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Abstract—The purpose of the research was to study the peculiarities of the reflection of emotional states
“neutral (calm state)–sadness–joy–anger–fear” in the speech and facial expressions of 7–8 years old
children and to identify differences in the expression of emotions by boys and girls of this age. The work
was carried out as part of the study of the emotional sphere of children with typical and atypical
development using the CEDM method for assessing the emotional development of children. 14 children
(7 boys, 7 girls)—primary school students—took part in the study. The ability of children to express
emotions in the characteristics of voice and facial expressions and to recognize emotions was analyzed.
For this purpose, speech recording and video recording of children’s facial expressions and behavior,
instrumental and perceptual analysis of emotional speech, and automatic analysis of facial expression
were carried out. The children’s heart rate was recorded, and the leading hemisphere by speech was
determined using a dichotic listening. The features of the reflection of the emotional states of boys and
girls in the characteristics of speech are revealed. The specificity of reflecting the emotional states of
children in facial expression is described. The connections between the psychophysiological indicators of
children and their reflection of emotional states in their voice and facial expressions were determined.
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INTRODUCTION

Emotions are one of the factors of adaptive
behaviour organisation and manifest the functional
state of the organism. Emotional state is manifested
in voice characteristics, speech features, non-verbal
behaviour (facial expressions, pantomimicry, etc.)
and in autonomic components of behavioural reac�
tions [1]. The emotional sphere of a person depends
on his or her age, upbringing and cultural environ�
ment [2, 3]. Children of primary school age are char�
actised by a transitional variant of emotion
development—between spontaneous manifestation,

specific for early age, and the formation of con�
trolled behaviour due to inclusion in a new environ�
ment—school. These changes are associated, on the
one hand, with social factors, on the other hand,
with progressive changes in the morpho-functional
organisation of projective and associative areas of the
cerebral cortex [4, 5]. School education implies the
formation of new social relations between the child
and the teacher, the child and peers. New experience
influences the expression of emotional states, the
amount of social conflicts increases that cause nega�
tive emotions increase [6]. Throughout elementary
school, children learn more about socially accept�
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able rules for expressing emotions, learning which
emotions to display (and which to suppress) in spe�
cific social situations [7–10].

The prefrontal cortex, which exercises top-down
control of emotional reactions originating in the lim�
bic system, does not reach the necessary level of
development by the beginning of a child’s schooling
[11, 12]. Studies using modern neuroimaging meth�
ods [13] show that age-related changes in the amyg�
dala, hippocampus, frontal, parietal cortex, and
temporal lobe of the right and left hemispheres are
non-linear and depend on the child’s gender.

A large number of works are devoted to the study
of children’s perception of emotions with visual
(facial expression) and verbal stimuli in the norm [7,
14–20] and in developmental disorders of various
etiologies [21–26]. Data on the peculiarities of emo�
tion manifestation in children were obtained mainly
on the basis of questionnaires and scales for observ�
ing child behaviour [27] and assessing facial expres�
sion [28, 29]. These studies did not reveal a strict
correlation between the child’s gender and the suc�
cess of recognising the emotions of other people.
Analysis of data from 166 works [30] showed intersex
differences in the display of emotions. It is shown
that girls demonstrate more positive emotions than
boys, boys demonstrate anger more often than girls.

Fewer works are devoted to the study of children’s
emotional speech and recognition of children’s
emotional states from their speech by adults [31].
Few works use instrumental analysis of children’s
emotional speech [1, 31, 32]. It was shown that rec�
ognition of children’s emotional states by their
speech by adults depends on the age of children and
their neuropsychological state [33]. Atypical devel�
opment of children may be accompanied by disor�
ders of the emotional sphere—reflection of emotions
in voice and facial expressions [25, 34–37].

To analyse the emotional sphere of children with
typical and atypical development, in frame of an
international study, the method—Child Emotion
Development Method—CEDM was developed [38].
Methodological approach includes test tasks for
reflecting and recognising emotional states. The test
tasks (short version—CEDM-sh) that children with
typical and atypical development are able to perform
have been identified [38]. This work is the part of an
overall study of children’s emotional sphere and was
carried out using the CEDM-sh test items to further

compare the results with data obtained for children
with atypical development.

The purpose of this study is to determine the
peculiarities of emotion reflection in speech and
facial expressions of 7–8 year old children brought
up in a Russian-speaking environment, and identify
differences in the expression of emotions by boys and
girls of this age.

