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Abstract

Electrophysiological research using verbal response paradigms faces the problem of muscle artefacts
that occur during speech production or in the period preceding articulation. In this context, this
paper has two related aims. The first is to show how the nature of the first phoneme influences the
alignment of the event-related potentials (ERPs). The second is to characterize further the electro-
encephalographic (EEG) signal around the onset of articulation, both in temporal and frequency
domains. Participants were asked to name out-loud pictures of common objects. We applied
microstate analyses and time-frequency transformations of ERPs locked to vocal onset to compare
the EEG signal between voiced and unvoiced labial plosive word onset consonants. We found a delay
of about 40 milliseconds in the set of stable topographic patterns for /b/ relative to /p/ onset words.
A similar shift was observed in the power increase of gamma oscillations (30-50Hz), which had an
earlier onset for /p/ trials (~150 ms before vocal onset). This 40 ms shift is consistent with the length
of the voiced proportion of the acoustic signal prior to the release of the closure in the vocal
responses. These results demonstrate that phonetic features are an important parameter affecting
response-locked ERPs and hence that the onset of the acoustic energy may not be an optimal trigger
for synchronizing the EEG activity to the response in vocal paradigms. The indexes explored in this
study provide a step forward in the characterization of muscle related artefacts in

electrophysiological studies of speech and language production.

Key words: speech production, EEG, motor artefact, phonetics, picture naming
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Introduction

Neurophysiological activity with high temporal resolution (electroencephalography, or EEG, and
magnetoencephalography, or MEG) offer a unique window into the time course of cognitive
processes. They have become a privileged tool to investigate the human mind in many fields of
cognitive psychology. For example, research on speech and language production processes has seen
a substantial increase in the use of EEG and MEG in the last decade (e.g., Ganushchak, Christoffels, &
Schiller, 2011; Indefrey, 2011; Munding, Dubarry, & Alario, 2015; for reviews). The large majority of
studies on language production used picture naming tasks, and examined the ERPs aligned on picture
onset (e.g., Blackford, Holcomb, Grainger, & Kuperberg, 2012; Strijkers, Costa, & Thierry, 2010;
Dell’acqua et al., 2010; Llorens, Trébuchon, Ries, Liégeois-Chauvel, & Alario, 2014). Stimulus-aligned
ERPs are particularly well suited to investigate the processes that occur shortly after the presentation
of the stimulus. Consequently, early encoding processes (i.e., recognition of the picture, access to the
concept or corresponding semantic representation) have received much more attention than
encoding processes thought to occur later and closer to articulation (i.e., phonological or phonetic
encoding processes in the sequential model of word production, Indefrey & Levelt, 2004; Levelt,
Roelofs, & Meyer, 1999). Because the time interval between the onset of the stimulus and the onset
of the vocal response is relatively long and varies greatly from participant to participant and from
trial to trial, stimulus-aligned ERPs are much less suited to investigate the processes that occur closer
to the articulation (see Ries, Janssen, Burle, & Alario, 2013, for this rationale). Indeed, the choice of
the time window of analysis is constrained by the faster responses in the dataset but, for many trials,
the late processes have likely not yet taken place in this time window. Moreover, the variability of
cognitive processes across trials presumably increases with the distance from the alighment point,
compromising the detection of the effects of an experimental manipulation (Jung et al., 1999;

Dubarry et al., in press).

The alighment of ERPs on the vocal response has proven extremely useful to target later stages of
word production in many recent studies (Biirki, Pellet-Cheneval, & Laganaro, 2015; Birki, Sadat,
Dubarry, & Alario, 2016; Fargier & Laganaro, 2016; Ganushchak & Schiller, 2008; Laganaro, 2014;
Laganaro & Perret, 2011; Masaki, Tanaka, Takasawa, & Yamazaki, 2001; Riés, Janssen, Dufau, Alario,
& Burle, 2011). Such procedure raises, however, two methodological issues. The first concerns the
point of alignment of the ERPs. Ideally, one would like to align the ERPs on the onset of the
articulatory movement. In practice, this onset is estimated using the onset of energy in the acoustic
signal. How exactly this onset relates to the onset of the articulatory movement depends on the
properties of the phonemes. Rastle, Croot, Harrington, and Coltheart (2005) reported for instance

