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This paper investigates one of the processes of internal representations—specifically, the mental representation
of melodies with suppressed verbalization. The objective of this study is to explore the involvement of brain
structures during the mental representation of melodies. An fMRI study was conducted with 33 healthy, right-
handed participants. Participants were tasked with listening to musical passages accompanied by lyrics in their
original form and then mentally reproducing these excerpts with and without the lyrics. The findings suggest
that the encoding of musical patterns may exhibit individual variations; however, general trends were identi-
fied. The results demonstrate that both cortical and subcortical structures contribute to the internal representa-
tion of melodies. Specifically, Wernicke's area and its right hemisphere homologue are instrumental in internal
representations, while the caudate nucleus, cingulate gyrus, and superior temporal gyrus play key roles in the

inhibition of the verbal component.
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Introduction

Currently, a large amount of research is devoted to the study of internal speech processes, as well as

internal representations and images, their brain mechanisms and methods of their decoding.

The results of research aimed at studying inner speech processes opens up a large field of possibilities,
including the creation and improvement of brain-computer interface (BCI) architectures, which have
a wide range of functionality and can be applied to solve various tasks from therapeutic [Kopp, 2013]
and compensating for various pathologies [Bocquelet, 2016] to optimising and entertaining [Minguil-

lon et al., 2017].

Currently, a large amount of research is aimed at understanding the mechanisms of semantic features
of speech, while less attention is being paid to the study of non-semantic structures. Non-semantic
structures of speech can include elements that humans can use to represent music — to play or create
it. In this context, the data can be used to create a BCI program capable of decoding and representing
an imaginary melody as audio tracks or recognising it by comparing it with a downloaded archive.

This research takes the first steps in this direction.

Inner speech operates with symbols and meanings, but a thought is not tied to a specific form of
expression, which allows the same meaning to be conveyed by both verbal and gestural, spatial, met-
aphorical, including musical means, but at the same time music itself does not necessarily convey
meaning [Sachs, 2007]. It can convey a sensation (visual, tactile and other modalities), an emotion, a
state, a mood or even an image. The totality of musical images has as much range and variety as the
totality of visual images [Sachs, 2007]. Recent research on musical imagery has now led to the con-
clusion that the brain mechanisms of musical imagination and music perception are similar, as evi-
denced by numerous data [Zatorre, 1996], [Herholz, Halpern et al., 2012], [Regev, Halpern et al,
2021]. The role of the auditory cortex [Zatorre, 2005], [Kraemer, 2005], including the right associa-
tive cortex [Regev, Halpern et al., 2021], motor cortex including Broca's area, frontal cortex including
frontal-limbic structures, parietal sulcus, and other sensory areas has been shown. Nevertheless, in
the process of musical imagination, a more extended network was recorded compared to the percep-
tual process, which included prefrontal cortex, cerebellum, intraparietal sulcus, as well as increased
activation of the functional connectivity of the anterior right temporal cortex with frontal areas [Her-

holz, Halpern et al., 2012].
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Musical images are complex, they appear due to the integration of various aspects such as intonation,
tempo, timbre, rhythm, as well as verbal, emotional, kinetic, components, such as the image of play-
ing a musical instrument [Zatorre, 2005; Pasely, 2012], so it is possible to observe the participation
in the process of musical imagination of such structures as frontal-limbic, motor [Pascual-Leone, A.
et al., 2005], as well as the parietal sulcus in the case of conscious transformation of the melodic motif
[Foster et al., 2013]. Recently, experimental evidence that Broca's area and its right analogue mediate
musical syntax has been obtained using MEG and fMRI in a music perception paradigm [Maess,
Koelsch, Guenther, Friederici, 2001]; [Kuhnert, Willems, Casasanto, Patel, Hagoort, Berwick, 2015];
[Chaing et al., 2018].

It is important to consider the fact that there is still debate about the extent to which the processing of
music, speech and other natural sounds depends on general or specific neural mechanisms [Peretz et
al., 2015, Zatorre et al., 2002] and the extent to which these mechanisms are hierarchically organised

[Chevillet et al., 2011; Hickok and Poppel, 2007; Staeren et al., 2009].