MATERIALS AND METHODS

The study involved 14 children (7 boys, 7 girls)
aged 7–8 years (7.3 ± 0.6 years), students of a com�
prehensive school in St. Petersburg, whose native
language is Russian. According to the paediatrician’s
report, all children developed in accordance with age
norms. The criteria for inclusion of children in the
study were:

1. parents signed informed consent for the child’s
participation in the study, approved by the Ethical
Committee of St. Petersburg State University;

2. children’s age—7–8 years old, attending a pri�
mary school;

3. absence of visual and hearing impairments.
The study was conducted in a comprehensive

school in St. Petersburg using the Child Emotion
Development Method (CEDM-sh) [38].

Study procedure

In the present study, children were offered to per�
form tasks on:

1) reflection of emotional states (the conversation
between the experimenter and the child, “acting”
speech—tasks for the child to demonstrate emotions
in the voice);

2) recognition of emotional states by children
using a video test.

The study included audio recording of children’s
speech and video recording of children’s behaviour
in model situations; determination of children’s psy�
chophysiological characteristics: heart rate (HR)
and leading hemisphere by hearing and speech using
the dichotic listening method; analysis of children’s
speech using perceptual research and instrumental
analysis; analysis of children’s facial expression in
dialogue situations.

We used a standardised recording protocol [38],
which included:

1. conversation between the experimenter and the
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child, during which the experimenter asked a stan�
dard set of questions about school, favorite activities,
hobbies, and friends. The questions asked to the
child were aimed at evoking different emotional
states [39];

2. the task of reflecting emotional states in the
child’s voice—“acting” speech. This approach was
tested earlier for children of different age groups
[39].

“Acting” speech is a task in which a child was
asked to express five emotional states (neutral–sad�
ness–joy–anger–fear) in the voice.

Children read and then pronounced words and
phrases, representing each of the given emotions
with their voices. The task included the utterance of
words and phrases with a lexically specified emo�
tional colouring and meaningless texts [38]. Mean�
ingless texts are semantically meaningless sentences
similar to real sentences, which are widely used in
studies aimed at reflecting emotional states in voice
characteristics without relying on linguistic context
[39–41].

The speech material used was:
1. Words reflecting each of the five proposed emo�

tional states, for example:
crush, hit, push—reflecting the state of anger;
great, beautiful, cool, super—reflecting the state of

joy;
normal, well, and, three—reflecting a neutral state;
dumpish, dreary, sad—reflecting the state of sadness;
scary, terrible, horrible, horror, creepy—reflecting

the state of fear.
2. Phrases such as:
It’s raining outside, I’m sad, it’s a sad time—

demonstrates a state of sadness;
I watched a scary cartoon, it’s dark outside, I’m

scared, I want to hide under the blanket from hor�
ror—demonstrates the state of fear;

I like to beat and break everything, when everyone
annoys me, everything annoys me—demonstrates
the state of anger;

I’m fine—demonstrates a neutral state;
I love when everything is beautiful!—demonstrates

a state of joy.
Pronunciation of emotionally coloured words and

phrases was the easiest task for children of this age,
as children could rely on the semantic component of
the given text [39]. The task was complicated by the
possibility of using meaningless texts—a prose text

and a poem text with rhythmic organisation.
3. Meaningless texts:
3.1. An artificial phrase by L.V. Shcherba (1930),

created on the basis of the Russian language, in
which all root morphemes are replaced by meaning�
less combinations of sounds [42]:

Glokaya kuzdra shteko budlanula bokra i kurdy�
achit bokryonka.

3.2. The first quatrain of L. Carroll’s poem “Jab�
berwocky” translated by S. Marshak (1967) in which
the author uses non-existent words:

Twas brillig, and the slithy toves
Did gyre and gimble in the wabe:
All mimsy were the borogoves,
And the mome raths outgrabe.
Each child was asked to say each type of speech

material twice, trying to express emotional states as
expressively as possible.

The study was conducted in a school room, the
duration was 40–60 min. Speech was recorded on a
tape recorder “Marantz PMD660” with an external
microphone “SENNHEIZER e835S”, facial
expression was recorded on a video camera “SONY
HDR-CX560”. The distance from the child’s face to
the microphone was from 3 to 50 cm.

Methods

In order to determine the reflection of children’s
emotional states in the characteristics of voice and
speech, an instrumental analysis of children’s speech
and a perceptual study were conducted.

1. Spectrographic analysis of children’s “acting”
and spontaneous speech was carried out in the sound
editor “Cool Edit Pro 2.0”.

We counted: the values of the pitch values (F0)—
average, maximum (F0max), minimum (F0min),
intensity values E0 (dB), determined the pitch range
values as the difference between its maximum and
minimum values (F0max – F0min) for phrases; rel�
ative intensity value (E0max / E0min). In the works
on the study of acoustic characteristics of emotional
speech it was shown [32] that pitch values and inten�
sity are the most informative characteristics.

