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The scientific community is paying increasing attention to
the characteristics of brain processes providing switch of manual
motor programs. Thirty-two right-handed men aged 18-23 years
participated in the experiment. The EEG registration was per-
formed according to the international system 10/20, with closed
eyes during manual reactions in the Go-Stop-Change paradigm.
In the case of a low tone (70%), men had to press the left but-
ton of the console (go-response) with the right index finger.
A high tone (30%) required rapid pressing of the right button
(stop-change-response) with the middle finger. Event-related
desynchronization and synchronization of the spectral power of
the EEG frequency (6 Hz to 23 Hz) were estimated in the Matlab
environment. Significant ERS response is established at the fre-
quency of 6 Hz in symmetrical frontal, central and parietal parts,
at 9 Hz - in the left parietal area, at 14-15 Hz - in frontal, cen-
tral, and parietal areas of the right cortex, and at the frequency of
22 Hz - in the right frontal lobe. However, EEG desynchroniza-
tion is recorded at the frequency of 7-8 Hz in the frontal and cen-
tral areas of both hemispheres. The most sensitive to the manual
movement stop followed by switching to an alternative event is
associated with synchronization of electrical cortical activity,
which showed higher values of the spectral power at the frequen-
cy of 6 Hz and 14-15 Hz in frontal and central allocations, and
was lower at the frequency of 16-17 Hz in both parietal lobes
than that during the Go-response.

Keywords: Go/Stop-Change paradigm, finger movements, spec-
tral power, electroencephalogram, frequency spectrum

INTRODUCTION

an extended version of the go-no go paradigm -
the so-called Go-Stop-Change paradigm (Lo-

In everyday life of each human, the stops in move-
ments, which are not accompanied by the sub-
sequent switching to an alternative answer, are
rare. To study the above-mentioned processes,
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gan, 1994) - is proposed. According to Logan
(1994), the Go-Stop-Change paradigm can explain
the physiological mechanisms of process inhibi-
tion in the context of its future changes. Based on
this paradigm, research of Band and van Boxtel
(1999), Boecker et al. (2011), Rangel-Gomez et al.
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(2015) implies that the overall breaking distance
is at the basis of stop and change of the motor
response. Response time to stop and change an-
swers was practically the same; however, they
were considerably faster than the response to
the go stimulus. Analyzing visualization data,
Boecker and his colleagues (2011) found out that
the processes of stopping and switching move-
ment launched similar activation models.
Contrary to those results, other authors
(De Jong et al., 1995; Kramer et al., 2011) insist,
on the basis of behavioural and electrophysiolog-
ical results, on the existence of various mecha-
nisms of response standstill and its stopping with
the following alternative answer. The researchers
found out that the response time to the change-
stimuli was significantly higher than to the stop-
stimuli. However, typical negativity, associated
with inhibition (N2), was only during stop-tasks.
Controversial data are shown in recent studies
of Rangel-Gomez et al. (2015). Their results in-
dicate that the inhibitory process in the change-
condition is significantly faster than in the stop-
condition. However, they found no differences
between stop and change objectives for frontal
and central N2. The study confirmed the impor-
tance of the back mid-rear frontal areas in re-
sponse inhibition and generally indicates a sin-
gle mechanism of motor response stop/change.
Several authors — Camalier et al. (2007),
Verbruggen et al. (2008), M. Boecker et al.
(2013) - made a conclusion that the obtained
experimental results could be better explained
by assuming that the go-response is inhibited
by the stop process activation. In addition,
the authors assumed that the alternative go-
response is activated only after the stop process.
Thus, current literature data indicate that
there is still a real shortage of research and a con-
siderable controversy regarding questions about
the same or different brain mechanisms, which
are associated with the inhibition of previous go-
response and alternative motor objective which
are involved in the situation of stop-processes in
a pure form and in the situation stop-change-
response. Taking into consideration the results
of current literature (Camalier et al., 2007; Ver-
bruggen et al., 2008; Boecker et al., 2013), in

our study we proceeded from the fact that all
three processes (go-response, stop-process, and
the second go-response) could actually be con-
sidered as independent. In this context, compar-
isons of cortical activity during the go-response
in terms of stops followed by switching to alter-
native motor objective can show specific EEG
markers of that process.

