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Abstract

Introduction

Depression is among the most prevalent psychological disorders, with a growing prevalence
observed among university students (Al-Garni et al., 2025; Cénat et al., 2025). This condition
can have significant ramifications for social cognition, particularly Theory of Mind—defined
as the capacity to discern others' psychological states (Ghosh & Halder, 2025; Prentice,
2019). Theory of mind depends on a network of various brain regions, including the medial
prefrontal cortex, posterior superior temporal sulcus, amygdala, and the default mode
network, which undergo structural or functional changes in depression (Cusi et al., 2012; Li
et al., 2014; Vucurovic et al., 2020). In this context, non-invasive transcranial electrical
stimulation—specifically, targeted tDCS to the dorsolateral prefrontal cortex (Nejati et al.,
2024) and tPCS to modulate neural oscillations (Malekahmad et al., 2024)—has been
identified as having the potential to modulate these networks. Furthermore, Theory of Mind
performance is contingent on fundamental cognitive capacities such as attention, working
memory, and simultaneous information processing (Pagnoni et al., 2022). Consequently,
cognitive rehabilitation can contribute to the indirect enhancement of Theory of Mind (Wang
et al., 2025). Despite the promising findings, only a limited number of studies have examined
the efficacy of integrating brain stimulation techniques with cognitive rehabilitation for
individuals experiencing symptoms of depression, particularly in the context of Theory of
Mind. Therefore, the present study was conducted to address this question by examining
whether tDCS interventions combined with cognitive rehabilitation, tPCS combined with
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cognitive rehabilitation, and cognitive rehabilitation alone result in significant differences in
the theory of mind of individuals with symptoms of depression

Method

The present study was conducted as a four-group clinical trial, featuring pre-test, post-test,
and 21-day follow-up assessments. The study population comprised students who visited the
Kavosh-e Shargh Counseling Center in Mashhad during the years 1402 to 1404. The selection
of volunteers was based on a set of inclusion and exclusion criteria. Included were individuals
with mild-to-moderate depression symptoms, as indicated by scores of 14-33 on the Beck
Depression Inventory, confirmed through a clinical interview. Age was limited to 18-40
years, and antidepressant use, psychotic symptoms, and epilepsy were excluded. Handedness
was required to be right-handed, and all participants provided informed consent. Exclusion
criteria included missing more than three consecutive sessions, concurrent initiation of
pharmacotherapy or psychotherapy, the onset of severe psychiatric symptoms, and
unwillingness to continue participating. Sixty-four volunteers were selected and randomly
assigned, using stratified randomization based on gender, to four groups of 16 participants
each (8 women and 8 men). The instruments employed in this study encompassed the Beck
Depression Inventory-11 (BDI-11) (Beck et al., 1996) for screening, the Reading the Mind in
the Eyes Test (RMET) (Baron-Cohen et al., 2001) to assess Theory of Mind, the Neurostim2
Transcranial Electrical Stimulation Device (Medinateb, 2023), and Captain's Log
MindPower Builder (BrainTrain, 2024) for intervention delivery. The interventions were
administered over a period of ten consecutive 45-minute sessions. In the combined groups,
stimulation was applied during the initial 20 minutes concurrently with cognitive exercises
(the "online™ phase). Accordingly, tDCS was administered at an intensity of 2 mA, with the
anode and cathode placed at the F3 and F4 regions, respectively (Boggio et al., 2008).
Similarly, tPCS was administered at an intensity of 1 mA and a frequency of 20 Hz, using
the same electrode placement (anode at F3 and cathode at F4) (Kulshreshtha et al., 2026).
Subsequently, the exercises continued for a duration of 25 minutes. A third group was
assigned to engage exclusively in the Captain's Log exercises for a duration of 45 minutes.
Meanwhile, the control group was placed on a waiting list and received no intervention. The
collected data were then subjected to repeated-measures analysis of variance (ANOVA)
using SPSS-18, a statistical software program.

Findings

The results of the repeated-measures ANOVA indicated that there were no significant
differences among the four groups at the pre-test stage (P > 0.05). The primary effect of time
(F =48.44, P <0.05, n* = 0.44) and the group x time interaction effect (F = 32.59, P < 0.05,
n?=0.62) on Theory of Mind scores were found to be significant. The mean scores underwent
the following alterations: an increase from 21.69 (pre-test) to 26.25 (post-test) and 26.19
(follow-up) in the tDCS plus cognitive rehabilitation group; a rise from 21.50 to 26.50 and
27.13 in the tPCS plus cognitive rehabilitation group; a shift from 19.94 to 22.94 and 22.37
in the cognitive rehabilitation group; and a decrease from 20.81 to 18.06 and 17.25 in the
control group. The Bonferroni test results indicated that all three experimental groups
exhibited superior performance in comparison to the control group at both the post-test and
follow-up stages (P < 0.05). Furthermore, the combined interventions demonstrated greater
efficacy in comparison to cognitive rehabilitation alone (P < 0.05). However, no significant
difference was observed between the tDCS plus cognitive rehabilitation group and the tPCS



plus cognitive rehabilitation group (P > 0.05). The overall group effect was also found to be
statistically significant (F = 17.62, P < 0.05, n* = 0.47).

Discussion

The findings of the present study demonstrated that all three interventions—tDCS combined
with cognitive rehabilitation, tPCS combined with cognitive rehabilitation, and cognitive
rehabilitation alone—Iled to improvements in Theory of Mind (ToM). These effects were
maintained at the 21-day follow-up. This finding is consistent with previous studies on the
efficacy of transcranial electrical stimulation for social cognition and ToM (Narmashiri &
Akbari, 2025; Zemestani et al., 2022) and research on cognitive rehabilitation (Giuliani et
al., 2024; Thibaudeau et al., 2017). Moreover, the combined interventions produced greater
improvements in ToM compared to cognitive rehabilitation alone. This finding aligns with
prior research on the effects of combining tDCS with structured cognitive exercises on
cognitive functions (Chen et al., 2024; Luo et al., 2025).

From a neurobiological perspective and based on the hierarchical model of social processing,
dysfunction in brain networks is associated with deficits in social cognition and the
understanding of others' mental states (Schurz et al., 2021). Given the role of these networks
in social cognition, the short-term maintenance of effects at the 21-day follow-up may be
explained within the framework of neuroplasticity—the brain's ability to alter its structure
and function in response to experience and learning (Puderbaugh & Emmady, 2023). The
findings suggest that addressing both cognitive and social-cognitive dimensions may be
beneficial in interventions for individuals with depressive symptoms.

However, the absence of a sham stimulation group and the limitation of the sample to
university students were among the limitations of the present study. Consequently, the
generalization of these findings to clinical populations should be made with caution. It is
further recommended that subsequent research assesses the efficacy of these interventions
using a sham-controlled design and across more diverse populations in terms of age,
education level, and clinical status, as well as with longer follow-up periods and
neurophysiological measures to confirm the underlying mechanisms.

Keywords: transcranial direct current stimulation (tDCS), transcranial pulsed current
stimulation (tPCS), cognitive rehabilitation, theory of mind, depressive symptoms.
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