We determined the acoustic characteristics of
speech signals correctly attributed by the listeners to
specific emotional states (0.75–1.0 probability of
recognising an emotional state by the listeners).

2. Perceptual study. The study consisted of adults
determining children’s emotional states while listen�



PECULIARITIES OF THE EMOTIONS MANIFESTATION IN SPEECH

JOURNAL OF EVOLUTIONARY BIOCHEMISTRY AND PHYSIOLOGY   Vol.  60  No. 2  2024

747

ing to test sequences containing their emotional
speech. The children’s speech material (spontaneous
emotional speech and “acting” speech) was initially
annotated by three experts for five emotional states
based on the research protocol and viewing of the
video recordings. For the perceptual study, only
those children’s utterances were selected that were
unambiguously assigned to a particular emotional
state by the three experts (agreement between
experts—Cohen’s Kappa coefficient 1.0). Children’s
spontaneous emotional speech represented the
child’s responses in a dialogue with an adult: “I go to
music school”, “My friend Kolya”, “We have a cat
at home”—children’s phrases with words reflecting
emotional states were excluded from the test
sequences. “Acting” speech—nonsense texts “Glo�
kaya kuzdra”, “Jabberwocky”. “Acting” speech,
representing words and phrases reflecting emotional
states, was not included in the perceptual experiment
so that adult participants of the perceptual experi�
ment could not rely on the linguistic component of
children’s speech while listening.

Three test sequences with 70 speech samples were
created. The interval between speech samples was
5 s. The test sequences were listened to by adult
native speakers of Russian (listeners)—53 people
(age 23.9 ± 2.1 years, 37 women, 16 men). All listen�
ers had no hearing problems—0–25 dB (hearing
thresholds according to tonal audiometry method).

The results of the perceptual analysis were pre�
sented in the form of confusion matrices—tables, the
rows of which correspond to the specified classes,
the columns—to the actual values (real classes). The
following was calculated: completeness—the share of
samples actually belonging to a given class, relative
to all samples of this class in the test sample; preci�
sion—the share of samples actually belonging to this
class, relative to all samples that listeners attributed
to this class; F-measure—a value that allows estimat�
ing the ratio of completeness and precision;
unweighted average recall (UAR) for all emotional
states.

3. In order to control the emotional state of the
child in the dialogue with the experimenter, the
analysis of children’s spontaneous facial expressions
was carried out. For this purpose, three experts
selected video fragments from the experimenter’s
dialogue with the child lasting one minute. The
video clips were analysed in the program “Face�

Reader 8v.” (Noldus, the Netherlands) (Fig. 1).
FaceReader software runs on the Microsoft Azure
cloud platform.

“FaceReader 8v.” programme (Noldus) automat�
ically determines the time of manifestation of basic
emotions in a child’s facial expressions, average val�
ues of activation and valence of children’s emotional
expressions based on the algorithms.

4. In order to assess the child’s ability to identify
emotional states, children were presented with a
video test containing 16 graphic images showing sad�
ness, joy, anger, and neutral states (4 images for each
state) on a laptop. Images reflecting the state of fear
were not included in the video test, based on the rec�
ommendations of the St. Petersburg University Ethi�
cal Committee on conducting research with
children. The child’s responses were recorded in the
questionnaire, and then confusion matrices were
constructed.

To control the degree of activation of the auto�
nomic nervous system (arousal of the child), HR was
measured using a ChoiceMMed pulse oximeter
before the start of the recording and after its comple�
tion.

The leading hemisphere in speech was determined
using the dichotic listening method to identify the
strategy used by the child in recognising and mani�
festing emotional states [43]. The coefficient of lat�
eral preference (CLP) was calculated:

LPC = (R – L) × 100 / (R + L) (%),

where R is the number of “right choices”, i.e. words
from the right ear; L is the number of “left choices”,
i.e. words from the left ear.

Statistical analysis of data was performed in Statis�
tica 10 software using the Mann–Whitney test,
Spearman rank correlation (at a significance level of
p < 0.05), and regression analysis. Agreement
between experts in data annotation was assessed on
the basis of the Cohen’s Kappa coefficient [44, 45].

