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Abstract—Moraljudgment can be defined as the evaluation ofactions with respect to
norms and values established in a society. In the modern world, morality is considered as the
social capital, which determines a level ofsociety well-being. Participants were showed 24
moral dilemma and 24 control task vignettes represented artist-sketched cartoons of control
and dilemma scenarios. For all participants and every experimental condition, the model of
localization equivalent dipoles EEG components was made. Individual localization of EEG
electrodes was matched with a model oflocalization ofelectrodes of head, which was usedfor
determining the equivalent dipoles. Event-related spectral perturbations were calculated to
estimate induced responses via the EEGLAB toolbox. The dataset was preparedfor clustering
by the original PCA method. The correctionfor multiple comparisons was made by the False
Discovery Rate method. To determine the correlations cortical sources of EEG activity with
Social Intellect, SLORETA was applied to the data. Differences between moral dilemmas and
control tasks without moral choice werefound in delta, theta, alpha and beta diapasons in
dusters localized in temporal andfrontal lobe. Social intellect positively correlated with
difference between the test interval and the baseline during making moral dilemma choice in
theta in the left middle temporal gyrus and beta in the left middlefrontal gyrus.
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. INTRODUCTION

The study of factors that determine social cognition and behavior in humans is an actual
problem of modern neuroscience. Social cognition is defined as that mental activity through
which we can understand and know the social world [1]. The phenomenon of social cognition
concerns morality. Moral judgment can be defined as the evaluation of actions with respect to
norms and values established in a society (such as not stealing or being an honest citizen). When
judging a behavior as morally good or bad. people refer to their internal representations of these
norms and values (i.e. emotionally laden internal moral orientations or principles) [2]. In the
modem world, morality is considered as the social capital, which determines a level of society
well-being.

It is difficult to model real moral situation in laboratory conditions, that is why we used
an experimental paradigm was taken from Harrison and collegues (2008) study [3]. Nowadays
studies of brain activity during moral choice were made by methods of positron emission
tomography (PET) and functional magnetic resonance imaging (fMRI) [2, 4, 5, 6].

These techniques allow to evaluate the level of metabolic activity in different parts of
brain using as an indicator consumption of glucose or blood oxygenation. fMRI and PET
techniques are extremely important and indispensable for the accurate spatial localization of the
processes in brain, but have a number of limitations. Nature of the relationship of the metabolic
processes and related neurophysiological activity is not always clear. It is not clear as measured
these techniques metabolic changes in neurons reflect the processes taking place in them [7].
Due to the low temporal resolution these techniques, which is limited by the speed of blood flow,
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they do not give opportunities to investigate the dynamics of the processes of brain on a
millisecond time scale. Known to date that brain functioning based on the principle of
association structures of brain in functional systems required for the performing current function
and inhibition of conflict processes are not required at the current moment. The role of
integration in functional systems perform oscillations of bioelectrical activity of brain [8. 9]. The
aim of the study was to investigate individual differences in oscillatory dynamics of structures of
brain related to decision making during moral dilemma.

Il. METHODS
A. Subjects

The sample included 26 participants (11 men and 15 women; age range from 17 to 22
years). Sample consisted of healthy, right-handed volunteers with normal or corrected-to-normal
vision who received a sum equivalent to about $7 (U.S.) for participation. All subject filled out
Social Intellect questionnaire [10. 11]. All applicable subject protection guidelines and
regulations were followed in conducting the research in accordance with the Declaration of
Helsinki. All participants gave informed consent to the study. The study has been approved by
the Tomsk State University ethical committee.

B. Instruments and Procedure

The subjects sat in a soundproof and dimly illuminated room. Participants were showed
24 moral dilemma and 24 control task vignettes represented artist-sketched cartoons of control
and dilemma scenarios accompanied by text descriptions. A preliminary instruction was
presented at the screen: “You will be presented with different scenarios depicting the hero in a
choice situation: please imagine yourself on the hero's place and make the choice pressing 1 for
‘ves’ and 2 for ‘no’”. In each trial, the participant viewed a cartoon and accompanying
description of a hero in a control or dilemma situation. In the last lines of the description, the
participant was asked to press the spacebar when he/she had understood the situation. Next, a
prompt appeared that asked: “If you were at hero's place, would you buy the piece of furniture”
or “would you push the fat man”. For nonmoral dilemmas, response ‘yes’ implied the choice of
an 'active' option (e.g.. to purchase something). For moral dilemmas, response ‘yes’ implied the
choice of a utilitarian option (e.g.. to sacrifice a fat man in order to save five people).
Moral and control tasks were delivered randomly, and the interstimulus interval randomly varied
between 4 and 6 s. For the EEG analysis, 1500 milliseconds from -2000 to -500 before the
vignette presentation (vignette presentation was taken as 0) was chosen as the baseline and three
seconds before the button-press were chosen as the test interval.