The purpose of the study was to evaluate
the event-related synchronization/desynchro-
nization of EEG spectral power in terms of in-
hibition of running motor program of manual
movement, followed by switching to alternative
motor objective.

MATERIALS AND METHODS

Participants

Thirty-two men, aged 18-23 years, participated
in the experiment. They did not have any neu-
ropsychiatric disorders or traumatic brain inju-
ries in their anamnesis. Participation in the ex-
periment was carried out on a voluntary basis
and corresponded to all common bioethical
standards.

Psychophysiological testing

The experiment was carried out in two stages -
psycho-physiological and electroencephalo-
graphic.

During the first, phycho-physiological, phase,
the health status, the profile of manual and audi-
tory symmetries, and the time of sensorimotor
reactions were observed. The health state of men
was determined with the help of a questionnaire
on wellbeing, activity, and mood (WAM). Tak-
ing into account the nature of the responses in
the survey, motor performance, and acoustic
tests, the index of manual and auditory asym-
metry was calculated for each participant (K )
(Zhavoronkova, 2009):

_ Zright " Zlefi

Kskew Y )
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where X, - the amount of tasks where
the right hand (right ear) is dominating dur-
ing their execution, X, — the amount of tasks
where the left hand (left ear) is dominant.

XIOO% >
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Further studies involved dextral testees whose
coeflicients of manual and auditory asymmetries
were positive and were above 50%. There were
25 men in all.

The time of sensorimotor response was de-
termined by the computer diagnostic complex
“Diagnost-1” (Certificate of measuring equip-
ment type No. UA-MI/2p-2613-2008, of 5 Au-
gust 2008). According to the instructions, an
examinee is expected to press and release, as
fast as possible, the button panel when a sig-
nal - a geometric shape — appears on the screen.

EEG experiment procedure

During the second, electroencephalographic,
stage, participants were in a specially-equipped
sound- and lightproof room, in a reclining po-
sition with closed eyes. Prior to that, each ex-
aminee received an instruction according to
which he had to press and release the left but-
ton of the console (go-response) quickly with
the right index finger upon hearing a low tone
(a sound of 600 Hz). In the case of a high tone
(1600 Hz sound), an examinee was required
to rapidly press and release the right button of
the console (stop-change-response) with his
middle finger. Under experimental conditions,
all stimuli sounds were served in pairs. In some
stimuli pairs both sounds were low-pitched,
in others the first sound was a low tone, and
the second a high tone. In each case, the exami-

nees started moving their right index fingers at
the first sound. The second sound in the stimuli
pair had the value or confirmation movement
(Go) or its stop and switching to the alternative
motor task (Stop-Change) with the middle fin-
ger of the right hand (Fig. 1).

The duration of each sound was 50 ms, each
interval between stimuli pairs was 5000 ms.
The correlation of the stimuli pairs with both
low sounds (600 Hz) and the stimuli pairs
with both low and high sounds (600 Hz and
1600 Hz) in the sample was 70/30. In each
stimuli pair time, the delay before the second
sound after the first sound was 140 ms. This pe-
riod included the hidden time of sensorimotor
responses, which are related to the signal per-
ception, the analysis, the decision-making on
the motion, and formation of motor programs
(Lizogub et al., 2015; Rangel-Gomez et al,
2015).

Registration and processing of EEG data

EEG recording was performed using electro-
encephalographic hardware and software com-
plex “Neurokom” (Certificate of compliance
with technical regulations on medical devices
No. 753, of 25 January 2017). EEG registra-
tion was performed monopolar. Nineteen ac-
tive electrodes were placed on the surface of
the scalp, according to the international sys-
tem 10/20. Combined ear electrodes Al and

1 ftime
i 50 ms 50 ms
) F < » Stop-Change
600 Hz / 140 ms 1600 Hz
30%

Fig. 1. Scheme

- 50 ms . 50 ms . of the paradigm
Frn F > Go - Go-Stop/Change
600 Hz 140 ms 600 Hz 70% | of the conducted