RESULTS

Characteristics of children’s emotional speech. On
the basis of instrumental analysis of speech, it is
shown that the pitch values of children’s speech are
the highest in the state of joy—310 ± 61 Hz (mean ±
standard deviation) and fear—299 ± 54 Hz. Pitch
values for the neutral (calm) state are 254 ± 34 Hz,
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sadness—271 ± 45 Hz, anger—292 ± 59 Hz. The
characteristics of spontaneous and “acting” speech
of boys and girls were compared (Table 1). Signifi�
cant differences were found in intensity values: in
“acting” speech the intensity values were higher in
the neutral state, sadness state, and joy state for boys
and girls. Pitch range values are higher in “acting”
speech in the state of joy and neutral state for boys
and girls. In the anger state, pitch range values and

intensity values are higher in “acting” speech in
boys.

For spontaneous speech, differences were found
in the pitch values of boys and girls in the sad state—
boys had higher vs. girls (p < 0.05—Mann–Whitney
test). In boys’ spontaneous speech, significant differ�
ences were found between the sad and neutral
states—F0max in the neutral state is lower than in
the sad state (p < 0.05); sad and angry states—pitch

Fig. 1. Program FaceReader 8v.—facial expression of state of joy (boy 8 years old).

Table 1. Comparison of spontaneous and “acting” speech of boys and girls

Gender Boys Girls

Emotions N S J A N S J

F0 А > Sp А > Sp А > Sp

p 0.002 0.002 0.012

F0max – F0min А > Sp А > Sp А > Sp А > Sp А > Sp

p 0.043 < 0.001 0.004 0.001 < 0.001

E0max / E0min А > Sp А > Sp А > Sp А > Sp А > Sp А > Sp А > Sp

p < 0.001 < 0.001 0.002 < 0.001 < 0.001 0.012 < 0.001

Designations: А—“acting” speech, Sp—spontaneous speech, N—neutral, S—sadness, J—joy, A—anger, p—p-value (Mann–Whit�
ney test).
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range values and F0max in the sad state is higher
than in the angry state (p < 0.05). In girls’ sponta�
neous speech—F0min is higher in the joy state than
in the neutral state (p < 0.05).

For “acting” speech, differences in pitch values of
boys and girls are shown (Fig. 2). The pitch values of

boys in the states of sadness (p < 0.001), joy (p <
0.001) and fear (p < 0.001) are significantly higher
than the pitch values of girls in these states.

Acoustic characteristics of “acting” speech of boys
and girls in different emotional states are presented
in Table 2. Neutral state in boys is characterised by

Fig. 2. The pitch values (F0) of boys and girls speech in emotional states—neutral, sadness, joy, anger, fear. Emotional states are
marked on the horizontal axis, pitch values, Hz are marked on the vertical axis. Columns m are pitch values for boys, columns f are
pitch values for girls. ***—p < 0.001—Mann–Whitney test, differences between boys and girls.

Table 2. Comparison of the acoustic characteristics of “acting” speech in different emotional states in boys and girls

Gender Acoustic characteristics Comparison of children’s emotional states

Boys

F0 N < S N < J N < A N < F S < J S < F J > A F > A

p 0.019 < 0.001 0.016 < 0.001 < 0.001 0.025 < 0.001 0.012

F0max – F0min N < S N < J N < C J > A J > F

p 0.048 < 0.001 0.037 < 0.001 < 0.001

E0max / E0min N < S N < J N < A N < F

p 0.001 0.001 0.004 0.002

Girls

F0 N < J N < A N < F S < J

p < 0.001 0.001 < 0.001 0.008

F0max – F0min N < J N < A N < C S < J J > A J > F

p < 0.001 0.033 0.022 0.004 0.011 0.016

E0max / E0min N < J S < J

p 0.021 0.039

Designations: N-neutral, S—sadness, J—joy, A—anger, F—fear; p—p-value (Mann–Whitney test).
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the lowest pitch values and intensity, in girls—by
lower pitch values, pitch range values compared to
the states of joy, anger and fear. Boys in the sadness
state have lower pitch values than in the joy and fear
states, and girls have lower pitch values than in the
joy state. The state of joy is characterised by the
highest pitch range values in girls, and in boys—by
higher pitch range values compared to the neutral
state, the states of anger and fear. In the state of
anger in boys, pitch values are lower than in the
states of joy and fear.

