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Abstract—Glossokinetic potential (GKP) is the potential response generated from tongue movements. The tongue is one of
main articulators determining the sound of spoken language, and
tongue-oriented GKP can severely interfere electroencephalography (EEG) signals involved in language-related tasks. To clarify
the relation between GKP and language, and provide information
such that what kinds of phonemes evoke GKP response and where
the response can be observed, we investigate GKP responses from
various phonemes. In detail, we record EEG signals when the
tongue touches each place of articulation (the reference points
used for the categorization of consonants in phonetics), then
analyze their spatial and scale patterns. The results showed pronouncing dental, palato-alveolar, and palatal consonants evokes
potential decrease in the frontal region, and potential increase
in the occipital region. On the other hand, pronouncing retroflex
consonant evokes potential increase in the frontal region, and
decrease in the occipital region. We believe that the surveyed GKP
patterns will be useful for developing artifact removal techniques
eliminating language-related artifacts. The GKP removal could be
beneficial for neuroscience in language processing, implementing
brain-computer interface in real-world condition, and developing
a novel silent speech recognition technique.
Index Terms—Electroencephalography (EEG), Glossokinetic
potential (GKP), The place of articulation

I. I NTRODUCTION
The use of electroencephalography (EEG) in language production researches has been widely studied by neuroscientists
[1]. To survey the brain activities in language production,
they have investigated and discovered various language-related
event-related potentials [2], [3], [4]. Not only for its potential to
be utilized for neuroscience, language-related EEG responses
begin to attract the attention of brain-computer interface (BCI)
researchers, who make the use of EEG to translate a subject’s
intention or mind into a control signal for external devices [5],
[6], [7]. Recently, with the aid of developing BCI researches,
numerous studies have attempted to directly interpret an user’s
intention to the form of speech by analyzing EEG signals.
The most common method to input a speech via BCI is
P300 speller, first proposed by Farwell et al. [8]. In general P300 speller design, the BCI system displays randomly
flashing characters, and traces P300 responses to find out
the specific character focused by the subjects. Instead of this
speller-based method that characters are input one by one,
more challenging approach, which recognizes the word in
mind directly from EEG signals, is attempted by Porbadnigk
et al. [9]. They named this technique as EEG-based speech
recognition, and in their study, they tried to classify the EEG

signals recorded during the subjects imagine speaking the five
kinds of words (alpha, bravo, charlie, delta, and echo).
For recording the language-related EEG response, the best
way to acquire the signals is to record signals simultaneously
when subjects speak overtly. However, overt speech can evoke
artifacts from the muscle activities of articulators, such as
the lips, tongue, and teeth [1]. To avoid the contamination
from the artifacts, various experimental procedures have been
developed to replace the overt speech in covert manner, such
as phoneme monitoring [10], covert (or tacit) naming [11].
These procedures are successful in avoiding potential speech
movement related artifacts. However, as pointed out in [1],
these procedures can cause an alteration on EEG signals by
imposing additional mental tasks to the subjects. Furthermore
from the electrocorticographic (ECoG) study [12], it is reported
that there is a pattern difference between brain activities for
covert and overt speeches.
To overcome these problems and obtain EEG signals from
overt speech, alternative approaches that actively remove
language-related artifacts have been attempted [13], [14]. With
considering that the sounds of human speech are mainly
determined by articulatory movements of the tongue and lips,
we can assume that electromyography (EMG) from facial muscle activities and glossokinetic potential (GKP) from tongue
movements will be the most significant artifacts interfering
EEG signals during overt speaking. To solve the interference
problem from EMG, Vos et al. exploited a blind source
separation (BSS) technique based on canonical correlation
analysis to remove the short EMG bursts due to the articulation
[13]. To eliminate GKP, Vanhatalo et al. used a latex sheet
made from the thumb piece of a surgical glove to cover the
surface of the tongue for insulating the negative charge from
the tongue [14]. The study [14] showed that the method can
successfully eliminate GKP in inexpensive and practical way,
but adhering the sheet into parts of the mouth can cause
discomfort, and it may not be hygienic.
We believe that GKP also can be removed by using sophisticatedly designed spatial filters, as BSS technique was
successfully applied to EMG removal in [13]. To design the
optimal spatial filter for GKP removal, the clear understanding
about patterns of GKP should be preceded. The purpose of
this study is to investigate GKP patterns for various tongue
movements for speech. In phonetics, the phonemes (basic units
of a language’s phonology) of consonants can be categorized
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into about six groups (the number of groups can be varied
according to the language and the purpose of categorization)
according to the position of the tongue: dental, alveolar,
retroflex, palato-alveolar, palatal, and velar [15, pp. 11−13].
We investigate the temporal and spatial patterns of GKP
responses for each category of consonants, and summarized
the results to provide essential information for GKP removal.
The rest of this paper is organized as follows. In Section
II, we explain about the relation between the GKP and the
position of the tongue, then describe the tongue positions
of various consonants. In Section III, we describe how we
record the language-related GKPs, and its analysis results are
described in Section IV. Finally, conclusions are drawn in
Section V with discussing potential beneficiaries of the study.
II. BACKGROUND
In this section, we provide a short introduction about the
relation between GKP and language. We firstly explain the
relation between the GKP and the position of the tongue, which
is already surveyed in [16]. Secondly, we describe the tongue
positions of various consonants based on the concept of the
place of articulation in articulatory phonetics.
A. GKP
Generally, GKP means an electrical potential response
involving tongue movements, but specifically it refers the
response evoked when the tip of the tongue touches the tissues
inside the mouth. The tip of the tongue has a negative electrical
charge with respect to the root [17, p. 116], [18]. As a
result, when the tongue touches the tissues, the electric charge
decreases the potential on the skin near the point of contact.
In our preliminary works [16], we surveyed the relation
between GKP and the horizontal position of the tongue. The
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contact between the tongue and buccal wall decreases the
potential on the skin near the point of contact, and its effect
decreases with distance from the point. That is, GKP forms a
potential gradient centering on the point, and by locating this
center point from GKP analysis, we could inversely identify
the point of contact, which also means the position of the
tongue.
The idea that the position of the tongue determines the
GKP pattern, also can be applied to language-related tongue
movements. When the tongue touches various articulators,
such as lips, teeth, alveolar ridge, and palate, the evoked GKP
responses may share a similar pattern of potential gradient, but
will have different center points. Based on this assumption,
we recorded GKP responses from various tongue positions,
where are used as reference points to distinguish phonemes in
articulatory phonetics, and analyzed the spatial and temporal
patterns of evoked GKP responses.
B. Consonants and their tongue positions
A phoneme is a basic unit of a language’s phonology.
Therefore, investigating the GKP patterns of each phoneme
is the first step for understanding the language-related GKP
patterns. Generally, phonemes can be divided into consonants