A musical image can be accompanied by song lyrics, and thus it is highly important to consider how
pure musical images differ from complex ones that include a musical-verbal component. When link-
ing melody and lyrics, there is evidence for activation in the inferior frontal gyrus (IFG) of the left
hemisphere [Alonso, 2016; Callan et al., 2006], the middle temporal gyrus (MTG) of both hemi-
spheres [Alonso, 2016], as well as the motor cortex of the left hemisphere [ Alonso, 2016; Gabriel et
al., 2016] and visual areas [Alonso, 2016]. When melody and lyrics were presented separately, a
larger neural network was involved, and changes in activation were observed in the following struc-
tures: the basal ganglia and cerebellum mediating the correct order of musical phrases, the hippocam-
pus in the right hemisphere, and the caudate nucleus and motor cortex in the left hemisphere [Alonso,
2016]. Also, different neural networks have been found to imagine verbalised and non-verbalised
melodies: activation in the fusiform and inferior occipital gyrus of the left hemisphere during verbal
processing, bilateral activation in the temporo-occipital cortex and in the right middle temporal sulcus
during melody processing, and the left posterior inferior temporal cortex has a specific role in these

processes to facilitate song recognition by integrating lyrics and melody [Saito et al., 2012].

When speaking about the verbal component of the musical image, it is also important to distinguish

it from the component of direct speech, the content of which is not associated with the verbalised
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melody. By non-verbalised musical images, we mean the images of melody, which the subject ima-
gines, focusing on the rhythm, tonality, melody, intonation of a musical fragment, and as verbalised

ones we understand the same melodies, but supplemented with original texts (verbal component).

In the present study, we questioned the extent to which lyrics might be related to a melody — whether
the image of a song with lyrics is encoded as a single image or as integratable but distinct images.
We found additional brain activity when mentally reconstructing a song image with the verbal com-
ponent excluded, which occurs when the original musical fragment is strongly associated with a par-
ticular verbal component, in our case, the lyrics of well-known children's songs popular during the
subjects' childhood. In the present study, stimuli that can be called associative rather than semantic
were chosen. Stimuli of this type have been used in studies of people with aphasia who cannot use
speech but are able to hum melodies along with lyrics [Schlaug et al., 2008], since the pronunciation

of words in this image is automatic.

The encoding of melodic and speech stimuli is determined by different mechanisms when the verbal
part does not match the melodic, rhythmic and affective characteristics of the melody [Bonomo,
2022], but if they do, it remains an open question whether the same network provides encoding of a

complex image [Hamilton, 2022].

In the course of this study, we abandoned the classical block paradigm of fMRI studies in favour of
a newer paradigm. This paradigm consists of continuous scanning throughout the entire task and
further comparing the maps, averaged from one task to another. During instruction delivery, the
scanner only pauses scanning, allowing it to record all conditions with the same settings. This de-
sign organisation has several advantages: the duration of the experiment is significantly reduced,
only the process of task execution is recorded (the initialisation process on each test is excluded
from the design). When comparing large blocks, we have the possibility to compare several differ-

ent tasks with each other, without the need to pre-record them with repetitions.

In the present study, we proceeded from the following hypotheses:

1) The automatic encoding of the song image will include a verbal component that is absent in the
presented stimulation but emerges during listening and free representation of the melody, which may

be captured by the presence of areas associated with lyrics during the free representation stage: left
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fusiform gyrus, inferior occipital gyrus, inferior frontal gyrus, middle temporal gyrus, motor or visual
cortex.

2) The additional activity in isolating the melodic component of the song will be associated with the
conscious suppression of the verbal component, which can be recorded as decreased activation in
structures associated with lyrics or increased activation of structures associated with pure melody:
bilateral temporo-occipital cortex, right middle temporal sulcus.

3) The processes of internal representation, regardless of the presence of the text, will be associated
with changes in the activation of such areas as basal ganglia, cerebellum, caudate nucleus, left lateral

motor cortex

To test these hypotheses, we conducted three series of conditions to exclude activity components

occurring during listening and during free melody reconstruction: with and without lyrics.

The purpose of this study was to identify specific brain activity during mental free presentation of

melodies and when only the nonverbal component of a song was isolated.

Methods

Participants

The study involved 33 healthy right-handed people (10 men and 23 women ranging from 20 to 30
years old, mean age = 24 years old, 6 =2.99). All participants had no neurological or mental disorders,
which was confirmed by a preliminary survey. None of them were professional musicians but they
all had some experience of playing different musical. Due to the presence of a large amount of arti-

facts, the study took into account the data of only 30 subjects.