C. EEG recording and analysis

EEG record was collected using 128-channels according to the extended International 10-
10 system with sampling rate 1000 Hz. The signals were amplified using BrainVision
actiCHamp hardware. In contrast to PET and fMRI, EEG is a two-dimensional time-frequency
distribution electric signal. EEG registered from scalp is a bioelectric activity of different areas
of whole brain. Independent component analysis was applied to separate this activity. Artifact
components connected with eye movements, muscle movements, pulse, artifact local activity of
channels were removed. For all participants and every experimental condition, the model of
localization equivalent dipoles EEG components was made with D1PFIT function. Individual
localization of EEG electrodes was matched with a model of localization of electrodes of head,
which was used for determining the equivalent dipoles. The analysis included only those EEG
components whose models of equivalent dipole have residual dispersion of cortical maps that is



no more than 15% as compared with the most appropriate projection model of equivalent dipole
of the head electrodes. Event-related spectral perturbations (ERSP) were calculated to estimate
induced responses using timef function of EEGLAB toolbox (http://www.seen.ucsd.edu/eeglab/).
The ERSP [12] shows mean log event-locked deviations from baseline-mean power at each
frequency. Method of ERSP calculation realized in EEGLAB toolbox is described in Delorme
and Makeig (2004) [13].

Time-frequency decomposition of the signal produced by wavelet transform version of

Morlet, overlap time window started from 3-cycle wavelet, the number of cycles increased
linearly when reached a half of the number of cycles with the high frequency. This method
allowed to obtain better frequency resolution at higher frequencies than the conventional wavelet
which used a constant amount of cycles [13]. The dataset was prepared for clustering by the
original PCA method [13]. The time-frequency differences between groups and conditions had
been estimated with using nonparametric permutation statistic method. The correction for
multiple comparisons was made by the False Discovery Rate method [14]. This method is used
instead of the Bonferroni correction if variables are highly correlated with each other [15].
Reliable effects were effects which had significance level p < 0.05 after False Discovery Rate
method was applied.
To determine the correlations cortical sources of EEG activity with Social Intellect. SLORETA
[16] was applied to the data. The SLORETA is a linearly distributed solution that is based on
standardized values of the current density estimates given by the minimum norm solution. The
SLORETA wuses a three-shell spherical head model registered to the digitized Talairach and
Tournoux (1988) atlas. The solution space is restricted to cortical gray matter and
parahippocampal areas. The SLORETA yields images of standardized current source density of
6430 voxels at 5 mm spatial resolution. Statistical analysis of sources of induced oscillations in
SLORETA was performed using regression of current source density estimates on Social
Intellect scores. Statistical significance was assessed using a randomization test which corrects
for multiple comparisons [16]. For this study, the significance level was set top < 0.05.

I1. RESULTS

We got 12 clusters and six of them had significant differences.

The first cluster showed significant effect during three seconds before the button-press
when making a choice. Delta synchronization was observed for moral condition, in contrast for
control condition delta desynchronization was obtained. Central dipole was located in the right
superior temporal gyrus (Brodmann area (BA) 22). The second cluster showed significant effect
during last 2 sec but one before making a choice. Delta desynchronization was more pronounced
for control task. Theta synchronization was more pronounced for moral condition. Central dipole
had symmetric localization to first cluster in the left temporal gyrus (BA 22). The third cluster
had localization in the right middle temporal gyrus (BA 37). Alpha desynchronization was more
pronounced for moral condition during three seconds before making a choice. The fourth cluster
localized near rectal gyrus in the right frontal lobe (BA 11). Delta synchronization and alpha
desynchronization was more pronounced for moral condition during three seconds before
making a choice. Central dipole of the fifth cluster localized near the middle frontal gyrus (BA
6). Delta synchronization was more pronounced for moral condition during last 2 sec but one
before making a choice. Beta desynchronization was less pronounced for moral condition during
3 sec before making a choice. The sixth cluster included the posterior cingulate cortex (PCC).
Delta and theta synchronization was obtained for moral condition, delta and theta
desynchronization was obtained for control task during last 2 sec but one before making a
choice. Beta desynchronization was less pronounced for moral condition during last 2 sec but
one before making a choice.