and vowels. The consonants are articulated with complete
or partial closure of the vocal tract, while the vowels are
articulated with an open vocal tract [15, p. 10]. Vowel does not
allow the tongue touches to the lips or buccal wall, so vowel
phonemes cannot generate any GKP signals. However, in the
case of consonants, the tongue may touch various articulators
and the consonant phonemes can have various GKP patterns.
In this subsection, we briefly describe the category of the
consonant phonemes, which shares the same position of the
tongue.
As we mentioned earlier, in order to form consonants, the
airstream through the vocal tract must be obstructed in some
way [15, p. 10]. In most languages, the lips and tongue are
mainly used make such obstruction, and other articulators,
such as the teeth, alveolar ridge (a small protuberance just
behind the upper teeth), hard palate, soft palate are used to
support them to vocalize subdivided consonants. The place of
articulation is one of the most widely used phonetic features,
that classifies the phonemes according to which articulators
(generally two) are engaged to make the obstruction.
In International phonetic alphabet chart devised in 2005
[19], eleven places of articulation are distinguished, such as
bilabial, labiodental, dental, and so on. Among these places
of articulation, dental, alveolar, post-alveolar, retroflex, palatal
and velar consonants are articulated with the contact (or
approach) of tongue and other tissue inside the mouth. Fig.
1 describes the six categories of consonants with their related
articulators and example phonemes. In addition to six categories, we also depicted bilabial consonant as the example of
EEG response that is not related to tongue movements.
As shown in the figure, in each category of consonants,
the tongue places in different positions to vocalize different
sounds. The purpose of this study is to investigate the GKP
responses for each category of consonants to verify languagerelated GKP patterns. The recorded GKP signals will be
presented in Section IV with their spatial patterns and scales.
III. E XPERIMENTS
In this section, we describe experimental procedures to
record language-related GKPs for each place of of articulation.
We selected the representative phonemes from each place: 1)
/D/ for dental, 2) /d/ for alveolar, 3) /ó/ for retroflex, 4) /dZ/ for
palato-alveolar, 5) /é/ for palatal, 6) /g/ for velar, and 7) /m/ for
bilabial. To measure the potential difference evoked when the
tongue touches each place, we append /a/ to both front and
back of each phoneme. During pronouncing /a/, the tongue
does not touch any tissues, so the potential levels in this state,
can be used as the reference point without GKP response.
For the dental, we presented /a/, /D/, and /a/ in sequence
on a screen. Each phoneme was presented for one second, as
shown in Fig. 2. We then asked the subjects to pronounce the
presented phonemes. We also asked to pronounce the second
phoneme (such as /D/, /d/) slowly without detaching the tongue
from the articulators until the third cue (/a/) is given, to extend
the duration of the contact between the tongue and the tissues.

