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ABSTRACT

Introduction: Emotion recognition, the ability to interpret the emotional state of individuals by
looking at their facial expressions, is essential for healthy social interactions and communication.
There is limited research on the effects of tDCS on emotion recognition in the literature. This study
aimed to investigate the effects of anodal stimulation of the ventromedial prefrontal cortex
(vmPFC), a key region for emotion recognition from facial expressions, on emotion recognition

and brain oscillations.

Method: A single-blind randomized-controlled study was conducted with 54 healthy participants.
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Before and after brain stimulation emotion recognition tasks were administered and resting-state
EEG were recorded. The changes in task performances and brain oscillations were analyzed using

repeated-measures two-way ANOVA analysis.

Results: There was no significant difference in the emotion recognition tasks between groups in
pre-post measurements. The changes in delta, theta, alpha, beta and gamma frequency bands in
the frontal, temporal, and posterio-occipital regions, which were determined as regions of interest
in resting state EEG data before and after tDCS, were compared between groups. The results
showed that there was a significant difference between groups only in delta frequency before and
after tDCS in the frontal and temporal regions. While an increase in delta activity was observed in
the experimental group in the frontal and temporal regions, a decrease was observed in the control

group.,

Conclusions: The tDCS may not have improved emotion recognition because it may not have had
the desired effect on the vmPFC, which is in the lower part of the prefrontal lobe. The changes in
EEG frequencies observed section tDCS may be similar to those seen in some pathological
processes, which could explain the lack of improvement in emotion recognition. Future studies
to be carried out for better understand this effect are important.

Introduction

Emotion recognition is the process of interpreting an
individual’s emotional state by looking at facial expressions
(Behere, 2015). Emotion recognition skills are important
building blocks for healthy social relations and interperso-
nal communication (Kadak et al., 2013). There are six basic
emotions that can be recognized universally. These are
anger, disgust, happiness, surprise, sadness, and fear
(Ekman, 1992). However, Wingenbach et al. (2016) stated
that in addition to these six basic emotions, there are three
complex emotions: contempt, shame, and pride.

While the prefrontal cortex and temporal cortex are
generally considered important in the perception of
emotions from facial expressions, Philippi argues that
emotion recognition function from facial expressions is
realized through wide and diffuse networks. The occi-
pito-temporal cortex, basal ganglia, frontal and parietal
opercula, insula, amygdala, orbito-frontal cortex are

important areas and structures in these networks.
Especially, the amygdala has central role in recognizing
facial emotional expressions. In addition, it was
observed that the frontal face area and superior tem-
poral gyrus were also activated during emotion recogni-
tion in neuroimaging (Kadak et al., 2013; Kessels et al.,
2014).

Multiple studies have shown that the ventromedial
prefrontal cortex (vmPFC) plays a critical role in recog-
nizing facial emotions, and that damage to the vmPFC
can lead to impairments in emotion recognition
(Heberlein et al., 2008). In addition, the orbital and
medial regions of the frontal lobe are associated with
processing emotions, subjective emotion experiences,
recognition of nonverbal emotion expressions, and nor-
mal behavior in social relations. It is stated that there are
deteriorations in the areas specified in bilateral ventro-
medial prefrontal lobe damage and in the recognition of
emotion-related facial expressions (Saracli et al., 2012).
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Emotion recognition difficulties can be seen in var-
ious situations. Autism is a developmental disorder and
autistics have difficulties in recognizing emotions from
facial expressions and in interpersonal relationships
(Kadak et al., 2013). The people who have schizophrenia
(Behere, 2015), mood disorders (Yamada et al., 2021)
and antisocial personality disorder (Pera-Guardiola
et al., 2016) have difficulties in recognizing emotion.

Brain stimulation is a method that changes or mod-
ulates nerve activity by delivering electrical or pharma-
ceutical agents directly to the target area by an external
effect. These methods act on the nervous system and
reorganize the existing nervous state in order to treat
various diseases. Neuromodulation methods that pro-
vide this reorganization are divided into two. These are
invasive and noninvasive methods (Buhagiar et al.,
2020).

Invasive methods include sub-cortical applications
such as Deep Brain Stimulation (DBS) and cortical
applications such as motor cortex stimulation (Cavlak
et al., 2019). Non-invasive neuromodulation methods
include methods such as repetitive transcranial mag-
netic stimulation (rTMS), transcranial direct current
stimulation (tDCS), transcranial alternating current sti-
mulation (tACS), transcranial static magnetic field sti-
mulation (tSMS), and cranial electrotherapy stimulation
(CES) (Romero-Martinez et al., 2020).

tDCS, which was used in our study, is a noninvasive,
painless, and reliable brain stimulation method that
provides stimulatory or suppressive effects on different
regions of the brain. It is also a neurorehabilitation
technique that increases neuroplasticity and provides
therapeutic benefits by affecting the existing nervous
system functionality in the targeted region of the ner-
vous system (Cavlak et al., 2019; Hizli Sayar et al., 2012).
However, it has also been frequently used recently in
improving cognitive functions in healthy individuals
and in studies examining the brain-behavior relation-
ship (Brennan et al., 2017; Clausi et al., 2022; Hizli Sayar
et al., 2012; Willis et al., 2015).

Excitability is increased or decreased by passing
a weak direct current through the cortex using anode
and cathode electrodes placed on the scalp. While ano-
dal tDCS increases excitability, cathodal tDCS decreases
excitability. The effect of tDCS on excitability is pro-
vided by subthreshold modulation in the neuronal
membrane resting potential. While anodal tDCS depo-
larizes neurons, cathodal tDCS hyperpolarizes them.
The specified current is generally 1-2 milliamperes
(mA) and the application is made for approximately
5-30 min. Current enters the cortex through the
anode and exits through the cathode. It is called anodal
stimulation or cathodal stimulation, depending on the
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placement of anode or cathode electrodes in the area of
the brain where a change is desired (Cavlak et al., 2019;
Hizli Sayar et al., 2012). Electrode dimensions are gen-
erally 25 cm? (5 x 5 cm) or 35 cm? (5 x 7 cm). However,
the electrode sizes used vary depending on the applica-
tion area and the targeted stimulation intensity
(Berryhill & Martin, 2018; Thair et al., 2017).

