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Abstract
. . Introduction: Major depressive disorder (MDD) is a psychological condition that can
Receive Date: . . , . . L .
02/12/2024 negatively impact students' academic performance and various aspects of their lives. This
study aimed to compare the effectiveness of Cognitive Emotion Regulation Training (CERT)
Accept Date: and Transcranial Direct Current Stimulation (tDCS) on executive functions, perceived
11/03/2025 burdensomeness, and loneliness in students with MDD in Ardabil.
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Method: This study employed a quasi-experimental design with pretest-posttest measures and
a control group. A total of 45 students diagnosed with Major Depressive Disorder (MDD),
referred by psychological counseling centers, were selected through convenience sampling and
randomly assigned to two intervention groups (CERT and tDCS) and a control group. Data
were collected using the Coolidge Executive Function Inventory (CEFI), the Interpersonal
Needs Questionnaire (INQ), and the Short Version of the Social and Emotional Loneliness Scale
(SELSA-S). Data analysis was performed using factorial ANCOVA and Tukey's post-hoc test.
Results: The results indicated that CERT had a significant effect on executive functions (P <
0.001, n? = 0.888), perceived burdensomeness (P < 0.001, n2 = 0.776), and loneliness (P <
0.001, n2 = 0.858). However, tDCS had a significant effect only on executive functions and did
not show a significant impact on perceived burdensomeness or loneliness.

Discussion and conclusion: CERT demonstrated a greater and more meaningful impact on
executive functions compared to tDCS. However, tDCS did not have a significant effect on
perceived burdensomeness or loneliness.
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Extended Abstract

Introduction

Depressive disorders are estimated to be the most
prevalent mental health conditions. Depression is one of
the most common mood and emotional disorders and is
considered the largest mental health issue of the modern
era, affecting nearly 500 million people worldwide. It is
the second most prevalent psychological disorder
worldwide and has become the second most costly. Recent
epidemiological data indicate an increasing incidence of
major depressive disorder. Therefore, addressing the key
factors related to depression and implementing necessary
interventions is crucial. One such factor is executive
function, a complex cognitive process encompassing
planning, attention control, cognitive flexibility, and
behavioral inhibition. These functions enable individuals to
achieve long-term goals and make appropriate decisions
when facing challenges. In individuals with depression,
deficits in executive function can have a more pronounced
negative impact, as they struggle to manage negative
emotions and maintain focus on tasks. This dysfunction
can lead to difficulties in regulating social behavior,
thereby exacerbating depression and anxiety and adversely
affecting academic performance. Another relevant factor is
the perception of being a burden, which refers to a person's
feeling of insignificance or being unwanted within their
social networks and family. This perception can potentially
lead to lower self-esteem and depression. Loneliness is
another significant psychological factor associated with
depression; a lack of deep, meaningful connections may
contribute to negative emotions and diminished self-worth.
Cognitive-emotional regulation training and transcranial
direct current stimulation (tDCS) are two promising
interventions for improving executive functions, reducing
burden perception, and alleviating loneliness in individuals
with depression. This study aims to compare the
effectiveness of these interventions, potentially providing a
cost-effective and non-invasive treatment option to
enhance cognitive and emotional well-being, thereby
addressing the increasing mental health challenges faced
by adolescents.

Method
This quasi-experimental study employed a pre-test and

post-test design with a control group. The study population
consisted of students diagnosed with major depressive
disorder (MDD) by psychologists or psychiatrists at
affiliated counseling centers. A sample of 45 students aged
12-18 with Major Depressive Disorder (MDD) was
selected through convenience sampling, based on the
minimum sample size criteria for experimental studies
(Delavar, 2015). Participants were randomly assigned to
three groups (n = 15 each): emotional regulation training,
transcranial direct current stimulation (tDCS), and a
control group. Inclusion criteria included a DSM-5-TR
diagnosis of major depressive disorder (MDD), current
school enrollment, absence of psychotic features or
neurological implants, no recent psychological or medical
interventions, and consent from both participants and their
guardians. Exclusion criteria included unwillingness to
continue and missing more than two intervention sessions.
Participants in the emotional regulation training group
attended ten weekly individual sessions, each lasting 45
minutes. The tDCS group received ten weekly 30-minute
sessions using the NEUROSTIM-2 device, applying a 2
mA current through 5 cm electrodes. Electrode placement
alternated between the F3-F4 and F3-P4 regions across
sessions. Control participants completed only the pre- and
post-test questionnaires. The tools used included the
Coolidge Executive Function Inventory (a = 0.78), the
Interpersonal Needs Questionnaire (o = 0.90), and the
Social and Emotional Loneliness Scale for Adults—Short
Version (o = 0.80). Data were analyzed using SPSS
version 27, with a significance level set at p < 0.05.
Confidentiality was maintained, and participants were fully
informed about the procedures, effects, and potential side
effects of the interventions. All questions were addressed
prior to the commencement of the study.