that the time lag between the onset of motor execution and the onset of acoustic energy varies
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across phonemes (e.g., longer lags for stops than for consonants with other manner of articulation;
longer lags for voiced than for voiceless). Consequently, if the linguistic material is not fully balanced

in the first (and possibly also the second) phoneme, the time-locking of the ERPs will be jittered.

The second issue is the potential contamination of the neural signal by muscular artefacts. Although
primarily designed to record cortical brain activity, EEG and MEG recordings also capture electrical
activities originating from moto-neurons involved in articulation. Muscular activity incidental to
speech production (such as pre-phonatory breath) is also associated with cortical potentials recorded
by EEG and MEG that might be indiscernible from the cortical activity generated by the cognitive
processes of interest (Deecke, Engel, Lang, & Kornhuber, 1986; Tremoureux et al., 2014; Yoshida et
al., 1999). In addition, research using vocal response paradigms faces the problem of concomitant
muscular activity (e.g. face muscles for jaw movements, glosso-kinetic artefacts from tongue
movements) during speech production or in the period preceding articulation (e.g. De Vos et al.,,
2010; Ganushchak & Schiller, 2008; Goncharova et al., 2003; Ouyang et al., 2016; Porcaro, Medaglia,
& Krott, 2015; van der Linden et al., 2014; Whitham et al., 2007). This electromyographic activity is
known to contaminate the EEG signal of interest. Speech production studies usually deal with
artefacts by either avoiding to analyze the signal too close to the articulation (Strijkers, Costa, &
Thierry, 2010) or without articulation (see van Turennout, Hagoort, & Brown, 1999; see also Schmitt
et al, 2000) or by correcting the signal (James & Hesse, 2005; Pham, Fine, & Semrud-Clikeman, 2011;
Uriglien & Garcia-Zapirain, 2015; Vigario & Oja, 2008). These later studies take advantage of different
methods such as regression (Pham, Fine, & Semrud-Clikeman, 2011) or blind source separation
techniques (James & Hesse, 2005) but they yielded contradictory results both for the frequency
range and the extent of the period contaminated by articulation. To choose and apply these signal
processing options efficiently in the future, a detailed understanding of the time window showing

artefact-related activities and of their properties is required.

The purpose of the present study is to contribute to documenting these two methodological issues in
the analysis of ERPs aligned to the vocal response, with two specific goals. Our first goal is to
demonstrate how the nature of the first phoneme influences the point of alignment of the ERPs. This
aim is achieved by comparing ERPs obtained in a picture naming task for words starting either with
/p/ or /b/, that is two phonemes differing in voicing (i.e. vibration of vocal cords) but with similar
movements of the other articulators. We hypothesize that the ERPs for p-initial and b-initial words
will show similar waveforms but will differ in how they are distributed in time with a delay for p-
initial words as compared to b-initial words. To test this hypothesis, we rely on microstate analysis.
These analyses are particularly appropriate to detect a temporal delay between two otherwise

similar waveforms when these waveforms do not have clear ERP components (e.g. response-aligned
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ERPs; see results section). Our second aim is to characterize further the EEG signal around the onset
of articulation, for voiced and unvoiced phonemes. While the presence of “artefacts” is widely
acknowledged, much remains to be uncovered about how artefact-related activities impact the
signal recorded at the scalp level (i.e., the signature of these artefacts) and on the time window
during which these artefacts may occur (see Figure 5 in van der Linder et al., 2012). To address this
issue, we chose to characterize the time-frequency profile of the scalp recordings for /p/ and /b/

word onsets.
Methods
Subjects

18 right-handed and French speaking individuals participated in the study. None reported history of

neurological disease.
Material

The stimuli were 20 black and white pictures from a French database (Alario & Ferrand, 1999) and

their respective names, to be presented 40 times each in a standard picture naming protocol.
Procedure

Participants sat in a sound-proof dimly lit room approximately 70 cm in front of a PC screen. The

presentation of the trials was controlled by the software E-Prime (E-Studio, V2.0 Standard edition).

