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Abstract
This Event-Related Potentials (ERP) study investigates the use
of prosodic information in the process of lexical access in
French. In French, accentuation is said to be post-lexical, with
a primary final accent (FA) and secondary initial accent (IA)
marking the edges of the phrase. Results from previous studies,
however, suggest IA may hold a demarcative function close to
the level of the word. Still, the contribution of IA in word pro-
cessing has not yet been empirically tested. In this study, par-
ticipants listened to trisyllabic French nouns and pseudowords,
with (+IA) or without (−IA) initial accent while completing
a lexical decision task. We were mainly interested in modula-
tions of the N325, a component assumed to reflect difficulties
in the extraction of lexical stress patterns. ERP results show a
larger N325 when stimuli were presented −IA, revealing both
the automaticity of stress extraction and a preference for stress
templates with initial accent.
Index Terms: stress, French, Initial Accent, lexical decision,
Event-Related Potentials, N325

1. Introduction
The ability to understand spoken language is a fundamental
and intriguing human skill. Considering speech is formed out
of connected and co-articulated units with no spaces or other
breaks, the manner in which we translate its signal into a se-
quence of words is far from obvious. One source that may help
speech segmentation comes from the metrical structure of the
signal. According to Metrical Segmentation Strategy (MSS),
the segmentation of continuous speech is accomplished by re-
lying on the dominant metrical pattern of the language [1].
In stress-based languages such as English and Dutch, where
the vast majority of lexical words start with a strong syllable
[2, 3], listeners are thought to exploit that high prosodic prob-
ability and initiate lexical access at each stressed syllable. But,
while this may be a successful strategy in languages with lex-
ical stress, segmenting on strong onsets is arguably much less
efficient in languages in which the domain for metrical rules is
not the lexical word.

French is often described as a syllable-based language
with fairly homogeneous metrical weight on syllables. Con-
sequently, it is held that the French metrical structure is defined
by the syllable and that the syllable is used as the basic unit for
segmenting speech [4, 5, 6]. This idea is further supported by

the view that, in French, accentuation is post-lexical, demarcat-
ing boundaries not at the level of the word but at the level of
groups of words. That is, the primary French accent, known as
the final accent (FA), is fixed on the last syllable of the phrase,
marking its right edge. When necessary (e.g. in case of long
stretches of unaccented syllables), FA can be accompanied with
a secondary initial accent (IA) that marks the left edge of the
phrase [7]. So, French is considered a language without lexical
stress, making accents unlikely candidates to cue lexical access.

In contrast with this view, Di Cristo’s metrical model con-
siders both FA and IA to be phonologically represented at the
level of the prosodic word (i.e. close to the lexical word [8])
despite accentuation not being lexically distinctive in French
[9]. According to this model, French accentuation thus pro-
vides not one, but two entries; at the left boundary and at the
right boundary of the word. A number of studies investigat-
ing the use of French prosodic cues in word processing report
results in line with Di Cristo’s conjecture of (latent) stress tem-
plates underlying the representation of the prosodic word. Both
the primary FA and the secondary IA have been found to guide
French listeners in the segmentation of speech (for use of FA
see [10, 11, 12]; for use of IA see [13, 14, 15]). These studies
challenge the idea that French listeners adopt a syllable-based
segmentation strategy (as proposed by [16]). They instead favor
a strategy in which listeners rely on metrical stress patterns dur-
ing speech comprehension. They, however, do not challenge the
view that IA and FA demarcate phrase boundaries, and still con-
sider accentuation to apply to the level of the Accentual Phrase
(AP; [17]) and not to the level of the prosodic word. Assum-
ing Di Cristo’s view gives new perspectives on the speech seg-
mentation strategy in French. Indeed, if French accentuation is
actually a stress template encoded at the level close to the lex-
ical word, IA and FA could readily notify listeners on when to
initiate lexical access.

