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Background. Early childhood is a critically important period of develop- Keywords:
ment for the formation of personality. Many studies provide convincing proof ~ children,
that elements of moral behavior are observable already in the early stages of  early age,
ontogenesis. Of particular interest for psychophysiologists is the question of =~ moral evaluation,
whether the capacity for moral evaluation in younger children can be reflected ~ alpha asymmetry,
in specific EEG patterns characteristic of them. EEG
Objective. To establish specific patterns of EEG oscillations, including the
frontal alpha-rhythm asymmetry, in young children who are prone to evaluate
differently the behaviors of “helping” and “hindering” puppets.
Design. Fifty-six children aged 16 to 42 months participated in the study.
To measure the level of moral evaluation in children, we used the method
designed by B. Kenward and M. Dahl, with some modifications. The EEG was
recorded when children distributed resources among the puppet-actors.
Results. When deciding how to distribute resources among the puppets,
the children with a higher moral evaluation index demonstrated an overall
higher alpha rhythm amplitude, as well as a specific pattern of theta rhythm
amplitude. The moral evaluation indices correlated with alpha asymmetry in
the EEG loci F7 and F8.
Conclusions. 1. Significant differences in EEG patterns were found between
the children who showed different levels of moral evaluation. Children with
higher indices of moral evaluation showed a higher alpha rhythm amplitude
when deciding how to distribute resources among the puppets, depending on
the puppets’ “helping” or “hindering” behavior. 2. The theta rhythm oscillation
patterns differed significantly between the samples of children with different
moral evaluation indices. 3. Alpha asymmetry in the dorsolateral prefrontal
cortex (loci F7, F8) was correlated with the moral evaluation indices, indicat-
ing an increased activation in the prefrontal regions of the left hemisphere in
children with a more developed understanding of moral behavior.
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Introduction

Moral behavior is considered as a form of prosocial behavior. Some researchers
define morality as a set of prescribed norms that reflect concern for the well-being,
rights, fairness, and justice of other people (Dahl & Killen, 2018; Turiel, 2015). Early
childhood is seen as a period of development critically important for the formation
of personality. Morality builds up through the processes of social interaction, self-
reflection, and making judgments. Peer interaction plays a key role because it al-
lows children to experience conflicts that make them reflect, summarize, and form
an assessment of their daily interactions. A distinctive feature of moral behavior is
its intentionality, which includes an understanding of individual goals and inten-
tions. Intentionality can be viewed in line with understanding the mental states in
other people (theory of mind). The process of moral evaluation gets increasingly
complicated with the development of one’s capacity to reflect upon others’ internal
states. At preschool age, it is still relatively difficult for children to understand the
internal states of others (Killen, 2014).

In early childhood, the individual’s motivational sphere starts developing,
while definite behavioral patterns, attitudes toward other people, and elementary
concepts of morality and ethics are being formed (Barsukova, 2010; Shelina, 2012).
With that in mind, a considerable amount of research has recently been carried out
to study the formation of moral behavior in the very early stages of ontogenesis
(Decety, 2011; Giiroglu, 2011; Young, 2012). It has been demonstrated that even in
infancy, children can share objects and try to console a person who looks frustrated
(Dunfield, 2010; Paulus, 2012; Svetlova, 2010; Warneken, 2006).

It has been observed that 18-month-old children are already capable of provid-
ing the basic forms of instrumental help (for example, a child can pick up a fallen
object to pass it to an experimenter who cannot reach it by himself), deliberately
sharing resources (such as toys and other things belonging to the child), and con-
soling a frustrated person (Dunfield & Kuhlmeier, 2010; Paulus & Moore, 2012;
Svetlova, 2010). It was discovered that one-year-old children choose more often to
help other individuals in whose behavior they see prosocial tendencies (Dunfield &
Kuhlmeier, 2010). Children aged between one and two years who are more prone
to console others (Zahn-Waxler, 1992) are also better at controlling their negative
feelings (Hoffman, 2000).

Morality research includes studies with younger children aimed at measuring
their capacity to make moral evaluations. This capacity comprises both cognitive
and emotional processes and plays a key role in prosocial motivation, as well as in
making decisions in response to different social stimuli (Cowell & Decety, 2015). It
is a common practice to assess children’s capacity for moral evaluations within the
context of fictional situations showing an interaction of “good” and “bad” actors.
A child is asked to distribute a finite number of resources (such as sweets or toys)
among those actors, following a demonstration of their interaction (Kenward &
Dahl, 2011; Sampaio & Cabral, 2015).

