLPNC, Laboratory of Psychology and
Neurocognition, Université Savoie Mont Blanc, Chambéry, France; eCNRS (Laboratoire de Psychologie et Neurocognition, UMR 5105),
Grenoble, France

ABSTRACT
Studies on French adults using a written lexical decision task with masked priming, in which targets
were more primed by consonant- (jalu-JOLI) than vowel-related (vobi-JOLI) primes, support the
proposal that consonants have more weight than vowels in lexical processing. This study
examines the phonological and/or lexical nature of this consonant bias (C-bias), using a
sandwich priming task in which a brief presentation of the target (pre-prime) precedes the
prime-target sequence, a manipulation blocking lexical neighbourhood effects. Results from
three experiments (varying pre-prime/prime durations) show consistent C-priming and no
significant V-priming at earlier and later processing stages (50 or 66 ms primes). Yet, a joint
analysis reveals a small V-priming, while confirming a significant consonant advantage. This
demonstrates the contribution of the phonological level to the C-bias. Second, differences in
performance comparing the classic versus sandwich priming task also establish a contribution
of lexical neighbourhood inhibition effects to the C-bias.
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Introduction

Nespor et al. (2003) proposed that consonants and vowels
play different roles in language acquisition and lexical
processing in adults. More specifically, the proposal is
that consonants are more important for word processing
(learning and recognition; consonant bias, or C-bias, in
lexical processing) while vowels are more important for
prosodic and syntactic/structural processing (vowel bias,
or V-bias, in prosodic/syntactic processing). This proposal
led to many experimental studies being conducted in
different languages and modalities, and at different
points in development (from birth to adulthood) to evalu-
ate these claims, specify the nature and scope of these
biases and their origin (for recent reviews on the C-bias,
see Nazzi & Cutler, 2019; and Nazzi et al., 2016). In the
present study, we explore the relative role of consonants
and vowels using a masked priming lexical decision task
in the written modality, following up some work by
New and colleagues on French (New et al., 2008; New &
Nazzi, 2014). Using that task, these previous studies
demonstrated a bias for consonants in visual word recog-
nition as target word recognition was facilitated only

when the primes preserved consonantal information
(C-priming, jalu-JOLI), but not when they preserved
vocalic information (vobi-JOLI). By varying the duration
of presentation of the prime (33, 50 and 66 ms), they
further established that these effects do not generate
from the orthographic level, but from the phonological
and/or lexical levels. The main goal of the present study
was to further specify the relative contributions of the
phonological and lexical levels. Secondly, we wanted to
re-evaluate the question of whether vocalic information
can speed up lexical access, given that previous studies
only reported null or inhibition effects.

Many studies conducted on adult speakers of various
languages (French, English, Dutch, Spanish) have
demonstrated a C-bias in auditory lexical processing
(Bonatti et al., 2005; Cutler et al., 2000; Delle Luche
et al., 2014; Havy et al., 2014; van Ooijen, 1996; though
no such evidence could yet be found for tone languages
such as Mandarin and Cantonese, see Gómez et al., 2018;
Poltrock et al., 2018; and Wiener & Turnbull, 2016; for a
review, see Nazzi & Cutler, 2019; a reversed bias was
even found in Mandarin, Wiener, 2020). For example,
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when being asked to transform a nonword into a real
word by changing one phoneme, listeners tend to pre-
serve the consonantal over the vocalic structure so
that kebra would be changed into cobra rather than
into zebra (Cutler et al., 2000; van Ooijen, 1996). Further-
more, data from brain-damaged individuals provide evi-
dence for a differential processing of consonants and
vowels (spelling: Buchwald & Rapp, 2006; repeating
words: Caramazza et al., 2000; reading nonwords: Fer-
reres et al., 2003), suggesting distinct neural loci (see
also neuroimaging studies, e.g. Carreiras & Price, 2008).

While the above studies establish a C/V asymmetry in
lexical access, to the advantage of Cs in most languages,
they do not specify at which processing level the
observed C-bias originates. While it is difficult to disen-
tangle the different levels using auditory tasks, recent
studies suggest that written lexical decision tasks with
priming allow such distinctions, and the present study
will use such methodology to contribute to a clarifica-
tion of the levels that are involved in the C/V lexical
access asymmetry. Several studies on adults have
explored the differential processing of consonants and
vowels in the written modality using masked priming.
This provides a direct way to study C/V differences in
visual word recognition. Furthermore, and more impor-
tantly for our research questions, it allows certain exper-
imental manipulations (of the primes, the targets and
their timing of presentation) known to influence the pro-
cessing levels which are mobilised in a given experimen-
tal condition (which cannot be done in an auditory task).
These manipulations make it possible to specify the rela-
tive contribution of the orthographic, phonological and
lexical levels. Within the extended interactive activation
framework (Grainger & Ferrand, 1996; McClelland &
Rumelhart, 1981), the perception of written nonword
primes first activate sublexical orthographic units
(letter representations) which, in turn, simultaneously
feed forward to the sublexical phonological level
(phoneme representations) and the lexical level (word
representations). Importantly, this framework assumes
that sublexical influences are mainly facilitatory
(between-level facilitation), whereas activation of com-
peting words in the lexicon (e.g. observed following
longer prime exposure durations) are always inhibitory
(within-level inhibition). Previous findings on French
(Ferrand & Grainger, 1993) show that masked primes
presented for 50 ms can activate both the sublexical
orthographic and phonological levels (and possibly
start activating the lexical level). While sublexical ortho-
graphic effects were found following shorter prime pre-
sentations (33 ms), only sublexical phonological effects
were found following longer prime presentations
(>60 ms) and “by 100 msec, both orthographic and

phonological effects are absent, having been cancelled
by within-level lexical inhibition” (Ferrand & Grainger,
1993, p. 122). The manipulation of prime exposure dur-
ation has been found to affect the observation of phono-
logical and orthographic level effects in other studies as
well. For example, Ziegler et al. (2000) used 4 different
prime durations (14, 29, 43, and 57 ms) and different
prime-target overlaps (orthographic, phonological, and
both) and found that the orthographic code activation
precedes the phonological code activation by around
20–30 ms (see also Rastle & Brysbaert, 2006, for simu-
lation data, and Grainger & Holcomb, 2009, for ERP data).

In using written modality tasks to explore a C/V asym-
metry in lexical processing, note that one has to dis-
tinguish between tasks that require phonological access
(for which a C-bias is predicted according to the Nespor
et al., 2003, proposal) and tasks that do not. Regarding
these non-phonological tasks, note that differences in C/
V processing have also been found, for example in a
letter search task (Acha & Perea, 2010a; whether C- or V-
advantage depends on letter position) or a syllable/
word length estimation task (Chetail & Content, 2012,
2014; V-advantage). Importantly, however, these tasks
do not target lexical access so that the locus of such
effects is presumably at the orthographic level. Addition-
ally, C/V differences have also been found using amasked
priming lexical decision task with transposed-letter
primes: Testing Spanish-speaking adults, Perea and
Lupker (2004) found a facilitative effect when primes, pre-
sented for 47 ms, contained transposed nonadjacent con-
sonants (caniso - CASINO), but notwhen primes contained
transposed nonadjacent vowels (anamil - ANIMAL, see
also Lupker et al., 2008, for English material). If it was at
the phonological level, the C-bias hypothesis would
predict the inverse pattern, namely faster word recog-
nition in the consonant-preserving condition (like in
anamil) than in the vowel-preserving condition.
However, this transposed-letter priming effect is very
likely orthographic as only transposed-letter primes
(caniso) but not pseudohomophone primes (kaniso)
speeded up lexical access (Acha & Perea, 2010b).