Stimuli

Recordings of six melodies without lyrics were used as stimuli. The duration of each stimulus was
four seconds. Since all the subjects are representatives of the Russian culture, the simplest harmonic
melodies of famous children's songs were taken. The selection of melodies was based on the assump-
tion that the selected fragments would be familiar to all the subjects, since they were brought up in a
Russian-speaking environment in the 2000s. Moreover, before a series of experiments, a survey re-
garding recognition of the selected melodies and their words was conducting. Subjects were asked

whether they were familiar with the presented melodies and whether they remembered the first lines
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of the lyrics of these songs. The following melodies were chosen for the experiment: “B necy poau-
nack enouka’, “Bo cagy nau B oropojne”, “Manenpkoi enouke xonoaHo 3umoin”, “Karroma”, “Ka-
nuHKa-ManuHKa”, “Bo mone 6epeska crosma”. The melodies (lyrics have been removed) of the first
lines of the first verses of each original song were recorded using sound recording programs and an
electronic musical instrument (electric guitar). After the end of the experiments, the subjects were
interviewed about how they performed the task of singing the melody. Due to the post-experimental
interview, it was stated that the subjects sang the specific words for each melody and were familiar

with them.

Procedure

The procedure included four conditions. Before the beginning of each stage, subjects listened to pre-
recorded instructions. Three conditions were conducted: simple listening to the stimulus material,
free representation of the melody silently in the mind, and representation of the pure melody without
a lyrics silently in the mind. All three conditions were presented one after another; during the presen-
tation of the instruction for each subsequent condition, scanner recording was paused and continued
from the start of the first stimulus of the next condition. The scanner settings were the same for all

conditions.

The baseline condition was also recorded, during which the subject lay quietly in the scanner with
closed eyes - two minutes before the tasks and 2 minutes after the tasks were completed. Each exper-
imental condition lasted for two minutes, the total duration of the experiment was about 10 minutes.
The duration of each stimulus was 5000 ms; then, after a pause (400 ms), a “beep”-sound was pre-
sented to indicate the onset of pronunciation (6000 ms). Presentation was performed through special
headphones compatible with an MR-compatible device. The task took 6000 ms to complete. In the
condition aimed at listening to musical stimuli, there was no interval allotted for internal representa-
tion, the stimuli came in succession with a pause of 400 ms and started after the “beep”-sound. All
conditions were conducted in a single session. The eyes of the subjects were closed throughout the

experiment.

After participant completed all the tasks, he/she underwent a post-experimental interview. Its purpose
was to clarify whether the participant managed to successfully complete the tasks, whether he/she
used the lyric for free representation, whether he/she managed to sing only the melody in the third
condition. Most participants answered both questions in the affirmative. Their data were taken into
further analyses.
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Figure 1. The timeline of experimental procedure

Image acquisition

Functional MRI was performed on a Siemens Magnetom Skyra 3T MRI Machine (Siemens Medical
Systems, Erlangen, Germany) to obtain BOLD contrast (depending on blood oxygenation). A T1-
weighted structural scan was performed for each subject (TR = 2200 ms, TE = 2.48 ms flip angle =
6, matrix = 256 x 256, 230 mm field of view, slices = 176, slice thickness = 1 mm). For functional
scans (36 scans for a two-minute condition, three seconds each), we used a T2*-weighted gradient-
echo EPI sequence (TR =3000 ms, TE =30 ms, flip angle = 90°, matrix = 128 x 128, 260 mm field of
view, slices =41, slice thickness = 3mm). Head movement has been minimised with a custom-fitted

headrest.

Image analysis

Only 30 subjects were used for analysis, as images from three subjects had many motor artifacts and
poor image quality (estimated rotational and translational motions were less than 2 mm for 30 subjects
in this analysis). Image processing and data analysis were performed using the SPM12 statistical
parametric mapping software package (The Wellcome Center for Human Neuroimaging, UCL Queen
Square Institute of Neurology, London, UK, https://www.fil.ion.ucl.ac.uk /spm/software/spm12/).
The first 10 volumes from each run were discarded to allow for T1 equilibrium effects. Standard
preprocessing including slice timing correction, realignment and spatial normalisation. Then it was
applied to the Montreal Neurological Institute (MNI) T1 high resolution template to demonstrate the
results obtained. The images were further smoothed with a Gaussian kernel with a 3 voxels FWHM
(FWHM - Full width at half maximum) to minimise noise and residual differences in the anatomy of
the chiral structures, resulting in an effective spatial resolution of 6 x 6 x 9 mm. Each normalised
image was bandpass filtered (low pass filter = canonical hemodynamic response function (HRF); high

pass filter = 128 seconds to remove high and low frequency noise, respectively.