In the past decade, neural mechanisms underlying prosocial and moral behav-
iors are drawing increased attention from researchers (Decety, 2012; de Greck,
2012; Mathur, 2010). EEG-based research is being devoted to studying the relation-
ship between the functional asymmetry of the cerebral cortex and characteristics
of moral behavior at different stages of a child’s personality development. A smaller
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alpha rhythm amplitude in a certain cortex region (or hemisphere) is thought to be
an indicator of relatively more activity present there (Bazanova, 2012). There is evi-
dence that the hemispheric asymmetry of the alpha rhythm amplitude in the fron-
tal cortex can be associated with individual differences in social behavior, as well
as a capacity to control one’s negative feelings both in adults (Harmon-Jones, 2004;
Wheeler & Davidson, 1993) and children (Buss, 2003; Smith, 2010). A number of
studies show a positive relationship between children’s moral behavior and their
ability to control their negative emotions (Decety & Meyer, 2008; Moore, 2007).

It should be noted that analysis of the EEG is traditionally based on considering
changes in the amplitude/power of different rhythms. It is recommended that their
specific frequency ranges be defined relative to first finding the subject’s individual
alpha frequency range, which is particularly important when studying children
(Bazanova, 2012).

Several works have explored possible relationships between various EEG indi-
ces and prosocial behavior (Gallo, 2018) and the development of moral evaluation
(Cowell, 2015), both in children and adults. However, it is not yet clear whether the
level of a child’s capacity for moral evaluation might be reflected in specific EEG
patterns under relevant experimental conditions.

Thus the aim of our work is to find out whether there are specific patterns of
EEG oscillations, in particular frontal alpha rhythm asymmetry, in children aged
about 1.5-3.5 years, depending on their capacity to morally evaluate the actions
of interacting puppets. The children are divided into two samples based on their
moral evaluation development. The EEG frequency ranges are be defined individu-
ally for each subject.

Basic goals of the study:

1. To compare the patterns of EEG oscillations under a sustained attention
condition between the two groups of children based on their level of moral
evaluation;

2. To compare the patterns of EEG oscillations in the two groups of children
under condition of making a moral evaluation of puppets’ actions and dis-
tributing resources among the puppets;

3. To assess a possible relationship between the indices of prefrontal alpha
asymmetry and the level of moral evaluation development in children.

Hypothesis: The level of moral evaluation development in early childhood may
be reflected in specific EEG patterns in a condition of sustained visual attention
and in the course of moral evaluation and distribution of resources among puppets.

Methods

The participants comprised 56 children (23 boys, 33 girls) aged 16 to 42 months.
The mean age was 30.5 + 6.5 (SD) months. The criteria for exclusion from an exper-
imental sample were a birth weight less than 2.5 kg, known genetic disease, medi-
cal records showing CNS disorders, and clearly distinguishable left-handedness (a
child prefers to use his/her left hand when manipulating objects and drawing).

To measure the moral evaluation index for each subject, we used a modified
version of the method used by B. Kenward and M. Dahl (Kenward & Dahl, 2011).
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Each child observed two scenes enacted by three puppets (manipulated by the ex-
perimenter): “neutral’, “good”, and “evil” Both scenes started with the “neutral”
puppet climbing up stairs, but half-way up it started showing difficulties in getting
to the next step (the experimenter said: “Oh, I'm so tired. Who would help me step
up?”). In the first scene, the “good” puppet helped the “neutral” one to step up. In
the second scene, the “bad” puppet hurt the “neutral” one by pushing it down the
stairs, while the latter puppet was saying: “Oh, that hurt me so much!”). After that,
the “good” and “bad” puppets were placed before the child on the table and he/she
was asked to evaluate their behaviors by distributing between them five cardboard
“cookies”. The individual index of moral evaluation (IME) for each child was calcu-
lated according to Table 1.