Going back to lexically-related tasks that involve pho-
nological processing (Nazzi & Cutler, 2019; New & Nazzi,
2014) and for which a C-bias is expected, findings from
the above studies leave open the issue of the locus of
the C-bias in lexical processing when phonology is
involved. Using a different approach, Comesaña et al.
(2016) found that the C/V asymmetry in a masked
priming lexical decision task was present in skilled
readers but not developing readers; since masked pho-
nological priming is not yet in place in developing
readers, they concluded that the effects found in
skilled readers should originate from the phonological
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rather than the orthographic level. In a related but dis-
tinct line of experiments, using only consonant or
vowel skeletons, Duñabeitia and Carreiras (2011)
demonstrated that consonant-only (csn - casino) but
not vowel-only (aia - animal) primes facilitate target
word recognition at both 50 ms and 33 ms prime
exposure duration. The authors interpreted this as evi-
dence for the orthographic nature of the C-bias, given
the data obtained in lexical decision tasks with masked
priming conducted in French, which had found only
orthographic effects for shorter prime presentations
(33 ms) and only phonological effects for longer prime
presentations (>60 ms; Ferrand & Grainger, 1993). This
inference is, however, questionable given that higher
grapheme-phoneme transparency in Spanish than in
French might result in an earlier phonological
influence in Spanish compared to French.

Hence, the written-modality studies presented in the
above section overall support the conclusion that the
C/V asymmetry in lexical processing does not originate
from the orthographic level. This is congruent with the
fact that the C-bias in lexical processing has also been
found both in auditory lexical priming tasks in adulthood
(Delle Luche et al., 2014) and in word learning or word
processing tasks in preliterate infants and children
(Bouchon et al., 2015; Hochmann et al., 2011; Nazzi,
2005; Nishibayashi & Nazzi, 2016; Poltrock & Nazzi,
2015). What the previous studies have not done
though is to explore whether the non-orthographic
locus of the C/V processing asymmetry only relates to
phonological processing, or whether it comes from the
lexical level or both. Investigations into this issue were
started in two studies using replaced-letter primes,
which were conducted in French, the language tested
in the present experiments (New et al., 2008; New &
Nazzi, 2014). In the first study (New et al., 2008), four
types of primes were presented for 50 ms; these
primes either shared their consonants (e.g. duvo-DIVA)
or their vowels (e.g. rifa-DIVA) with the targets, had no
letter/phoneme overlap with the targets (e.g. rufo-
DIVA), or were identical to the targets (e.g. diva-DIVA).
A priming effect was observed for the consonant-
related primes but not the vowel-related primes,
demonstrating that consonants are more important
than vowels in visual word recognition. To explore the
level at which this effect originates, and given that the
Ferrand and Grainger (1993) findings of only ortho-
graphic effects for 33 ms prime presentations and only
phonological effects for prime presentations longer
than 60 ms had been found for the same language
(French), New and Nazzi (2014) reconducted New et al.
(2008) study using shorter (33 ms) or longer (66 ms)
prime presentation. For the shorter prime condition,

no processing difference was observed between conso-
nant- and vowel-related primes, ruling out the interpret-
ation of an orthographically-based bias. For the longer
prime conditions (either 66 ms, or 50 ms followed by
16 ms of blank), a processing difference between conso-
nant- and vowel-related primes was found, to the advan-
tage of consonants. It also appeared that compared to
the 50 ms condition (New et al., 2008), the consonant
condition advantage over the vowel condition resulted
from the fact that vowels inhibited target word recog-
nition while consonants only had the tendency to facili-
tate it. In terms of processing levels, New and Nazzi
(2014) proposed that their pattern of findings might
result from two distinct effects. The first one would cor-
respond to a C-advantage originating from the phonolo-
gical level, which was the original hypothesis of the
authors and is consistent with the original proposal
from Nespor et al. (2003). However, they suggested
that a second effect might originate from the lexical
level (cf. Keidel et al., 2007, for a related proposal). This
proposal was based on findings that in masked
priming procedures, the size of shared neighbourhoods
between a target and its prime will determine the size of
the priming effect, with smaller facilitation found for
larger shared neighbourhoods (for nonword primes in
Dutch: Van Heuven et al., 2001; for word primes in
English: Davis & Lupker, 2006). As mentioned above, in
the interactive activation model, these effects are
thought of as by-products of inhibition mechanisms
within the lexicon (McClelland & Rumelhart, 1981).
Shared phonological neighbourhood analyses of the
New and Nazzi (2014) stimuli revealed that on average
for all targets, vocalic primes shared their vocalic skel-
eton with 250 other words besides the target while
the consonant primes shared their consonantal skeleton
with only 32 neighbours, an asymmetry also reported for
the French lexicon in previous studies (Delle Luche et al.,
2014; Keidel et al., 2007; Nazzi & New, 2007).1

The authors proposed that this marked imbalance in
shared neighbourhoods might combine with the phono-
logical consonant advantage to explain their results at
50 and 66 ms in the following way. At 50 ms, sublexical
phonological activation of consonant units paired with
just-emerging lexical inhibitory influences from small-
sized neighbourhoods would result in facilitatory
priming from consonant-related primes; on the other
hand, the lack of priming by vowel-related primes
would result either from no or reduced phonological
activation of vowels, or because such sublexical facili-
tation is present but cancelled by inhibitory influences
from large-sized neighbourhoods. At 66 ms, changes in
the effects observed would be due to increased lexical
inhibition, which would have had more time to
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develop, giving rise to more inhibition in particular for
the vowel-related primes. This would explain both the
small consonant-related facilitation and the vowel-
related inhibition compared to the results at 50 ms.

While the above explanation fits the findings rather
well, it leaves several unanswered questions that the
present study starts addressing. In particular, while pho-
nologically-based consonant-related priming is needed
to explain the pattern of priming at 50 ms, it is unclear
whether such an effect is still present at 66 ms. More-
over, no vowel-related priming was ever found in the
previous experiments, and it is unclear whether this is
due to the fact that vowels have no facilitatory effect
at the phonological level, or whether such effects were
consistently masked by inhibition from large shared
skeleton neighbourhoods, whether the prime was 50
or 66 ms long.

In the present study, we explore these issues by using
a “sandwich priming” task, a modification of the masked
priming paradigm that has been shown to eliminate or
at least considerably minimise the impact of lexical inhi-
bition in the process of activating the target (Lupker &
Davis, 2009; Stinchcombe et al., 2012). Compared to
the classic priming technique used by New and col-
leagues, in the “sandwich priming” technique, the
target is briefly presented (for 33 ms) before the prime-
target sequence. As a result, the target is therefore
pre-activated, which would boost its activation in com-
parison to other candidates from the shared neighbour-
hood activated by the prime-target sequence, which
would then limit lexical inhibition when recognising
the target. Therefore, differences found between
different priming conditions (here, the consonant- and
vowel-related conditions) would signal effects from the
sublexical phonological level and not/less from lexical
competition. Note that there are different explanations
for the increase of priming in the sandwich technique
(see Trifonova & Adelman, 2018, who proposed that pre-
lexical processes drive the boost) and regarding whether
the two techniques explore identical or slightly different
processes, as suggested by Fernández-López et al.
(2021). Additional work is clearly needed to specify
these issues, although Fernández-López et al. (2021)
encourage researchers to continue using the sandwich
technique, as we do here.

Experiment 1 assessed phonological effects in deter-
mining the C-bias following a 50 ms prime (as done by
New et al., 2008), and here the prime was preceded by
a 33 ms pre-prime corresponding to the target, hence
following Lupker and Davis (2009). Since the sandwich
paradigm is expected to block lexical effects, we
predict that a C-bias should be observed in this con-
dition, as in New et al. (2008), if consonants prime

lexical access more than vowels at the phonological
level. It will also be of interest to determine whether
some vocalic priming is obtained in this condition, con-
trary to what was found using the classic priming para-
digm. This will bear on the issue of whether the lack of
vocalic priming previously reported is due to a lack of
vocalic priming at the phonological level, or a combi-
nation of phonological priming with equally strong inhi-
bition effects from the lexicon.

