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Background: Internalizing and externalizing behavioral disorders are among the common problems during
adolescence and can adversely affect students’ cognitive performance. However, few studies have
simultaneously and comparatively examined the effectiveness of these two therapeutic approaches.

Aims: The present study aimed to compare the effects of Eye Movement Desensitization and Reprocessing
(EMDR) and neurofeedback on the cognitive performance of female secondary school students with
internalizing and externalizing behavioral disorders.

Methods: This applied research employed a quasi-experimental design with pre-test, post-test, a control group,
and a one-month follow-up. The statistical population consisted of female secondary school students in Tehran
during the 2023-2024 academic year. From this population, 45 students were selected through convenience
sampling and randomly assigned to three groups (two experimental groups and one control group). Data were
collected using the Child Behavior Checklist (Achenbach, 2001), the Cognitive Performance Questionnaire
(Nejati, 2013), the EMDR educational package (Shapiro, 2001), and the neurofeedback training package (Lubar,
2021). Data were analyzed using repeated measures ANOVA and post-hoc tests in SPSS version 27.

Results: The findings indicated that both EMDR and neurofeedback interventions significantly improved
students’ cognitive performance compared to the control group (P < 0.05), and these improvements remained
stable during the follow-up phase. Additionally, no significant difference was observed between the two
therapeutic approaches in enhancing cognitive performance (P > 0.05).

Conclusion: Based on the study findings, both EMDR and neurofeedback can be considered effective
interventions for improving the cognitive abilities of students with behavioral disorders. These methods may be
beneficial for integration into therapeutic and educational programs by professionals in the fields of mental
health and education.
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Introduction

Adolescence is considered a critical developmental
period characterized by complex interactions among
emotional, cognitive, and behavioral processes,
which can significantly influence psychological
adjustment and academic functioning (Zelazo &
Carlson, 2016). Behavioral problems during this
stage are commonly conceptualized within two major
patterns: internalizing and externalizing disorders.
Internalizing problems involve inwardly directed
emotional symptoms such as anxiety, depression, and
social withdrawal, whereas externalizing problems
include outwardly directed behaviors such as
aggression, defiance, and violations of social norms
(Abojaoude et al., 2023; Achenbach, 2019). Research
indicates that these behavioral patterns are associated
not only with emotional and social maladjustment but
also with impairments in cognitive functions related
to learning, including working memory, selective
attention, and cognitive flexibility, thereby limiting
students’ opportunities for learning and academic
achievement (Stokes & Double, 2024; McLaughlin &
Lambert, 2017; Luna et al., 2015).

Cognitive  performance, which  encompasses
processes such as attention, memory, processing
speed, and information integration, plays a
fundamental role in learning, self-regulation, and
academic adaptation (Winter et al., 2022; Diamond,
2016; Snyder et al., 2015). Evidence suggests that
students with internalizing and externalizing
behavioral disorders exhibit significant deficits in
sustained attention, working memory, cognitive
flexibility, and cognitive control compared with their
peers, which may negatively affect academic
performance and goal-directed behavior (Berger &
Batelman, 2022; Yang et al., 2022). From a
neuropsychological perspective, these deficits have
been linked to inefficient functioning of fronto-
parietal networks and emotion-regulation circuits,
which are still developing during adolescence and are
particularly vulnerable to chronic stress (Vdchekina
et al.,, 2023). Consequently, reduced cognitive
performance in this group represents a
multidimensional challenge that can impair
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concentration, academic productivity, and the ability
to manage complex learning tasks (Stein et al., 2025;
De Geronimo et al., 2024; Westerberg, 2019).

In recent years, several educational-cognitive
interventions have been proposed to enhance
cognitive  functioning among students  with
behavioral difficulties. One such intervention is Eye
Movement  Desensitization and Reprocessing
(EMDR), which facilitates the reprocessing of
emotionally challenging experiences and reduces
emotional load, thereby improving attention, working
memory, and information processing (Shapiro, 2014;
Tek & Ovsaroglu, 2022; De Roos et al., 2011).
Another intervention is neurofeedback, which
provides real-time feedback on brain activity and
enables individuals to regulate neural patterns
associated with attention, cognitive control, and
cognitive flexibility (Lautherneau et al., 2022,
Chaudhary et al., 2023). Although evidence supports
the effectiveness of each intervention individually,
few studies have comparatively examined their
simultaneous effects on the cognitive performance of
adolescents with behavioral disorders. Therefore, the
present study aimed to compare the effects of EMDR
and neurofeedback on the cognitive performance of
female secondary school students with internalizing
and externalizing behavioral disorders in Tehran.

Method

The present study aimed to compare the effectiveness
of Eye Movement Desensitization and Reprocessing
(EMDR) and neurofeedback on the cognitive
performance of female secondary school students
with internalizing and externalizing behavioral
disorders, using a quasi-experimental pretest—posttest
design with a control group and a one-month follow-
up. The statistical population included all eligible
students in Tehran during the 2023-2024 academic
year, and a sample of 45 participants was selected
based on Cohen’s table through convenience
sampling and randomly assigned to three groups of
15 (EMDR, neurofeedback, and control). The
research instruments consisted of the Child Behavior
Checklist (CBCL; Achenbach, 2001) with established
validity and reliability, and Nejati’s Cognitive
Assessment Questionnaire (2013), a 30-item scale
with acceptable psychometric properties. Data
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collection involved a structured process including
pretest, screening, intervention, posttest, and follow-
up, and data were analyzed using repeated-measures
ANOVA.