A trial started with a fixation cross presented for 500ms, then appeared a picture (245 x 240 px on a
grey screen) which remained on the screen between 1500 and 2000 ms. A blank white screen lasting
4000 ms was displayed every 4 trials to allow eye blinking. Participants were asked to produce the
word corresponding to the picture as fast and accurately as possible. Each stimulus was presented 40

times in a pseudo-random order.
EEG acquisition

The EEG signal was recorded continuously using the Active-Two Biosemi EEG system (Biosemi V.O.F.
Amsterdam, Netherlands) from 128 channels covering the entire scalp. Signals were sampled at 512
Hz (filters: DC to 104 Hz, 3 dB/octave slope). The custom online reference of the system is the
common mode sense — driven right leg (CMS-DRL). Offline, ERPs were band-pass filtered to 0.2-50Hz
(2™ order acausal Butterworth filter with-12 dB/octave roll-off) with a notch filter (50 Hz) and

recalculated against the average reference.
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Pre-processing and analyses
Selection of material for analysis

As stated in the introduction, our aim was to analyse and contrast voiced vs. unvoiced consonants. 6
/m/ initial words were removed. Among the 6 /b/ initial and 8 /p/ initial words included in the
original set of 20 items, we further removed two /p/ initial stimuli, one based on very short mean
acoustic duration (pont, mean acoustic duration 210 ms) and one based on the onset consonant
cluster (plante, p+l as there was no equivalent b+l word among the stimuli). We therefore restricted
the analysis to six words starting with /b/ (balai — broom -, botte — boot -, bougie — candle -, bouteille
— bottle -, bras —arm -, bureau — desk-) and six with /p/ (peigne — comb -, piano — piano -, pinceau —
paintbrush -, poche — pocket -, poire — pear -, prise — plug -). The p-onset and b-onset stimuli were
matched on a set of lexical and sub-lexical properties (lexical frequency, length in phonemes,

phonological neighborhood, presence of word onset cluster).

In addition, for the sake of the analyses presented here we selected post-hoc a subset of trials within
a given range of production latencies (RTs) and of duration of the acoustic signal, namely trials with
RTs between 500 and 650 ms and with acoustic duration between 300 and 500 ms. These time-
ranges were selected (1) to ensure that the baseline time window for the ERP analyses (see below)
fell within the same periods for all trials, notably after the end of articulation for all analysed trials
and (2) to limit the variation of the pre-response encoding time-window. As baseline selection is
always an issue in EEG signal analysis, we chose to use two different time-periods as baselines for
time-frequency analyses (see below); this allowed a testing of the robustness of the observed effects.
The choice of the range of acoustic duration of the trials (300-500 ms) is also related to this issue. It
allows us to have baselines on a similar portion of the ERP signal across all trials, and to compare our

results for pre-stimulus period and post-vocal offset baselines of the same duration.

After pre-processing (see EEG acquisition and pre-processing) and the above trial-inclusion criteria
were applied, only 10 participants still had a minimum of 30 stimulus- and response- aligned epochs.

We highlight that this restriction was applied before any statistical analyses had been performed.
Alignment of vocal onset

The vocal responses were manually checked for accuracy, and their onset was determined visually
using the software Praat (Boersma & Weenink, 2016) based on the onset of acoustic energy, as is
typically done in language production studies (some studies have relied on automatic detections of
acoustic onsets by a vocal key, but the reliability of the vocal key has been questioned many times in

the literature; e.g. Kessler, Treiman, & Mullenix, 2007). Such detected onset corresponded to