sLoreta regression analysis of Social intellect on the difference between the test interval
and the baseline during making moral dilemma choice yielded positive correlations for theta and
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beta2 diapasons. For theta, the strongest effect is observed in the left middle temporal gyrus, BA
21 (MNI coordinates X=-60. Y =0, Z =-15) r=0.587, Extreme p = 0.007, for beta2 in the middle
frontal gyrus, BA 10 (MNI coordinates X=-25, Y = 50, Z =0) r=0.602, Extreme p = 0.007
(Figure 1).

V. DISCUSSION

The long-standing rationalist tradition in moral psychology emphasizes the role of reason

in moral judgment. A more recent trend places increased emphasis on emotion [6]. Results of
this study show that oscillatory responses in the moral condition differ significantly from ones in
the nonmoral condition. The difference is most strong in delta and theta bands, which are known
to be involved in emotion processing, and in brain regions associated with emotion. Many
studies show that delta and theta bands are associated with emotional and motivational processes
[17. 18]. Cluster 1 and cluster 3 are found in the right (‘emotional’) hemisphere and in its
temporal lobe, which undoubtedly is involved in emotion processing [19]. Our results are in line
with Greene et al.’s (2001. 2004) and Knyazev et al.’s (2015) findings [5, 6, 20]. Also higher
Social intellect was associated with larger theta synchronization (difference between the test
interval and the baseline) in temporal lobe in moral condition. This implies that higher sensitivity
to moral issues and it might be essential for understanding the implications choices in moral
dilemmas.
Other significant effects were also found in the alpha frequency band (cluster 3 and 4), but they
were in the opposite direction. In this case, the difference between the test interval and the
baseline was lower (i.e.. more negative) in moral than in nonmoral condition. It could be
suggested that is related with difficulty of making a decision in moral condition because the
degree of desynchronization of alpha correlates with the complexity of the task and reflects the
amount resources included in the task [21].

Another clusters (4 and 6) localized in the orbitofrontal prefrontal cortex (OFB) and the
PCC. The OFC represents the affective value of primary reinforcers and it learns to associate
other stimuli with these to produce representations of the expected reward value, thus, playing a
key role in emotion [22]. The OFC activation during moral decision-making has been shown [23,
24]. In this study subject were asked to report his/her prospective behavior in respective
situation. This aspect of the task might be responsible for the involvement of the cortical midline
structure such as the PCC, because this structure is included in self-processing and social
cognition [25, 26].

In our study, higher Social intellect was associated with larger difference between the test
interval and the baseline during moral condition in theta in the left temporal lobe and beta2
diapason in the left OFC. The right OFC was found to be activated during passive viewing of
moral stimuli compared with nonmoral stimuli [27]. while the activation of the left OFC has
been related to processing of emotionally salient statements with moral value [28]. In recent
years, we have witnessed a surge of interest to the question of so-called cross-frequency coupling
of brain oscillations. It has been repeatedly shown that low-frequency oscillations of mostly delta
and theta bands are able to affect high-frequency oscillations of beta and gamma bands [29].
This coupling is functionally relevant [30] and some evidence shows that it might increase in
emotionally engaging states [31. 32. 33].

In this study, more effects were found in low delta, theta and were located in emotional
areas such as temporal cortex, while more higher frequency (alpha and beta) effects were located
in frontal cortex which related with decision making. Overall, the pattern of results is in line with
the idea that in moral condition, the subject appears to be in a state of higher emotional
engagement and perceives this situation as more self-related than in nonmoral conditions.
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Figure I. sSLORETA results of a regression analysis of Social intellect scores on the difference
between the test interval and the baseline during making moral dilemma choice. The strongest
effect is observed in the left middle temporal gyrus. BA 21, X=-60, Y = 0. Z =-15 for theta. for

beta2 in the middle frontal gyrus, BA 10, X=-25, Y = 50. Z =0.