Experiment 1 (pre-prime: 33- prime: 50 ms)

Method

Participants
Forty-eight students from the Université Savoie Mont-
Blanc took part in the experiment. They were all native
French speakers and had normal or corrected-to-
normal vision.

Stimuli and design
The targets were 60 of the 64 French words used as
targets by New et al. (2008): 15 CVCV, 15 VCVC, 15
CVCVCV, and 15 VCVCVC. Targets were presented in
uppercase and were preceded by primes in lowercase.
Primes had the same orthographic and phonological
structure as the target. For each target, three types of
primes were selected: 1) Non-word prime sharing all
consonants with the target (duvo - DIVA), 2) non-word
prime sharing all vowels with the target (rifa - DIVA)
and 3) unrelated prime (rufo - DIVA). Primes and
targets were chosen so that there was a one-to-one cor-
respondence between letters and phonemes. Moreover,
French is relatively transparent from graphemes to pho-
nemes (while the opposite is not true), and there were
no grapheme-to-phoneme ambiguities in our stimuli.
Compared to New et al. (2008), we did not include the
identity condition because in the current experiment,
the prime was likely to be more visible (given the pres-
entation of the pre-prime) and this could have attracted
the attention of the participants.

We also used 60 fillers from which 12 were 4-letter
words, 36 were 5-letter words, and 12 6-letter words,
also taken from New et al. (2008). This was done to
prevent the participant from guessing the manipulation
in the experiment. Without fillers, the participants might
have rapidly noticed the repeating syllable structures
which could provoke specific reading strategies. More-
over, 120 pseudowords were taken from New et al.
(2008), which respected French phonotactics rules and
had the same proportion of various orthographic/pho-
nological structures as the words (targets and distrac-
tors). Two out of three fillers or pseudowords were

4 S. SCHMANDT ET AL.



preceded by unrelated primes and one out of three were
preceded by partially related primes. Three experimental
lists were constructed in which prime-target pairs were
rotated according to a Latin-square design, so that a
given target was primed by one type of prime in each
list, and by all the different types of prime across the 3
lists. Each participant was presented with only one list.

Procedure
Participants were tested individually in a quiet room.
They were asked to indicate as quickly and accurately
as possible whether the presented letter string appear-
ing on the computer screen formed an existing French
word or not. They did so by pressing one of two
buttons of a response pad. They used their dominant
hand to respond “yes”. Each trial began with the pres-
entation of the mask (######) during 500 ms. It was fol-
lowed by the target presented in uppercase during
33 ms and then, by the prime presented in lowercase
during 50 ms. Finally, the prime was followed by the
target in uppercase which remained visible until the
participant responded (with a maximum presentation
of 3s). Between trials, there was a 1300 ms black
screen interval. The order of presentation of the
stimuli was randomised anew for each participant and
presented with the E-Prime 1.2 software (Psychology
Software Tools) on a CRT screen having a 60Hz
refresh rate. The test items were preceded by twenty
practice trials. The participants could take a short
break after each block of 80 trials. The experiment
lasted approximately 20 min.

Results and discussion

Reaction times (RTs, latency) and response accuracy
(proportion of correct responses) were analyzed. Only
RTs of correct responses were included in the latency
analysis and, additionally, any RTs faster than 300 ms
or slower than 1,400 ms were identified as outliers and
removed (0.99% of the RTs, all being slower than
1,400 ms). These cutoffs were the same as those used
by New et al. (2008) and New and Nazzi (2014). Then,
for each subject, RTs of more than two and a half stan-
dard deviations above or below the mean were also dis-
carded (2.67% of the RTs). Mean RTs (in ms) and
response accuracy (in %) together with their standard
deviations for the three priming conditions are shown
in Table 1 for the sandwich (present experiment) and
classic (New et al., 2008) priming task. We carried out
two linear mixed-effects models (lme) on the log-trans-
formed RTs (log10) using the function lmer of the R
package lm4, with random intercept effects for

participants and items (Bates, Maechler, Bolker, &
Walker, 2015), and the package languageR (Baayen &
Shafaei-Bajestan, 2019) to obtain p-values.

A first model focused on the sandwich priming task
and included, according to the analyses of New et al.
(2008) and New and Nazzi (2014), the fixed effects of
Prime Type (compared in sliding contrasts: consonant-
related vs. unrelated; unrelated vs. vowel-related),
Target Type (targets beginning with a consonant or a
vowel),2 and the interaction between Prime Type and
Target Type. We specified those two contrasts for Prime
Type (consonant- and vowel-related against the unre-
lated condition, respectively) in order to assess vowel-
and consonant-priming separately in the model.
Additionally, the vowel- and consonant-related con-
ditions were compared using the emmeans package
(Lenth, 2021; corrected for multiple comparisons using
the Holm–Bonferroni procedure). The model coefficients
(β), their estimated standard errors (SE), t-scores and the
respective p-values for the fixed effects are provided in
Table 2. We found a C-priming effect (β = 0.025, SE =
0.003, t = 7.08, p < .001) with shorter reaction times for
the consonant-related trials than for unrelated trials
(see Fig. 1, left panel). Differences between the vowel-
related and the unrelated condition did not reach signifi-
cance (p = .09). The direct comparison between the con-
sonant- and vowel-related condition revealed
significantly faster latencies for C-primes than for V-
primes (t(2254) = 5.332, p < .001). Lastly, neither a main
effect of Target Type nor an interaction effect with
Target Type was found (t < 1).

Although it has been shown that masked priming
effects are not modulated by word frequency in behav-
ioural data (e.g. Grainger et al., 2012), we decided to add
lexical and phonological frequency measures to the
model, as suggested by a reviewer, to check whether
the relative consonant–vowel priming effect might be
affected by those frequency measures. Both lexical fre-
quency (estimated by film subtitles; www.lexique.org)
and phonological frequency (calculated as averaged fre-
quency of the word’s phonemes according to their pos-
ition in the word (initial, middle, final) and by token)
were log-transformed (log10), scaled and centred
before entering the model. We found a significant
main effect for lexical frequency (β =−0.013, SE =
0.004, t =−3.45, p < .01) in the expected direction (the
more frequent the target word the faster the RTs),
though not for phonological frequency (t < 1). Neither
lexical nor phonological frequency interacted with the
relative priming effect (both ps > .41), in line with prior
data on non-modulation of masked priming effects in
behavioural experiments.

LANGUAGE, COGNITION AND NEUROSCIENCE 5

http://www.lexique.org


For the accuracy analysis, a generalised lme (gmler
function in the lme4 package) with binomial variance
and logistic link function was used, and the specified
contrasts were identical to the ones in the latency analy-
sis (sliding contrasts for Target Type: C- vs. V-initial words;
and Prime Type: C-U consonant priming, V-U vowel
priming; with by-subjects and by-items intercepts). It
revealed a significant interaction effect of Target Type

and consonant priming (β = 0.632, SE = 0.305, z = 2.075,
p = .04) with higher accuracy rates for C-related
primes than for unrelated primes in C-initial words
(meanC-related = 92.1%; meanunrelated = 88.1%, z = 2.462,
p = .01) but not in V-initial words (meanC-related = 79.8%;
meanunrelated = 81.7%, z < 1); no other (main or inter-
action) effects were found (all ps > .10).

