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ABSTRACT

The purpose of this study was to compare the effectiveness of mindfulness
training, tDCS and the combination of mindfulness training with tDCS on
working memory and metamemory of adolescents. The method of the present
research was carried out as a semi-experimental type with a pre-test-post-test
design with a control group. The statistical population of this research was all
male students studying in the ninth grade of Bowanat city in 1402-1403. In order
to conduct this research, 80 ninth grade male students were selected from four
schools (20 students from each school) according to the entry and exit criteria,
and the students of each school were selected as one of the four experimental
groups (mindfulness training, tDCS, combined training mindfulness with tDCS)
and the control group. All four groups were evaluated by n-Back tests and
adolescent metamemory scale. After that, the participants in the mindfulness
training group received 8 sessions, one session per week for 45 minutes of
mindfulness training, the participants in the tDCS group, 8 sessions of
stimulation, 2 times per week for 30 minutes transcranial direct current
stimulation on the dorsolateral cortex. received prefrontal, the participants in the
group of combining mindfulness training with tDCS, received 8 sessions of
mindfulness training, 1 session every week, the last four weeks were
accompanied by two sessions of stimulation in the dorsolateral prefrontal cortex,
and the participants of the control group received no training and stimulation.
they did not. After completing the training and stimulation, all four experimental
and control groups were evaluated by n-Back tests and juvenile metamemory
scale. Multivariate and univariate analysis of covariance were used to analyze the
data. The results showed that all three methods of mindfulness training, tDCS
and the combination of mindfulness training with tDCS were effective on
working memory and metamemory. Also, combining mindfulness training with
tDCS has been more effective on working memory and metamemory. In general,
it can be said that mindfulness training and tDCS can improve working memory
and metamemory, while combining mindfulness training with tDCS can be more
effective in strengthening working memory and metamemory.
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Introduction
Working memory forms the foundation of many other cognitive functions in humans
(Asadollahi, Salarifar, and Talebzadeh Shushtari, 2012) and its capacity is limited (Zhou et al.,
2022). Working memory functions are of fundamental importance for effective human behavior
(Milan et al., 2012). Therefore, strengthening working memory can, in turn, have beneficial
effects on cognitive control functions (Schweizer et al., 2013). Since traditional approaches such
as pharmacotherapy and other cognitive rehabilitation approaches have made limited progress in
enhancing cognitive functions (Libtans, 2005); Researchers are looking for new approaches to
enhance cognitive functions. One of the newest non-invasive brain stimulation techniques,
transcranial direct current stimulation (tDCS), has gained increasing popularity and research
interest in the past few years with the goal of enhancing cognitive capacity(Dueker, Graf, and
Sack, 2014, Alipour and Mohammadi, 1402).

tDCS is a well-known technique for modulating cortical excitability, which has been used as
a research method in neuroscience due to its potential effects on cortical plasticity, safety, ease
of operation, economic efficiency, and portability (Machado et al., 2019). In addition to
transcranial direct current stimulation, another effective method for enhancing working memory
is mindfulness training. Mindfulness training is a third-wave behavioral therapy that involves
nonjudgmental attention to present-moment experience (Parsai et al., 2022). Mindfulness
training enhances executive function, including working memory and verbal fluency, and
improves self-regulation in students (Short et al., 2015). Given that several functional magnetic
resonance imaging (fMRI) studies have shown that activity in the dorsolateral prefrontal cortex
increases when memory monitoring is required (Dobbins et al., 2002) And transcranial direct
current stimulation of the dorsolateral prefrontal cortex provides continuous stimulation over a
period of time, so it stands to reason that memory monitoring would be improved across
cognitive tasks (Chova, Amed, & Garcia, 2017). Based on what was stated, the present study
sought to answer the research question: Is combining mindfulness training with tDCS more
effective in improving adolescents' working memory and metamemory than mindfulness
training and tDCS separately? Also, which of the two mindfulness training methods and tDCS is
more effective in improving adolescents' working memory and metamemory?

Method

The present research method was a quasi-experimental type with pre-test-post-test and control
group. The sample of this research consisted of 80 people who were selected by available
sampling method and according to the entry and exit criteria from among the eligible people
from four schools (20 people from each school) And students from each school were assigned to
one of four experimental groups (mindfulness training, tDCS, combination of mindfulness
training with tDCS) and the control group. Participants in the mindfulness group received 8
sessions of mindfulness training, 1 session per week, in a group setting for 45 minutes.
Participants in the transcranial direct current stimulation group received 8 sessions, 2 sessions
per week And participants in the mindfulness training combined with transcranial direct current
stimulation group received 8 sessions, 1 mindfulness training session per week, and the final
four weeks were followed by two stimulation sessions (anodic stimulation of the F3 area and
cathodic stimulation of the F4 area), meaning a total of 8§ mindfulness training sessions and &
stimulation sessions. The control group did not receive any training or stimulation.

Findings

The results showed that all three mindfulness training methods, tDCS, and the combination of
mindfulness training with tDCS, are effective on working memory and metamemory. Also,
considering the adjusted averages of working memory scores, the most effective method is the
combination of mindfulness training with tDCS (93/572), followed by mindfulness training
(68/896), and tDCS (45/509). Also, all three mindfulness training methods, tDCS, and the
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combination of mindfulness training with tDCS are effective on metamemory. The results of the
adjusted averages of metamemory scores also showed that the most effective method was the
combination of mindfulness training with tDCS (75.667), followed by mindfulness training
(64.683) and tDCS (41.726).

Discussion and conclusion

This study aimed to compare the effectiveness of mindfulness training, tDCS, and the
combination of mindfulness training with tDCS on working memory and metamemory in
adolescents. According to the results obtained from the present study, it was shown that all three
methods of mindfulness training, tDCS, and the combination of mindfulness training with tDCS
are effective on working memory. In explaining the effectiveness of mindfulness training on
working memory, it can be said that mindfulness training has effective effects on the reward
pathway, which is in the medial lateral region. Also, the attention-related part in the dorsolateral
prefrontal region is directly connected to the medial lateral region; Therefore, the reward system
and attentional control use related neural regions. When these two systems are activated, the
activity of automatic operations associated with mind wandering is reduced (Krebs et al., 2011).
According to Merizak, mind wandering is the main cause of executive dysfunction. Evidence
shows that when mindfulness exercises are performed, the reward pathway is activated, and as a
result, the attention control part is also involved, and ultimately mind wandering is reduced
(Merizak et al., 2012). By reducing mind wandering as a result of mindfulness training,
attentional resources are allocated to the task at hand, and given that attention is the basis of
memory, By increasing attention, long-term memory performance is improved, and recalling
information from this storehouse, as well as maintaining focus on the activity in progress due to
reduced mind wandering, simultaneously helps improve working memory. In explaining the
effectiveness of tDCS on working memory, it can also be said that tDCS improves cortical
excitability by modulating synaptic connections and causes clinical and cognitive changes by
opening NA+ channels and activating NMDA receptors. In fact, the strength of new synapses
formed during electrical stimulation sessions is stable and produces longer-lasting effects in the
cerebral cortex (Wall et al., 2009), which in turn improves working memory performance
(Boggio et al., 2007). Finally, in explaining the effectiveness of combining mindfulness training
with tDCS on working memory, it can be said that applying tDCS to the dorsolateral prefrontal
cortex leads to improvement in working memory, since working memory is also targeted by
mindfulness, and considering the synergistic effect of mindfulness training with tDCS, the
effectiveness of combining mindfulness training with tDCS on adolescents' working memory
can be explained.
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