Table 1
Indices of moral evaluation (IME)

cookies given  cookies given cookies given  cookies given
to the “good” to the “bad” Score to the “good” to the “bad” Score
puppet puppet puppet puppet

0 5 1 2 3 11
0 4 2 2 2 12
0 3 3 2 1 13
0 2 4 2 0 14
0 1 5 3 2 15
1 4 6 3 1 16
1 3 7 3 0 17
1 2 8 4 1 18
1 1 9 4 0 19
1 0 10 5 0 20

EEG was recorded in two conditions: (1) in a wakeful resting state with sus-
tained visual attention (SVA) and (2) during moral evaluation of the puppet’s be-
havior (distribution of resources). To provide sustained attention, the children
were asked to focus on a screen with the video of a rotating ball with a chang-
ing geometric pattern (the EEG was recorded for 20-30 seconds). This method
is commonly used when registering EEG in younger children (Marshall, 2008;
Orekhova, 2006). The EEG record duration when children were distributing re-
sources depended on how much time they needed to fulfill the task. The mean
record duration was 28.8 + 16.2 seconds, with minimal and maximal values being
from 10 to 74 seconds. The EEG was recorded while the children were being held
on the lap of their parent.

The EEG was recorded by Mitsar-EEG-10/70-201 encephalograph with
WinEEG software (Mitsar, Russia) in 16 leads: prefrontal (Fp1, Fp2), frontal (F3,
F4), posterior lower frontal (F7, F8), central (C3, C4), mid-temporal (T3, T4),
posterior-temporal (T5, T6), parietal (P3, P4), occipital (O1, O2). Linked earlobe
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electrodes were used as a reference electrode. The cutoff frequencies of high- and
low-pass filters were 0.3 and 30 Hz, respectively; the EEG sampling rate was 250
Hz. The data were analyzed with the help of the WinEEG software. The EEG first
underwent visual assessment to remove fragments with artifacts. For further pro-
cessing, EEG segments with a duration of at least 10 seconds were divided into ep-
ochs of 2.56 seconds each. The EEG fragments were Fast-Fourier transformed with
50% overlap. The Butterworth filter with a passband of 2-25 Hz was used.

EEG parameters were calculated in individual frequency ranges. The individual
alpha rhythm frequency range for each child was determined relative to the average
frequency value of power spectra curve intersections when overlapping the cases of
alpha synchronization and desynchronization in C3 and C4 leads. Desynchroniza-
tion of the central alpha rhythm was normally observed when the child executed
his/her own movements within the “perception and repetition of action” trial (not
considered in this article), whereas synchronization occurred during the period of
relative rest. The upper values of the theta rhythm and the lower values of the beta
rhythm frequency ranges were determined relative to the individual alpha rhythm
frequency range. Based on the known literature data (Marshall, 2008; Stroganova,
1999), the lower theta rhythm frequency range value was set at 3 Hz, and the up-
per beta rhythm frequency at 18 Hz. The amplitude values of each rhythm were
log-transformed to normalize the distribution (Ig, pV). Values that went beyond
the three sigma limits were discarded. The alpha rhythm asymmetry values were
calculated based on the amplitude values in symmetrical leads using the formula
(IgA2 -1gA1), wherelgA2 and IgA1 are the decimal logarithm of the amplitudes for
the left and right hemispheres, respectively.

To determine the differences in EEG patterns recorded both in the SVA and re-
source distribution conditions, repeated-measures ANOVA was used for compar-
ing the groups of children who have either high or low IME. To determine a pos-
sible relationship between the IME values and alpha asymmetry in the prefrontal
cortex, the Pearson parametric r criterion was used. Because the log-transformed
EEG amplitudes were normally distributed, the IME parameters were then also
normalized using Box-Cox transformations. The differences in the children’s age
(between the two IME groups) and in their IME values (between boys and girls)
were estimated with the use of the t-test for independent samples.

Results

The IME values were calculated based on how the children evaluated the puppets’
actions with a mean score of 13.7 £ 4.9 (mean + SD) points. This means that the
children more often welcomed the behavior of the “good” puppet than the “bad”
one. To establish specific features of EEG rhythms in children with different moral
evaluation indices, the children were divided into two groups. Group 1 included 22
children, with IME below the sample mean, ranging from 1 to 13 points (8.7 £ 3.4);
Group 2 included 34 children with IME above the sample mean, ranging from 14 to
20 points (17.0 + 2.2). The mean age of children in Group 1 was 31.5 + 5.9 months;
in Group 2 it was 29.8 + 6.8 months. There were no statistically significant differ-
ences between the groups in their age (t = 0.92, p = 0.35). In the group of boys, the
average IME values were 13.6 + 6.1 points; in the group of girls, 13.8 + 3.9 points.
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No significant differences were identified either between boys and girls in their
IME (t=0.09, p=0.92).