In order to compare our present sandwich priming
results with those obtained using the classic priming
paradigm (New et al., 2008) in which 50 ms primes
were also used (reported here in Table 1), a second
model on RTs included Prime Type and Paradigm Type
and their interaction as fixed effects and again partici-
pants and items as random effects. Since no effect on
RTs was found for Target Type in neither the sandwich
nor the classic priming task, this factor was not included.
Prime Type comparisons were again implemented as a
sliding contrast (consonant-related vs. unrelated; unre-
lated vs. vowel-related); the Paradigm Type comparison
was implemented as a treatment contrast. As treatment
contrasts automatically use the first level as the refer-
ence group (here it was set to “Classic Paradigm”), the
model output for the factor Prime Type thus refers to
the mean of the classic paradigm data. This was done
to replicate the results for the Classic Paradigm when
analyzing all items, log-transformed RTs and a linear
mixed-effects model instead of untransformed RTs and
F1/F2 ANOVAs that have been reported by New et al.
(2008).

The model coefficients (β), standard errors (SE), t- and
p-values are provided in Table 3. For the classic priming
paradigm, targets preceded by consonant-related
primes were responded to faster than targets preceded
by unrelated primes (β = 0.011, SE = 0.004, t = 2.85, p =
0.004), whereas no difference was found between
vowel-related and unrelated primes (t < 1). The direct
comparison between the consonant- and vowel-
related condition in the classic paradigm (using the
emmeans package, Holm–Bonferroni corrected) revealed
significantly faster latencies for C-primes than for V-

Table 1. Mean lexical decision reaction times (in ms; SDs in brackets) and response accuracy (in %, SDs in brackets) for 50 ms primes,
in the classic (New et al., 2008) versus sandwich priming task (present Exp. 1) and for 66 ms primes, in the classic (New & Nazzi, 2014,
Exp. 2) versus sandwich priming tasks (present Exp. 2–3).

Experiment

1 (50 ms prime) 2 (66 ms prime) 3 (66 ms prime)
Sandwich (33 ms pre-prime) Classic Priming Sandwich (33 ms pre-prime) Classic Priming Sandwich (50 ms pre-prime)

Latency
C-related 621 (125) 631 (131) 635 (142) 610 (116) 638 (138)
V-related 649 (135) 651 (130) 643 (133) 648 (127) 644 (142)
Unrelated 657 (136) 649 (139) 648 (122) 621 (120) 653 (137)
Accuracy
C-related 85.9 (34.8) 85.5 (34.8) 87.0 (33.7) 84.0 (36.7) 84.5 (36.2)
V-related 84.4 (36.3) 82.3 (38.2) 84.7 (36.0) 77.1 (42.1) 84.7 (36.0)
Unrelated 84.9 (35.8) 85.7 (35.0) 86.3 (34.3) 83.7 (36.9) 85.7 (35.0)

Table 2. Results of model 1 including Prime Type and Target
Type as fixed factors (sandwich experiments). The R formula
was: log10(RT) ∼ TypeCV * Prime + (1|Subject) + (1|Word).

β
(Estimate) SE

t-
value

Probability
> |t|

Experiment 1: 33-50 ms
(Intercept) 2.804 0.007 392.14 <.001
C- vs. V-starting (Target
Type)

0.003 0.009 0.35 0.73

Consonant-related vs.
Unrelated (C-U; Prime Type
contrast 1)

0.025 0.004 7.08 <.001

Vowel-related vs. Unrelated
(U-V; Prime Type contrast
2)

−0.006 0.004

−1.72 0.09
Target Type * C-U −0.005 0.007 −0.69 0.49
Target Type * V-U 0.002 0.007 0.35 0.73
Experiment 2: 33-66 ms
(Intercept) 2.805 0.007 384.70 <.001
C- vs. V-starting (Target
Type)

0.015 0.010 1.52 0.13

Consonant-related vs.
Unrelated (C-U; Prime Type
contrast 1)

0.014 0.003 3.25 0.001

Vowel-related vs. Unrelated
(U-V; Prime Type contrast
2)

−0.004 0.003 −1.21 0.23

Target Type * C-U −0.004 0.007 −0.55 0.58
Target Type * V-U 0.002 0.007 0.28 0.78
Experiment 3: 50-66 ms
(Intercept) 2.806 0.008 335.51 <.001
C- vs. V-starting (Target
Type)

0.015 0.009 1.62 0.11

Consonant-related vs.
Unrelated (C-U; Prime Type
contrast 1)

0.009 0.003 2.65 0.008

Vowel-related vs. Unrelated
(U-V; Prime Type contrast
2)

−0.005 0.003 −1.47 0.14

Target Type * C-U −0.008 0.007 −1.07 0.28
Target Type * V-U 0.005 0.007 0.76 0.45
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primes (z =−3.625, p = .004). This confirms the pattern
that has been reported in New et al. (2008). There was
no main effect of Paradigm Type; yet Paradigm Type
interacted significantly with consonant priming (β =
0.014, SE = 0.005, t = 2.82, p = 0.005) and there was a
non-significant but marginal interaction with vowel
priming (β =−0.009, SE = 0.005, t =−1.88, p = 0.06).

The analyses on the accuracy data first included
Target Type, Prime Type (sliding contrasts) and Paradigm
Type (treatment contrast) with by-subjects and by-
items intercepts. However, this model did not con-
verge, therefore the presented results are from the
model excluding the factor Target Type. For the
classic paradigm, a main effect of vowel priming was
found (β =−0.367, SE = 0.165, z =−2.23, p = .03) with
significantly lower accuracy rates for vowel-related
primes (82.3%) than unrelated primes (85.7%). Note
that this vowel-disadvantage has not been found
with the F1/F2 analysis in New et al. (2008). There
was again no main effect of Paradigm Type, but there
was a non-significant but marginal interaction
between Paradigm Type and vowel priming (β = 0.387,
SE = 0.220, z = 1.76, p = 0.08).

The present findings using 50 ms primes demonstrate
similar priming effects when using a classic priming
paradigm and a sandwich priming paradigm blocking

lexical inhibition effects. In particular, in both paradigms,
we find a C-bias marked by priming from consonant- but
not from vowel-related primes. Importantly, however,
consonants gave significantly more priming in the sand-
wich paradigm as compared to the classic paradigm.
This pattern of results provides evidence that the sand-
wich priming technique worked and suggests that this
early C/V priming asymmetry comes from a combination
of a privileged processing of consonantal information at
the phonological level (facilitatory priming in the classic
paradigm) which is complemented by effects at the
lexical level (boost in lexical access due to lexical preac-
tivation of the target by the pre-prime and blocking of
inhibition effects of the lexical neighbourhood in the
sandwich paradigm).

Even though vowels show a tendency (p = .06) to also
profit from blocking neighbourhood effects, this effect
fails to reach significance, and again, no priming effect
from vocalic information is found at 50 ms with the
sandwich technique. In light of the effects found for con-
sonants, this pattern of results suggests that there is no
phonological boost from vowels at 50 ms, even when, as
in the sandwich paradigm, neighbourhood inhibition
effects are blocked or at least reduced. Yet, because of
the marginal interaction, we considered the possibility
that a phonological boost from vowels might be

Figure 1. Effect of consonant and vowel priming as a function of prime duration and paradigm type: 50 ms (classic vs. sandwich,
Experiment 1) and 66 ms (classic vs. sandwich 33 ms pre-prime in Experiment 2 vs. sandwich 50 ms pre-prime in Experiment 3).
Error bars indicate standard errors of the mean.
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observed in the sandwich paradigm at a later processing
stage.

Accordingly, Experiment 2 assessed phonological
effects in determining the C-bias at a later stage of
lexical processing, that is, following a 66 ms prime,
again using the sandwich paradigm and a 33 ms pre-
prime. Using the classic priming paradigm with 66 ms
primes, New and Nazzi (2014) had found a C-bias due
to reduced priming by consonants (compared to the
finding using 50 ms primes) and strong inhibition by
vowels (compared to null effects using 50 ms primes),
changes which they had interpreted as resulting from
lexical neighbourhood effects, in particular for the
vowel-related inhibition. Since the sandwich paradigm
blocks lexical neighbourhood effects, we predict that
the results in Experiment 2 should differ from those of
New and Nazzi (2014), with more priming from conso-
nants, and less inhibition or even facilitation from
vowels. If the C-bias found at 66 ms by New and Nazzi
(2014) was still at least in part due to phonological
effects, then we should replicate a C-bias. Whether
some vocalic priming would be found in this condition
blocking lexical inhibition will also be evaluated.