Here, we further investigate the representation of French
accentuation and its contribution to word processing. More
specifically, the status of the initial accent and its role in lex-
ical access is examined. Because this accent is traditionally re-
garded as a secondary and optional accent, only complementary
to the final accent, up until recently IA has received relatively
little scientific attention. However, it been shown that, simi-
lar to FA, IA not only directs listeners in the segmentation of
speech [13, 14, 15], but also that IA is a more reliable cue in
the marking of lexical structure than FA [18]. In the study, IA
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was shown to mark lower levels of structure, close to the lexical
word. A later study on the perception of prominences indicated
that IA is perceived as stronger than FA, in a manner indepen-
dent from the depth of prosodic structure. This points towards
an association between IA and word demarcation [19].

Following up on these results, a recent event-related poten-
tials (ERP) study was carried out that lends further support to
the notion of a phonological representation of IA [20]. In the
study, Aguilera et al. investigated the phonological status of
IA, using an oddball paradigm in which the presence of IA was
manipulated on trisyllabic words. When presenting the oddball
without IA, a clear MisMatch Negativity component (MMN)
emerged. But, when the oddball was presented with IA, the
resultant MMN was significantly smaller. The authors took
this to indicate that IA is represented at the phonological long-
term representation of the word and part of the French preferred
stress template.

In the present ERP study, we sought to build on the MMN
study and manipulated the presence of IA in a lexical deci-
sion task. We were particularly interested in modulations of the
N325, a component assumed to reflect difficulties in the extrac-
tion of lexical stress templates [21]. The component was first
encountered in a study in which the authors presented Dutch
participants with a stress discrimination task. In the task, se-
quences of four bisyllabic words were presented with stress on
the first syllable (the dominant metrical pattern in Dutch) or on
the second syllable. Results showed that the less frequent stress
template elicited a larger frontal negativity (the N325) than did
the dominant stress template. This led the authors to conclude
that the N325 may reflect the extraction of metrical stress during
lexical access. If IA is linked to the phonological representation
of prosodic words and is, along with FA, the expected stress
template in French, presenting words without IA should elicit
a larger N325 than presenting words with IA. To further attest
for the pre-lexicality of stress encoding in French and question
whether IA is part of the preferred metrical template, we test
this metrical pattern on words and pseudowords.

2. Methods
2.1. Speech stimuli

The stimuli consisted of 120 trisyllabic French nouns (e.g.
chocolat) and 120 trisyllabic pseudowords (e.g. chibute). The
stimuli were extracted from sentences spoken by a naı̈ve native
speaker of French. In the sentences, the target words (lexical
word or pseudoword) were placed at the beginning of a major
phrase to increase the probability of clear IA and FA marking
[18]. Stimuli with the most natural IA (+IA) were selected by
a panel of three experts and re-synthesized without IA (−IA)
using a customized quadratic algorithm in PRAAT [22].

Using the same algorithm as [20], the f0 value of the first
vowel (i.e. IA) was lowered near the f0 value of the preced-
ing (unaccented) determinant, to deaccentuate the first sylla-
ble (i.e. remove IA; see Figure 1). The algorithm progres-
sively modified the f0 values to reach the f0 value at the be-
ginning of the last (accented) vowel. This quadratic transfor-
mation allowed for micro-prosodic variations to be maintained,
thus keeping the natural sound of the stimuli. The +IA stim-
uli were forward and back transformed to equalize the speech
quality between +IA and −IA stimuli. The duration of the
target words was held constant in both stress conditions (+IA;
−IA), since only the f0 parameter was manipulated (lexical
words m = 813, sd = 81; pseudowords m = 844, sd = 83).

et les chi bu te et les chi bu te

(a) −IA (b) +IA

Figure 1: Example of f0 resynthesis (a) −IA and (b) +IA on
’[et les] chibute’, with quadratic interpolation from the f0 value
of the preceding determinant to the f0 value at the beginning of
the last stressed syllable for −IA targets.

2.2. Participants

26 French native speakers, aged 19 − 31 (mean age 25.4; 20
females), took part in the study. All subjects were right-handed,
with normal hearing abilities and no reported history of neuro-
logical or language-related problems. Due to excessive artifacts
in the EEG signal, 3 participants were excluded from analyses.