The relationship between speech material and
E0max/E0min was determined F(1, 339) = 65.737 p <
0.0001 (R2 = 0.162, β = –0.403)—regression analy�
sis. Children’s spontaneous speech had lower inten�
sity values than “acting” speech. A correlation
between the children’s gender and the acoustic char�
acteristics of their speech was found: F0 F(1, 339) =
34.541 p < 0.0001 (R2 = 0.111, β = –0.333); F0max –
F0min—F(1, 339) = 9.379 p < 0.01 (R2 = 0.033, β =
–0.181). The pitch values and pitch range values
were higher in boys than in girls. The relationship
between children’s emotional state and acoustic
characteristics of “acting” speechwas revealed: F0
F(1, 289) = 36.577 p < 0.001 (R2 = 0.312, β = 0.312);
F0max – F0min F(1, 289) = 12.600 p < 0.05 (R2 =
0.036, β = 0.190); E0max/E0min F(1, 289) = 18.699
p < 0.001 (R2 = 0.052, β = 0.229)—based on these
characteristics, differences between different emo�
tional states are shown.

Recognition of children’s emotional states from their
speech by adults (perceptual study data). No signifi�
cant differences were found between men and
women in recognition of children’s emotional states,
so the data are presented for the total sample of lis�
teners. When listening to children’s spontaneous
speech, listeners are better at recognising states of joy
(64%—correct answers) and neutral states (57%),
worse at recognising states of sadness (50%) and
anger (48%). The UAR = 0.52. In the spontaneous
speech of boys, listeners recognise neutral state
(65%) and anger state (64%) better, and sadness
state (44%) worse (Table 3). From the spontaneous
speech of girls, listeners recognise the state of joy
better (76%). The state of anger in girls is worse rec�
ognised by listeners (4%) (Table 4).

When recognising children’s emotional state from
the text of the meaningless text “Jabberwocky”, lis�
teners are better at recognising the neutral state
(63%) and the state of joy (60%), worse at recognis�
ing the states of fear (52%), sadness (54%) and anger
(47%). The UAR = 0.55. From the speech of boys,
listeners recognise fear better (85%) and sadness
worse (54%) (Table 5). From the speech of girls the
listeners recognise neutral state better (64%), anger
state worse (35%) (Table 6).

When recognising children’s emotional state via
the meaningless text—“Glokaya kuzdra” listeners
are better at recognising the state of sadness (68%),
neutral state (69%) and the state of joy (60%), worse

Table 3. Confusion matrix for determining emotions
based on spontaneous speech of boys, % of listeners’
responses

State Neutral Sadness Joy Anger

Neutral 65 18 8 9

Sadness 37 44 7 12

Joy 38 5 52 5

Anger 8 22 6 64

Recall 0.65 0.44 0.52 0.64

Precision 0.44 0.49 0.71 0.71

F1-score 0.52 0.46 0.60 0.67

UAR (Unweighted Average Recall)—0.56

The % of listeners’ correct responses in recognising emotional
states is highlighted in bold.

Table 4. Confusion matrix for determining emotions
based on spontaneous speech of girls, % of listeners’
responses

State Neutral Sadness Joy Anger

Neutral 53 26 18 3

Sadness 35 56 3 6

Joy 13 9 76 2

Anger 58 30 8 4

Recall 0.53 0.56 0.76 0.04

Precision 0.33 0.51 0.74 0.07

F1-score 0.41 0.51 0.74 0.07

UAR (Unweighted Average Recall)—0.47

The % of listeners’ correct responses in recognising emotional
states is highlighted in bold.



PECULIARITIES OF THE EMOTIONS MANIFESTATION IN SPEECH

JOURNAL OF EVOLUTIONARY BIOCHEMISTRY AND PHYSIOLOGY   Vol.  60  No. 2  2024

751

at recognising the state of anger (45%) and fear
(40%). The UAR = 0.56. When identifying the emo�
tional states of boys, the listeners recognise the state
of sadness better (73%), and the state of fear worse
(40%) (Table 7). When recognising the emotional
states of girls, the listeners are better at recognising
the neutral state (84%), worse at recognising the
anger state (32%) (Table 8).

Acoustic characteristics of speech signals correctly 
attributed to emotional states

It is shown that the most significant characteristics
in recognising emotional states by listeners are mini�

mum pitch values, pitch range values and intensity.
A correlation between correct recognition of emo�
tional state and acoustic characteristics of speech
was revealed: F0min—F(1, 208) = 171. 45, p < 0.01
(R2 = 0.449, β = 0.672); E0max / E0min—F(1, 208) =
60.163 p < 0.001 (R2 = 0.225, β = 0.474); F0max –
F0min—F(1, 208) = 8.634, p < 0.01 (R2 = 0.035, β =
0.199).