The EEG rhythm amplitude differences depending on the children’s IME were
analyzed with the repeated measures ANOVA, with the main factors being the IME
group (inter-subject factor Group) and EEG loci (intra-subject factor Locus). For
the SVA condition, the main effect of the Group factor was insignificant, as well as
the effect of its interaction with the Locus factor. The only significant main effect
was that of the Locus factor.

Analysis of the differences in EEG amplitudes during the task of resource dis-
tribution showed a number of significant effects (Table 2).

Table 2

ANOVA results for EEG rhythm amplitudes in children based on their IME and EEG locus
when distributing resources

Theta rhythm Alpha rhythm Beta rhythm

Group x
Locus

Group x
Locus

Group x

Group Locus Locus

Group Locus Group Locus

F(1,26); p; F(15,390); F(15,390); F(1,29); p; F(15,435); F(15,435); F(1,27); p; F(15,405); F(15,405);
Ny’ P, Py Ny’ PNy P, Ny Py PNy
0003 22022 2153 3582 8818 1.744 1.023 29377  1.400
0958  0.000"*  0.007* 0068  0.000"*  0.040* 0320  0.000**  0.143

0.000 0.458 0.076 0.109 0.233 0.056 0.036 0.521 0.049

Note. Group - two groups with different IME; Locus - 16 EEG loci. Significance: * p < 0.05, ** p < 0.001

The theta and alpha rhythm amplitudes turned out to be affected significantly
by the Locus factor and its interaction with the Group factor, while the beta rhythm
amplitude was only affected by the Locus factor.

The means of log-transformed amplitudes for alpha and theta rhythms in each
EEG locus during the task of resource distribution among the puppets are shown
in Figure 1. For the alpha rhythm, note that its amplitude in a group of children
with higher IME has higher values in 14 (of 16) loci if compared with a lower IME
group. The method of individual contrasts (F-statistics) showed that these differ-
ences reach statistical significance in the temporal leads (T3, T5, T6) and the cen-
tral lead of the left hemisphere (C3).

Although a significant interaction effect of the Group and Locus factors for the
theta rhythm amplitudes was found, the method of individual contrasts did not
show significant amplitude differences in each individual EEG lead. However, we
can see in Figure 1 the pattern of differences in theta rhythm amplitudes for all EEG
loci in general.

It is known (Gallo, 2018; Schulte-Rither, 2007) that prosocial behavior and
moral judgement are in the first place controlled by the frontal and prefrontal cor-
tex regions (EEG loci Fp1, Fp2, F3, F4, F7, F8). Of interest is that the left and right
hemispheres contribute differently to the manifestation of prosocial behavior and
moral judgments. Based on this premise, we tried to determine a possible relation-
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Figure 1. Alpha (fragment A) and theta (fragment B) rhythm amplitudes
in children with higher IME (white columns) and lower IME (black col-
umns) (index of moral evaluation).

Note. X-axis - EEG loci. Y-axis - mean EEG amplitudes with standard errors
(Ig (A), uV). Significant differences are marked by “*” for p < 0.05.

ship between individual IME scores and interhemispheric alpha asymmetry indi-
ces, taken as indicators of hemisphere activation and calculated for corresponding
pairs of left and right frontal electrodes. For the condition of resource distribution
among the puppets, significant correlations were found between IME values and
frontal cortex alpha asymmetry indices for the pairs of electrodes F8/F7 (r = 0.46,
p =0.006) and Fp2/Fp1 (r = -0.34, p = 0.02). The F4/F3 asymmetry index correlated
with IME non-significantly (r = 0.05, p = 0.73). The remaining pairs of electrodes
(C4/C3, T4/T3, T6/T5, P4/P3, O2/01) were also routinely checked for significant
correlations; there were none. After applying the Bonferroni correction method ac-
cording to the number of calculated measurements, the only still sufficiently signif-
icant (p < 0.05) correlation was that with the F8/F7 alpha rhythm amplitude ratio.
The lower alpha rhythm amplitude in the left hemisphere relative to the right one
in children having higher IME scores indicates that, during the process of moral
evaluation, the more activated left frontal cortex is associated with a higher level of
moral evaluation development in younger children.

Discussion

The aim of the present work was to study possible neural correlates of moral be-
havior in early childhood based on the modified method of moral understand-
ing assessment by Kenward and Dahl (Kenward & Dahl, 2011). We examined the
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patterns of EEG in different experimental conditions in children having different
scores for moral evaluation.