Experiment 2 (pre-prime: 33- prime: 66 ms)

Method

Participants
Forty-eight students from the Université Savoie Mont-
Blanc took part in the experiment. They did not partici-
pate in Experiment 1 and were all native French speakers
and had normal or corrected-to-normal vision.

Stimuli and design
The stimuli were the same as in Experiment 1.

Procedure
The procedure was the same as in Experiment 1 except
that the targets were presented for 66 ms.

Results and discussion

Reaction times (RTs, latency) and response accuracy
(proportion of correct responses) were analyzed. Again,
only RTs of correct responses were included in the
latency analyses and any RTs faster than 300 ms or
slower than 1,400 ms were identified as outliers and
removed (0.99% of the RTs, all being slower than
1,400 ms). Then, for each subject, response times of
more than two and a half standard deviations above
or below the mean were also discarded (2.45% of the
RTs).

As for Experiment 1, a first model analyzed the sand-
wich priming data and included the fixed effects of Prime
Type, Target Type and the interaction between Prime
Type and Target Type. For the latency analysis, the
model coefficients (β), their estimated standard errors
(SE), t-scores and the respective p-values for the fixed
effects are provided in Table 2. We found a C-priming
effect (β = 0.011, SE = 0.003, t = 3.25, p = 0.001) with
shorter RTs for the consonant-related trials than for
unrelated trials (see Figure 1, middle panel). Differences
between the vowel-related and the unrelated condition
were not significant. The direct comparison between the
consonant- and vowel-related condition (emmeans
package, Holm–Bonferroni corrected) revealed non-sig-
nificant but marginal faster latencies for C-primes than
for V-primes (t(2289) =−2.02, p = .09). Neither a main
effect of Target Type nor an interaction effect with
Target Type was found (t < 1). An additional analysis
(conducted as described for Experiment 1) verified that
neither lexical nor phonological frequency interacted
with relative C-V priming (both ps > .19), again confi-
rming the non-modulation of masked-priming effects
by frequency.

Table 3. Results of model 2 including Prime Type and Paradigm
Type as fixed factors (comparing classic and sandwich
experiments). The R formula was: log10(RT) ∼ Prime *
Experiment + (1|Subject) + (1|Word).

β
(Estimate)

Standard
Error

t-
value

Probability
> |t|

Experiment 1: 33-50 ms
(Intercept) 2.804 0.008 368.61 <.001
Consonant-related vs.
Unrelated (C-U; classic
paradigm only)

0.011 0.004 2.85 0.004

Vowel-related vs.
Unrelated (U-V; classic
paradigm only)

0.003 0.004 0.82 0.41

Paradigm Type 0.002 0.009 0.21 0.83
Paradigm Type * C-U 0.014 0.005 2.82 0.005
Paradigm Type * U-V −0.009 0.005 −1.88 0.06
Experiment 2: 33-66 ms
(Intercept) 2.795 0.007 400.84 <.001
Consonant-related vs.
Unrelated (C-U; classic
paradigm only)

0.010 0.004 2.54 0.01

Vowel-related vs.
Unrelated (U-V; classic
paradigm only)

0.017 0.004 4.25 <.001

Paradigm Type 0.010 0.007 1.37 0.17
Paradigm Type * C-U 0.002 0.005 0.34 0.73
Paradigm Type * U-V −0.022 0.005 −4.11 <.001
Experiment 3: 50-66 ms
(Intercept) 2.795 0.008 368.04 <.001
Consonant-related vs.
Unrelated (C-U; classic
paradigm only)

0.010 0.004 2.54 0.01

Vowel-related vs.
Unrelated (U-V; classic
paradigm only)

0.017 0.004 4.25 <.001

Paradigm Type 0.010 0.007 1.37 0.17
Paradigm Type * C-U −0.002 0.005 −0.03 0.97
Paradigm Type * U-V −0.022 0.005 −4.26 <.001
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The analysis on the accuracy data revealed a main
effect of Target Type (β =−0.882, SE = 0.422, z =−2.09,
p = .04) with lower accuracy rates for V-initial (80.5%)
than C-initial words (91.5%); no other effects were
found (all ps > .20).

The secondmodel including Prime Type and Paradigm
Type compared the sandwich priming results with those
obtained using the classic priming paradigm (New &
Nazzi, 2014, see Table 1 for mean RTs and accuracy in
both paradigms). For the latency analysis, the output
for the fixed effects of model 2 is given in Table 3.
Within the classic paradigm, targets preceded by conso-
nant-related primes were processed significantly faster
than targets preceded by unrelated primes (β = 0.010,
SE = 0.004, t = 2.54, p = 0.01). Targets preceded by
vowel-related primes were processed significantly
slower than those preceded by unrelated primes (β =
0.017, SE = 0.004, t = 4.25, p < 0.001). The direct compari-
son between the consonant- and vowel-related con-
dition in the classic paradigm (using the emmeans
package, Holm–Bonferroni corrected) revealed signifi-
cantly faster latencies for C-primes than for V-primes (z
=−6.75, p < .001). This confirms the basic pattern that
has been reported in New and Nazzi (2014, Exp. 2)
with the difference that here the marginal C-priming
effect from 2014 turned out to be a significant effect
using mixed-models and log-transformed RTs. No
overall RT differences between the sandwich and the
classic paradigm were obtained overall (p = .17),
however, Paradigm Type interacted significantly with
vowel priming (β =−0.022, SE = 0.005, t =−4.11, p <
0.001), though not with consonant priming (t < 1).

The analysis on the accuracy data revealed a main
effect of vowel priming in the classic paradigm (β =
−0.598, SE = 0.154, z =−3.89, p < .001) with lower accu-
racy rates for V-related (77.1%) than unrelated primes
(83.7%). The direct C-V comparison (using the
emmeans package, Holm–Bonferroni corrected) revealed
also significantly lower accuracy rates for V-primes than
C-primes (z =−6.75, p < .001). Paradigm Type interacted
marginally with vowel-priming (β = 0.406, SE = 0.213, z
= 1.91, p = .06), but not with consonant-priming (z < 1).
In sum, the sandwich paradigm mainly affected vowel
priming at 66 ms primes as reflected in both latency
(no inhibition effect anymore) and accuracy data
(equal error rates).

The fact that the different types of primes did not
have the same effect in the two experimental paradigms
suggests, again, that the presentation of the pre-prime
did have an effect on processing. However, this effect
appears to differ for consonants and vowels. Since the
sandwich paradigm reduces lexical neighbourhood
inhibitory effects, the interaction results suggest that

lexical inhibition was significantly reduced but only for
vowel-related primes. The larger effect for vowels
could be due to the larger size of the lexical neighbour-
hoods for the vowel-related primes compared to the
consonant-related primes. Why no significant effect of
paradigm type could be observed for consonants at
66 ms (while it could be observed at 50 ms, Exp. 1) is
unclear, but suggests that the time course of phonologi-
cal and lexical effects might partly differ for consonants
and vowels.

However, since inhibition was particularly strong for
vowels at 66 ms in the classic priming paradigm, and
since that inhibition was cancelled but did not give
rise to priming in the sandwich paradigm (as would be
expected if vowels can also provide a phonological
boost), we decided to explore the possibility that the
33 ms pre-primes were not of ideal duration for the
longer 66 ms primes, and conducted a further exper-
iment, in which we replicated Experiment 2 using a
50 ms pre-prime which should limit even more the
potential influence of lexical neighbours.