Neutral state—F0min—214 ± 23.5 Hz; F0max –
F0min—114 ±5 3.9 Hz; E0max / E0min—3.5 ± 3.4;
sadness state—F0min—214 ± 32 Hz; F0max –
F0min—127 ± 73 Hz; E0max / E0min—6 ± 4.4; joy
state—F0min—220 ± 32. 6 Hz; F0max – F0min—

Table 5. Confusion matrix for determining emotions by
the “acting” speech of boys—“Jabberwocky”, %

State Neutral Sadness Joy Anger Fear

Neutral 61.5 14 13 1.5 10

Sadness 28 54 2 12 4

Joy 25 4 60 4 7

Anger 23 8 4 65 0

Fear 15 0 0 0 85

Recall 0.62 0.54 0.60 0.65 0.85

Precision 0.40 0.68 0.76 0.79 0.80

F1-score 0.49 0.60 0.67 0.71 0.83

UAR—0.65

The % of listeners’ correct responses in recognising emotional
states is highlighted in bold.

Table 7. Confusion matrix for determining emotions by
the “acting” speech of boys—“Glockaya kuzdra”, %

State Neutral Sadness Joy Anger Fear

Neutral 54 40 2 0 4

Sadness 9 73 3 1 14

Joy 15 4 67 6 8

Anger 21 4 4 58 13

Fear 14 29 10 7 40

Recall 0.54 0.73 0.67 0.58 0.40

Precision 0.48 0.49 0.78 0.81 0.51

F1-score 0.51 0.58 0.72 0.67 0.45

UAR—0.58

Table 6. Confusion matrix for determining emotions by
the “acting” speech of girls—“Jabberwocky”, %

State Neutral Sadness Joy Anger Fear

Neutral 64 19 0 2 15

Sadness 32 54 0 0 14

Joy 31 0 61 1 7

Anger 27 3 8 35 27

Fear 31 4 19 2 44

Recall 0.64 0.54 0.61 0.35 0.44

Precision 0.35 0.68 0.69 0.88 0.41

F1-score 0.45 0.60 0.65 0.50 0.43

UAR—0.52

The % of listeners’ correct responses in recognising emotional
states is highlighted in bold.

Table 8. Confusion matrix for determining emotions by
the “acting” speech of girls—“Glockaya kuzdra”, %

State Neutral Sadness Joy Anger Fear

Neutral 84 7 6 1 2

Sadness 26 64 0 0 10

Joy 45 1 52 0 2

Anger 36 12 18 32 2

Fear 25 14 19 5 37

Recall 0.84 0.64 0.52 0.32 0.37

Precision 0.39 0.65 0.55 0.84 0.70

F1-score 0.53 0.65 0.53 0.46 0.48

UAR—0.54
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143.5 ± 65 Hz; E0max / E0min—6.5 ± 6.8; anger
state—F0min—211 ± 25.2 Hz; F0max – F0min—
77. 8 ± 38 Hz; E0max / E0min—8.5 ± 3.3; fear
state—F0min—249.7 ± 27.1 Hz; F0max – F0min—
78.3 ± 54.3 Hz; E0max / E0min—6.7 ± 9.

The neutral state is characterised by lower pitch
range values compared to the joy and fear states (p <
0.05); the anger state by higher intensity values com�
pared to the neutral state (p < 0.05); the joy state by
higher pitch range values compared to the anger
state (p < 0.05).

Analysis of children’s facial expression

It is shown that in girls and boys the predominant
emotional state in spontaneous facial expressions is
the neutral state (0.6 and 0.41—frequency of mani�
festation in boys and girls, respectively). Girls show
the state of joy (0.29) more often than boys (0.05) in
facial expression. Fear in facial expressions is
expressed more often in boys (0.04) than in girls
(0.01) (Fig. 3).

In facial expression of boys, emotions with nega�
tive valence prevail (–0.113—mean value of
valence), in girls—with positive valence (0.204).

A correlation was found between child gender
and: frequency of facial expressions of emotions with
positive valence F(1, 339) = 284.80, p < 0.0001 (R2 =
0.456, β = 0.675); negative valence F(1, 339) =

223.55, p < 0.0001 (R2 = 0.397, β = –0.630)—
regression analysis. Girls more often than boys show
emotions with positive valence.

Children’s recognition of emotional states by video test

Children are better at recognising the emotional
states of joy (94%—number of correct answers) and
sadness (92%), while they are worse at recognising
the neutral state (74.5%) and the state of anger
(62.5%). The UAR = 0.81.

Boys (82.2%) recognise emotional states better
than girls (79.2%) on the video test (p < 0.05)
(Table 9). Girls are better at recognising the sadness
state (100%) than boys (83.3%) (p < 0.001)
(Table 10). Boys are better at recognising the neutral
state (87%) than girls (62.5%) (p < 0.001).