It was found that alpha and theta rhythm amplitudes differed significantly when
the children were deciding how to distribute resources (cookies) among the “good”
and “bad” puppets, if compared between the groups having higher and lower indi-
ces of moral evaluation. The higher IME group was characterized by a higher alpha
rhythm amplitude. Taking into consideration the known role of alpha rhythm in
inhibiting irrelevant signals (Bazanova & Vernon, 2014), we assume that an overall
larger alpha rhythm amplitude in the higher IME group of children in the process
of decision-making when distributing available resources among the actors may
indicate that they possess a more optimal ratio of excitation and inhibition, higher
emotional stability, and attention focus when fulfilling the task.

The topographical patterns of theta rhythm amplitude under the same condi-
tion also differed significantly between the studied groups. It is known that theta
rhythm oscillations may reflect the processes of memorizing and retrieving in-
formation from memory, both in children and adults (Cuevas, Raj, & Bell, 2012).
Thus, the differences we found may be associated with how the children engaged
their cognitive resources when actualizing memory traces relevant to the task in
regard to the puppets’ actions and deciding how to reward them afterwards.

In addition, we managed to find a significant correlation between the children’s
IME score and the alpha asymmetry index in the dorsolateral prefrontal cortex
(EEG loci F7, F8) when they distributed “cookies” among the puppets. Based on
the idea that the level of cortex activation can be reflected in attenuated power of
the alpha rhythm (Bazanova, 2011; McManis, 2002; Marshall & Meltzoff, 2011)
and that a higher activation of the left frontal regions is associated with a greater
ability to resist negative emotions (Mikhailova, 2017; Stroganova, 1999) and with
so-called perceptual sensitivity, seen as a feature of temperament (Lobue, 2011), we
presume that the more activated left prefrontal cortex underlies a more appropriate
and socially acceptable evaluation of the puppets’ actions when performing moral
evaluation of those observed characters.

The results of our study agree well with the conclusions made by some other
researchers who demonstrated that the prefrontal cortex is involved in the process
of analyzing situations that require knowledge of norms and rules (Prehn et al.,
2008; Kostromina, 2017). Furthermore, the activation of the dorsolateral prefron-
tal cortex is associated with the ability to imagine other people’s emotional states
(Decety & Moriguchi, 2007). It has been shown that an increased activation in the
dorsolateral (BA 9) and frontopolar (BA 10) areas of the prefrontal cortex is reg-
istered in adults when they focus on their own emotional experiences, as well as
when they try to interpret the emotions of others in photos (Schulte-Riither, 2007).
It is thought that understanding of others’ emotions (emotional empathy) is criti-
cally important in social interactions, moral decision-making, prosocial behavior,
and in making moral judgments (Yodina, 2017).

To conclude, the results of our study show that children aged 16 to 42 months
possess the capacity to positively evaluate moral behaviors performed by observed
characters. The alpha and theta rhythm amplitude patterns differed between the
groups of children who have higher or lower IME scores. The higher left prefrontal
cortex region activation was characteristic of children who more often rewarded
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the “good” puppet. Based on these results and the conclusions of other authors, we
suggest that at least during an early childhood period, children who tend to reward
more often actors who behave prosocially, themselves have a more developed abil-
ity to intentionally control their own behavior and emotions. The results show that
there is a neural substrate of moral behavior even in very young children.

Conclusion

1. Children who demonstrate different levels of development of moral evalua-
tion also have different patterns of EEG when performing relevant tasks. Chil-
dren with a higher index of moral evaluation have a relatively increased al-
pha rhythm amplitude when deciding how to distribute resources between the
“good” and “bad” puppets. We assume that the larger alpha rhythm amplitudes
characteristic of them under a specified condition testifies to an optimal ratio
of the processes of neural excitation and inhibition, emotional stability, and at-
tention focus when fulfilling the task.

2. The topographical patterns of theta rhythm oscillations are different in the two
groups of children and may be associated with how they engage their cognitive
resources in memorizing and retrieving information relevant to the task in re-
gard to the puppets’ actions, which is needed to then decide how to distribute
available resources among them.

3. Frontal alpha rhythm asymmetry during the task of resource distribution cor-
related with the children’s moral evaluation index. The correlation was signifi-
cant for the pair of EEG loci F7 and F8, which correspond to the dorsolateral
prefrontal cortex. We assume that increased activation of the left prefrontal
cortex when deciding how to reward the puppets may serve as a prerequisite
for the more appropriate and socially acceptable evaluation of others’ behaviors
observed by younger children.
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