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Abstract

Background & Aims: Meta-memory refers to a person's level of knowledge and awareness
of memory processes and capacity, better memorization strategies, and the ability to monitor
performance (6). In other words, meta-memory reflects our awareness and knowledge of
memory processes; For example, when someone says that he is good at memorizing routes and
maps; But he has a poor performance in remembering people's faces. He is making a comment
about his meta-memory knowledge (7). Among the methods and strategies that researchers
have tried to change cognitive functions in turn is the use of physical approaches, including
electrical stimulation of the brain (11). Direct electrical stimulation from the skull is considered
a non-invasive neuromodulation tool for stimulating the brain with the ability to enhance and
increase or decrease the cortical excitability of accessible and inaccessible points (12). In
addition to stimulating the transcranial direct current, another effective method for
strengthening memory and executive functions is mindfulness training. Mindfulness training
is considered a third wave behavioral therapy that includes a non-judgmental attention to the
experience of the present moment (20, 21). Mindfulness training is conceptualized in the form
of a two-component model that includes purposeful direction of attention to the present
moment and promotion of experience in the present moment with openness, curiosity and
acceptance (22, 23). Considering the research gap in this field and the lack of research that
compares the effectiveness of mindfulness training, transcranial direct current stimulation and
the combination of mindfulness training with transcranial direct current stimulation on
adolescents' metamemory, the present research, while examining the challenges raised, finally
seeks The answer to this research question was whether the combination of mindfulness
training with transcranial direct current stimulation is more effective in improving adolescent
memory than mindfulness training and transcranial direct current stimulation separately?

Methods: The current research was applied in terms of purpose and in terms of data collection,
it was a semi-experimental type, which was carried out with a pre-test-post-test design with a
control group. Among the male students of the first secondary school of the 9th grade of public
schools in Bowanat city of Fars province who were studying in the academic year of 1402-
1403, 80 people were randomly selected as a sample and divided into four groups of
mindfulness training, tDCS, combined and Controls were divided. After selecting the final
research groups, the subjects of the four groups were asked to participate in a briefing session.
In this meeting, by explaining the objectives of the research, we tried to get the necessary
motivation and consent of the clients to participate in the research. The parental consent form
for cooperation in the research was completed by the students' parents. Then, pre-test and
control groups were taken from all the participants, and all four groups were evaluated by the
meta-memory scale of teenagers. After that, the participants in the mindfulness group received
8 sessions, one session a week in a group for 45 minutes. The participants of the transcranial
direct current stimulation group received 8 sessions, 2 stimulation sessions per week, and the
participants of the group of mindfulness combined with transcranial direct current stimulation
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8 sessions each week received 1 session of mindfulness training, the last four weeks with two
stimulation sessions (anode stimulation of F3 and cathodic stimulation of the F4 area), that is,
they received a total of 8 sessions of mindfulness and 8 sessions of stimulation. The control
group did not receive any training or stimulation. After completing the sessions of mindfulness
training and transcranial direct current stimulation, all four experimental and control groups
were evaluated using the juvenile trans memory scale. Data analysis was done using analysis
of covariance test. The data were analyzed at the significance level (P<0.05) using SPSS
version 26 software.

Results: The results of intra-group comparison showed that mindfulness intervention, tDCS
and the combination of two techniques have a significant effect on metamemory (P<0.05), but
there is no significant difference between the pre-test and post-test scores of the control group
(P> 0.05). It was also found that the difference between the four groups in metamemory
variable is significant (p2n=0.707, P=0.0001, F=244.01). According to the results of the
follow-up test, it was found that between the mindfulness group and the control group
(P=0.001), tDCS with the control group (P=0.001), combined with the control group
(P=0.001), between There is a significant difference between the tDCS group and the
mindfulness group (P=0.001) and the combined group with the tDCS group and the
mindfulness group (P=0.001) (p<0.050).

Conclusion: In general, the results showed that all three methods of mindfulness training,
tDCS and combining mindfulness training with tDCS were effective on extra memory. Also,
the combination of mindfulness training with tDCS has been more effective on extra memory.
In general, it can be said that mindfulness training and tDCS, each in their own place, can
improve metamemory, while combining mindfulness training with tDCS can be more effective
in strengthening metamemory. In justification of these results, it can be said that when the
intervention of brain stimulation is combined with mindfulness therapy, in addition to
psychological and behavioral issues, it can also help brain structures and cognition and have a
greater effect on improving metamemory. It is assumed that an increase in the right or left
prefrontal region leads to the reduction of negative behaviors and the improvement of various
cognitive functions such as metamemory. Therefore, a possible mechanism based on the
greater effect of the combined treatment is that the stimulation of this area leads to an increase
in emotional and social cognitive control and inhibition, which can lead to various results such
as improved metamemory in adolescents. Considering the effectiveness of combining the two
methods of transcranial direct current stimulation and mindfulness on teenagers' metamemory
compared to other methods, it is suggested to counselors to use the combined method of
transcranial direct current stimulation and mindfulness along with mindfulness in cases of
students' metamemory disorders. to be It is also suggested to the school teachers to identify
the students who have extra memory disorders during the education process and introduce
them to the relevant medical centers so that integrated intervention can be used for their
treatment. Also, it is suggested to the officials of the treatment centers that use intervention
techniques of brain stimulation and mindfulness for treatment, to provide cooperation with
schools and consider facilities for those introduced by schools, so that parents can pay Fewer
use these types of techniques to treat their children.
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