Psychophysiology

Page 6 of 26



Page 7 of 26

©CoO~NOUTA,WNPE

Psychophysiology

different articulatory events for b- and p-initial words. Labial plosives such as p and b are realised by
successively closing the lips to stop the air from going through and by then releasing the air abruptly
(burst). In French, during the closure, the vocal folds vibrate for /b/ (about 26 ms in Caramazza, &
Yeni-Komshian, 1974) but remain still for /p/*. In more technical terms, for /b/ the onset of vocal fold
vibration starts before the release of the occlusion resulting in a negative Voice Onset Time (e.g.,
Keating, 1984), while for /p/ the onset of vocal fold vibration is close to the release of the occlusion
resulting in a Voice Onset Time of about 0. Because of this difference, the onset of acoustic energy
for p-initial words corresponds to the onset of the release burst. For b-initial words, the onset of
acoustic energy corresponds, in most trials, to the onset of voicing. Typical examples of acoustic

onsets for p- and b- initial words are presented in Figure 1.

*** Figure 1 about here ***

EEG pre-processing

Epochs of 2800 ms were extracted, time-locked to the stimulus (stimulus-aligned) and time-locked to
the vocal response onset (response-aligned) (-1400 ms; +1400 ms). Each ERP epoch was visually
inspected; epochs contaminated by eye blinks or other noise artefacts were rejected and excluded
from averaging. Electrodes presenting artefacts were interpolated using 3-D splines interpolation
(Perrin et al. 1987); there was an average of 5% of electrodes interpolated by participant
(max=13.3%). Only trials with both response- and stimulus-aligned epochs were retained (an average

of 81 and 65 trials per condition was kept).
Microstate analyses

The aim of microstate analyses is to determine whether conditions differ in global electric fields (e.g.,
Michel & Murray, 2012; Michel, Koenig, Brandeis, Gianotti, & Wackermann, 2009). In the present
study, these analyses were used to compare the EEG topographies associated with p- and b-initial
words. The analysis was performed in a time window spanning from 300 ms before the acoustic

onset to 200 ms afterwards.

We followed a three-step procedure. First, a TCT (topographic consistency test) was run to check that

a given scalp field is consistently activated by the event of interest in the time window of analysis.

! Note that the pronunciation of /p/ and /b/ in French differs from the pronunciation of the same phonemes in
English. In English, the onset of the vocal fold vibration for /p/ starts after the release of the occlusion (positive
Voice Onset Time) while /p/ has a Voice Onset Time of about 0 in the former/in French.

Psychophysiology
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The topographic consistency test implemented in the Ragu software (Koenig, Stein, Grieder, &
Kottlow, 2014) was used. This test compares the global field power (GFP) of a speaker’s averaged
ERPs to the empirical distribution of the GFP obtained after shuffling the data randomly across
electrodes. Periods of inconsistency should therefore be discarded for subsequent analyses. The
second step in the analysis consisted in a topographic analysis of variance (TANOVA; Murray, Brunet,
& Michel, 2008) to determine to what extent the topography (as indexed by the global dissimilarity
index, Lehmann & Skrandies, 1980) of the ERPs differs across conditions. The procedure based on
permutation tests and implemented in the Ragu software was used (see Koenig, Stein, Grieder, &
Kottlow, 2014, for details). The data were normalized prior to the analysis, 5000 iterations were used
and the significance threshold was set to 0.01. The third step consists in a topographic pattern
analysis. This analysis allows determining whether differences across conditions arise because the
sets of periods of stable electrophysiological activity (topographic maps) differ across conditions, or
because of differences in the time course of the topographic maps. In the present study, the method

described by Koenig et al. (2014) was used to perform the topographic pattern analysis.

Time-frequency analyses

Time—frequency decompositions of the EEG signal were obtained using Hanning convolutions of 6
cycles that were computed from 1 to 50 Hz in steps of 1Hz on sliding windows of 50 ms over i) the
500 ms period around vocal response onset (-300 +200 ms) and ii) the two 500 ms periods chosen as
baselines: prior to picture onset (-700 -200 ms) and post vocal offset (+700+1200 ms) (see
supplementary material2). Time-frequency representations were averaged over trials for each

participant and condition (i.e. onset phoneme).