IMcuxonornueckue uccienosanus 2024 T 17 No. 94 https://psystudy.ru 7



https://psystudy.ru/

Krysko M.D., Vartanov A.V., Bronov O.Y. Verbal component suppression...

Statistical parametric maps were built using the General Linear Model (GLM) [Friston, 1994]. Next,
group statistics were analysed using the one-sample Student's t-test. After that, the t-statistics were
converted to normal standard deviation (z). The voxel activation threshold corresponded to
pFWEuncorr. < 0.001 (pFWEuncorr — Family-Wise Error, uncorrected p-value). The choice of
criterion is justified by the fact that, based on the study paradigm and the corresponding design, the
compared series are identical at 50% (listening phase). Therefore, a more rigorous statistical criteria

was chosen to obtain significant differences.

Statistical parametric maps were built to identify:

1) Zones of increased activation during the process of internal representation of melodies (reperesen-
tation of a melody > listening to a melody). This will reveal the areas involved in the processing and
production of melodies, as well as confirm the hypothesis about the participation of speech areas in

the process of compiling melodies.

2) Zones of increased activation during the internal representation of melody (melody representation

without lyrics > free internal representation of melody).

Results

Changing the activation level when listening to the melodies

Averaged SPMs were plotted for all 30 subjects. To begin with considering the zones that are more

active during the process of listening to music stimuli (Fig. 2, Table 1).
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Figure 2. Group-averaged statistical parametric maps.
Note. The map demonstrates greater activation of cortical areas when listening to melodies com-

pared to background (one sample t-test, pPFWEunc < 0.001).

Table 1. Areas of increased activity when listening to music

Hemisphere Brain Cluster T Z P(unc) x y z
structure  size

R Angular 47 7.913 5.731 <0.001 50 -56 20
gyrus

L Temporal 27 8.842 6.109 <0.001 48 16 =31
pole

R Lateral 76 8.81 6.098 <0.001 -34 48 —-10
Orbital
Gyrus

When comparing the activation of the cortex during listening to music, in comparison with the base-
line series, one can see a greater activity of the angular gyrus, the lateral orbital gyrus of the right
hemisphere, as well as the temporal pole of the left hemisphere. Homologous and cerebellar structures

are also involved, but the activity is lower.
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Changing the activation level for a given representation of a melody without lyrics
Next, areas of increased (Fig. 3, Table 2) and decreased (Fig. 4, Table 3) activity were considered

during the internal representation of the melody without using lyrics.

Figure 3. Group-averaged statistical parametric maps.
Note. The map demonstrates greater activation of cortical areas during internal representation
of melodies without lyrics compared to listening to them (one sample t-test, pFWEunc — <

0.001).

Table 2. Areas of increased activity during the internal presentation of melodies

Hemisphere Brain Cluster T Z P(unc) x y z
structure size

L Planum 28 5232 4355 <0.001 -62 -18 5
Temporale
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Figure 4. Group-averaged statistical parametric maps.
Note. The map demonstrates reduced activation of cortical areas during internal representation
of melodies without lyrics compared to listening to them (one sample t-test, pPFWEunc <

0.001).

Table 3. Areas of reduced activity in the internal presentation of the melody compared to the

background series

Hemisphere Brain Cluster T Z P(unc) x y z
structure size

Cerebellum 43 5.022 3.52 <0.001 -4 =58 —40

Vermal
Lobules
VII-X
L Superior 36 4742  4.004 <0.001 -26 -58 —4
Temporal

Gyrus
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Comparing the lyrics of the activation zones during the mental representation of the melody without
lyrics, it can be observed that during the process of internal representation, the activity of the struc-
tures of the Planum Temporale in the right hemisphere increases, while the activity of such structures
as the superior lobules of the cerebellum (7, 8, 9, 10) and the superior temporal gyrus in the left

hemisphere decreases.

Changing the activation level during the free presentation of a melody

Further, the activity zones were compared during the free repetition of the melody, as well as during
the repetition of the melody, excluding the lyrics. When identifying structures whose activity in-
creases in a series with non-speech presentation, a statistically insignificant result was obtained. In
reverse comparison, revealing structures that are more active with free repetition of the melody, the

following results were obtained.

