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Introduction: Attention-deficit/hyperactivity disorder (ADHD) is a most common neurodevelop-
mental disorder. This study aimed to compare the effectiveness of mindfulness and Transcranial
Direct Current Stimulation on social cognition (a component of empathy) in children with ADHD.
Methods: The present study was conducted in a multi-group experimental design with pre-test and
post-test, control, and follow-up. The accessible population of this study included students with

ADHD in Tehran, Iran, in the spring and summer of 1400 referred to rehabilitation centers. Among

Social cognition
Transcranial direct current stim-

them 45 people with a primary diagnosis of ADHD were selected using the available sampling

ulation method (matching age and sex). They were randomly assigned to three groups of 15: Mindfulness,

transcranial direct electrical stimulation, and passive control. In this research, 15 training sessions
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were provided to the mindfulness intervention group. In the intervention group, 12 transcranial
direct electrical stimulation sessions with a current intensity of 1 mA and a duration of 10 minutes
University, Tehran, Iran were used for students. Ayung et al.'s (2009) questionnaire was used to measure empathy. The data
. i were analyzed using the mixed variance analysis test through SPSS-26 software.
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Results: The results indicated a significant effect of both interventions on empathy (P<0.001).

According to the findings, although mindfulness intervention improved the level of empathy. Nev-

g
-..E-I E-I. ertheless, the effectiveness of transcranial direct electrical stimulation on empathy was higher.
IE 3 Conclusion: According to the findings obtained in the present study, these interventions can be
i i used by researchers and therapists to improve the level of empathy of students with ADHD.
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Extended Abstract

Introduction

Attention Deficit/Hyperactivity Disorder (ADHD) is the Children with this disorder are at high risk and suffer
most common childhood neurodevelopmental disorder from problems and defects in social skills, interpersonal
associated with chronic attention deficit and hyperactivi- problems, and conduct disorder. This disorder's adverse

ty symptoms. Its prevalence has been reported up to 8.9.
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but also cause irreparable personal and social damage
to the child's relationships with others. Social cognition
is the central core of social relations and the socializa-
tion of people, and empathy is one of its most essential
aspects. Considering social cognition deficits such as
empathy that exist in ADHD, timely rehabilitation inter-
ventions such as mindfulness and transcranial electrical
stimulation seem necessary. The present study aims to
compare the effectiveness of transcranial direct current
stimulation and mindfulness on empathy in children with

ADHD.

Methods

The current research was conducted as a multi-group ex-
perimental design with pre-test and post-test with control
and follow-up. The population consisted of students with
ADHD referred to rehabilitation and psychology clinics.
Forty-five children aged 7-12 years with the initial di-
agnosis of ADHD by a psychiatrist, who were given a
clinical interview and Conners assessment for more as-
surance, were simple randomly assigned to two experi-

mental groups and one control group:15 students in the

mindfulness experiment group with 15 training sessions,
15 students in the transcranial direct current stimulation
group 12 sessions every other day, by two narrow bands
that are closed around the participant's head and the an-
ode with the current intensity (1 milliampere). The dura-
tion (10 minutes) was fixed on the right dorsolateral pre-
frontal cortex, and the cathode electrode was placed on
the left arm, and 15 students were included in the control
group. The effectiveness of mindfulness intervention and
transcranial direct current stimulation on empathy was
investigated. The 55-question Empathy Questionnaire of

Ayung et al.'s 2009 was used.

Results

According to Table 1, the groups were almost homo-
geneous in gender and age variables. The results of the
chi-square test also showed that the difference between
the two groups in terms of gender and age was insignifi-
cant (P>0.05). The results of repeated measures analysis
of variance to compare three groups in empathy in the
three stages of pre-test-post-test and follow-up based on

Greenhouse-Geisser correction are reported in Table 2.

Table 1. Demographic characteristics of the participants by group

Variables TDCS Mindfulness Control P-Value
Boy 11 (3.18) 8 (3.13) 11 (3.18)
TDCS 0.57
Girl 4 (7.6) 7 (7.11) 4 (7.6)
7 to 9 years 8 (3.13) 7(7.11) 8 (3.13)
Age 0.98

10 to 12 years 7(7.11)

8(3.13) 7(7.11)

According to the results of Table 2, the difference be-
tween the scores of the empathy component (P<0.001)
was significant in the three stages of the research. Fur-
thermore, the mean empathy scores in both experimen-
tal and control groups were significant (P<0.001). The
results showed that nearly 21% of the individual differ-

ences in empathy are related to the differences between
the three groups. In addition, the interaction between
research stages and group membership was also signifi-
cant in the empathy variable (P<0.001). In other words,
the difference between empathy scores in the three stag-

es of the research in three groups was significant. Ac-
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cording to the results obtained in the table above, the
difference between the pre-test, post-test, and follow-up

stages was significant. Therefore, the results of pairwise

comparisons of the averages of the three stages of the
research using the Bonferroni test are reported in Table

3.

Table 2. The results of Mixed ANOVA to investigate the difference between groups in empathy in pre-test, post-test, and follow-up

Time
Variables

Time*Group

Group

F2,84) P n2

F(2, 84)

P n2 F(, 43) P n2

Empathy 32.84

<0.001 44 20.38

<0.001 0.49 5.51 0.008 0.21

The results of this study indicate that two interventions
(Table 3), mindfulness and transcranial direct current
stimulation, are able to improve empathy in children
with ADHD. However, transcranial direct electrical

stimulation was more effective than mindfulness in-

tervention in improving them. Similarly, the change
in empathy scores continued in the follow-up phase
compared to the pre-test phase and was significantly
different, indicating the stable effect of these two treat-

ments.

Table 3. The results of the post-hoc Bonferroni test to compare three groups of empathy

Group Stage I-J P
Pre-test-post-test 0.4 0.635
Control Pre-test-follow-up 0.867 0.058
Post-test-follow-up 0.467 0.268
Pre-test-post-test -2.067 0.002
Mindfulness  pre_test-follow-up 2 0.002
Post-test-follow-up 0.067 1
Pre-test-post-test -7.467 0.001
TDCS Pre-test-follow-up -6 1.024
Post-test-follow-up 1.467 0.71

Conclusion

In general, based on the results of this study and previous
studies, it can be said that mindfulness intervention and
transcranial direct electrical stimulation can be used as
a complementary solution along with other intervention
programs to improve social cognition functions such as

empathy in children with ADHD. Nevertheless, thera-

pists and researchers should remember that the success
of these interventions can vary depending on the context.
Therefore, it is recommended that the therapists who use
these interventions pay enough attention to choosing the
right place for the electrodes appropriately and in line

with the treatment goals.
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