Single session tDCS is a widely used experimental
approach. A single active tDCS session is conducted
and performances are compared to placebo (sham) sti-
mulation. The single-session approach can be used to
address questions regarding structure-function rela-
tionships and allows for the use of within-subject
experimental designs. It was shown that a single anodal
tDCS session has a temporary effect on cognitive per-
formance. Findings from longitudinal studies show that,
in repeated applications, the mechanism probably
involves permanent neuroplasticity changes, unlike
acute effects (Berryhill & Martin, 2018).

When the literature is examined, it is seen that there
are studies on the effectiveness of tDCS in emotion
recognition. These studies have shown the suitability
of using tDCS in modulating emotion recognition, as
it provides significant improvements in emotion recog-
nition (Nejati et al., 2022).

The effects of tDCS applied to the cerebellum and right
prefrontal cortex were examined, and the results showed
that tDCS applied to the cerebellum facilitated the recog-
nition of facial expressions, especially negative emotions,
but tDCS applied to the right prefrontal cortex did not
have any effect (Ferrucci et al., 2012). In another study, it
was stated that anodal tDCS application in the left dorso-
lateral prefrontal cortex improved emotional face recog-
nition, especially positive facial expressions, and that
tDCS application in the prefrontal cortex had an effect
related to the emotional state during the formation pro-
cess in healthy subjects (Nitsche et al., 2012).

Studies have shown that applying cathodal tDCS to
the left inferior frontal gyrus to reduce excitability facil-
itates emotion recognition (Klimm et al., 2015), and
anodal tDCS applied to the right orbitofrontal cortex
increases facial expression recognition (Willis et al.,
2015). Similarly, it has been shown that anodal stimula-
tion of the bilateral dorsolateral prefrontal cortex has
a significant effect on emotion recognition, and anodal
tDCS applied to the left dorsolateral prefrontal cortex
causes a significant improvement in the control group
and a significant effect on general emotion recognition
(Brennan et al., 2017; Rassovsky et al., 2015).

It has been reported that anodal stimulation applied
to the left dorsolateral prefrontal cortex three times
a week for 6 weeks in drug-resistant depression patients
showed significant improvement in recognizing the
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emotions of anger, disgust, fear, and happiness
(D. M. Martin et al.,, 2018). Again, in a study conducted
with depression patients, a general improvement was
observed in emotion recognition performance, espe-
cially in sad expressions, after anodal tDCS applied to
the dorsolateral prefrontal cortex (Berryhill & Martin,
2018).

Studies have shown that anodal cerebellar tDCS
applied to Parkinson’s patients significantly increases
the recognition of sad facial expressions (Imbert et al.,
2022), and that anodal tDCS applied to the right orbito-
frontal cortex in individuals with autism between the
ages of 14-21 increases functional connectivity in the
right medial prefrontal cortex and supports social func-
tionality (Ruggiero et al., 2021). Anodal tDCS applied to
the right temporoparietal region (CP6 region according
to the EEG 10-20 system) in adults with autism has
been shown to increase empathy and reduce misrecog-
nition of threatening facial expressions (Han et al.,
2022). In another study conducted with schizophrenia
patients, it was shown that multi-session anodal tDCS
applied in the superior temporal sulcus improved some
social cognition areas, especially theory of mind (Wilson
et al,, 2021).

In recent studies conducted with healthy adults, cath-
odal tDCS applied to the right inferior frontal opercu-
lum increased the discrimination of angry faces, while
cathodal tDCS applied to the left inferior frontal oper-
culum impaired the discrimination of sad faces
(Yamada et al., 2022); Anodal tDCS applied to the
right temporoparietal region (CP6) improved the recog-
nition of spontaneous micro expressions, especially
fear-related expressions (Iarrobino et al., 2021);
Anodal cerebellar tDCS has been shown to improve
processes related to the ability to recognize the mental
state of another person (Clausi et al., 2022).

However, there are also studies in which no signifi-
cant effect was observed. For example, in a study con-
ducted with schizophrenia patients, no significant effect
was observed on emotion recognition in anodal, cath-
odal, or sham stimulation in the left dorsolateral pre-
frontal cortex (Ge et al., 2022), and in another study in
which anodal stimulation was performed in the left
dorsolateral prefrontal cortex, no significant effect was
observed in emotion recognition (Rassovsky et al.,
2018). Similarly, no significant effect of tDCS was
applied to the left dorsolateral prefrontal cortex in
healthy adults (Overman et al., 2020) and tDCS applied
to the dorsolateral prefrontal cortex in panic disorder
patients (Palmisano et al., 2021) was observed.

There are studies on emotion-related tDCS applica-
tions in the ventromedial prefrontal cortex (Fpz region
according to the EEG 10-20 system), which is one of the

important brain regions associated with emotion recog-
nition. However, in these studies, the processing of
emotions (Aksu et al.,, 2022) and emotional facial
expressions (Nejati et al., 2021) was studied.
Additionally, Salehinejad et al (Winker et al., 2018).
examined the effect of tDCS applied to the Fpz region
on the theory of mind test, which includes emotion
recognition skills, in children with autism. Their results
showed that anodal stimulation of the Fpz region
improved theory of mind. Similar findings have been
seen in the other studies (Adenzato et al., 2017, 2019;
A. K. Martin et al., 2017). However, no existing study
has been found on how tDCS applied to the Fpz region
specifically affects emotion recognition.

Electroencephalography (EEG) is a neuroimaging
method that allows directly measuring the electrical
activity of nerve cells in the brain (Kaya, 2017). While
EEG recording is being made, electrodes are placed on
the scalp according to the international 10-20 systems
(Biasiucci et al., 2019). EEG brain oscillations are fluc-
tuations formed by the overlap of brain waves in five
different frequency ranges (Lesser & Picton, 1991). The
values of these frequency bands are in many studies;
Delta band is specified as 0.5-3.5 Hz, Theta band is 3.5-
7 Hz, Alpha band is 8-13 Hz, Beta band is 18-25 Hz,
Gamma band is 30-70 Hz (Alotaiby et al., 2015;
Amatachaya et al., 2015; Bagar, 2013; Giintekin &
Basar, 2014; Guntekin et al., 2013). Delta oscillations
are associated with cognitive processes such as percep-
tion, attention, learning, and decision making
(Giintekin & Basar, 2016). In various studies, it has
been shown that the increase in resting state EEG delta
oscillations is generally associated with pathological
conditions such as aging, mild cognitive impairment,
Alzheimer’s, and dementia (Vecchio et al., 2018). It was
stated that Theta oscillations are related to memory and
affect (Kayalar & Sazak, 2018; Xing et al., 2019), Alpha
oscillations are associated with memory, attention, and
sensory stimulation (Basar & Giintekin, 2012; Kayalar &
Sazak, 2018; Xing et al., 2019). Also, it was stated that
Beta oscillations are associated with sensory and motor
processes (Bagar & Gtintekin, 2013; Kayalar & Sazak,
2018; Xing et al., 2019), Gamma oscillations are asso-
ciated with functions such as memory, state of con-
sciousness, attention (Basar, 2013; Kayalar & Sazak,
2018; Lesser & Picton, 1991). Three types of EEG
brain oscillations have been identified: resting-state
EEG oscillations, evoked oscillations, and event-related
oscillations. Resting state EEG oscillations are sponta-
neous oscillations that occur when no physical external
stimulus is present (Alotaiby et al., 2015).