Figure 5. Group-averaged statistical parametric maps.
Note. The map demonstrates increased activation of cortical regions with free internal repre-
sentation of melodies compared to their internal representation without lyrics (one sample t-

test, pPFWEunc < 0.001).

Table 4. Areas of increased activity in the free internal representation of melody compared to

melody without lyrics
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Hemisphere Brain Cluster T Z P(unc) X y z
structure size

R Cerebellum 63 5.145 4301 < 0.001 8 -54 37
Execterior

L Supramarginal 176 4921 4152 <0.001 44 48 —26
Gyrus

R Caudate 10 4.51 3.89 <0.001 6 18 5

L Anterior Cin- 6 3.73 3.35 <0.001 -6 32 -20
gular Gyrus

R MP Temporal 14 3.954 3508 <0.001 42 20 —34
pole

It can be observed that during the presentation of a musical passage with the addition of lyrics, acti-
vation is increased in the structures of the cerebellum (Cerebellum exterior) and Caudate of the right

hemisphere, the Supramarginal gyrus and Anterior Cingulate Gyrus of the left hemisphere.

Discussion

Changing the activation level when listening to the melodies
To begin with, consider the structures whose activation changes when listening to melodies. This will
allow us to compare the processes of perception and mental imagery, as well as to determine the

structures that are activated when listening to melodies.

Quite interesting results were obtained: in this study, there was not an increase, but a decrease in the
hemodynamic response compared to the background state in the following structures: the angular
gyrus, the lateral orbital gyrus, the temporal pole of the left hemisphere and their homologous zones
in the right hemisphere of the brain. In addition, activity in the structures of the cerebellum of both
hemispheres decreases. It was shown [Demorest, 2009] that listening to culturally unfamiliar music
results in activation in the left cerebellar area, right angular gyrus, posterior precuneus, and right
middle frontal area. In this experiment, subjects interacted with well-known melodies from their cul-
ture, and a decrease in activation was observed in all of the above structures compared to background,

which is consistent with the findings.
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Changing the activation level for a given representation of a melody without lyrics

Observing a decrease in activity in cerebellar structures, we can on the one hand assume that the
process of image recreation is difficult, which does not lead to successful performance and obtaining
a musical image. On the other hand, if the images were indeed successfully obtained, we can conclude
that the task of melody repetition is not difficult enough to activate structures such as the cerebellum.
Also, a decrease in activity is observed in the basal ganglia bilaterally. The present results correlate
with the results on the role of the basal ganglia and the cerebellum in the binding of melody and text
[Alonso, 2016] — here the process is reversed. Also, this phenomenon in the process of music percep-
tion may indicate the involvement of motor structures in the process of interaction with music [Mar-

tin-Fernandez, 2021; Dikaya, 2015].

The observed decrease in activity level compared to listening in the angular gyrus may indicate that
the representation of the melody is not compensated by the integration of visual-speech images at the

stage of listening to melodies, but integration is inhibited [Bonner, 2013].

It is important to note that the parametric maps of each subject were individual: in some subjects,
when listening to melodies, the activity of the visual cortical zones significantly increased, while in
others, the activity of kinetic, tactile and other zones rose. Also, the average map included individual

maps of subjects who experienced an increase and decrease in the activation of structures.

When internal representation of melodic constructions that exclude lyrics occurs, the strongest acti-
vation occurs in the Planum Temporale of the left hemisphere, which includes the 22nd area (Wer-
nicke's area) and the homologous area in the right hemisphere, which is consistent with the results of
other studies [Zhang, 2017]. And when listening, strong activity is observed in the cerebellum and
STG. This observation may indicate that when playing a melody, excluding text, the motor compo-
nents of music perception are inhibited. However, when a melody is repeated without text (the stage
also included listening to a stimulus), the usual musical image is reconstructed to a greater extent, in
which the inferior frontal gyrus (IFG) is involved, and, in addition, IFG is inhibited in the left hemi-

sphere, while IFG in the right hemisphere remains active.
As has been shown, when using familiar songs with lyrics, two-way activation occurs, because a

person has images of both the sung text and the musical component [Zatorre et al., 1996]. When only

instrumental stimuli are used [Halpern et al., 2004], the pattern shifts towards activation in the right
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auditory cortex. Activation of the left auditory cortex has been demonstrated when working with non-

verbal materials [Kraemer et al., 2005].