Statistical analyses were carried out on oscillatory power by means of a cluster-based non-
parametric analysis (Maris & Oostenveld, 2007) on separate averaged frequency bands (Alpha 8-14
Hz, Beta 15-29 Hz and Gamma 30-50 Hz). This approach allows to compare the signal power between
conditions over channels and time-windows while avoiding the problem of multiple comparisons.
Spatial adjacency was set to three neighboring channels. Only clusters over a given significance level
were kept. This was determined by building a distribution stemming from the data itself by
successive random permutations (Monte Carlo; 2000 randomizations) of the two experimental
conditions being compared. Alpha-level was set at .05. The procedure was conducted to compare

signal around vocal response onset to the baseline periods for each phoneme separately.
Results

Microstates analyses

Psychophysiology
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The topographic consistency test revealed that the ERPs were consistent for both conditions in the
time window of interest (300 ms prior to vocal onset to 200 ms afterwards). This allowed us to
perform the TANOVA and the microstate analysis on the entire time-window. The TANOVA analysis
revealed significant differences between the two conditions throughout the time window: notably
from about 125 to 45 ms before the onset of articulation, and from about 45 to 135 after the onset
of articulation. The topographic pattern analysis revealed no significant differences in the set of
topographic maps for the two conditions but differences in the onset and offset of three consecutive
maps. The first of these maps started around 150 ms and 110 ms before the onset of articulation for
/p/ and /b/ respectively (p = 0.0042) and ended around 130 ms before the onset of articulation for
/p/ and 95 ms for /b/ (p = 0.0088) (see Figure2). The second of these maps ended around 120 ms
before the onset of articulation for /p/ and 75 ms for /b/ (p = 0.0042). The last map ended around
100 ms before the onset of articulation for /p/ and around 55 ms for /b/ (p = 0.0042). The average

difference in onset/offset between p initial and b initial words is 40 ms.

*** Figure 2 about here ***
Time-frequency analyses

Figures 3a and 3b (left panel) depict time-frequency decompositions around vocal onset for trials
involving the onset phonemes /b/ and /p/, respectively. Power spectra indicated enhanced power in
the gamma band (30-50 Hz) around articulation relative to pre-picture onset baseline for both
phonemes. There were two temporally disjoint significant clusters of activity over peripheral
electrodes for the phoneme /b/ (in red on Figure 3a, middle panel), from -100 to -50 ms prior to
vocal onset (p<0.001) and from 50 to 200 ms post vocal onset (p=0.007). One significant cluster was
observed for the phoneme /p/ (in red on Figure 3b middle panel), from -150 prior to vocal onset
(p<0.001). The number of electrodes showing this pattern increased with proximity to the vocal

onset (see Figure 3a, middle panel).

Enhanced power was also found in the beta band (15-29 Hz), on peripheral electrodes, from vocal
onset to 200 ms afterwards (one significant cluster for /b/, p=0.01, and /p/, p=0.0245) (see Figure 3,
right panel). Moreover, significantly reduced power in the beta band was observed prior to vocal
onset. For the phoneme /b/, a significant cluster (p=0.0175, in blue on Figure 3a, right panel) of
about fifteen central electrodes showed this pattern from 300 to 100 ms prior to vocal onset. For /p/,
significant reduced power was observed up to 150 ms prior to vocal onset (p=0.017, in blue on Figure

3b, right panel).
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While no effect was found in the alpha band (8-14 Hz) for /b/ trials, one cluster lasting 50 ms (around
150 ms prior to vocal onset) showed reduced power for the phoneme /p/ trials, yet it was restricted

to 4 electrodes on centro-posterior sites (p=0.034; not shown).

In sum, the same pattern of increased power in the gamma and beta bands (with a similar spatial
distribution) was observed for both phonemes but with a trend for an earlier onset for /p/ trials. The
decreased power in the beta band had a different spatial distribution than the increased beta power
(central vs. peripheral sites) but was similar across phoneme onsets. Comparable results were

obtained when the baseline was taken post-vocal offset (see supplementary material2).