There are neuroimaging studies examining how
brain stimulation affects the brain physiologically.



tDCS, one of the brain stimulation methods used to
provide neuromodulation in neuroscience, provides sti-
mulation by affecting the existing neural activity in the
targeted area through direct current (Xing et al., 2019).
It is important to examine the physiological processes
underlying the tDCS method with EEG, which provides
good temporal measurement (Herrmann et al.,, 2016).
Because EEG shows the fluctuations in regional poten-
tials arising from the postsynaptic potentials of neurons
in the cortex and the differences in neuronal resting
membrane potential as a result of tDCS (Hanley et al,,
2016).

When the studies examined which are about resting
state EEG recordings before and after tDCS application,
delta (0.5-3.5 Hz) (Donaldson et al., 2019; Mangia et al.,
2014; Moliadze et al., 2015), theta (4-7 Hz) (Donaldson
et al., 2019; Moliadze et al., 2015; Wirth et al., 2011),
alpha (8-13 Hz) (Cavinato et al., 2019; Dong et al., 2020;
Jacobson et al., 2012; Kim et al., 2020) shows that there
are changes in beta (15-25Hz) (Hanley et al., 2016;
Jacobson et al., 2012; Spitoni et al., 2013) frequencies.

Keeser et al. (2011) have shown that anodal stimula-
tion of the left dorsolateral prefrontal cortex could
modulate regional electrical activity and increase neu-
ronal activity in the prefrontal cortex and anterior cin-
gulate cortex. In another study, it has stated that anodal
stimulation of the parietal cortex in healthy individuals
caused an increase in temporoparietal and central delta
power, and cathodal stimulation caused an increase
delta and theta power in the frontal region (Mangia
et al., 2014).

Boonstra et al. (2016) examined the resting state EEG
before, during and after stimulation of anodal tDCS
applied to the left dorsolateral prefrontal cortex and
showed that there was a general slowdown in oscilla-
tions. However (Gordon et al., 2018), stated that there
was no significant change in the resting state EEG of
tDCS applied with five different parameters in healthy
individuals. In a HD-tDCS study, anodal stimulation
was applied on Fpz region. Four cathode electrodes
were positioned over the left and right prefrontal cor-
tices (PFCs). Stimulation had no significant effect on
resting-state EEG frequencies (Ghafoor et al., 2022).

Stimulation of the bilateral DLPFC region, created
a significant delta band power decrease at F4 and
increase at F3; additionally theta, alpha, and beta band
powers increased at F3 and F4 after the tDCS
(Wysokinski et al., 2023). Anodal/cathodal stimulation
of the C3 region on healthy individuals showed to
globally modulate the cortical connectivity of the brain
and alter the underlying functional organization of sti-
mulated networks (Vecchio et al., 2018). Another study,
anodal/cathodal stimulation of the P4 region and anodal
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stimulation of the C6, TP8, POS8, P2 regions in the
parietal cortex on healthy individuals caused an increase
on the temporoparietal and central delta power, and
cathodal stimulation increased delta and theta power
in the frontal region. Additionally, Amatachaya et al.
(2015) showed that anodal stimulation on F3 region
increase alpha frequency. Gordon et al. (2018) were
also examined that the effects of tDCS and tACS in the
Fpz region on resting state brain activity with fNIRS and
EEG; and the results showed that tDCS created a general
increase in EEG frequency bands, although not
significantly.

When we look at the special frequencies on the stu-
dies; for delta frequency band, Wirth et al. (2011)
showed a decreasing delta power after the applied
tDCS in the F3 region. Also Donaldson et al. (2019)
showed an increase in temporoparietal and central delta
power after anodal stimulation. Additionally, an
increase was shown delta and theta power in the frontal
region after the cathodal stimulation. For theta fre-
quency band, Jacobson et al. (2012) was showed
decreased theta power in the right inferior frontal
gyrus anodal stimulation region, Moliadze et al. (2015)
was showed C3 region anodal stimulation increased
delta and theta power. Also it has been shown that
anodal tDCS on the right inferior frontal gyrus creates
a significant and selective decrease on theta power in
this region (Wirth et al., 2011), anodal tDCS stimulation
in the C3 region also causes a decrease in theta power
(Donaldson et al., 2019).

For alpha frequency band, anodal stimulation on the
right posterioparietal region showed alpha band
changes (Spitoni et al., 2013). P4 region single session
anodal stimulation an increase alpha power was
observed in the P8 region during tDCS and in the O,
region after the tDCS (Y.-S. Lee et al., 2023).
Additionally, it was showed increased alpha activity in
parieto-occipital region after the Oz anodal stimulation
(Dong et al., 2020). For beta frequency band, Song et al.
(2014) showed that an increase the beta power during
stimulation of left dIPFC. Cavinato et al. (2019) showed
that an increase was seen in frontal-parietal alpha and
beta frequencies after active tDCS in power and coher-
ence. Also, Vimolratana et al. (2024) were shown that an
increase beta power after the anodal tDCS of central
region. For gamma frequency band, M. Boudewyn et al
(2019, 2020). have showed that an increased gamma
power after the frontal anodal tDCS. It have shown
that an increase was suppressed in interhemispheric
coherence and the absolute gamma power in the left
parietal region was reduced in the tDCS group com-
pared to the sham group at one-month follow-up eva-
luation in a long-term HD-tDCS study (J.-Y. Lee et al.,
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2021). On the other hand, in a HD-tDCS study were
studied anodal HD-tDCS in Fpz region. It was showed
that the stimulation had no significant effect on resting-
state EEG frequencies (Ghafoor et al., 2022).