Experiment 3 (pre-prime: 50 – prime: 66 ms)

Method

Participants
Forty-eight students from the Université Savoie Mont-
Blanc took part in the experiment. They did not partici-
pate in Experiments 1 and 2, and were all native
French speakers and had normal or corrected-to-
normal vision.

Stimuli and design
The stimuli were the same as in Experiment 2.

Procedure
The procedure was the same as in Experiment 2 except
that the pre-primes were presented for 50 ms.

Results and discussion

Reaction times (RTs, latency) and response accuracy
(proportion of correct responses) were analyzed. Again,
only response times of correct responses were included
in the analyses. In addition, any RTs faster than 300 ms or
slower than 1,400 ms were identified as outliers and
removed (0.99% of the RTs, all being slower than
1,400 ms). Then, for each subject, RTs of more than
two and a half standard deviations above or below the
mean were also discarded (2.62% of the RTs).

For the latency analysis, the coefficients (β, SE, t-
scores, p-values) for the fixed effects of the first model
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including Prime Type, Target Type and the interaction
between Prime Type and Target Type are provided in
Table 2. Within the sandwich paradigm, we found a C-
priming effect (β = 0.009, SE = 0.003, t = 2.65, p = 0.008)
with shorter reaction times for the consonant-related
trials than for unrelated trials (see Figure 1, right
panel). Differences between the vowel-related and the
unrelated condition were not significant (t =−1,47; p =
0.14). The direct C-V comparison revealed no differences
between the consonant- and vowel-related conditions
(Holm–Bonferroni corrected, t(2256) =−1.18, p = .28).
Neither a main effect of Target Type nor an interaction
effect with Target Type was found. An additional analysis
(conducted as described for Experiment 1) verified that
neither lexical nor phonological frequency interacted
with relative C-V priming priming (both ps > .22), again
confirming the non-modulation of masked-priming
effects by word frequency.

The analysis on the accuracy data did not show any
significant main or interaction effect (all ps > .11).

The second model compared the sandwich priming
results with those obtained using the classic priming
paradigm (New & Nazzi, 2014, see Table 1 for mean
RTs and response accuracy and their SDs). The output
for the fixed effects of model 2 is given in Table 3 for
the latency analysis. The results within the classic para-
digm are identical to what have been reported for Exper-
iment 2 earlier as it is the same data set: significant C-
priming and significant V-inhibition. No overall RT differ-
ences between the sandwich and the classic paradigm
were obtained overall (t = 1.37, p = 0.17). However, Para-
digm Type interacted again significantly with vowel
priming (β =−0.022, SE = 0.005, t =−4.26, p < 0.001),
though not with consonant priming (t < 1).

The accuracy analysis revealed (as for Experiment 2) a
main effect of vowel priming in the classic paradigm (β
=−0.625, SE = 0.157, z =−3.982, p < .001; with lower
accuracy rates for V-related 77.1%, than unrelated
primes 83.7% or C-primes 84.0%). Paradigm Type inter-
acted significantly with vowel-priming (β = 0.478, SE =
0.218, z = 2.19, p = .03), but not with consonant-
priming (z < 1). In sum, the sandwich paradigm mainly
affected vowel priming at 66 ms primes as reflected in
both latency (no inhibition effect anymore) and accuracy
data (equal error rates).

Like the results of Experiment 2, the present results
show that the presentation of the pre-prime had an
impact on processing, suggesting that some of the
effects found in New and Nazzi (2014) were due to
lexical neighbourhood inhibition processes, which are
blocked in the present experiment by the sandwich
manipulation. Importantly though, confirming the
result observed in Experiment 1 and 2, we find here

that consonant-related primes facilitate lexical decision.
This demonstrates that consonants still provide a pho-
nological boost in lexical access at 66 ms, as found at
50 ms in Experiment 1. Moreover, we again fail to find
vowel-related priming, even at this later processing
stage (66 ms) and in this condition of reduced lexical
neighbourhood inhibition. At the same time, the vowel
inhibition found at 66 ms using the classic priming para-
digm is not present anymore, confirming the interpret-
ation in terms of lexical neighbourhood effect
proposed by New and Nazzi (2014).

Joint analysis

In order to increase statistical power and to compare the
results obtained in the current three sandwich exper-
iments using different pre-prime and prime durations
(Exp1: 33-50 ms, Exp 2: 33–66 ms, Exp3: 50–66 ms), a
joint sandwich analysis was conducted including Prime
Type (again, contrasts were defined as C-U and V-U)
and experimental version (sliding contrast: Exp1-Exp2;
Exp2-Exp3) as fixed effects and by-subjects (N = 144)
and by-items intercepts (n = 60). The latency analysis
showed a significant overall consonant-priming effect
(β =−0.016, SE = 0.002, t = 7.70, p < 0.001) with faster
RTs for consonant-related (mean RTs = 631 ms) than for
unrelated primes (mean RTs = 653 ms) and a significant
overall vowel-priming effect (β = 0.005, SE = 0.002, t =
−2.67, p = .008) with faster RTs for vowel-related (mean
RTs = 645 ms) than unrelated primes. The difference
between consonant- and vowel-related primes
(−14 ms) also reached significance (z =−5.00, p < .001,
Holm–Bonferroni corrected) confirming an overall con-
sonant over vowel advantage. Experimental version did
not show any main effects (ps > .82), but there was a sig-
nificant interaction of consonant-priming and exper-
imental version (β = 0.014, SE = 0.005, t =−2.80, p
= .005) with a greater consonant-priming in Experiment
1 (−36 ms) than in Experiment 2 (−13 ms). No other
effects reached significance (ps > .65). Lastly, the accu-
racy analysis revealed no significant effects (ps > .20).
In sum, with increased statistical power, vowel-priming
is found when applying the sandwich procedure while
the overall consonant-advantage is confirmed.

To compare the results obtained in the sandwich
experiments with the results obtained in the two
classic experiments, a second model including Paradigm
Type (again specified as a treatment contrast with
“classic paradigm” defined as reference group) and
Prime Type (sliding contrasts: C-U, V-U) as fixed effects
and by-subjects (N = 192) and by-items intercepts (n =
64) was conducted. Note that the third sandwich exper-
iment (50–66 ms) was excluded for this analysis in order
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to evaluate the paradigm effect in a balanced design (2
experiments per paradigm, with 50 and 66 ms primes
each). The latency analysis showed for the classic para-
digm (merged for the two experimental versions) an
overall consonant-priming effect (β = 0.010, SE = 0.003,
t = 3.76, p < 0.001) with faster RTs for consonant-related
(mean RTs = 620 ms) than for unrelated primes (mean
RTs = 635 ms) and a significant overall vowel-inhibition
effect (β = 0.010, SE = 0.003, t = 3.60, p < .001) with
slower RTs for vowel-related (mean RTs = 650 ms) than
unrelated primes. The difference between consonant-
and vowel-related primes (−30 ms) also reached signifi-
cance (z =−7.29, p < .001, Holm–Bonferroni corrected)
confirming an overall consonant over vowel advantage
in the classic paradigm. The main effect of Paradigm
Type was not significant (t = 1.06, p = .29), but Paradigm
Type interacted significantly with vowel-related
priming (β =−0.016, SE = 0.004, t =−4.25, p < .001)
confirming that the vowel-inhibition effect (+15 ms) in
the classic paradigm turned into a vowel-facilitation
effect (−6 ms) in the sandwich paradigm. The interaction
between consonant-related priming and Paradigm Type
was also significant (β = 0.008, SE = 0.004, t = 2.23, p
= .03) with a bigger consonant priming in the sandwich
(−24 ms) as compared to the classic paradigm (−15 ms).
Moreover, the C-V difference was significantly bigger in
the classic (−30 ms) than in the sandwich (−18 ms) para-
digm (β =−0.008, SE = 0.004, t =−2.03, p < .04).