Relationships between the expression of emotional 
states, their recognition and psychophysiological 

characteristics of children

On the basis of regression analysis the links
between the leading hemisphere on the child’s
speech and:

listeners’ recognition of his emotional states
F(1, 339) = 28.081, p < 0.0001 (R2 = 0.081, β = 0.290);
positive valence in facial expressions—F(1, 339) = 6.078,
p < 0.05 (R2 = 0.176, β = 0.133); child’s correct
recognition of images attributed to a neutral state—

Fig. 3. The frequency of emotions manifestation in children’s facial expressions. Emotional states are indicated on the horizontal
axis, and the frequency of emotion expression is indicated on the vertical axis. Columns m—frequency of emotions in boys,
columns f—frequency of emotions in girls. *—p < 0.05—Mann–Whitney test, differences between boys and girls.
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F(1, 339) = 74.874, p < 0.001 (R2 = 0.192, β = –0.438).
Emotional states of children with a leading right
hemisphere are better recognised by listeners from
speech. Children whose leading hemisphere by
speech is left hemisphere show fewer emotions with
positive valence in facial expressions and are better at
recognising neutral states on the video test. Correla�
tions were found between child HR values and
acoustic characteristics of speech: pitch range val�
ues—F0max – F0min F(1, 339) = 10.792, p < 0.01
(R2 = 0.03, β = 0.176); E0max / E0min—F(1, 339) =
4.215, p < 0.05 (R2 = 0.012, β = 0.110)—the higher
the HR values, the higher the pitch range values and
voice intensity. A correlation was shown between
the child’s HR after recording “acting” speech and
the level of emotion activation in facial expressions
F(1, 339) = 5.6290, p < 0.05 (R2 = 0.163, β = 0.128)—
the more excited the child is, the more vividly they
show emotions.

It is shown that children who show more emotions
with positive valence are worse at recognising the
emotional states of anger and neutral state on the
video test. Correlations were found between the fre�
quency of emotions with positive valence in the
child’s facial expressions and the number of images
correctly recognised by the child demonstrating the
neutral state F(1, 339) = 14.380, p < 0.05 (R2 = 0.044,
β = –0.201) and the anger state F(1, 339) = 24.826,
p < 0.0001 (R2 = 0.073, β = –0.271).

The frequency of children’s expressions of emo�
tions with negative valence in facial expression was
related to the number of images correctly recognised
by the child reflecting anger F(1, 339) = 56.763, p <

0.0001 (R2 = 0.153, β = 0.391). Children who show
more emotions with negative valence are better at
recognising anger in images.

DISCUSSION

In this work, based on the standardised CEDM-sh
methodology, data on the features of emotion reflec�
tion in speech and facial expressions of 7–8 year old
children have been obtained.

Differences in acoustic characteristics of chil�
dren’s speech reflecting different states “neutral–
sadness–joy–anger–fear” are shown. Our data agree
with the results obtained in studies of children’s and
adult speech on the material of different languages
[32, 38, 39, 46–49]: the states of anger and fear are
characterised by high pitch values, pitch range values
and intensity, the state of sadness—by average (in
comparison with other emotional states) pitch val�
ues, pitch range values, for the neutral state—by low
pitch values, its range and intensity [46]. The con�
nection between the manifestation of emotional
states and acoustic characteristics of children’s emo�
tional speech, revealed in the work for children 7–
8 years old, agrees with the data obtained on the
material of Russian and Tamil languages for children
8–12 years old [39].

Researchers have linked the increase in pitch val�
ues, pitch range values and intensity to the degree of
emotional arousal [31]. For example, for preschool
children, there is a connection between emotional
arousal in the state of joy and an increase in pitch
values, pitch range values and intensity [50]. Physio�

Table 9. Confusion matrix for determining emotions by
video test for boys, %

State Neutral Sadness Joy Anger

Neutral 87 0 8.7 4.3

Sadness 4.2 83.3 4.2 8.3

Joy 8.3 0 91.7 0

Anger 12.5 16.7 4.2 66.7

Recall 0.87 0.833 0.92 0.67

Precision 0.78 0.83 0.84 0.84

F1-score 0.82 0.83 0.88 0.74

UAR—0.82

Table 10. Confusion matrix for determining emotions by
video test for girls, %

State Neutral Sadness Joy Anger

Neutral 62.5 16.7 16.7 4.2

Sadness 0 100 0 0

Joy 4 0 96 0

Anger 16.7 16.7 8.3 58.3

Recall 0.63 1 0.96 0.58

Precision 0.75 0.75 0.79 0.93

F1-score 0.68 0.86 0.87 0.72

UAR—0.79
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logical changes due to activation of the autonomic
nervous system are reflected in the acoustic charac�
teristics of emotional speech [49, 51]. All emotional
states except neutral (calm) are characterised by an
increase in HR [52], which agrees with the results of
our study, in which it was shown that changes in HR
are related to the acoustic characteristics of chil�
dren’s speech, which listeners rely on when correctly
recognising emotional states.