When the literature is examined, there are studies
examining the effects of tDCS on emotion recognition
and EEG oscillations separately. However, when the
article databases were queried with the keywords “emo-
tion recognition, tDCS and EEG,” no study was encoun-
tered that examined the effect of tDCS on emotion
recognition and resting state EEG oscillations together.
In addition, studies on the effect of tDCS on emotion
recognition generally show stimulation to the left dor-
solateral prefrontal cortex (F3) region (Brennan et al.,
2017; Ge et al., 2022; Ghafoor et al., 2022; D. M. Martin
et al., 2018; Nitsche et al., 2012; Overman et al., 2020;
Palmisano et al.,, 2021; Rassovsky et al.,, 2015, 2018).
However, no study has been found examining the effect
of tDCS applied to the ventromedial prefrontal cortex,
one of the important brain regions associated with emo-
tion recognition, especially on emotion recognition. It is
thought that our study contributes to the literature by
studying the effect of anodal stimulation of the one of
the important brain regions associated with emotion
recognition skills ventromedial prefrontal cortex region
on emotion recognition and EEG oscillations.

Materials and methods
Ethics statement

All participants signed the informed consent form pre-
pared in accordance with the Declaration of Helsinki. The
study was approved by the Istanbul Medipol University
Non-Invasive Research Ethics Committee (no. 609/
03.06.2021). The study was registered in ClinicalTrials.
gov (ClinicalTrials.gov ID: NCT05623072).

Participants

This study is a single-blind randomized-controlled
study. 54 individuals between the ages of 18-40, who
agreed to participate in the study by signing the
informed consent form and met the inclusion criteria,
were included in the study. Participants were reached
through classroom announcements, social media and
student clubs at Istanbul Medipol University, and
volunteers were found by promoting the research.

The sample size was determined by power analysis,
taking into account the Cohen values for repetitive
measurement analysis of variance (within and between
subjects) (Kalaycioglu & Akhanli, 2020). In studies simi-
lar to our study, the effect size was generally 0.4 or 0.5.

Also it is stated that the effect size was generally 0.5 for
analysis for repeated measures ANOVA within and
between interactions, like our method, according to
the Cohen values (1988) (Aksu et al., 2022; Faul et al,,
2007, 2009; Frings et al., 2018; Ge et al., 2022;
Lefaucheur et al., 2017; Nejati et al., 2021, 2021). In
our study, pre- and post-effect size calculations were
made with G power program (Faul et al., 2009). When
the power was determined as 0.80, the alpha error value
as 0.05 and the effect size as 0.5, it was determined that
the current study should be carried out with a total of at
least 34 participants (Faul et al., 2007). Also, a post-hoc
calculation was performed after the research was con-
ducted with 54 participants, revealing that the achieved
statistical power was 0.95. There were 29 participants in
the experimental group and 25 participants in the con-
trol/sham group.

There were some inclusion criteria; being between
the ages of 18-40 and having a score of 17 or below on
the Beck Depression Inventory. Also, there were some
exclusion criteria; having a history of serious neurolo-
gical and psychiatric disease, currently using medication
that changes the level of cortical excitability, having
vision defects that cannot be corrected with glasses,
being left hand dominant, use of intracranial metal
objects, implanted stimulating devices or pacemakers.

Measurement tools
Emotion recognition task

Facial expression recognition was evaluated using the
emotion recognition task prepared with the Amsterdam
Dynamic Facial Expression Set - Bath Intensity
Variations (ADFES-BIV) video stimulus set. ADFES-
BIV is a standard video stimulus set of emotional expres-
sions of different intensities (low, medium, high) of six
basic emotions (anger, happiness, disgust, fear, surprise,
sadness) and three complex emotions (contempt, shame,
pride) (Wingenbach et al., 2016). It was stated that the
overall raw accuracy of emotion recognition from facial
expressions of videos was 69%, and this rate was compa-
tible with commonly used video stimulus sets such as
Reading the Mind in the Eyes Test (RMET). The findings
showed that the newly created video set (ADFES-BIV) of
emotional expressions of different intensities of basic and
complex emotions is a valid set of stimuli that can be used
in emotion research.

Amsterdam Dynamic Facial Expression Set - Bath
Density Changes (ADFESBIV) material was obtained
from the researchers who developed the test and
necessary permissions were obtained for its use. The
emotion recognition task applied with the ADFES-BIV



Figure 1. An example visual from the emotion videos (anger high)
(Wingenbach et al., 2016).

panicked

jealous

hateful

arrogant

Figure 2. An example visual from the RMET (Yildinm et al., 2011).

video stimulus set was performed via a laptop using
the PsychoPy stimulus presentation software, and the
answers were automatically transferred to Excel with
the program (Peirce et al., 2019).

The task used 81 videos containing 9 different expres-
sions of emotion at three different intensities (low, med-
ium, high). An example visual from the emotion videos
(anger high) is presented Figure 1. After each video they
watched, the participants were presented with a screen
with buttons containing 9 numbered emotional expres-
sions and they were told to mark whichever number
corresponded to the correct answer using the number
keys on the keyboard (1-Anger, 2-Happiness, 3-Disgust,
4-Fear, 5-Surprise, 6-Sadness, 7-Contempt, 8-Shame,
9-Pride). After the experimental tasks, the total of the
participants’ correct answers to the emotional expressions
in the videos was evaluated. A total of 81 videos were
presented and each correct answer was worth 1 point.
Then, total scores’ pre-post differences were compared
with the statistical analysis for within and between
subjects.
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In order to ensure equality between the two tasks, the
stimulants were the same both tasks. They were
repeated in the two sessions. In the posttest, as same as
the pretest a total of 81 videos were presented the same
order and each correct answer was worth 1 point.

Reading the mind in the eyes test (RMET)

Reading the Mind in the Eyes Test (RMET) is a frequently
used to measure theory of mind and emotion recognition.
Participants are shown pictures of people with only their
eyes visible. They are then asked to choose the option that
best describes what the person in the picture is thinking
or feeling (Yildirim et al., 2011).