The accuracy analysis revealed for the classic para-
digm (again, merged for the two experimental versions)
a significant vowel-inhibition effect (β =−0.488, SE =
0.113, z =−4.31, p < .001) with lower response accuracy
for vowel-related primes (mean accuracy = 79.7%) than
unrelated primes (mean accuracy = 84.7%). The conso-
nant-related condition (mean accuracy = 84.8%) did
not differ from the unrelated condition (z < 1), but
from the vowel-related condition (z = 4.42, p < .001,
Holm–Bonferroni corrected). Both paradigms did not
differ in their mean response accuracies (z < 1), but
there was a significant interaction of Paradigm Type
and vowel-related priming (β = 0.399, SE = 0.154, z =
2.60, p < .01) though not with consonant-related
priming (z < 1). This pattern of results confirms that the
vowel-disadvantage found in the classic paradigm
(−5%) was not there anymore in the sandwich paradigm
(−1%). Taking the joint latency and joint accuracy ana-
lyses together, the sandwich procedure affected
vowel-related priming more than consonant-related
priming: Not only do vowels prime lexical recognition
in the sandwich paradigm, but participants did also
make fewer errors. Importantly, the sandwich effect is
not an additive effect but modulated by phoneme cat-
egory as the consonant over vowel advantage is still

observable but decreased when applying the sandwich
procedure.

General discussion

Nespor et al. (2003) proposed that consonants and
vowels play different roles in language acquisition and
lexical processing in adults, with consonants having
more weight in lexical processing and vowels in proso-
dic/syntactic processing. In a recent series of exper-
iments on French-speaking adults, New and colleagues
(New et al., 2008; New & Nazzi, 2014) demonstrated a
C-bias using a classic masked priming lexical decision
task, both at an earlier (following a 50 ms prime) and
later (following a 66 ms prime) processing stage, but
not following a 33 ms prime. These studies ruled out
that the C-bias resulted from orthographic processing,
and together with additional analyses of the lexicon,
suggested it might result from either the phonological
level or lexical neighbourhood inhibition effects. Our
main goal here was to further investigate these propo-
sals and to specify the processing levels implicated. To
do so, we used a special written lexical decision task
with masked priming, called “sandwich priming” in
which the prime-target sequence is preceded by the
brief presentation of a pre-prime (corresponding to the
target), a procedure that has been established to block
lexical neighbourhood inhibition effects (Lupker &
Davis, 2009; Stinchcombe et al., 2012). This procedure
was used to go beyond the experiments conducted
with the classic paradigm (New et al., 2008; New &
Nazzi, 2014), with a 33 ms pre-prime and a 50 ms
prime (Exp. 1, as done in previous “sandwich priming”
experiments), and with either a 33 ms (Exp. 2) or 50 ms
(Exp. 3) pre-prime and a 66 ms prime.

In Experiment 1, our pattern of findings is similar to
what had been found with the classic paradigm, that is,
a C-bias due to priming by consonant-related primes
and no priming by vowel-related primes. Importantly
though, the C-priming is even larger in the sandwich
paradigm while the presentation of the pre-prime had
not such a strong effect on vowel processing (there was
only a non-significant tendency). This pattern of results
suggests that at 50 ms, there is phonological activation
for consonants that is already influenced by lexical inhi-
bition. Still at 50 ms, there appears to be no phonological
activation by vowels although lexical inhibition is found in
the classic priming paradigm (leading to inhibition
effects) and blocked in the sandwich paradigm (leading
to no difference between the unrelated and vowel-
related prime conditions). In Experiment 2 and 3, at
66 ms, our pattern of findings again differs between the
two paradigms, but differently from what we found at
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50 ms: while we find similar C-priming in the classic and
the two versions of the sandwich paradigm, the inhibition
effect found in the classic paradigm for vowels disap-
peared in both versions of the sandwich paradigm.
However, a facilitatory effect of vowels was found in
neither of the sandwich experiments. Yet, a joint analysis
of the experiments revealed strong C-priming, weak V-
priming, and a significant advantage of Cs over Vs; a com-
parison with the classic priming experiments further
showed that the original V-inhibition turned into V-
priming in the sandwich priming experiments. Lastly, ana-
lyses investigating whether the relative consonant–vowel
effects were modulated by lexical and phonological fre-
quency measures failed to find such modulation, confi-
rming the non-modulation of priming effects reported
previously for behavioural data (e.g. Grainger et al., 2012).

From a methodological point of view, our results do
find an impact of presenting the pre-prime before the
prime-target sequence, hence confirming previous
reports that the sandwich technique blocks lexical
neighbourhood effects (Lupker & Davis, 2009; Stinch-
combe et al., 2012). This is clearly attested by differences
in results between classic and sandwich priming at both
50 ms and 66 ms. At 50 ms, the presence of the pre-
prime blocking lexical neighbourhood effects affected
consonant processing and only marginally vowel pro-
cessing. At a later processing stage (66 ms), the strong
inhibition found from vowel-related primes using
classic priming was not found when sandwich priming
was used, establishing that the vowel-related primes
activated the (shared) neighbourhood of the targets
when using classic priming. Lastly, the joint analysis
revealed a weakening of consonant priming from
classic to the sandwich priming, and a switch from inhi-
bition (in classic priming) to activation (in sandwich
priming) for vowels. The fact that the sandwich tech-
nique affected vowel-related priming more than conso-
nant-related priming compared to the standard
technique suggests partly qualitative, and not just quan-
titative, differences between both techniques (see also
Fernández-López et al., 2021) and supports Lupker and
Davis (2009) original interpretation that lexical compe-
tition is inhibited with the sandwich technique, from
which vowels benefit the most. At the methodological
level, the differences in findings between classic (New
& Nazzi, 2014) and sandwich paradigms show that
important inhibition effects can occur even when only
half of the letters are shared with the target if these
letters/phonemes are the consonants (at 50 ms) or
vowels (at 66 ms). Hence, sandwich priming could be
used to prevent neighbourhood inhibition from prime
skeletons sharing only consonants or vowels with the
targets. At the theoretical level, our findings are in line

with new results (Davis et al., 2009; De Moor & Brysbaert,
2000) and new neighbourhood measures (Yarkoni et al.,
2008) showing that orthographic neighbourhoods
cannot be limited to the classic neighbourhood
definition where only one letter can be changed. Our
results suggest that an extended definition of neigh-
bours could also be useful in the phonological domain
but future research will be needed to confirm this.
Lastly, note that these inhibition effects from phonologi-
cal neighbourhoods would be compatible with results
obtained in French when words have few orthographic
neighbours (Grainger et al., 2005) and in English when
words are highly clustered (Yates, 2013).

With respect to the level of processing at which the C-
bias originates, the differences in findings between the
present series of sandwich priming experiments and the
previous classic priming experiments (New et al., 2008;
New & Nazzi, 2014) at both 50 ms and 66 ms suggest
that lexical neighbourhood effects are implicated in the
C-bias at an earlier and later processing stage, though
lexical competition processes seem to influence conso-
nants before (effect at 50 ms) they affect vowel processing
(effect at 66 ms). This suggests that consonants are pro-
cessed faster and more automatically than vowels (cf.
Berent & Perfetti, 1995, two-cycle model). However, the
fact that consonantal priming is found with both para-
digms provides evidence that consonants are processed
advantageously over vowels at the phonological level
given that sublexical influences are always facilitatory
and lexical influences always inhibitory (McClelland &
Rumelhart, 1981). Let us now consider in more detail
how consonants and vowels are each processed at the
different processing levels, depending on whether lexical
neighbourhood effects are playing a role or are blocked.