/ - experiment

F - the first sound in the stimuli pair, in response to which the examinee had to start moving, Go or Stop-Change - the sec-

ond sound in the stimuli pair, which has value and confirms the initiated movement (Go) or stop initiated movement

and switch to an alternative one (Stop-Change), 70% and 30% - correlation between the stimuli pairs in the sample.
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A2 were attached to the left and right ear lobes,
respectively. They were used as reference elec-
trodes. Additionally, referential electrodes Ref
were used (placed between frontal and lateral
parts and N (Nasion)). Artefact activity rejec-
tion of native EEG was carried out by applying
ICA (Independent Component Analysis).
Changes in brain activity were measured in
the frontal (F3, F4), central (C3, C4), and pari-
etal (P3, P4) leads. The choice of such assign-
ments is associated with the existing published
data that demonstrate the outstanding part of
these cortical areas in the processing of motor
data and motor programming (Haaland et al.,
2000; Ioffe, 2003; Ou Bai, 2005; Neubauer et al.,
2006; Morenko et al., 2013).
Desynchronization (event-related desyn-
chronization, ERD) and synchronization
(event-related synchronization, ERS) of spec-
tral power (SP) of EEG frequency (6 Hz to
23 Hz) were estimated. Calculation of ERD/
ERS maps was conducted in the Matlab en-
vironment (MathWorks, 2015) in accordance
with the procedure described by Pfurtschel-
ler & Lopes da Silva (1999). The content of
the technique ERD/ERS was as follows: (1) col-
lection of EEG data for N stimulus presenta-
tion was conducted; (2) the signals were se-
quentially filtered for the analysis of all N
stages; (3) the filtered signals were squared for
calculation of the signal strength for each ref-
erence of each stage; (4) the received power le-
vels for each period of time in the analysis were
summarized for all stages (point-to-point);
(5) the calculation of ERD/ERS was repeated
for several consecutive frequency ranges in in-
crements of 1 Hz. The received values of chang-
es in the spectral power EEG were represented
in a variety of colours of the spectrum, which
resulted in ERD/ERS maps. The stage of analy-
sis was 5 s, which included 2 s before the sub-
mission of the second sound in the stimuli
pair (reference interval) and 3 s after the filing
(post stimuli interval). The change in the spec-
tral power (SP) EEG was evaluated in regard to
a referential time interval. Within the period of
post-stimuli interval, the period of sensorimo-
tor response of the examinees was analyzed.

In terms of Stop-Change-response and its dif-
ferences, ERD/ERS analysis was conducted
for each participant if compared with those in
the Go-response.

Statistical processing of the results

Selection criteria for statistical analysis were
based on the purpose of research and were de-
termined by the distribution of the obtained
numerical data. Test samples for normality of
the distribution were carried out using crite-
ria of Shapiro Wilka (W, at p > 0.05). Since not
all samples had normal distribution, the dif-
ferences were evaluated by Wilcoxon criteria.
Differences at p < 0.05 are considered reliable.
Changes in SP EEG frequency components in
each lead in terms of motor response and its
stop with the following switching to an alter-
native answer were analyzed. Statistical analysis
was conducted in Statistica 8.0 software (Stat-
Soft. Inc).

RESULTS

Results of psycho-physiological testing

The obtained average assessments of the over-
all functional status of the participants at
the time of the experiment conducted ac-
cording to the WAM test were the following:
wellbeing - 5.82 + 0.16, activity — 5.18 + 0.16,
mood - 5.68 + 0.16. It allows confirming
the vigorous state of the participants and
the possibility of their participation in electro-
encephalographic study. The time of the mere
sensorimotor response in the group of partici-
pants was 258.8 ms + 10.22 ms.