Yildirim et al. (2011) was adapted the latest version of
the 36-question RMET, developed by Baron and Cohen
in 2001, into Turkish. The test consists of a total of 37
pictures, one of which is an exercise, and includes four
options: one correct answer and three distractors for
each picture. During the application, the participant is
asked to mark the option that best describes what the
person in the picture is thinking or feeling. An example
visual from the RMET is presented Figure 2. A high
score indicates that theory of mind skills, one of the
social cognitive abilities, are good. During the adapta-
tion of the test to Turkish, two questions (25 and 35)
were removed from the study due to linguistic incom-
patibility. In addition, when the consistency level in
questions 19 and 21 was found to be low, these two
questions were removed from the test, and the reliability
results examined with Kuder-Richardson 20 increased
from KR20 = 0.69 to 0.72. It has been stated that RMET,
which is widely used for theory of mind and emotion
recognition, can be used reliably in research with its 32-
question version in Turkish. The necessary permission
to use the RMET has been obtained. The 32-question
test was presented to the participants with visual cards,
and the participants marked the answer keys on the
paper they were asked to do.

In the RMET task, the 32-question test was presented
to the participants with visual cards and the participants
were asked to mark the correct answer on the paper.
There are four options for each visual card and this
changes with each question. The participant was asked
to mark the option that best suited him. In the test
consisting of a total of 32 questions, each correct answer
was worth 1 point and the final score was calculated
based on the total number of correct answers.

tDCS

The Neurosoft-Neurostim tDCS device from Russia was
used to deliver transcranial direct current stimulation.
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Participants evaluated for mclusion in the study (o=60)

Experimental Group
(=20

Evaluation (n=2%)

(Pr

tDCS Application (n=29)
A, 20 min, vmPFC

Figure 3. The working flow diagram.

The device includes a battery, a pair of electrodes and
a pair of sponges. The dimensions of the electrodes used
are 5x 5cm.

Two different stimulation protocols were used, one
for tDCS and the other for sham stimulation. A single
session of anodal tDCS stimulation was applied to the
Fpz region targeting the ventromedial prefrontal cortex
(vinPFC) to modulate the emotion recognition of the
participants in the experimental group. In the sham
protocol, participants in the control group (n=25)
a single 20-min sham application was done, they were
not given electrical current. In the sham protocol, one
ramp-up/down at beginning didn’t used. tDCS device
was opened but stimulation wasn’t started. Participants

(Pre tests)

Sham tDCS Application (o

O mA 20 min, vmPFC

were thinking that the stimulation was started despite
stimulation wasn’t started.

Electrode placement was determined according to
the International 10-20 EEG system. Before application,
the electrodes were wetted with isotonic sodium chlor-
ide. The anode superficial electrode was placed on the
Fpz region over the ventromedial prefrontal cortex
(vmPFC) which corresponds to Brodmann area 10,
and the cathode electrode was placed on the clavicle
on the left shoulder. In the implementation of the pro-
tocols, controls were provided in the safety guide by
paying attention to the information in the literature.
The application has been audited in terms of ethics
and security, and no negative situations have occurred.
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Intergroup comparison of emotion recognition task scores
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Figure 4. Intergroup comparison of emotion recognition task scores.
Intergroup comparison of RMET task scores
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Figure 5. Intergroup comparison of RMET task scores.

The participants were asked whether they felt any
disturbing effects during and after the stimulation. It
was observed that there were generally mild effects such
as mild itching and pins and needles in the stimulated
area. No serious negative situation was encountered in
any participant. Also, each participant was asked after
the experiment whether they thought they were in the
sham group or the group receiving tDCS stimulation.
The answers were heterogeneous.

AftertDCS

EEG

The EEG signals were obtained with 32 channels mobile
LiveAmp32 wireless amplifier and the signals were
recorded using the Brain Vision Recorder (Brain
Products, Gilching, Germany). The signals were
sampled with 500 Hz and band-pass filtered (0.01-250
Hz). Electrodes were placed according to the interna-
tional EEG 10-20 system: Fp1, Fp2, Afz, F7, F3, Fz, F4,
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Pre-tDCS

After-tDCS

Pre-tDCS After-tDCS

Figure 6. Delta oscillations with eyes open (the left two figures are experimental group and the right two figures are control group).

F8, FT7, FC3, FC4, FT8, T7, C3, Cz, C4, T8, Tp7, Cp3,
Cpz, Cp4, Tp8, P7, P3, Pz, P4, P8, O1, Oz, O2 (Biasiucci
et al., 2019).

The reference electrode was placed in the FCz and the
ground electrode was placed at the right earlobe.
Electrooculogram (EOG) recording was used to detect
eye movements, and while the 31st electrode was placed
on the participants’ left eye as electrooculogram hori-
zontal (EOGH), the 32nd electrode was placed on the
participants’ right eye as electrooculogram vertical
(EOGV). The impedance values of all electrodes were
set to be below 20 kQ).

During EEG recording, the resting state electrical
activity of the brain was recorded for a total of 8 min,
4 min with eyes open and 4 min with eyes closed. After,
a single session of tDCS was applied and immediately
afterward, resting state EEG recording was repeated in
the same way.

EEG analysis

The EEG signals were analyzed offline using Brain
Vision Analyzer (Brain Products, Gilching, Germany).
Firstly, a wide filter between 0.01 and 60 Hz was applied
to the EEG data, followed by division into 1000 ms
epochs. Then, manual artifact rejection was performed
to remove noise from the data. Next, Fast Fourier
Transform (FFT) power analysis was applied to all
epochs, and the average of all epochs was taken. The
results were then transferred to SPSS for statistical
analysis.

Resting state EEG data were compared between
groups in terms of changes in delta (0.5-3.5 Hz), theta
(4-7 Hz), alpha (8-13 Hz), beta (15-25) and gamma
frequency bands (28-48) before and after tDCS. In the
statistical analysis of the channels, three ROIs were
selected as regions of interest. These are frontal, tem-
poral, and posterio-occipital regions. Frontal ROI

consists of Fpl, Fp2, Afz, F7, F3, Fz, F4, F8 channels;
Temporal ROI consists of T7, T8, FT7, FT8, TP7, TP8
channels, and Parieto-Occipital ROI consists of P7, P3,
Pz, P4, P8, O1, Oz, O2 channels.

Procedure

At the beginning of the study, all participants completed
the emotion recognition task and the RMET (about 20-
min total). Then, EEG recordings were taken (8 min).
Next, the experimental group received a single session
of anodal electrical stimulation (2 mA, 20 min). The
sham group received the same procedure, but without
any current stimulation. Immediately after stimulation,
EEG recordings were taken again (8 min). Finally, the
tasks were repeated as prior (20-min total). There was
no more than 1 min between each step. Terms are
balanced in order. Each participant performed all tasks
and procedures in the same order, both in the before-
after conditions and in the tDCS or sham conditions.
The visual from the working flow diagram is presented
Figure 3.