2.3. Procedure

Each participant was comfortably seated in an electrically
shielded and sound attenuated room. Stimuli were presented
through headphones and participants were allowed to adjust the
volume to their individual preferences.

Participants were instructed to judge as quickly and accu-
rately as possible whether a word was a real word or a pseu-
doword by pressing the left or right button on a button-box (but-
ton assignment was counter-balanced across participants). To
ensure participants understood the task requirements, the exper-
iment began with a short practice phase. This phase consisted
of 12 trials that were very similar to the experimental trials, but
were not included in the analyses.

Each participant listened to all 240 stimuli. Using Latin
square designs, the four conditions (word +IA, word −IA,
pseudoword +IA, pseudoword −IA) were evenly distributed
over blocks, and block order was balanced between participants.
In order to better control for eye-related EEG activity, each trial
started with a 400ms presentation of a white fixation cross at
the center of a computer screen. The stimulus was presented
immediately after the offset of the fixation cross. Participants
were given a maximum of 2000 ms to give their answer. The
intertrial interval (ITI) followed the participants’ response and
lasted until 2500 ms post stimulus onset. As a result, the dura-
tion of ITI varied, while trial duration was fixed at 2900 ms. To-
tal duration of the experiment, including the set-up of the EEG
electrodes, was approximately 2h.

2.4. EEG recording and preprocessing

The EEG data were recorded with 32 Ag/AgCl-sintered elec-
trodes mounted on an elastic cap and located at standard left
and right hemisphere positions over frontal, central, parietal, oc-
cipital and temporal areas (International 10/20 System; Jasper,
1958) at Fz, Cz, Pz, Oz, Fp1, Fp2, AF3, F3, AF4, F4, C3, C4,
P3, P4, PO3, PO4, P5, P6, O1, O2, F7, F8, T3, T4, T5, T6,
FC5, FC6, CP1, CP2, CP5 and CP6. To detect blinks and eye-
movements, 4 additional electrodes were placed around the eyes
(HEOG: bipolar channel placed lateral to the outer corner of
both eyes; VEOG: bipolar channel placed above and below the
left eye). The EEG and EOG signals were amplified by BioSemi
amplifiers (ActiveTwo System) and digitized at 512 Hz.

The data were preprocessed using the EEGLAB package
[23] in Matlab [24]. Each electrode was re-referenced offline to

1182



6
4
2
0
-2
-4
-6

-100 0 200 400 600 800

6
4
2
0

-2
-4
-6

-100 0 200 400 600 800

6
4
2
0

-2
-4
-6

-100 0 200 400 600 800

word
pseudoword

P200

N100 N325

P200

N100 N325

P200

N100 N325

µV

ms

FC2 (a) −IA (b) +IA (c) main effect

Figure 2: Grand average P200 in the lexical condition (word, pseudoword), recorded at the FC2 (frontocentral) electrode for: (a) −IA,
(b) +IA, (c) main effect. The vertical gray bars indicate the selected P200 time window (151−251 ms). For ease of presentation, ERP
waveforms are cut off at 800 ms. Negativity is plotted as an upward deflection.

the algebraic average of the left and right mastoids. The data
were band-pass filtered between 0.01-30 Hz and epoched from
-0.2 to 2 seconds surrounding the onset of the speech signal.
Following a visual inspection, epochs containing EMG or other
artifacts not related to eye-movements or blinks were manually
removed. Independent Components Analysis (ICA) was per-
formed on the remaining epochs in order to identify and sub-
tract components containing oculomotor artifacts from the data.
Finally, data were averaged within and across participants to
obtain the grand-averages for each of the 4 conditions.

2.5. EEG analysis

With its high temporal resolution, EEG provides a rich database
to determine the exact latency of an effect. However, testing at
all data points independently quickly leads to a multiple com-
parison problem where the risk of making Type I errors in-
creases considerably. As EEG measures are not independent,
but in fact temporally and spatially correlated, we used a non-
parametric tmax permutation test to analyze the data [25, 26].