For consonants, findings at 50 ms show priming by
consonant-related primes over unrelated primes with
the classic paradigm (+18 ms advantage), and even
more so with the sandwich paradigm (+36 ms). This indi-
cates that consonant-related priming is already modu-
lated by lexical neighbourhood effects at this early
processing stage, hence that it is the result of phonolo-
gical and lexical processing. Findings at 66 ms also show
some facilitation by consonant-related primes over unre-
lated primes with no difference between the classic and
the two sandwich paradigms (+11 ms and +13/+15 ms
advantage respectively), suggesting that only the early
phonological effect is carried over at this later proces-
sing stage, as suggested by New and Nazzi (2014). This
effect, however, appears to be smaller than what is
found at the earlier 50 ms processing stage. The replica-
tion of this reduced effect with the sandwich priming
task thus does not confirm the interpretation that New
and Nazzi (2014) had proposed for the reduction of
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this effect, namely that it might be due to lexical neigh-
bourhood effects, since the sandwich priming task is
blocking such effects. This suggests that this early pho-
nological processing advantage of consonants has
started to decline by 66 ms in our experiments. This con-
trasts with findings from Ferrand and Grainger (1993)
that had found the highest levels of phonological
priming at 66 ms. Given that our primes only shared
50% of phonemes with the targets, while they were
identical to targets in Ferrand and Grainger (1993), this
difference in timing effects is likely to indicate that the
more phonemes are shared between primes and
targets, the longer in time is the phonological priming
induced.

For vowels, findings at 50 ms fail to show priming by
vowel-related primes over unrelated primes with both
the classic and the sandwich paradigm (−2 ms and
8 ms respectively). Findings at 66 ms show a negative
priming from vowels with the classic paradigm
(−27 ms) and no priming with the two sandwich para-
digms (5 ms and 9 ms, respectively). While taken indivi-
dually, the present findings suggest that even when
lexical neighbourhood inhibitory effects are cancelled,
no facilitatory priming is found for vowels, a small but
significant priming by vowels was found in the joint
analysis (combining data at 50 and 66 ms), which
remained smaller than the priming by consonants.
The interaction between V-priming and paradigm
type was significant, establishing that blocking lexical
neighbourhood effects allowed the emergence of V-
priming. While New and Nazzi (2014) had offered two
potential explanations to the lack of vowel-related
priming in the classic priming paradigm (no phonologi-
cal priming by vowels versus early phonological
priming counterbalanced by small inhibition emerging
from the large vowel-related lexical neighbourhoods),
the finding of a small effect for vowels in the joint
analysis (though not strong enough to emerge in the
analysis of each experiment taken separately) supports
their second proposal, namely that there is a small pho-
nological priming from vocalic information counterba-
lanced by inhibition emerging from the large vowel-
related lexical neighbourhoods, and getting bigger
between 50 and 66 ms. Hence, for the first time, we
establish that vowels provide a small phonological
boost, priming lexical access at both an earlier and
later lexical processing stage, which is found only
when using the sandwich technique that blocks
lexical neighbourhood effects.

Lastly, when directly comparing the processing
advantage of consonants over vowels, we find a clear
advantage at the early processing stage (50 ms), demon-
strating that there is a clear phonological advantage in

consonant processing. However, at the later processing
stage (66 ms), we observe that the inhibition resulting
from vowel-related primes in the classic masked
priming paradigm disappears in the two sandwich
masked priming paradigms, with only a marginal advan-
tage of consonants over vowels. However, an advantage
of consonants over vowels is significant in the joint
analysis, combining data from the 50 and 66 ms
primes. This pattern of results suggests that as lexical
access gets more advanced, the early phonological
advantage for consonants is complemented by a later
lexical neighbourhood-related disadvantage for vowels.
Such an interpretation echoes current debates in the
developmental literature regarding the origin of the C-
bias, in which the proposed acoustic/phonetic
(Bouchon et al., 2015; Floccia et al., 2014; linked to the
present phonological hypothesis) and the lexical
(Keidel et al., 2007) hypotheses, first viewed as antagon-
istic, are now considered as concurring in explaining the
emergence of the C-bias in development (Nishibayashi &
Nazzi, 2016; Poltrock & Nazzi, 2015; see also Nazzi et al.,
2016; and Nazzi & Cutler, 2019, for reviews). Moreover,
since developmental research has shown variation in
the way the C-bias is set into place (C-bias by 8 months
in French, Nishibayashi & Nazzi, 2016; Poltrock & Nazzi,
2015; C-bias emerging between 20 and 30 months in
English, Floccia et al., 2014; Nazzi et al., 2009; V-bias at
20 months in Danish, Højen & Nazzi, 2016; V-bias at
30 months in Cantonese, Chen et al., 2021), it will be
important in the future to extend the current line
of studies to more diverse languages having different
phonological properties likely to influence the expression
of the C-bias, such as Danish or Cantonese.

Because the skeletal structure of our target stimuli,
that is the sequencing of consonants (C) and vowels
(V) letters/phonemes, consisted of nonadjacent Vs and
Cs (CVCV[CV], and VCVC[VC]), it remains unclear
whether the same pattern of results would be found
for words with different word/syllable structures. There
is evidence that adult readers are sensitive to the
words’ CV skeletal structure as disruptions to this struc-
ture (e.g. C-V transpositions) speed up reaction times
in a letter string discrimination task (e.g. Chetail et al.,
2014) and, furthermore, that it is especially the conso-
nant skeleton that is activated at early lexical processing
stages, since substituting a consonant has been found to
affect word recognition more than substituting a vowel,
the CV structure being preserved in both cases (Perea
et al., 2018). Although this remains an experimental
issue, we expect, based on Perea et al. (2018)’s use of
many different (orthographic) consonant–vowel struc-
tures (e.g. CVCCVCCV, VCVVCV), our findings to extend
to other word/syllable structures as well.
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In conclusion, we used the sandwich priming task to
tease apart the extent to which our previous results con-
cerning consonant and vowel processing could be
explained by phonological biases versus lexical neigh-
bourhood influences. Our results first suggest that
both processing levels might be responsible for the
C-bias, with an earlier phonological effect followed by a
later lexical neighbourhood effect. Second, our results
establish that vowel inhibition observed at 66 ms is due
to lexical inhibition processes, while providing the first
piece of evidence that vowel-related primes do provide
a small phonological boost, significantly smaller than
the priming found for consonants. The current results
are in line with previous studies on consonant/vowel pro-
cessing differences in lexical access, which had suggested
that such effects did not originate from the orthographic
level and had suggested that it arose from the phonolo-
gical level (Acha & Perea, 2010b; Comesaña et al., 2016;
New & Nazzi, 2014; Perea & Acha, 2009); besides the
implication of the phonological level, our findings add
new evidence for the implication of the lexical level.
These results call for a modified version of the interactive
activation model of reading (Grainger & Ferrand, 1996;
McClelland & Rumelhart, 1981) where unit coding for
vowels would have weaker or slower links to lexical
units than consonants. It remains to be explored if these
weaker links are hard-coded in the model or if they are
the result of the statistical organisation of phonemes
inside a particular language, requiring extensions of the
current studies to other languages.

Notes

1. Following the suggestion from a reviewer, Joshua Snell,
that entropy might explain the C-bias in French, we cal-
culated a Markov entropy for each consonant and vowel
used in French at the orthographic and phonological
level, using the formula proposed by Siegelman et al.
(2019). If consonants are more informative than vowels
they should have a lower entropy on average than
vowels. Analyses showed, however, that the distribution
of entropy was not significantly different for consonants
and vowels, neither at the orthographic nor phonologi-
cal level. This suggests that entropy alone cannot be the
reason why consonants and vowels are differently pro-
cessed, at least in French.

2. This comparison was also implemented as a sliding con-
trast. Sliding contrasts use the grand mean as the inter-
cept, therefore the model output for the factors Prime
Type and Target Type refers to the mean of all test words.
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