Statistical analysis

Mean, standard deviation, minimum-maximum values
and percentage values are presented in the descriptive
statistics of the variables. The normal distribution of the
variables was evaluated using the Kolmogorov-Smirnov
Test. In instances of normal distribution, the relation-
ship between the variables was evaluated through
Pearson Correlation analysis; in cases where normal
distribution was not present, Spearman Correlation
analysis was employed. To examine whether there
were variations in emotion recognition performance
based on sex, Independent Sample T Test applied, and
between-group pretest and posttest differences were
analyzed using One-Way ANOVA analysis. Pre and
post emotion recognition tasks and EEG recordings,



capturing time-dependent differences within groups, as
well as intergroup time*group interactions, were sub-
jected to Two-Way Repeated Measures ANOVA analy-
sis. Type 1 error was controlled using Bonferroni
correction in multiple comparison analyses like
researches which are similar to our study (Aksu et al.,
2022; Ge et al., 2022; Han et al., 2022; Iarrobino et al.,
2021). All statistical analyses were conducted using the
“SPSS 25 (Statistical Package for the Social Sciences) for
Windows” software, and significance was determined at
a threshold of p < 0.05 for all tests.

Results
Comparison of demographic data

The average age of individuals in the experimental
group (n=29) is 21.93(M) £ 0.39(SD), and the average
age of individuals in the control group (n =25) is 22.32
(M) £ 0.44(SD). Individuals in the experimental group
are at least 18 and at most 26 years old, and individuals
in the control group are at least 18 and at most 29 years
old. When we look at the sex distribution, the partici-
pants consist of 30 females and 24 males. Considering
the educational status, one of the participants is a high
school graduate, 48 are undergraduate students and 5
are graduate students.

There was no statistically significant difference between
the groups in terms of age, sex and educational status
(p > 0.05). The results of the Spearman Correlation analysis
performed to examine the relationship between age and
emotion recognition scores showed a significant positive
correlation between age and the emotion recognition task
pretest, post-test and RMET posttest (p < 0.05); RMET
showed that there was no significant relationship between
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the pretest (p > 0.05). There was no significant difference
between sex and emotion recognition task scores (p > 0.05).
There was a significant difference between sex and RMET
pretest (p = 0.002) and RMET posttest (p = 0.003) scores. In
both cases, females scored higher than males.

tDCS effects on emotion recognition

The emotion recognition performances were compared
before and after tDCS to within and between subjects.
Time effect was meaningful favor of posttest (p < 0.05)
in the experimental group when comparing before and
after emotion recognition performances. However,
time*group interaction was not significant (p > 0.05)
when the comparing before and after emotion recogni-
tion performances in between groups. Comparison of
emotion recognitions scores between pre- and post-tests
of tDCS in experimental and control group is presented
Table 1 and also intergroup comparison of emotion
recognition task scores is presented Figure 4.

tDCS effects on RMET

The Reading the Mind in the Eyes test (RMET)
scores of both groups didn’t change before and
after the tDCS application (p>0.05) in within
groups. Time*group interaction was also not signifi-
cant when the comparing before and after RMET
performances between groups (p >0.05).
Comparison of reading the mind in the eyes test
scores between pre and post-tests of experimental
and control group is presented Table 2. And also,
intergroup comparison of RMET task scores is pre-
sented Figure 5.

Table 1. Comparison of emotion recognitions scores between pre- and post-tests of tDCS in experimental and control group (n = 54).

Pre-test Post-test Time Group x Time Partial
Task Group M (SD) M (SD) (p) (p) F n2
ADFES-BIV emotion recognition task tDCS 53.90 (7.26) 57.76 (7.94) <0.001* 0.79 0.068 0.002
(Experimental group)
Sham 54.08 (7.21) 58.60 (9.80) 0.050

(Control group)

(M: Mean, SD: Standard Deviation, n2: Eta-squared, *p < 0.05).

Table 2. Comparison of reading the mind in the eyes test scores between pre and post-tests of experimental and control group (n =

54).
Group
X

Pre-test Post-test Time Time Partial
Task Group M (SD) M (SD) () (2)] F n2
RMET tDCS 26.54 (2.62) 25.24 (3.59) 0.098 0.56 0.340 0.009

task (Experimental group)
Sham 26.71 (1.65) 26.21 (2.20) 0.356

(Control group)

(M: Mean, SD: Standard Deviation, n2: Eta-squared, *p < 0.05).
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Table 3. Within and between groups comparison of delta activity.

tDCS (Experimental group) Sham (Control group) Difference

Group

X
Time Time Partial Time

Pre Post F (v) Pre Post F (p) F n2 ()]

M (SD) M (SD) M (SD) M (SD)

Frontal 164.55+16.73 185.67+21.44 1979 0.176 169.41+21.60 134.26+27.68  3.720 0.080 5.502  0.155 0.026*
Temporal 77.42+18.97 94.53+18.93 3.660 0.070 120.77+21.73 104.00+21.68 1.368 0.260 4399 0.112 0.043*

Parieto-Occipital ~ 72.14+18.05 80.00+16.73  1.692 0.207 71.69+21.16 61.85+19.62 2.459 0.138 3969 0.099 0.054

(M: Mean, SD: Standard Deviation, n2: Eta-squared, *p<0.05).

tDCS effects on resting-state EEG oscillations

Resting state EEG data were compared between
groups in terms of changes in delta, theta, alpha,
beta and gamma frequency bands before and after
tDCS. In the statistical analysis of the channels,
frontal, temporal and posterio-occipital regions,
which were determined as regions of interest (ROI:
region of interest), were evaluated. Frontal ROI from
Fpl, Fp2, Afz, F7, F3, Fz, F4, F8 channels; Temporal
ROI consists of T7, T8, FT7, FT8, TP7, TP8 chan-
nels, and Parieto-Occipital ROI consists of P7, P3,
Pz, P4, P8, O1, Oz, O, channels.

The analysis showed that the eyes open and eyes
closed conditions did not significantly affect the
results. For this reason, data taken with both eyes
open and eyes closed were added to the frequency
averages calculated in the determined ROI analyses.
It was examined whether the difference between the
experimental and control groups before and after
tDCS within the group differed significantly depend-
ing on whether they were in the experimental or
control group in the three determined ROIs.
Therefore, separate analyzes were conducted for both
within-group results and between-group results.