In tmax permutation testing, the null distribution is estimated
by repeatedly resampling the obtained data and calculating t-
scores for each sample. The most extreme t-scores (tmax) are
selected for the null distribution. Finally, the t-scores of the
observed data are computed and compared to the simulated tmax

distribution, just as in parametric hypothesis testing.
As with each permutation the chance of obtaining a large

tmax increases, the test automatically becomes more conserva-
tive when making more comparisons. Also, since the actual, ob-
tained data is used to estimate the null distribution, the test does
not assume test independence, allowing for stringent control of
Type I error without considerable decrease in sensitivity. To fur-
ther maximize power and reduce the number of comparisons,
the data were down-sampled to 125 Hz and time-windows were
estimated following the method used in [21]. We were mainly
interested in modulations of the P200 (151 − 251 ms) and the
N325 (201−431 ms), as these two components reflect auditory
processes in the pre-lexical stage of word processing (acoustical
processing and stress extraction, respectively [27] [21]).

Each comparison of interest was analyzed with a separate
repeated measures, two-tailed t-tests, using the original data and
2500 random permutations to approximate the null distribution
for the customary family-wise alpha (α) level of 0.051.

1In fact we used more than twice the number of permutations Manly
suggested for an alpha at 5%.[28]

3. Results
3.1. Behavioral results

Behavioral data (error rates and reaction times) were analyzed
with paired two-tailed t-tests in R [29]. Overall, performance on
the lexical decision task revealed high accuracy (< 5% errors)
with no differences between conditions. Reaction times showed
a main effect of lexicality (t = −16.85, p < 0.001); words
were responded to faster than pseudowords. Presence of IA had
no effect on response latencies (p = 0.7, ns).

3.2. ERP results

In the P200 time-window (Figure 2), there was a main effect
of lexicality (critical t-score: ±3.5589, p < 0.05). Pseu-
dowords elicited a larger P200 than words in the frontocentral
region (FC2) peaking 182 ms after stimulus presentation. The
difference between words and pseudowords was also signifi-
cant within the condition without IA (critical t-score: ±3.575,
p < 0.05). Within the condition with IA this effect was not
significant (p = 0.4, ns).

In the N325 time-window (Figure 3), there was a main ef-
fect of presence of IA (critical t-score: ±3.6887, p < 0.05).
Compared to stimuli +IA, stimuli −IA elicited a larger nega-
tivity in the frontocentral region (FC2 and Cz) from 318− 358
ms after stimulus presentation. The difference in ERP ampli-
tude is small, but robust and comparable to the amplitude differ-
ence reported in Böcker et al (1− 2.5 µV). The effect was also
significant within the lexical words condition (critical t-score:
±3.8546, p < 0.05); words −IA resulted in a larger negativity
than words +IA. There was a similar trend in the pseudowords
condition, although it did not reach significance (p = 0.09, ns).
A visual inspection of the ERPs, however, suggests similar pro-
cesses between words and pseudowords.

4. Discussion
In the present study, we examined the interplay between ac-
centuation and lexical access in French. We were particularly
interested in the status and possible roles of the initial accent.
Our results show that IA is represented in the French preferred
and expected stress template. As pre-lexical language-specific
stress templates are suggested to serve as gateways to the men-
tal lexicon, IA could thus play an important role in the process
of speech segmentation in French.

We used a lexical decision task in which we manipulated
the presence of IA. The manipulation modulated the resultant
frontocentral N325; a larger N325 emerged when IA had been
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Figure 3: Grand average N325 in the ±IA condition, recorded at the FC2 (frontocentral) electrode for: (a) lexical words, (b) pseu-
dowords, (c) main effect.The vertical gray bars indicate the selected time window (201 − 431 ms). For ease of presentation, ERP
waveforms are cut off at 800 ms. Negativity is plotted as an upward deflection.