Changing the activation level during the free presentation of a melody
When comparing the activation of zones during free reproduction with the stage with the mandatory
exclusion of texts, differences in activity in the structures of the cerebellum, amygdala, caudate nu-

cleus, cingulate gyrus, superior temporal and supramarginal gyrus were revealed.

The level of activation of these structures is much higher with free representation. This can be ex-
plained by memorised motives [Stracheus, 2003], which form the basis of the image with free in-
struction. This is an integral indivisible structure, which, when memorised, becomes automated, that
is, a holistic image of a sequence of sounds is created in memory, and not a set of images of each note
that makes up this motif. Transformations of motives are provided by functional activation within the
parietal sulcus (IPS), which is similar in mechanism to visuospatial and numerical transformations

provided by the activity of the same structure [Foster et al., 2013].

That is, with a free representation, a person operates precisely those forms of well-known motives
that are associated with the image of a particular melody. Thus, this image includes motor and emo-
tional (including the fact that these images are familiar) components, which explains the greater ac-
tivation of the caudate nucleus and cingulate gyrus. This can be explained by the fact that the usual
images of various melodies differ in affective colouring, in contrast to the constructed image of me-
lodic sequences. This is due to the fact that the melodies selected as stimuli are known primarily for
their verbal content, so the memorised motive includes the text, and its inhibition leads to the fact that

emotional stimuli do not differ from each other.

An increase in the activation of the superior temporal gyrus (STG) can be associated with the fact
that the habitual motives of these stimuli may include a verbal component. Since due to STG there is
a perception of the human voice, as well as the arbitrariness of the functioning of attention between
different aspects in a complex stimulus, it can be assumed that musical images consist of several
components, such as rhythmic structure, main motive, background motive, verbal component, while
attention can focus on each of the elements. Further studies are required to examine this phenomenon

in more detail.
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An increase in activation in the supramarginal gyrus in the left hemisphere may be associated with
the activation of mirror neurons [Wang and Agius, 2018]. In music production, the mirror neuron
system in the left fronto-parietal network plays an important role, since this process is based on a
person’s experience (including the selection of a way to form a habitual way of representing a mel-

ody) [Singer, 2015].

In the task of internal representation of the pure melodic component, no structures were identified
whose activation increased compared to the free representation task. This may be because the free
representation process was more complex and included an additional component (e.g., verbal, emo-
tional ones) that was absent in the series with text exclusion. The presented stimuli contained only a
melodic line and the subjects were required to recall and recreate the melody they had just heard.
During the free representation task the image became more complex, as shown by the activation of
such structures as the cerebellum and temporal pole (cognitively complex verbal information) [Her-
holz, Halpern et al., 2012], as well as the cingulate gyrus and caudate (emotional and motor compo-

nent in the perception and imagination of familiar melodies and songs) [Sikka, 2015].

The absence of an increase in STG activation may indicate that the components included in the song
are more likely to be divided into verbal and musical. The latter includes rhythm, main motive, back-
ground motive etc. The specifics and mechanisms of each of these components will be studied in

further research.

Conclusions

The activation of brain structures that changes when imagining melodies that include and exclude
components related to the memorisation of the motif (verbal, emotional) has been revealed. There are
different patterns of activation of brain areas during different tasks, the map of which includes cortical
and subcortical structures. The encoding of musical patterns can have individual characteristics and
be variable, which can be related to individual strategies for representing the melodic image, but we

can speak of general tendencies.
It was found that listening to these stimuli decreases the activity of such structures as the angular

gyrus, lateral orbital gyrus, temporal pole in the left hemisphere, their homologous areas in the right

hemisphere, and also decreases the activity in the cerebellar structures of both hemispheres.
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During internal representation of pure melodic constructions, greater activation is observed in the
temporal plane of the left hemisphere, including area 22 (Wernicke's area), as well as its homologous
area in the right hemisphere, and during listening, greater activity is observed in the cerebellum and
STG. This may indicate that the singing of instrumental melodies, excluding additional components
absent in the original stimulation differs from the encoded automatic musical image. Further studies
are required to investigate in more detail the neural mechanisms of attention switching to a less dom-

inant image.

During free representation, greater activation of the caudate nucleus, cingulate gyrus is detected,
which may indicate a more complex image of familiar melodies (including a verbal component) that

differs from and overlaps with the original stimulation.