The results showed that there was a significant dif-
ference between groups only in delta frequency before
and after tDCS in the frontal and temporal regions
(p <0.05). While an increase in delta activity was
observed in the experimental group in the frontal and
temporal regions, a decrease was observed in the control
group. Within and between groups comparison of delta
activity is presented Table 3. And also, delta oscillations
with eyes open (the left two figures are experimental
group and the right two figures are control group) is
presented Figure 6.

Discussion

Studied that the effects of anodal stimulation one of the
important brain regions associated with emotion recog-
nition skills ventromedial prefrontal cortex region on

emotion recognition in the present study. In this way, it
is thought that our study contributed to the literature, in
addition it will add the innovation to studies in this
field, as the paired group design method was used unlike
existing studies and the emotion recognition task con-
sists of a current standard video set, which includes
different intensities emotional expressions. Also, it is
thought that the results of the study may be also bene-
ficial in practice in terms of therapeutic applications
which will developed in the future for individuals who
have difficulties in emotion recognition skills like aut-
ism, schizophrenia and various psychiatric disorders.

When we look at the results, there was no significant
difference between sex and emotion recognition task.
However, there was a significant difference between
RMET test scores and female received higher scores
than male. These findings are consistent with the find-
ings of previous studies using RMET and tDCS
(Adenzato et al., 2017, 2019; A. K. Martin et al., 2017).
Although most studies in the literature show that emo-
tion recognition varies significantly according to age
and sex, there are also studies in which no significant
difference is observed (Abbruzzese et al., 2019;
Adenzato et al., 2017, 2019; Andric et al., 2016;
Demenescu et al., 2014; Hayes et al., 2020; Ruffman
et al., 2008). Therefore, it can say that the results were
partially compatible with previous studies on age and
sex in emotion recognition. Also, it was observed that
there was a positive significant relationship between age
and emotion recognition task scores in our study, since
there are different results on this subject in the litera-
ture, it may be normal to see conflicting results in our
study. It can also suggest that this may be due to the
limited age range. It is stated that the studies to be
carried out in this field are important and it is recom-
mended to work with larger age and sample groups in
future studies.

When we look at the tDCS effects on the emotion
recognition tasks and EEG oscillations; although
a single session of anodal tDCS applied in the vmPFC
region did not cause a significant effect on emotion
recognition tasks, it was observed that neuromodulation



had a significant effect on some regions in resting state
brain oscillations by modulating the electrical activity in
the brain.

Contrary to our expectations our study shows that
tDCS application to the vmPFC did not cause
a significant difference in emotion recognition task
scores. Although we did not see any behavioral change,
there was a significant difference between groups in
delta frequency before and after tDCS in the frontal
and temporal regions.

Since brain stimulation can also be used to enhance
cognitive functions in healthy individuals, studies on the
enhancing of emotion recognition have increased
recently (Brennan et al., 2017; Clausi et al., 2022; Hizli
Sayar et al., 2012; Willis et al., 2015). Although similar
methods to other studies were used in our study, our
results mostly seem to be inconsistent to other studies.
Even though this study used similar brain stimulation
methods to those in the literature, but stimulation tar-
geted that the ventromedial prefrontal cortex, a less
studied region. It is thought that it may because of the
vmPFC region is located in the lower part of the pre-
frontal lobe, etc., it is thought that this may be due to the
fact that full stimulation of tDCS may not have created
a strong stimulation in the targeted region.

However, in various studies, it was also observed that
tDCS applied in the prefrontal region did not cause any
significant effect same as our study (Ferrucci et al., 2012;
Overman et al., 2020; Rassovsky et al., 2018). It is seen
that our study results are compatible with these studies
in that there is no significant effect on emotion
recognition.

When we look at the studies in which tDCS was
applied on the ventromedial prefrontal cortex (vmPFC),
the region where tDCS stimulation was applied, it was
mostly studied on the processing of emotions (Nejati
et al, 2021) and emotional facial expressions (Winker
et al., 2018). It is seen that there is no study that directly
examines emotion recognition skills. However, in a study
conducted with children with autism, it was shown that
anodal tDCS applied to the ventromedial prefrontal cor-
tex improves theory of mind, including emotion recogni-
tion skills (Salehinejad et al., 2021). The results of our
study do not seem to be compatible with this study. It is
thought that this may be due to the fact that the sample
groups are in different age groups and health status,
emotion recognition tasks are applied differently and
have different content.

As can be seen, studies on the effect of tDCS on
emotion recognition mostly showed that tDCS had
a positive effect; on the other hand, it is understood
that there are also studies that did not reveal any sig-
nificant effect. Considering the results of our study, it
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can be said that there are some contradictory results in
this area. It is thought that the differences in important
factors such as the characteristics of the sample applied,
the type and region of stimulation, and the emotion
recognition tasks used may have an effect on obtaining
different results in the studies.

The stimulation protocol factor, which is thought to
be one of the reasons for obtaining inconsistent results,
is very important. Although the single session method
used in our study is frequently used in research, it is
known that repeated sessions are important in order to
see the effects of tDCS. Although studies with repeated
sessions are few, they present important findings (Aksu
et al., 2022; Han et al., 2022; D. M. Martin et al., 2018;
Ruggiero et al., 2021; Yamada et al., 2022). Since the
results of these studies are seen to be inconsistent, it is
recommended that tDCS stimulation be performed as
repeated sessions in future studies, considering that
more studies should be conducted on the effect of repe-
titive stimulation on emotion recognition. Also, it is
thought that future studies with HD-tDCS method,
which is one of the more modern methods and can
provide more regional stimulation, are also important
(Parlikar et al., 2021). In addition, although most studies
use anodal stimulation, there are also studies using
cathodal stimulation. For example, it has been shown
that reducing excitability with cathodal tDCS applied to
the left inferior frontal gyrus facilitates emotion recog-
nition (Klimm et al., 2015). It is thought that future
studies will be important to clarify the effect of both
anodal and cathodal stimulation methods on emotion
recognition.

On the other hand, there are studies showing that
tDCS studies performed in regions such as the cerebel-
lum, centroparietal, and inferior frontal operculum also
have a significant effect on emotion recognition
(Ferrucci et al., 2012; Iarrobino et al., 2021; Ruggiero
et al,, 2021; Wilson et al., 2021). It is thought that brain
stimulation studies to be carried out in different regions
in this way will help to illuminate the emotion recogni-
tion process and will guide the effective use of neuro-
modulation in emotion recognition.

