Research Note

A Neural Marker of Speech Intention:
Evidence From Contingent
Negative Variation

Juhi Kidwai,? Jonathan S. Brumberg,®

Purpose: This study investigated whether changes in brain
activity preceding spoken words can be used as a neural
marker of speech intention. Specifically, changes in the
contingent negative variation (CNV) were examined prior
to speech production in three different study designs
to determine a method that maximizes signal detection
in a speaking task.

Method: Electroencephalography data were collected in
three different protocols to elicit the CNV in a spoken word
task that varied the timing and type of linguistic information.
The first protocol provided participants with the word to be
spoken before the instruction of whether or not to speak,
the second provided both the word and the instruction to
speak, and the third provided the instruction to speak
before the word. Participants (N = 18) were split into
three groups (one for each protocol) and were instructed
to either speak (Go) or refrain from speaking (NoGo) each
word according to task instructions. The CNV was measured

and Brianna M. Marsh°®

by analyzing the difference in slope between Go and
NoGo trials.

Results: Statistically significant effects of hemispheric
laterality on the CNV slope confirm the third protocol
where the participants know they will speak in advance
of the word, as the paradigm that reliably elicits a CNV
response related to speech intention.

Conclusions: The maximal CNV response when the
instruction is known before the word indicates the neural
processing measured in this protocol may reflect a generalized
speech intention process in which the speech-language
systems become prepared to speak and then execute
production once the word information is provided. Further
analysis of the optimal protocol identified in this study
requires additional experimental investigation to confirm
its role in eliciting an objective marker of speech intention.
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speaker’s communicative intent to translate their

ideas and thoughts to a listener and respond to others
(Bara, 2010; Grice, 1975; Sperber & Wilson, 1995). The pro-
cess of speech production consists of many overlapping
components and has been studied from a range of theo-
retical contexts that tend to focus on specific parts of
the whole process (Hickok, 2014). For instance, prior

S peech production is a complex process driven by a
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models of speech production have focused on linguistic
aspects (Dell et al., 1997; Indefrey & Levelt, 2004; Levelt
et al., 1999), while others focused on sensorimotor control
(Golfinopoulos et al., 2010; Guenther et al., 2006). An inte-
grated model of speech production often interfaces between
the linguistic and sensorimotor control components (Civier
et al., 2013; Hickok, 2012). The goal of this pilot study is to
identify an electrophysiological neural marker that repre-
sents a connection between linguistic and motor processes
during speech production. Many integrated models of verbal
communication use an intention signal to begin linguistic
processing that converts communicative thoughts into lin-
guistic units (Foygel & Dell, 2000; Hickok, 2012; Walker
& Hickok, 2016). As the word is selected during linguistic
processing, lexical-auditory and lexical-motor targets are
generated that work through feedforward and feedback-
ward loops in the dynamic articulatory motor system for
word production (Walker & Hickok, 2016).

In a general model illustrating the components of speech
production (see Figure 1), speech intention forms a vital link
between overlapping linguistic (Levelt et al., 1999) and motor
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Figure 1. A general model of speech production highlighting speech
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speech processes (Guenther, 2016; van Der Merwe, 1997)
and, if severed, can result in disrupted speech production. In
this type of model, message compilation in linguistic planning
involves morphosyntactic and phonological planning that is
transmitted to the motor speech system for development of the
motor program. This feedforward system is accompanied by
a feedbackward system that integrates auditory and somato-
sensory information of the executed motor commands for
comparison with intended speech and linguistic targets (e.g.,
Guenther, 2016). Key to this functionality is a simultaneous
process of speech intention that facilitates feedforward com-
munication between the linguisticand speech motor subsystems.

An objective measure of speech intention may help im-
prove our understanding of the relationships between neural
processes involved in language and speech production and nar-
row the effects of neural dysfunction to linguistic only (prior
to speech intention), speech only (following speech intention),
or the transition between the two processes (the intention pro-
cess itself). Electroencephalography (EEG) is one objective
measure of brain function that can be used to examine this
transition stage of speech intention in the midst of the rapidly
and simultaneously occurring linguistic and speech motor
processes (Beres, 2017). Specifically, the contingent negative
variation (CNV), an event-related potential that reflects an-
ticipation of a motor response, is particularly well suited with
prior known effects due to speech and language production
(Ning et al., 2017; Vanhoutte et al., 2016, 2015; Wu & Thierry,
2017).