In addition, there is increased activation of the superior temporal gyrus (STG), which may be respon-
sible for a number of complex coding and integrating functions. The changes in free presentation
involve several subcortical structures: the basal ganglia, cerebellum are associated with the motor
component, which is very different from the series that examined changes in activation level during
a given presentation of a melody without lyrics. The cerebellum and left temporal areas are one indi-

cator of the difficulty of the melody representation task.

Limitations

The current study contains several limiting factors. First of all, researchers rely on the subjects' self-
report about inner speech, however, the process of inner speech itself cannot be controlled by re-
searchers. This leads to the fact that we only assume that the subjects correctly followed the instruc-

tions.

It is also necessary to take into account the temporal resolution of fMRI, which is 3000 ms in this
experiment, does not allow us to draw unambiguous conclusions about the dynamic interaction be-
tween the brain regions that are activated during perception and the process of internal representation.
To solve this problem, variants of additional EEG and MEG studies were proposed, which would

allow measuring the activity of brain structures on a millisecond scale.

There is also a difficulty in separating the process of internal representation of a melody, taking into
account the components of rthythm and intonation, from the processes of memory, perception, and

problem solving, given that all of these processes occur at the same moment. In addition to separating
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the process of inner speech from other processes, there is a problem of separating this process itself,
as well as separating the process of verbalising a melody from the process of presenting a non-ver-

balized melody.

Accordingly, when using the results of the study of internal speech processes, these limitations should

be taken into account.
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Kpuvicoko M. 1., Bapmanos A.B.', Bponoe O.F0°. Ilooasnenue eepoaiviozo Komno-

Henma eHympenneil penpezenmayuu nechu: YMPT uccneoosanue

! MockoBckuii rocynapctBennbiii Yausepeutet uM. M.B.JlomoHocoBa

2 MenepalibHOE TOCYIAPCTBEHHOE OHODKETHOE yupekaeHne «HalnoHabHbIH MeIUKO-XUpyprude-
ckuii nentp umenu H.M. [Tuporosa

B I[aHHOﬁ pa60Te HUCCICAYCTCA OAWH U3 NPOLECCOB BHYTPCHHUX perCBeHTaL[I/Iﬁ - B 4aCTHOCTH, MBICJICHHAs
penpe3cHTand MGJ'IO,I[I/Iﬁ C HO,I[aBJ]CHHOﬁ B€p6aHH3aHHeﬁ. LIGJ'II: HUCCJICAOBAHUA - U3YUUTh BOBJICYHCHHOCTL
CTPYKTYP MO3ra B MpO1EeCC MBICJICHHOT'O MTPEACTABJICHUA MGHOHHﬁ. B (I)MPT—I/ICCJ'IG}_IOBEIHI/II/I MMPUHAIA Y4aCTUC
33 30POBLIX ITPABOPYKUX YCIIOBCKA. Hepe;[ Y4aCTHUKaMU CTaBUJIACh 3aavda NPOCIyHIaTb MY3bIKAJIbHBIC OT-
PBIBKH, COIIPOBOXAACMBIC TCKCTAMU NIECCH B UX OpHFHHaJ’ILHOﬁ (l)opMe, a 3aTEM MBICJICHHO BOCIIPOU3BECTU
OTHU OTPBIBKU C TCKCTOM H 0e3 Hero. HOHy‘leHHBIe pPE3yabTaThl CBUACTCILCTBYIOT O TOM, YTO KOAUPOBAHUC
MY3BbIKAJIBHBIX TTATTCPHOB MOKCT UMCTh HHAWBUAYAJIbHBIC Baprualiluu, OAHAKO OBLIN BEISBIICHBI 06H_II/IC TCH-
JCHIIUU. P€3y.]'II>TaTLI MOKa3bIBAIOT, YTO KaK KOPKOBBIC, TAK U ITOAKOPKOBLIC CTPYKTYPBI BHOCAT BKJIaZl BO BHYT-
PCHHEC MPEACTABJICHUC MeHOﬂHﬁ. B YaCTHOCTH, 00acTh BepHI/IKC ¥ TOMOJIOTMYHAS i 30HA B IMpaBOM IIOJTy-
[Iapyuy UrparoT BaXXHYIO pOJIb BO BHYTpCHHeﬁ pernpe3CcHTalliu, a XBOCTATOC AP0, MOACHAA U3BUJIMHA U BCPX-
HAA BUCOYHAA U3BUJIMHA - B TOPMOXKCHHUN Bep6a.]'H>HOFO KOMIIOHCHTA.
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