During the experiments, we asked the subjects to move
only their tongue with minimizing the movement of chin in
vertical direction. For the retroflex, we reminded them to bend
the tongue upward properly, and touch the hard palate with
the tongue. For the palato-alveolar, we asked the subjects to
pronounce /adZa/ likewise pronouncing the first part of “a
jasmine”. For the palatal, /aéa/ is pronounced like “agya”.
Four male subjects participated in the experiments. All
subjects were healthy graduate students with no known neurological problems. They are not native English speakers, but
we taught them to pronounce the phonemes precisely before
the experiments.
The EEG signals were recorded with Biosemi ActiveTwo
r system, and the electrode placement is depicted in Fig. 3.
The signals were sampled at 512 Hz, and low-pass filtered with
a cutoff frequency at 6 Hz by a Butter-worth filter. A single
trial has a length of three seconds for three phonemes, and we
collected five trials for each place of articulation.
IV. R ESULTS
From the recorded signals, we analyzed the potential difference evoked when the tongue touches each place of articulation. From each trial, we collected the signals from 0.5 s to
1 s corresponding to /a/ without GKP. We calculated the mean
values of the recorded potentials from each channel and used
them as the baseline potential in the absence of GKP response.
In the same trial, we collected the signals from 1.5 s to 2 s,
corresponding to the phonemes given in the second cue, which
includes GKP response. We calculated the mean values of the
signal segment in the same way. We calculated the difference
between two mean values to measure the potential differences
evoked by tongue movements.
Fig. 3 shows the example GKP response generated when a
subject pronounce /aóa/ for retroflex. The signal segment used
for measuring baseline was shaded by gray color, while the
segment used for measuring GKP response was shaded by red
color. When the subject pronounces /ó/ in 1 s, the potential
levels begin to increase, especially on the channels located in
the frontal region, such as Fp1, Fp2, and F8. The increased
potentials are stabilized after 1.5 s, and begin to decrease after
2 s, when the third cue asking the subjects to pronounce /a/ is
given.
The measured potential differences evoked by tongue movements were visualized in Fig. 4 using the EEGLAB topoplot
function [20]. For enhancing the visibility, we applied different
scale ranges for each plot, and we depicted the ranges below
each plot. The width of value range is proportional to the scale
of the potential response. For example, from the results of
subject 3, the potential difference evoked when pronouncing
the retroflex consonant showed potential increase in the frontal
region and decrease in the occipital region, which have a range
from -50 µV to 50 µV . However, when the subject pronounces
the dental consonant, the potential difference has a range from
-10 µV to 10 µV . It implies that pronouncing retroflex consonant evoked larger GKP response than pronouncing dental
consonant.
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From the results, we observed that when pronouncing
dental, palato-alveolar, and palatal consonants, the potential
levels in the channels on the frontal region decrease, while
the potentials on occipital region increase. When subject 4
pronounces the palato-alveolar consonant, the evoked pattern

was not matched to the patterns from other subjects. We
checked the signals to identify the reason of this mismatch, and
we found that the head movements of the subject corrupted the
signals. In opposition to above three consonants, pronouncing
retroflex consonant showed potential increase in the frontal

region, and decrease in the occipital region. From the results
of alveolar, velar, and bilabial consonants, we could not find
common pattern.
To sum up, pronouncing dental, alveolar and palatal consonants evoked GKP responses sharing similar spatial pattern,
but pronouncing the retroflex consonant evoked GKP response
with inverse spatial pattern. It implies that upward tongue
movements to the articulators, such as the teeth, alveolar
ridge, and palate, evoke the potential decrease in the frontal
region, and the increase in the occipital region. However, if the
tongue is bent for pronouncing retroflex consonant, the strong
potential increase is observed in the frontal region.
V. C ONCLUSION
In this study, we surveyed language-related GKP on scalp.
We believe that the surveyed results are essential for developing GKP removal technique, which might be beneficial
for 1) EEG researches in language processing, 2) languagerelated BCI, and 3) BCI in real world condition. It need to
be noted that recent BCI researchers begin attempts to utilize
BCI technology for healthy individuals, not only for paralyzed
patients. For instance, in recent studies, BCI technology is
exploited for gaming [21] and improving error handling [22].
To implement robust BCI system applicable to healthy users in
daily life, the potential artifacts that can arise in the real world
condition should be considered. With considering that talking
is an essential part of daily life, GKP removal technique can
be beneficially exploited to make a BCI system works robustly
when the users are talking in real world condition.
We are also expecting that the surveyed GKP patterns can be
exploited for silent speech recognition technique (SSR). SSR
is a speech recognition technique, which does not use acoustic
information from the user’s speech [23]. Instead of acoustic
sound recorded from a microphone, it records and analyzes
speech-related bioelectric potentials. Previous SSR researches
have mainly focused on EMG analysis to trace articulatory
muscles activities. However, if GKP analysis is combined
to conventional SSR techniques, SSR interface could exploit
information about not only the muscle activities, but also the
tongue position, which is useful feature for discriminating the
category of consonants.
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