The CNV is an EEG slow cortical potential observed
during a two-cue motor paradigm where the second (S2),
imperative stimulus is contingent on a first (S1), warning
stimulus (Walter et al., 1964). The S1 (warning) elicits an early
orienting response with a late expectancy wave generated prior
to the S2 (imperative; Loveless & Sanford, 1974; Rohrbaugh
et al., 1976). The slope or mean amplitude of the late CNV
portion occurring just before S2 represents preparation for a
motor act like moving your arm (Bares et al., 2007; Birbaumer
et al., 1990; Fan et al., 2007; McCallum, 1988). While the
CNYV was originally reported to indicate anticipation and
preparation of a motor response (Walter et al., 1964), it has
been recently observed during expectation and anticipation of
a linguistic stimulus (Mnatsakanian & Tarkka, 2002; Tarkka
& Basile, 1998) and behavioral performance and perceptual
timing (e.g., decision making between auditory signals as

“short” or “long”; He & Zempel, 2013). The CNV is also
sensitive to anticipation of complex speech movements com-
pared to simple lip stretching and rounding, which further
supports its use in measuring speech intention (Wohlert, 1993).
The late CNV component was chosen in this pilot study to in-
vestigate speech intention as the transitional link between
linguistic and sensorimotor control, as suggested in Figure 1,
since speech intention may be represented as an anticipation
or expectancy of speech motor control (e.g., imperative stimu-
lus) contingent on some speech production task (e.g., warning
stimulus). In the current study, the slope of the late CNV
component is our primary dependent measure of speech inten-
tion in order to capture overall trends in greater negativity
associated with prominent late CNV components, rather than
average amplitude that may be affected by earlier com-
ponents of the CNV.

For the current investigation, three different visual
presentation protocols were used to elicit the CNV in re-
sponse to speech intention that varied the amount and type
of information available to participants at the warning and
imperative stimuli of the classical CNV paradigm. By vary-
ing the amount, type, and timing of information in our three
different stimulus presentations, the goal was to determine
the combination that invoked the greatest CNV negativity
(i.e., steepest slope) for a spoken word production task while
faithfully reflecting speech intention processing. In each of
the protocols, the warning stimulus (S1) was used to indicate
the decision to speak, the word to speak, or both, once the
imperative stimulus (S2) appeared. As the CNV is maxi-
mally negative prior to the imperative stimulus (S2), it is
hypothesized that the presence of a CNV prior to speaking
(S2) and differences between the Go/NoGo trials are an in-
dication of speech intention and transmission of linguistic
commands to the motor speech system. In particular, greater
differences in CNV slope between speaking trials versus not
speaking was predicted for Protocols 2 and 3, in which the
decision to speak is made during the warning stimulus (S1)
representing speech and language planning and anticipation
of word production, respectively, compared to Protocol 1
where participants did not know if they would have to speak
the word or withhold response until the imperative stimulus
(S2) appeared. Furthermore, Protocol 2 provided both the
instruction to speak and the word to speak at the warning
stimulus (S1), which was designed to represent rehearsal
and speech intention processing (Ludyga et al., 2018; Van-
houtte et al., 2014), while Protocol 3 presented the instruc-
tion to speak (S1) before the word presentation (S2) and
was designed to prime the speech intention system only. Pro-
tocol 1 was designed similar to previous CNV experiments in
which the word was provided before the instruction to speak;
this protocol reflects a general motor gating (Wohlert, 1993).
A summary of the paradigm differences is shown in Table 1.

Materials and Method
Participants

Eighteen healthy young adults in the age range of
18-36 years (M = 24.6, SD = 4.27) were recruited into
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Table 1. Hypothesized linguistic and speech motor processing at the warning (S1) and imperative (S2) stimuli as well as the S1-S2 interval for

each protocol in this study.

Protocol S1 processing S2 processing S1-S2 interval processing
Protocol 1 Linguistic Speech motor + gating General motor preparation
Protocol 2 Linguistic and speech motor Gating only Rehearsal, speech preparation
Protocol 3 Speech motor Linguistic + gating Speech preparation/initiation

Note. S1 = Stimulus 1; S2 = Stimulus 2.

three groups of six participants each for the three presen-
tation protocols (nine women, all right-handed). All par-
ticipants were native speakers of American English, with
self-reported normal or corrected vision, speech, language,
and hearing and no reported neurological or neuromotor
complaints. All participants provided their written informed
consent to participate in our study that was approved by the
institutional review board of the University of Kansas. Data
from one participant were not included in this analysis due
to technical recording errors during data collection, leaving
data from 17 participants for further analysis.

