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Extended Abstract
1. Introduction

Academic performance is always an indicator of students' academic abilities to enter the
world of work and higher education, and is always important for teachers, parents,
education system officials, and educational specialists, and its impact on promoting
productivity and improving the effectiveness of the education system is undeniable
(Zambach et al., 2020). On the other hand, difficulties in learning and remembering
concepts, the use of inappropriate strategies in problem solving, visual-spatial processing
deficiencies, and deficiencies in executive functions can be considered the main
characteristics of students with low academic performance (Das et al., 2019). One type of
problem in students is problems related to memory functions, such as visual-spatial
working memory (Ozer and Goksan, 2020). Visuospatial ability is a complex process
involving multiple interconnected parts that develops with the development of working
memory (Kay et al., 2023). Working memory also plays an important role in children's
learning (Anglopoulos and Derigas, 2021). Visuospatial perception occurs in working
memory and can improve a child's abilities in learning mathematics, including geometry
(Visser et al., 2020). Understanding spatial relationships is essential and influential for
visualizing and manipulating information and, in general, for a person's performance in
solving mathematical and geometric problems (Orcutt et al.,, 2023). Visual-spatial
perception is a central cognitive ability that plays a major role in academic learning,
especially reading and mathematics, and there is a large individual difference between
people in the ability to perform visual-spatial tasks (Linares et al., 2021). Deficits in
visual-spatial ability cause deficiencies in children's exploration of the world around them,
which leads to a decrease in their understanding and comprehension of the world around
them (Sun et al., 2020). These children prefer to explore and explore the world around
them auditory or by asking verbal questions. Children have difficulty distinguishing and
understanding the difference between similar objects in terms of letter shapes, geometric
designs, and screening irrelevant visual information with problems of spatial and distance
organization (Lee et al., 2020). In the present study, only visual-spatial memory was
addressed because this memory is an important and helpful mechanism, and it is logical to
assume that this memory plays an important role in learning processes such as reading and
mathematics (Akhavan Tafti et al., 2014).

2. Materials

The present study method was semi-experimental with a pre-test, post-test, and follow-up
design with a control group. The statistical population of the present study included all
female first-year high school students in District 7 of Tehran who were studying in the
academic year 1401-1402. The samples were selected using convenience sampling
method.

3. Methods

Back Software: DUAL N-BACK is a computer program that was first used in a study by
Jaggi in 2008. In this computer program, a blue square is usually displayed randomly in
an 8-cell grid for a few seconds and at the same time a letter of the alphabet is played
audibly. Stroop Test (SST): The Stroop test was proposed in 1883 in the Leipzig
laboratory and based on the theory of the difference in the speed of reading words and the
speed of naming colors, by James McKean Cattell and followed by other researchers. In
1935, the original version of the color-word interference test was presented by John
Ridley Stroop in the form of white background cards with 5 words in red, blue, green,
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brown and purple (Jensen and Raver, 1966). This test was used by Stroop in the same year
to measure selective attention and cognitive flexibility. This test is often described as a
test of cognitive flexibility, response inhibition, and selective attention (Hamock & Risso,
2004). Metacognitive empowerment protocol: The metacognitive empowerment package
used in this study was researcher-made and administered in ten sessions, two sessions per
week (each session lasting 90 minutes), in a group setting by the researcher in the school
chapel, separate from the classrooms. The results of the validation of the package showed
that the content validity ratio was calculated using the CVI criterion, and accordingly, the
content of the sessions that were above 0.75 were kept in the protocol. This training
package was designed based on Flavel's (1979) perspective.

4. Results

The present study investigated the effect of a metacognitive empowerment package on
students' visuospatial memory, planning, and cognitive flexibility. The sample group
participating in the research project was 34 people, of which 17 were in the experimental
group and 17 in the control group. In terms of age, 4 (23.53%) were 10 years old, 8
(47.06%) were 11 years old, and 5 (29.41%) were 12 years old in the experimental group,
and 3 (17.65%) were 10 years old, 8 (47.06%) were 11 years old, and 6 (35.29%) were 12
years old in the control group.

Table 1. The results of univariate analysis of covariance to investigate the effect of the intervention on executive
function and reading performance of subjects in experimental and control groups in the post-test stage.

Group Varible Indxe Pre Post Follow-up
empowerment of visual Mean 89.29 97.76 96.29
Metacognitive spatial memory (correct
answer n-back) sd 9.57 8.69 8.87
. . Mean 88.82 88.18 87.18
contorol Visual spatial memory
sd 7.67 7.98 7.98
. empowerment of attention Mean 2159 17.94 18.88
Metacognitive control (incorrect answer n-
back) sd 4.62 4.48 3.66
empowerment of attention Mean 21.82 21.24 21.24
contorol control (incorrect answer n-
back) sd 3.94 3.99 5.38
s empowerment of planning Mean 47.76 58.35 60.47
Metacognitive
(correct Stroop answer)
sd 9.41 6.68 6.27
empowerment of planning Mean 47.76 47.41 46.71
contorol (correct Stroop answer)
sd 5.83 6.03 4.58

5. Ethical Considerations

The present study was conducted with the aim of investigating the effectiveness of
metacognitive empowerment on visual-spatial memory, attention control, and planning in
students. The findings showed that the metacognitive empowerment package training was
effective on students' visual-spatial memory. In line with this finding, Mohammadpour
and Tabatabaei (2022) showed in a study that implicit metacognitive strategy training
works very well for learners who have limited working memory capacity or
heterogeneous working memory capacity. Asadollahi et al. (1400) showed in a study that
metacognitive training increases working memory. According to the cognitive
perspective, types of knowledge, including strategic knowledge, are very important in
shaping cognition and memory. Training in cognitive and metacognitive strategies
increases students' strategic knowledge, which increases students' accuracy and awareness
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of strategies in memorizing materials. Also, using different strategies during
memorization facilitates memory processes and leads to better recall in the short and long
term (Kuriat and Bjork, 2006). Based on the research findings, it can be said that using
belief training and metacognitive state, students' working memory increases. Participants
in this study practiced various memory strategies by performing various activities
individually and in groups. During the sessions, students realized that there are various
metacognitive strategies that help them in carrying out various thinking and decision-
making activities in life, and most importantly, using these strategies and taking the reins
of learning helps them to constantly monitor their learning process and, by recognizing
them in time, adjust their learning speed, accelerate their learning process by increasing
their speed and using shortcuts (cognitive and metacognitive strategies) if necessary, and
sometimes reconsider their learning process by applying the brakes and slowing down,
paying more attention and attention to signs and seeking help from supplements. This
constant monitoring and review of the learning process has increased their metacognition,
which in turn has led to the growth and strengthening of other cognitive components,
including visual-spatial memory.

Compliance with ethical guidelines: All ethical principles are considered in this article.

Funding: This research did not receive any grant from funding agencies in the public,
commercial, or non-profit sectors.

Authors’ contributions: All authors have participated in the design, implementation and
writing of all sections of the present study.

Conflicts of interest: The authors declared no conflict of interest.
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