*** Figure 3 about here ***

General Discussion

The first aim of this research was to show how the properties of the first phoneme influence the
alignment of ERPs to the vocal response, and therefore the response-aligned signal. The comparison
of ERPs aligned to the onset of the vocal responses, defined with the usual criterion (onset of
acoustic energy) for words starting with /p/ versus /b/, revealed a delay in the set of stable
electrophysiological patterns (topographic maps) for the two word lists. An important and significant
shift in the time course of these maps was observed. There was no evidence that the two conditions
differed in the sets of topographic patterns. This result is as expected given that /p/ and /b/, despite
involving the same articulatory movements, differ in terms of the time interval between the onset of
the articulatory movement and the onset of the acoustic energy. Yet, this 40 ms shift is remarkably
consistent with the length of the voiced proportion of the acoustic signal prior to the release of the
closure in the vocal responses we recorded. This value is in the range of values usually reported for
such pre-voicing (e.g., 26 ms in Caramazza & Yeni-Komshian, 1974, around 130 for young adults in
Ryalls, Cliche, Fortier-blanc, Coulombe, & Prud'hommeaux (1997)). A shift of similar duration was
also observed for the power increase of oscillations in the gamma band, which had an earlier onset
for /p/ trials (~150 ms before vocal onset) than for /b/ trials (about 100 ms before vocal onset).
While these findings are not surprising, the clear-cut shifts in time of the EEG activity have important
methodological consequences for the analysis of response-aligned ERPs in speech and language
production experiments. They show that if conditions are not balanced in initial phonemes,
differences in the acoustic properties of the stimuli may generate spurious effects in the ERPs, i.e.

effects that have nothing to do with the manipulation of interest. From a more general perspective,
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the onset of the acoustic energy in the vocal responses does not seem an optimal trigger for
synchronizing the EEG activity to the response. The onset of the underlying muscular activity would
provide a more representative trigger, at the expense of considerably more complex recordings

(placing multiple electrodes on the face articulators; van der Linden et al., 2014).

The second aim of this study was to further characterize the EEG signal around the onset of
articulation. In the following we discuss how the frequency range, pattern of modulations and scalp
distribution of oscillatory changes converge to indicate that gamma and beta power increases reflect
(motor) activity resulting from articulation-related artefacts whereas beta suppression results from

pre-articulatory cortical processes.

The beta oscillations recorded in the present experiment were most likely generated by the primary
motor cortex M1 and their desynchronization over central sites corresponds to increased cortical
motor activity (Pfurtscheller & Lopes da Silva, 1999). Interestingly, in our data, the power decrease in
the beta band precedes the onset of the verbal response and is not sustained after it, which might
relate the effect to the retrieval of speech motor plans (phonetic encoding) rather than to
articulation itself (see Flinker et al., 2015, for a similar contrast). Speech motor control is complex in
the sense that it entails not only the overt production of the utterance but the combination of
synchronized breathing, mouth opening, and movements of lips, tongue and vocal cords. Some
studies have reported cortical motor preparatory potentials related to pre-phonatory breath and
mouth opening movements over central electrodes (Tremoureux et al., 2014; Yoshida et al., 1999).
Our results complement this literature by showing that beta band power decrease is associated with
speech motor preparation and that its timing seems sensitive to phonetic characteristics (here the

voicing feature) of the first phoneme of an utterance.

In contrast, power increases rather seem to start with response onset. Power increases in gamma
and beta bands show the same scalp distribution, and the timing of the beta power increase follows
gamma ones. Both these effects could reflect articulation-related activity (Muthukumaraswamy,
2013; see Ouyang et al., 2016 , for discussion of artifacts originating in high frequencies). As power
increase in the gamma band has been linked to EMG activity (Pope et al, 2009), these processes
might correspond to articulation-related activity, which would have different onsets as a function of
the initial phoneme of the word to be uttered. Gamma oscillations around 40 Hz seem particularly
sensitive to tongue movements (see Pfurtscheller, Neuper, & Kalcher, 1993), for which oscillatory
modulations have been observed over the central-posterior part of the scalp. Given that the period
of articulation requires strong muscular activity from a variety of effectors, it seems likely that the

beta and gamma increases indeed correspond to articulation-related activity.