The perceptual study showed that adult native
speakers are more successful in identifying basic
emotions from children’s “acting” speech than from
spontaneous speech. These data are consistent with
the results of a cross-cultural study on the material of
Russian and Tamil languages on the recognition of
emotions in spontaneous and “acting” speech of
children 8–12 years old [39]. When listening to the
spontaneous speech of boys, the listeners better rec�
ognise the state of anger and neutral state, worse at
recognising the state of sadness; in the spontaneous
speech of girls, they were better at recognising the
state of joy, worse at recognising the state of anger.
From girls’ “acting” speech, adults also identified
anger states worse than other emotional states. In
general, adults identified neutral states well from
children’s “acting” speech, which corresponds to the
data on recognition of adult “acting” speech
obtained on the material of the Russian language
[53]. In Morozov’s research it is noted that the state
of fear is recognised better than joy by the “acting”
speech of adults [53]. In our work, this pattern is
shown only for the “acting” speech of boys (the text
“Jabberwocky”), which may be related to the age of
informants and recording conditions.

Children of 7–8 years old when performing tasks
in the CEDM method (dialogue with the experi�
menter) more often demonstrate facial expressions
corresponding to a neutral state. Girls more often
than boys show emotions with positive valence—joy.
In studies for children growing up in different cul�
tural environments, it is shown that boys of this age
more often show anger, and girls—joy [30]. Signifi�
cant differences between boys and girls in the mani�
festation of positive emotions are absent in infancy
and preschool age, in the manifestation of anger dif�
ferences between boys and girls are not expressed in
infancy, appear in preschool age, and in adolescence
girls demonstrate more negative emotions than boys.
Men more often demonstrate neutral state and

anger, women—the state of joy [32].
From the images included in the video test, chil�

dren were better at identifying the states of joy and
sadness than the neutral state and anger. The con�
nection between the child’s ability to show negative
emotions in facial expressions and to recognise the
state of anger from images was established. In foreign
works [14, 16] it is shown that children of 7–8 years
old recognise the state of joy better than the state of
anger and sadness by facial expression. Russian chil�
dren 8–9 years old recognise joy more successfully
than sadness, and sadness more successfully than
anger [20]. The same pattern was found for German
preschool children [15].

The links between psychophysiological features of
children and their ability to manifest emotions in
speech have been revealed—listeners better recog�
nise emotional states from the speech of children
with a leading right hemisphere in speech, which
agrees with the ideas about the role of the right hemi�
sphere in reflecting emotional states in human
speech [54]. The right hemisphere is associated with
the manifestation and regulation of emotions in the
voice—changes in pitch range value and intensity
[55, 56].

Thus, the normative data on the peculiarities of
reflection and perception of emotional states of typi�
cally developing children of 7–8 years old growing
up in Russian-speaking environment have been
obtained. Differences in the manifestation of emo�
tions by boys and girls of this age have been revealed.
The acoustic characteristics of children’s emotional
speech are described, the most informative charac�
teristics that listeners rely on to determine the emo�
tional state from the child’s voice—F0max – F0min,
E0max / E0min—are indicated: the correlation
between these characteristics and HR values is
revealed.

CONCLUSIONS

1. Differences in acoustic characteristics of boys’
and girls’ speech reflecting emotional states “neu�
tral–sadness–joy–anger–fear” were revealed. It is
shown that the pitch values of boys are higher than
that characteristic of girls in the states of sadness, joy
and fear.

2. The peculiarities of recognition by adults of
children’s emotional states by speech were deter�
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mined. The accuracy of recognising emotional states
from boys’ speech is higher than from girls’ speech,
listeners recognise emotional states better from “act�
ing” speech.

3. The features of reflecting children’s emotional
states in facial expressions are described: in the situa�
tion of dialogue with the experimenter, girls more
often show the state of joy in facial expressions than
boys.

4. The links between the leading hemisphere of
the child’s speech and its reflection of emotional
states in the characteristics of the voice, between the
values of HR and acoustic characteristics of the
voice were shown.

The obtained data on the peculiarities of the
reflection of emotional states by children of primary
school age will be supplemented by a larger sample
of children living in a Russian-speaking environment
and can be used for comparative analysis in the study
of the emotional sphere of children with develop�
mental disorders.
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