Presentation Protocols

The three presentation protocols investigated in this
study (shown in Figure 2) varied the information presented
to participants at each of the two stimulus cues—warning
and imperative. In the first presentation protocol, the warn-
ing stimulus (S1), included only word information (colored
white) for participants who then received an imperative
stimulus (S2) to either speak (change to green) or withhold
response (change to red) and should elicit responses for mo-
tor preparation and gating. The CNV is most commonly
elicited in paradigms, such as this, where the participant re-
ceives an S1 to orient to the task and then performs the
task at S2 (Kowalski et al., 2018; Lasaponara et al., 2019;
Neuhaus, 2019; Ning et al., 2017). In the second presentation
protocol, the warning stimulus (S1) provided both the word
and the task instruction to speak (green-colored) or to with-
hold response (red-colored) at the imperative stimulus (S2)
at which time the word color changed to white. We hypoth-
esize participants practice the target word through mental
rehearsal processes as well as engaging speech intention.
Protocol 2 is very similar to other CNV paradigms focused
on speech and language production where the participant
is aware of the exact word (S1) to be produced at a later
time (S2; Ludyga et al., 2018; Vanhoutte et al., 2016, 2015,
2014). In the third presentation protocol, we combined the
motor initiation and speech-focused qualities of the first
two protocols to focus in on speech-specific initiation pro-
cessing without confounding mental rehearsal. For the
third protocol, participants viewed a green- or red-colored
circle warning stimulus (S1) that instructed participants to
either speak or withhold response for a target word pro-
vided at the imperative stimulus (S2) through a change in
color to white. By providing only the instruction to speak
without content, participants can only prime the speech

production and initiation systems without rehearsal. The
third presentation protocol follows a novel paradigm to
elicit CNV associated with speech motor preparation by
defining the task at S1 and then provide the word at S2 (cf.
Maxfield et al., 2015; Wu & Thierry, 2017), eliminating lin-
guistic rehearsal focusing on speech motor anticipation
and intention. All three protocols recorded the CNV be-
fore speech production to eliminate contamination of the
recorded EEG due to electromyographical artifacts asso-
ciated with orofacial muscle contractions during speech
production.

Stimuli

A total of 90 different words were included in this
study, each beginning with an initial /p/ to help minimize
orofacial artifacts. The words were grouped according to
three syllable structures (CVC, CVCV, CVCVC) and three
levels (low, medium, high) of word frequency of occur-
rence in English language as determined by SUBTLEXysg
(Brysbert & New, 2009) and randomly presented through
PsychoPy (Peirce et al., 2019). All words were repeated
twice, once each for Go and NoGo conditions for a total of
180 trials.

Procedure

EEG recordings took place in a sound-treated booth
using 62 active electrodes (g.Hlamp, Guger Technologies)
arranged uniformly according to the 10-10 standard
(Oostenveld & Praamstra, 2001). In the first presentation
protocol, the participants were presented with a white-
colored word warning stimulus (S1) on the screen, then
instructed to speak immediately at the imperative stimulus
(S2) if the color of the word changed to green, or withhold
their response if the color of the word changed to red.
For the second presentation protocol, participants were
presented with a green- or red-colored word on the screen at
the warning stimulus (S1). If the word color was green, par-
ticipants were instructed to immediately speak the word
aloud when it turned white at the imperative stimulus (S2)
and to withhold their response at the imperative stimulus if
the initial word color was red. For the third presentation
protocol, participants were presented with a green- or red-
colored circle in the center of the screen at the warning stim-
ulus (S1). If the circle was green, then participants were to
speak the upcoming white-colored word presented at the im-
perative stimulus (S2) displayed on the screen, and if the
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Figure 2. Presentation protocols to elicit the contingent negative variation and a flow of stimulus presentation as seen by the participants.

S1 = Stimulus 1; S2 = Stimulus 2.
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circle was red, they were to remain silent. In all protocols,
the warning stimulus was presented for a random dura-
tion between 2 and 3 s, followed by the imperative stimulus
(S2), which stayed on the screen for 5 s. Each trial was sepa-
rated by a 4-s blank screen interval (see Figure 2).