Results

This study included 45 students diagnosed with major
depressive disorder (24 females and 21 males), aged 12 to
18 years. The first experimental group, which received
Cognitive Emotion Regulation Training, consisted of 15
participants (mean age = 14.33, SD = 1.88). The second
experimental group, which underwent Transcranial Direct
Current Stimulation (tDCS), included 15 participants
(mean age = 14.53, SD = 1.92). The control group comprised

Table 1. Mean and standard deviation of dependent variables in different groups in the
pre-test and post-test stages

Post-test Pre-test Stage
Variable

Standard deviation Mean Standard deviation Mean Group

4.470 50.47 4.667 58.93 tDCS
3.990 42.73 4.287 60.33 Cognitive Emotion Regulation EXECL_Itlve
unctions

4.672 61.40 4.148 61.93 Control

4.855 26.00 4.304 26.33 tDCS
4.237 17.33 5.496 27.73 Cognitive Emotion Regulation ngf&;’ﬁd

4.657 28.40 4.955 27.87 Control

6.628 51.93 7.080 52.13 tDCS
3.922 31.33 7.108 51.33 Cognitive Emotion Regulation | Loneliness

8.175 50.87 6.829 51.27 Control
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15 participants (mean age = 14.67, SD = 1.72). Descriptive
statistics, including means and standard deviations for the
three groups across variables such as executive
functioning, feelings of burden, and loneliness, are
presented in Table 1. A Multivariate Analysis of
Covariance (MANCOVA) was conducted to assess the
significance of differences while controlling for pretest
scores. All assumptions for MANCOVA were met (p >
0.05). The MANCOVA results, presented in Table 2,

indicated statistically significant effects of both
interventions on the dependent variables in the post-test
phase (p < 0.001). Post-hoc Tukey tests revealed
significant improvements in executive functioning for both
interventions, with Cognitive Emotion Regulation Training
demonstrating stronger effects. Regarding feelings of
burden and loneliness, the tDCS intervention showed no
significant impact, whereas Cognitive Emotion Regulation
Training significantly improved both variables.

Table 2. Multivariate analysis of covariance test

N2 P F MS df SS Source of changes Variable
0.634 0.000 67.702 484.455 1 484.455 pre-test
0.888 0.000 154.805 1107.739 2 2215.479 Group Executive functions
7.156 39 279.72 Error
0.608 0.000 60.586 487.576 1 487.576 pre-test
0.776 0.000 67.387 542.302 2 1084.605 Group Perceived Burden
8.048 39 313.858 Error
0.579 0.000 53.618 892.729 1 892.729 pre-test
0.858 0.000 117.424 1955.088 2 3910.177 Group Loneliness
16.650 39 649.344 Error
Conclusion affect perceived burdensomeness or loneliness, focusing

This study examined the effects of cognitive emotion
regulation training (CERT) and transcranial direct current
stimulation (tDCS) on executive functions, perceived
burdensomeness, and loneliness in high school students
with major depressive disorder (MDD). CERT improved
executive functions, reduced perceived burdensomeness,
and alleviated loneliness by enhancing emotional
regulation and social cognition. In contrast, tDCS
improved executive functions but did not significantly

primarily on cognitive processes. The findings suggest that
CERT may be more effective in addressing both cognitive
and emotional symptoms of depression. Limitations of the
study include a small sample size and short duration.
Future research should explore combining CERT with
tDCS for a more comprehensive treatment approach, using
a larger and more diverse sample. These results highlight
CERT's potential as an effective intervention for
adolescent depression.
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2. Coolidge Executive Functions Inventory (CEFI).
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1. Right Ventrolateral Prefrontal Cortex.



{ OLKoR 9 Ugslod (53999 Lo shommo [ ... w5 381 &0 205 9 Slomd (5L i (b 90T (s 331 duw o ]

i ol olado oub oligS p 8 ¥
ol o ol ol (SELSAS) T ible -  clois]
ol g5 90 g 00t (2Ll (RVAVY) (g 4
Sy ) (loizl g (ble alois ) (oles
)28 plets (plaal asliin p cal dos (o0 )l 3 i
5 Solgls (sable L) Sile, 4ty 4 o
w5510 Jols 65 biie S o g 03Il elo|
asS @i odd oyl ey a1y a4y oS wBl (oo
Sl e iy 4 o gl el asily olas]
olS L5 (o e V) ctllsie SLalS” 51 (sl o s &S
rol oo 2lis,S ST po a3l (o0 (0508 D)3l
YL S, Slod j a5 oud (5,155 /3 b +JAY o
Sy @bl coro V] (rgsy 50 0 )ls 208> ol
A VP elesal (dble ol el (i
0,8 dwloe A Lol gl 4o g Ailes,S

" 1 Aoz b i (S SN Sy
o S s LSl 4 canl byl 51 :(EDCS)
a5l i g (oo LS o0l gy ] Ll e
Stz ol G o bl o pold (cae (2>
ALK g0 olSiws 5l slaozme b puitians (S i8Il S o8
ol s ssliiul cblyae 8 15 el NEUROSTIM-2
5 251 99 Sl g9 e (6551 e 99 by olKiws
s 45 08 o 515 LS o ) Do SLalS T 09 2801 o
Slasr Dol a3 S e (628 s i S GRS
o ilB el e Y 5 /) o o oS ol s,
F Sl g Lo 39Sl gog (o5 e 4 0)ls lass
oobed bl Sy b uled 51 (S50 (oleond sla ST
a5 o Jsloee 4y azié] sl mitusl b laog 2SI

FLER W o\.bL.Jy Qo yo
1oy Ry plmil 0gald
5 i) ] 0,5 39 o 2l sl

wolw ‘SBQLGJ 09y 4 .09 0lgS 09,5 SO g ((gldamaxl,d

A ble 09,5 dw ol 51 o y2 53 55 10 555 e Aiges 5|

3. Social-Emotional Loneliness Scale for Adults-
Short form (SELSA-S).
4. Transcranial Direct Current Dtimulation (TDCS).
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1. Perceived Burden.
2. Interpersonal Needs Questionnaire.
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3. Default Mode Network (DMN).
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1. Dorsolateral Prefrontal Cortex (DLPFC).
2. Limbic System.
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