11
Psychophysiology



©CoO~NOUTA,WNPE

Psychophysiology

An alternative hypothesis, which we believe to be less likely, is that beta power increase also reflects
monitoring processes during speech planning. Beta power increase has been reported in a Stroop
task (Piai et al, 2012) and monitoring-related activity could originate from supplementary motor area
(Moller et al. 2007; see also Ries et al, 2011), which would likely elicit a similar topography of beta
power. The reported beta power increase could reflect both articulation- and monitoring- related
activity originating from medial frontal regions, if it were not for the relationship between gamma
and beta power increases. The reliable association observed between these frequency bands
strongly suggests related mechanisms, while the role of gamma band power in monitoring hasn’t

been formally established so far, therefore arguing for the articulation-related interpretation.

Note that the increases in gamma and beta bands power were detected at earliest around 150 ms
before vocal onset for the voiceless phoneme /p/ and around 100 ms for the voiced phoneme /b/.
These observations are at variance with previous studies which found different (i.e. earlier) time
distribution of the artefact (see Ouyang et al., 2016; Porcaro et al., 2014). Such differences could be
largely due to methodological decisions (see Van der Linden et al., 2014). For instance, Porcaro and
collaborators (2014) reported speech motor artefacts as early as 400 ms post stimulus onset, as well
as earlier traces of artefactual activity around 160 ms post stimulus onset. However, these
observations likely resulted from having averaged trials with response times ranging from 250 to
1800 ms. This means that there was a substantial proportion of trials in which articulation was
already engaged around 400 ms post stimulus onset. In this case, restricting analyses to stimulus-
aligned epochs can be particularly misleading. In contrast, here we overcame this caveat first by
restricting the analysis to trials with similar response latencies and second by presenting results
aligned to the verbal response. By doing so, articulation-related activity is found only from 150 ms

pre-verbal response onwards.

Another important methodological feature is that studies aiming at either describing or removing the
artefacts do not use the same pre-processing procedures. Ouyang et al. (2016) explored EEG signals
with a low-pass filter of 70 Hz (i.e. frequency band of gamma oscillations) to cover the range of
electromyographic activity, whereas most language production research uses low-pass filters of 30
Hz. In that latter case, there seems to be no sign of articulation-related activity before verbal onset,
although heavy filtering is not an efficient way of eliminating the EMG related activity during
articulation (Porcaro et al.,, 2014). The present study aimed at enlarging this perspective by
describing time-frequency patterns over the articulatory period. In particular, the beta power (15-29
Hz) increase suggests that traces of artefactual muscular activity might be present in the EEG signal

even if a low-pass filter was applied at 30 Hz.
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The analyses reported in the present study contribute to further characterize the EEG signal around
the onset of articulation. Analyzing the time-course of topographic stability and of the oscillatory
dynamics provided clear cues to link the EEG signal to the muscle artefact that precedes and
accompanies overt articulation. Moreover, our results demonstrate that phonetic features of the
word onset phoneme constitute an important parameter affecting response-locked ERPs recorded

during speech production tasks.

Finally, it should be noted that although different methods are available for reducing EMG artefacts
(regression, CCA, ICA decomposition, etc. Pham et al., 2011; Vigario & Oja, 2008; see Uriglien and
Garcia-Zapirain, 2015 for a review), none can guarantee that the analyzed data are free of high-
frequencies originating artefacts (Muthukumaraswamy, 2013). As argued by De Vos et al. (2010), for
instance, the sensitivity of ICA to the diversity of words in a dataset could yield an excessive number
of sources and thus result in an inefficient removal of artefactual components. Yet, in light of the
results reported here, future work could investigate the efficiency of correction methods such as ICA

by incorporating spectral decompositions.