When we look at the studies tDCS and EEG; it is seen
that EEG, which enables the measurement of electrical
activity in the brain, is mostly examined in terms of
changes in the frequency bands in the resting state
EEG activity in neuromodulation studies. In these stu-
dies, similar to our study, it was examined whether the
resting state EEG recordings taken before and after
tDCS application showed a significant difference after
stimulation compared to before. Studies show that sti-
mulation can modulate electrical activity locally
(Boonstra et al., 2016; Keeser et al., 2011; Vecchio
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et al., 2018). Based on these studies, a similar method
was applied in our study and the effect of the applied
tDCS on the resting state EEG frequency bands was
examined. Significant differences were observed
between groups in delta frequency before and after
tDCS in the frontal and temporal regions in our study
results. These results showed that neuromodulation
modulates electrical activity in the brain. In this sense,
our results seem to be compatible with other studies.
In addition to all these, it should be noted that there
is only one EEG-tDCS study with stimulation in the Fpz
region (Ghafoor et al., 2022), and tDCS did not have
a significant effect on EEG oscillations in this study.
When we look at the results specifically for the fre-
quency bands; for delta frequency band, a statistically
significant difference was seen in the changes in activity
in the frontal and temporal regions before and after
tDCS inter groups. In these regions, after tDCS delta
activity increased in the experimental group and
decreased in the control group. It contrasts other studies
which showed delta frequency band activity was
reduced after the tDCS (Moliadze et al., 2015; Wang
et al., 2024; Wirth et al., 2011; Wysokinski et al., 2023).
However, it was consistent with a study showing an
increase in delta after tDCS (Donaldson et al., 2019).
For theta frequency band, a statistically significant dif-
ference wasn’t seen. This result contrasts other studies
which showed theta frequency band activity was chan-
ged after the tDCS (Donaldson et al.,, 2019; Jacobson
et al., 2012; Moliadze et al., 2015). However, it was
consistent with studies showing didn’t change in theta
after the tDCS (Ghafoor et al., 2022; Gordon et al.,
2018). For alpha frequency band, a statistically signifi-
cant difference wasn’t seen. This result contrasts other
studies which showed alpha frequency band activity was
changed after the tDCS (Amatachaya et al, 2015;
Cavinato et al.,, 2019; Dong et al., 2020; Mangia et al.,
2014; Spitoni et al., 2013). However, it was consistent
with studies showing didn’t change in alpha after the
tDCS (Ghafoor et al., 2022; Y.-S. Lee et al., 2023). For
beta frequency band, a statistically significant difference
wasn’t seen. This result contrasts other studies which
showed beta frequency band activity was changed after
the tDCS (Cavinato et al.,, 2019, p. 202420; Mangia et al.,
2014; Song et al., 2014; Vimolratana et al., 2024).
However, it was consistent with studies showing didn’t
change in beta after the tDCS (Ghafoor et al., 2022;
Gordon et al,, 2018). For gamma frequency band,
a statistically significant difference wasn’t seen. This
result contrasts other studies which showed gamma
frequency band activity was changed after the tDCS
(M. Boudewyn et al., 2019; M. A. Boudewyn et al,
20205 J.-Y. Lee et al,, 2021). However, it was consistent

with studies showing didn’t change in beta after the
tDCS (Ghafoor et al., 2022; Gordon et al., 2018).

As can be seen, when we looked at the comparisons
between groups, the fact that there was no significant
difference on the power of theta, alpha, beta and gamma
frequencies after anodal tDCS in our study seems to be
mostly contradictory with the results of others. On the
other hand, there is some consistent studies. It is
thought that to eliminate this uncertain situation, future
studies in this field will be useful in clarifying these
contradictions.

As a conclusion, in our study contrary to expecta-
tions, considering the studies in the literature, there was
no positive effect on emotion recognition. It may
because of the vmPFC region is located in the lower
part of the prefrontal lobe, etc., it is thought that this
may be due to the fact that full stimulation of tDCS may
not have created a strong stimulation on the targeted
region; and also may be due to changes in EEG frequen-
cies were modulation similar to some pathological pro-
cesses reported in the literature. In addition, it is
thought that this finding supports the idea that brain
oscillations can be affected by stimulation, leading to
deterioration in cognitive functions.

Limitations and future directions

One of the limitations of the present study is being of
the number of participant data that can be analyzed in
the delta frequency band in EEG data is less than in
other frequency bands. In addition, the other one is
inability to perform area modeling with a program
such as SimNIBS for brain stimulation. It is thought
that using current stimulation modeling in the future
studies which are about tDCS on the Fpz region will be
important. Also, in the emotion recognition tasks we
didn’t control the learning/practice effects in the present
study. So, it can be also a limitation and being attention
the learning/practice effects in the future studies will be
beneficial.

RMET, recently begun to be questioned significantly
although it is frequently used as an emotion recogni-
tion/mentalization task (Higgins et al., 2023; Navarro,
2022; Oakley et al., 2016). This also can be a limitation
in the present study. So, it was recommended that
thinking about the using the RMET in the future stu-
dies. In addition, the not using tDCS protocols that have
been shown to be effective, such as online and repetitive
stimulation and the not using one ramp-up/down at
beginning in sham stimulation can also be limitations
of the study. So, in the future studies, it can be recom-
mended that the using various protocols which have
been shown to be effective of tDCS and ramp-up



/down at the beginning of sham stimulation in the
future studies.

There are various studies on emotion recognition
which were used online tDCS in the prefrontal region.
The results show that tDCS applied to the online pre-
frontal region improves emotion recognition (Brennan
et al., 2017; Han et al., 2022; Iarrobino et al., 2021;
Klimm et al., 2015; D. M. Martin et al., 2018; Nitsche
et al., 2012; Zemestani et al., 2022). However, offline
tDCS was used in our study. The participant was not
subjected to any task during tDCS stimulation.
Therefore, may be thought that it is also a limitation.
It is thought that it is important to examine the effects of
online tDCS applied to the vmPFC region on emotion
recognition in the future studies.

Also in the future studies, it is recommended to
examine the effect of both anodal and cathodal stimula-
tion methods and repeated tDCS sessions on emotion
recognition in vmPFC. In addition, it is important to
examine the effects of online tDCS applied to the
vmPFC region on emotion recognition. It is thought
that the future works will provide a better understand-
ing of the emotion recognition process in the brain, thus
forming an important basis for the steps to be taken in
the improvement of emotion recognition skills both in
healthy individuals and pathological conditions.
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