omitted. As the N325 is assumed to reflect difficulties in the
extraction of lexical stress, this result indicates a stress pro-
cessing cost when stimuli are presented without IA. Recall that
Böcker et al. report similar findings after manipulating stress in
Dutch, a language with lexical stress [21]. In their study, lis-
teners were asked to discriminate between the Dutch dominant
stress template and a less frequent stress template. Words pre-
sented without the dominant stress pattern elicited a more ample
N325. In our study, words presented without IA resulted in the
larger N325 suggesting that, even though stress is not lexically
distinctive in French, IA is part of the French expected stress
pattern (cf [20]). In addition, while in the study of Böcker et al.
participants were asked to explicitly attend the metrical struc-
ture of the stimuli, in the present study, attention was diverted
from the stress manipulation using a lexical decision task. Still
finding a robust modulation of the N325, further demonstrates
that word processing naturally engaged the pre-lexical extrac-
tion of IA. That is, we show that lexical access is facilitated
when words are presented with the French preferred stress tem-
plate, i.e. with the initial accent.

The amplitude modulation of the N325 was small (between
1 − 2.5 µV), but robust as revealed by our conservative non-
parametric statistics (see Methods section). In fact, finding a
relatively small difference in amplitude was expected and com-
parable to the amplitude difference in Böcker et al. [21]. Similar
to Böcker et al., we did not manipulate the legality, but rather
the probability of the presented stress templates. That is, while
in French there is a preference for words marked with IA, words
without IA are not illegal. Indeed, in continuous speech IA is
not always realized and may be suppressed to serve for instance
a more rhythmically balancing function. So, while French lis-
teners may expect and prefer words to be marked with IA, words
without IA do not exceedingly hamper word processing.

Our manipulation of IA did not modulate the P200, a com-
ponent thought to reflect the bottom-up extraction of purely
physical/acoustical parameters [27]. This indicates that our re-
sults reveal a more controlled process in which stress is ex-
tracted in a top-down fashion. We did find lexicality to affect
the P200 when stimuli were presented without IA; pseudowords
elicited a more ample P200 than did words when presented
without IA. This effect is surprising since the latency range of
the P200 precedes lexical processing [30]. Considering the lo-
cation of the P200 (frontocentral; similar to the location of the
N325) the effect appears to be the product of a temporal overlap
between the P200 and the N325. The N325 was more negative
for −IA stimuli than +IA stimuli and this difference was larger
in the words condition than in the pseudowords condition. This

means that in the −IA condition the overlap between the P200
and N325 will be more evident for words than for pseudowords,
while in the +IA condition the overlap will be smaller (as +IA
stimuli elicited a smaller N325). In fact, Böcker et al. report
a similar overlap between the N325 and the P200 at the fron-
tocentral electrodes. Finding an overlap between the N325 and
the P200 implies that the process of stress extraction starts be-
fore our predefined N325 time-window (201 − 431 ms) and
during the P200 time-window (151 − 251 ms). Such an early
latency confirms that lexical access crucially involved an auto-
matic, pre-lexical extraction of the French initial accent.

A visual inspection of the ERP components suggests ±IA
also affected the later integration stages of word processing, as
there seems to be an amplitude difference in the latency range
typically associated with the N400 [31]. It is however unlikely
that these late amplitude modulations really reflect difficulties
in the post-lexical process of semantic integration, as word were
presented in isolation. Moreover, the N400 is typically maximal
over centroparietal sites [31, 32], while the reported ERPs in the
current study have a frontocentral distribution. A more probable
explanation is suggested by Böcker et al., who encountered a
similar late frontocentral amplitude difference and interpret it to
reflect N325 residue. A study to determine if ±IA also affects
the later stages of speech processing, is currently in progress.
In the study, ±IA words are embedded within a congruent or
incongruent semantic context, and as such, the study is better
adapted to give insight into whether IA also affects the later
stages of speech processing.

5. Conclusions
In this study, we investigated the status of the French initial
accent. Our ERP results demonstrate that IA is linked to the
phonological representation of words. Words presented without
initial accent elicited a more ample N325, a component that in-
dexes difficulties in pre-lexical stress extraction. Moreover, as
we diverted attention away from our stress manipulation with
a lexical decision task, the extraction of IA seems to be an au-
tomatic step during the early stages of word processing. This
indicates that the initial accent is part of the French preferred
stress template and as such, contrary to popular belief, plays a
valuable role in French speech comprehension.
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