Based on the quantitative indexes explored in this methodological report, we submit that future
work should be devoted to delineating the influence of artefacts in the signal rather than only
attempting to remove them “blindly”, in order to draw conclusions about germane cognitive

processes.
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Figure captions

Figure 1: Time course of acoustic energy for p-intial word (left) and b-intial words (right), with

respective phoneme onsets marked.

Figure 2: Grand-average ERPs for /b/ and /p/ words with an oscillogram of the vocal responses and
their onsets as well as results of the topographic analysis. Electrophysiological configurations at scalp
of microstates are presented and distinguished by color. Colored-shaded areas correspondingly
indicate duration of each microstate. As evidenced in the upper panel, differences in amplitudes are

observed but no clear ERP components emerge in the response-aligned epoch.

Figure 3: Time-frequency decompositions (left panel) of grand-average ERPs and corresponding
statistical analyses (middle and right panel) for /b/ words (a) and /p/ words, computed against a pre-
stimulus baseline (b). Outputs of the cluster-based permutation analyses for each condition in the
Gamma band (middle panel) and in the Beta band (right panel) are given. Each bar represents
statistically significant 50 ms time-bin on a single electrode. Spatial distribution of the electrodes

showing the effect is indicated on the central row.
Supplementary material.

Supplementary materiall. Time-frequency decompositions of grand-average ERPs in the period

corresponding to the pre-stimulus onset period for the phoneme /b/ (a) and the phoneme /p/ (b).

Supplementary material2. Statistical analyses (middle and right panel) for the /b/ words (a) and the
/p/ words (b), computed against a post-vocal offset baseline. Outputs of the cluster-based
permutation analyses for each phoneme in the Gamma band (middle panel) and in the Beta band
(right panel) are given. Each bar represents statistically significant 50 ms time-bin on single

electrodes. Spatial distribution of the electrodes showing the effect is indicated on the central row.
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Figure 1: Onset of acoustic energy for p-intial word (left) and b-intial words (right).
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Figure 2: Grand-average ERPs for b and p with spectrogram/oscillogram of the vocal responses and their
onsets as well as results of the topographic analysis. As evidenced in the upper panel, differences in
amplitudes are observed but no clear ERP components emerge in the response-aligned epoch.
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Figure 3: Time-frequency decompositions (left panel) of grand-average ERPs and corresponding statistical
analyses (middle and right panel) for the phoneme /b/ (a) and the phoneme /p/ (b). Outputs of the cluster-
based permutation analyses for each phoneme in the Gamma band (middle panel) and in the Beta band
(right panel) are given. Spatial distribution of the electrodes showing the effect is indicated on the central
row.

169x95mm (300 x 300 DPI)

Psychophysiology



Page 25 of 26 Psychophysiology

a

EEG signal pre-stimulus onset POz
10 Hz
11 50F 7

40 |

©CoO~NOUTA,WNPE

T +2

14 Phoneme [b] »}
16 20 |

Uy IAGDIY

18 10}

-500 -400 -300 -200 -100 0 ms
20 Picture onset

L 1 L L

-2

22 b

24 sol‘jz T T T T T T T T T T —3 +2

26 40

28 Phoneme [p] 3of 1
29 I 1
30 20 | 1

31 3 J
s w0l —ﬁ

33 -500 -400 -300 -200 -100 0 ms
34 Picture onset

abunyd angoay

-2

41 163x157mm (150 x 150 DPI)

Psychophysiology



©CoO~NOUTA,WNPE

Phoneme [b]

Phoneme [p]

128 electrodes

Psychophysiology

Gamma band (30-50 Hz) Beta band (15-29 Hz)

—__ e———
——

128 electrodes

128 electrodes

0to 50 50 to 100

128 electrodes

-200 -100 0 100 200 ms -300 -200 -100 0 100 200 ms

123x94mm (300 x 300 DPI)

Psychophysiology

Page 26 of 26