Analysis of changes in the EEG spectral
power in terms of the Stop-Change response
According to the obtained results, a significant
ERS reaction was established in symmetric
frontal, central and parietal parts at the fre-
quency of 6 Hz (p < 0.05), which corresponds to
the upper 0-subrange of EEG (Table, Fig. 2-4).
According to the obtained results, the gen-
eralized reaction ERS in the upper 0-range
(6 Hz) EEG in frontal, central and pari-
etal cortical lobes of both hemispheres was
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Table. Significant changes in EEG spectral power in men in terms of the Stop/Change response

Frequency p-value Frequency p-value
6 Hz 0.00002 6 Hz 0.00002
7 Hz 0.004 7Hz 0.007
F3 8 Hz 0.0001 F4 8 Hz 0.0001
14 Hz 0.02 14 Hz 0.03
15Hz 0.01 15Hz 0.02
22 Hz 0.02
Frequency p-value Frequency p-value
6 Hz 0.00002 6 Hz 0.00002
7 Hz 0.008 7 Hz 0.01
C3 C4
8 Hz 0.002 8 Hz 0.004
14 Hz 0.03 14 Hz 0.04
15Hz 0.03
Frequency p-value Frequency p-value
P3 6 Hz 0.0001 P4 6 Hz 0.0002
9 Hz 0.04 14 Hz 0.05

revealed, which was significantly higher when
compared with the Go-response. This pattern
may indicate memory improvement, it allows
keeping the information about sensory stimu-
li in focus, and provides movements in terms
of the stop-change-response (Klimesch et al.,
2007). In addition, the increase in the oscilla-
tory activity in 02-subrange of the EEG may
reflect a generally difficult course of the sen-

sorimotor response in conditions which in-
cluded a strengthening of downward control
associated with the processes of (re)program-
ming in the prefrontal and the primary motor
cortex.

Instead, the frequency of 7-8 Hz (low range
of a-activity) in the frontal (p < 0.05) and cen-
tral (p < 0.05) areas of both hemispheres re-
corded event-related EEG desynchronization.
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in men
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Fig. 4. ERD/ERS maps of frequency spectrum EE
in men

Noteworthy is the registered ERS response
at the frequency of 9 Hz in the left, contralat-
eral to the movement, parietal area (p < 0.05).
The processes of a related synchronization
event of electrical activity at frequencies of 14-
15 Hz (B1-subrange) were found in the fron-
tal, central, and parietal areas of the right
cortex (p < 0.05), at the frequency of 22 Hz (p2-
subrange) - in the right frontal leads (p < 0.05)
(Table, Figs. 2-4).

G in parietal leads in terms of Stop-Change-response

In terms of the stop-change response, it was
found that the processes related to the event of
synchronization in the right frontal and central
areas at frequency 6 Hz, and both left frontal
and central areas at the frequency of 14 Hz
were significantly higher than those provided
by the go-response (p < 0.05). Instead, in sym-
metrical parietal leads at the frequency of 16—
17 Hz of EEG ERS response was relatively lower
(p < 0.05) (Fig. 5).
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Fig. 5. Spectral power EEG changes in men compared with Go and Stop-Change respons-

es. Significant differences (p-level < 0.05) obtained by comparing the values of spectral

power changes (in relative units) in post-stimulative intervals (during sensorimotor re-
sponse) spectrogram at Go (red) and Stop-Change (blue) response; F3, F4, C3, C4, P3,
P4 - the studied leads. The calculation of changes in the SP was carried out in accordance

with the method proposed by Pfurtscheller & Lopes da Silva (1999), where the negative

values correspond to the ERS and positive values correspond to the ERD.

DISCUSSION

The aim of our study was to assess synchroni-
zation/desynchronization of SP EEG frequency
spectrum in terms of breaking the motor pro-
gram of manual movement, followed by switch-
ing to alternative go-response.

The ERD reaction was revealed in the lower
a-frequency range (7-8 Hz) of EEG in sym-
metrical frontal and central areas of the cor-
tex. It can serve as a specific electrophysiologi-
cal correlate of the activation of the cortical
structures responsible for creating (including
switching) and start of the motor program of
manual movements (Haaland et al., 2000; Zie-
mann, Hallett, 2001; Joffe, 2003; Ou Bai, 2005;
Neubauer et al., 2006).

The growth of EEG power at the frequency
of 9 Hz in the left parietal lobes contralateral to
the working right hand was an interesting fact.
This pattern serves, perhaps, as some evidence

of cortical deactivation related to the function
of sensory-spatial attention of a manual move-
ment and the need for restructuring the pre-
vious motor installation. The pattern can be
consistent with the results we obtained in our
previous research on the increase of the ca-
pacity of the upper a-subrange of EEG in terms
of the situation of sequential movements of fin-
gers (Morenko et al., 2013).