EEG Analysis

EEG analysis was performed in MATLAB, and sta-
tistical analyses were performend in R. EEG data were re-
corded at a sampling rate of 512 Hz referenced to the left
earlobe with a ground electrode placed on the forehead
just below location AFz. A visual synchronization marker
was additionally presented in PsychoPy and recorded simul-
taneously with the EEG signals by a photodiode to ensure
precise alignment of each trial and stimulus (imperative and
warning). The resultant signals were bandpass filtered from
0.1 to 30 Hz and down-sampled to 128 Hz, after which ocu-
lar artifacts were removed using independent component
analysis (Bell & Sejnowski, 1995), where independent com-
ponents were removed by visual inspection for wave mor-
phology, power spectral density, and spatial concentration
around electrodes over the eyes and forehead. The continuous

signal was separated into epoch windows of 1.5 s that in-
cluded the time range from 1.5 s before the imperative stim-
ulus, with baseline correction using the mean amplitude in
the 0.5 s prior to the warning stimulus of each trial. Since
the trials were separated by a 4-s blank interval, we were
able to use a relatively long baseline period (0.5 s) to im-
prove stability of the baseline while avoiding possible influ-
ences from the previous trial.

Statistical Analysis

Preprocessed EEG data from 17 participants (n = 6,
Protocol 1; n = 6, Protocol 2; n = 5, Protocol 3) were ana-
lyzed to first derive a subject average CNV event-related
potential separately for Go/NoGo trials for 15 EEG chan-
nels with hemisphere locations left (electrode ID 3), right
(electrode ID 4), and midline (electrode ID z) and scalp lo-
cations FC, F, C, CP, and P according to the 10-10 stan-
dard. We then computed slopes from the linear regression
of participant average CNV responses in Go and NoGo tri-
als separately in the interval —1.5 to 0 s relative to S2, and
their difference was computed as the dependent measure for
statistical analysis. The slope was taken as a measure of
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increasing CNV negativity with differences in slope, indi-
cating differences in processing between Go and NoGo
trials. Statistical analysis was performed for the 15 EEG
channels per participant grouped according to laterality,
left, center (midline), and right. A mixed effects model was
used to evaluate the main effects of protocol type and hemi-
spheric laterality and their interaction, with participant ID as
a random factor. Statistically significant results at p < .05
were separately examined in post hoc comparisons using
Tukey’s adjustment.

Results

An example of a CNV response for Go and NoGo
conditions is shown in Figure 3, where the average of all
Go trials is shown in blue and that of NoGo trials is shown
in red, which demonstrates amplitude decreasing toward the
S2 alignment point (e.g., negative slope). A summary of
average CNYV slope differences is represented through box
plots with mean values (black dots) for each electrode for
each subject in Figure 4. Though our protocol included
target words of a variety of frequencies and complexities,
an initial analysis revealed no statistically significant effects
of syllable structure and word frequency on the CNV and
is not discussed in the remainder of these results. We found
a main effect of hemispheric laterality, F(2, 232) = 7.30,
p = .03, and an interaction effect of Protocol x Hemispheric
Laterality, F(4, 232) = 2.98, p = .01, for CNV slope differ-
ences. Though a main effect of protocol was not significant,
F(2, 14) = 2.25, p = .38, post hoc comparisons of slope dif-
ferences revealed the statistically significant main effect of
hemisphere, and the interaction effect was driven by sta-
tistically significant differences between right and left
hemisphere electrodes (left: 0.139 puV/s, right: —0.632 uV/s),
#(232) = 2.59, p = .028, and between right hemisphere and
center electrodes (right: —0.632 puV/s, center: 0.175 uV/s),
1(232) = 2.71, p = .020, in Protocol 3. These values sug-
gest a main result that the CNV differences for Go and
NoGo conditions occur most reliably in Protocol 3. Addi-
tionally, these results show that right hemisphere electrodes
appear to be consistently more negative-going (due to
negative slope) than midline and left electrodes, which is

Figure 3. Example of the contingent negative variation for Go (blue)
and NoGo (red) trials. S2 = Stimulus 2.
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corroborated by visual inspection of grand-averaged CNV
responses by protocol and laterality (Supplemental Mate-
rial S1).

Discussion

This study evaluated speech motor preparatory activ-
ity as reflected by the CNV preceding spoken words. Spe-
cifically, speech intention was examined by the slope of the
late CNV response elicited in a word production task. The
analysis focused on determining the factors in each of three
presentation protocols that differed in the amount and type
of information provided to participants at the warning and
imperative stimuli of a classical CNV paradigm for maxi-
mizing differences in the late CNV component between Go
and NoGo trial conditions. Our main hypothesis was that
Protocol 1 would reflect general motor preparation and gat-
ing, Protocol 2 would reflect mental rehearsal, and Protocol
3 would reflect priming for intention to speak in healthy
individuals.