Significant changes in terms of breaking
the motor program and its switching to the al-
ternative in the p-subrange of EEG were deter-
mined. We detected synchronization of electri-
cal activity at lower pB-frequencies (14-15 Hz)
in the frontal, central and right parietal areas
and at upper (22 Hz) B-rate frequencies of EEG
in the right frontal leads. According to the lit-
erature, these patterns can serve as a criterion
for enhancing mental tension (Wrébel, 2000),
increasing the role of “differentiated attention”
(Petsche, 1996). It is a process that promotes
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a closer interaction between widely distributed
neural networks, which are involved in the pro-
cessing. It should be noted that an event-related
synchronization of EEG oscillations at the fre-
quency of 14-15 Hz (in frontal and central ar-
eas) is significantly higher, and at the frequency
of 16-17 Hz (in the parietal lobes) is signifi-
cantly lower than those in the go-response.
Thus, it was found that event-related syn-
chronization of electrical cortical activity was
the most sensitive to the stop of manual move-
ment followed by switching to an alternative
motor task. The event-related synchronization
showed higher values of the spectral power
than during the go-response, at the frequen-
cies of 6 Hz and 14-15 Hz in frontal and central
leads, which are a projection of prefrontal and
primary motor cortex areas. However, the EEG
synchronization process was lower at the fre-
quency of 16-17 Hz in both parietal leads. In
our opinion, such a pattern could hypotheti-
cally reflect the activities of cortical areas (pre-
frontal and primary motor cortex), which are
involved to the inhibition movements followed
by the launch of the alternative motor program.

CONCLUSIONS

1. A significant ERS response is established at
the frequency of 6 Hz in symmetrical frontal,
central and parietal parts, at 9 Hz frequen-
cy — in the left parietal area, at 14-15 Hz - in
frontal, central and parietal areas of the right
cortex, and at the frequency of 22 Hz - in
the right frontal lead. Instead, at the frequency
of 7-8 Hz, EEG desynchronization is recorded
in the frontal and central areas of both hemi-
spheres.

2. The event-related synchronization of
electrical cortical activity was the most sensi-
tive to the stop of manual movement followed
by switching to an alternative motor task.
The event-related synchronization showed
higher values of the spectral power at the fre-
quency of 6 Hz and at 14-15 Hz in frontal and
central leads and was lower than during the go-
response at the frequency of 16-17 Hz in both
parietal lobes.
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RANKU ATSITIKTINE SINCHRONIZACIJA /
DESINCHRONIZACIJA VYRU GALVOS SME-
GENU MOTORINEJE ZONOJE

Santrauka
Mokslo visuomenéje didéja susidoméjimas sme-
geny procesais galvos smegeny motorinéje zonoje.
Eksperimente dalyvavo 32 vyrai 18-23 mety am-
ziaus. Tiriamiesiems su uzri$tomis akimis rankomis
vykdant veiksmus ,,Go-Stop—Change®, buvo atlikta
elektroencefalografija (EEG) pagal 10/20 tarptauti-
ne sistema. Esant Zemam tonui (70 %), vyrai turéjo
paspausti kairj konsolés mygtuka desiniu rodomuo-
ju pirstu. Atsiradus auks$tam tonui (30 %), reikéjo
greitai paspausti viduriniu pir§tu desinj mygtuka.
Matlab aplinkoje buvo jvertintas su jvykiu susiju-
sios desinchronizacijos ir sinchronizacijos spektri-
nés galios EEG daznis (7-23 Hz). Nustatytas reiks-
mingas (su jvykiu susijusi sinchronizacija) atsakas
skirtingu dazniu (6, 9, 14-15, 22 Hz) skirtingose
smegeny srityse. EEG desinchronizacija buvo regis-
truota 7-8 Hz dazniu.

RaktazodzZiai: pirsty judesiai, spektriné galia,

elektroencefalografija, dazniy spektras