In this research note, we narrowly focus on investi-
gating the CNV response as a possible objective measure
for quantifying speech intention. Our larger goal is to vali-
date this measure with future study of Protocol 3 for use in
tracking speech intention through the complex and over-
lapping processes involved in fluent speech production and
speech production in adverse conditions, such as mismatches
between feedback and expectations and in populations with
difficulty initiating and producing expressive speech and
language. The CNV has been used previously to assess mo-
tor intention and speech preparation; therefore, it is ideally
suited to quantitatively measure intentional processes in
speech (Ning et al., 2017; Vanhoutte et al., 2016, 2015; Wu
& Thierry, 2017). Thus, the goal of the current pilot study
was to identify a CNV paradigm that maximized CNV
differences between spoken utterances (Go) and silence
(NoGo) and reflect speech intentional processes between
the warning and imperative stimulus as a reflection of
the link between linguistic and motor speech processes
during speech production.

For this pilot study, only Protocol 3 resulted in sta-
tistically significant differences between Go and NoGo trials
in terms of the average differences between Go/NoGo CNV
waveform slopes for hemispheric laterality comparisons be-
tween left and right, and center and right electrodes. Proto-
col 2 provided participants with both the task goal and the
target word content at S1, where participants likely used the
warning-imperative stimulus interval to rehearse the target
word and prime for production at the imperative stimulus
possibly confounding observation of the intention signal
alone. Since all three protocols involved a speaking task,
we may assume that speech preparation is a default process
during the S1-S2 interval, but Protocols 1 and 2 are burdened
with additional linguistic processing of the word stimulus.
The combination of default speech preparation and linguis-
tic processing in Protocol 2 may be why we did not see reli-
able effects of Go/NoGo slope differences as were observed
in Protocol 3, which were counter to our initial hypotheses.
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Figure 4. Summary of average contingent negative variation slope differences for each protocol (1-3) and electrode location by hemisphere
(L = left; R = right; C = center/midline), with p values provided for multiple comparisons testing. The data points represent the individual electrode
channels used to define the hemispheric categories of left, right, and center for each subject.
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On the other hand, Protocol 3 provided information about
task goals (to speak or to remain silent) at the warning stim-
ulus but withheld the content of the word to be spoken until
the imperative stimulus. As a result, participants engaged in
both linguistic and speech motor processing at S2 and were
limited to priming their production systems to process the
upcoming stimulus during the warning—-imperative stimulus
interval. The hemispheric laterality effects seen in Protocol 3
may be attributed to anticipation of the word on the screen
or execution of the decision-making process or a general
intent to communicate, which are all related to the speech
intention process. Finally, Protocol 1 provided the target
word without the task goal at the warning stimulus, so

participants may have rehearsed the target word without
priming/initiating the production system. Based on our
criteria, the results of this pilot work suggest using Proto-
col 3 to isolate neural processes of speech intention for
further investigation in healthy young participants and others,
including those with difficulty initiating expressive produc-
tions as opposed to Protocol 2, which is unable to sepa-
rate the overlapping functions of linguistic processing and
speech intention. Finding an objective neural marker of
speech intention will provide a way to quantify speech in-
tention in current models of speech production and track
intentional mechanisms through the complex overlapping
processes involved in speech production.
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Conclusions

The current study examines speech intention as a tran-
sition process between lexical processing and speech motor
production with distinct neural components that can be quan-
tified using an electrophysiological marker. The findings of
our pilot study provide evidence for speech intentional pro-
cesses through EEG evaluation of three speech production
paradigms eliciting a CNV response. Using the CNV para-
digm, we were able to manipulate the type and amount of
information provided to participants as they prepared to
speak and then executed speech motor production. The par-
adigm that maximized differences in CNV slopes between
Go and NoGo trials targeted speech intention processes by
providing participants only with information about the task
goal and withheld the production stimulus until a later time.
This paradigm configuration forced participants to limit
their preparatory activities to priming and initiating speech
production. These findings for Protocol 3 not only provide
a way to quantify and track intentional mechanisms as the
link between linguistic and speech processes using EEG in
healthy individuals but may also provide an important mea-
sure for assessment in individuals with difficulty producing/
initiating speech, such as those with nonfluent aphasia who
know the word they wish to speak but are unable to pro-
duce it. The identification of speech intention in individuals
who have had a stroke with resultant speech disruption may
be used to investigate whether the disruption is primarily in
linguistic processing, speech motor processes, or their link.
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