The EMDR intervention was implemented according
to Shapiro’s (2001) standardized protocol in 8 to 12
sessions lasting 60 to 90 minutes, aimed at
reprocessing emotional experiences and improving
cognitive—emotional functioning. The neurofeedback
intervention, based on Lubar’s training program,
consisted of 12 to 20 sessions of 30 to 60 minutes
administered 2-3 times per week, targeting
improvements in attention, response inhibition, and
executive functions. Both interventions were
appropriate for students exhibiting cognitive and
executive difficulties associated with behavioral
disorders. The structured implementation of
interventions, alongside the use of standardized
assessment tools and rigorous randomization
procedures, provided a solid framework for
examining the comparative effects of the two
approaches on students’ cognitive performance.
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Results

The demographic analysis indicated that the highest
proportion of participants were eleventh-grade
students (23 individuals), followed by tenth-grade (12
individuals) and twelfth-grade students (10
individuals). Table 3 reported the means and standard
deviations of the study variables across the pretest,
posttest, and follow-up phases, showing that the
experimental ~ groups  demonstrated  greater
improvements in cognitive performance compared to
the control group. All  assumptions for
repeated-measures  ANOVA—including normality
(skewness, kurtosis, and Kolmogorov—Smirnov test),
linearity, absence of multicollinearity, homogeneity
of wvariances (Levene’s test), homogeneity of
regression slopes, equality of covariance matrices
(Box’s M test), and the sphericity assumption
(Mauchly’s testy—were confirmed, validating the
appropriateness  of  this  statistical method.
Furthermore, multivariate test results indicated
significant main effects of time as well as significant
group-by-time interactions on cognitive performance.

Table 1 Repeated Measures ANOVA Results for Cognitive Performance Subscales in Experimental and Control Groups

Variable Source SS DF MS F p Effect Size (1)
Within Groups (Time) 1482.948 2 741/474  271.481 <.001 0.866
Memory Between Groups 1561.081 2 780.541  15.204 0.001 0.420
Group x Time 626.963 4 156.741  57.389 0.001 0.732
Within Groups (Time) 1636.548 2 818.274  396.955 <.001 0.904
Inhibitory Control Between Groups 1674.237 2 837.119  22.941 <.001 0.522
Group x Time 704.296 4 176.074  85.416 0.001 0.803
Within Groups (Time) 830.059 2 415.030 228.557 <.001 0.845
Decision-Making Between Groups 1245.170 2 622.585  15.153 <.001 0.419
Group x Time 377.407 4 94.352 51.959 0.001 0.712
Within Groups (Time) 343.748 2 171.874  305.303 0.001 0.879
Planning Between Groups 519.304 2 259.652  22.857 0.001 0.521
Group x Time 136.296 4 34.074 60.526 0.001 0.742
Within Groups (Time) 344.578 2 172.289  356.655 0.001 0.895
Sustained Attention Between Groups 473.911 2 236.956  24.686 0.001 0.540
Group x Time 135.511 4 33.878 70.130 0.001 0.770
Within Groups (Time) 395.215 2 197.607  746.956 0.001 0.947
Social Cognition Between Groups 286.237 2 143.119  11.888 0.001 0.361
Group x Time 197.896 4 49.474  187.012 0.001 0.899
Within Groups (Time) 833.733 2 416.867  791.042 0.001 0.950
Cognitive Flexibility Between Groups 549.733 2 274.867  13.384 0.001 0.389
Group x Time 358.667 4 89.667  170.151 0.001 0.890

The results presented in Table 1 indicate that
significant differences were observed in the post-test
scores of the cognitive performance subscales
between the experimental and control groups after
controlling for pre-test effects. Significant group

differences were found for memory (F = 15.204, p <
0.001), inhibitory control (F = 22.941, p < 0.001),
decision-making (F = 15.153, p <0.001), planning (F
=22.857, p < 0.001), sustained attention (F = 24.686,
p < 0.001), social cognition (F = 11.888, p < 0.001),
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and cognitive flexibility (F = 13.384, p < 0.001). The
effect sizes (eta squared) suggest that 42% of the
variance in memory, 52% in inhibitory control, 42%
in decision-making, 52% in planning, 54% in
sustained attention, 36% in social cognition, and 39%
in cognitive flexibility at the post-test stage can be
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attributed to the independent variables, namely the
Eye Movement Desensitization and Reprocessing
(EMDR) intervention and neurofeedback training.
These findings indicate a substantial effect of the
interventions on students’ cognitive performance.

Table 2 Bonferroni Post Hoc Pairwise Comparisons of Groups on Cognitive Performance Subscales

Component Groupl Group2 Mean Difference  Std. Error p

EMDR Neurofeedback -0.668 1.008 1
Memory EMDR Control 8.023 1.087 0.001
Neurofeedback Control 8.691 1.008 0.001
EMDR Neurofeedback -1.331 0.917 0.467
Inhibitory Control EMDR Control 8.478 0.989 <.001
Neurofeedback Control 8.809 0.978 <.001

EMDR Neurofeedback -0.664 0.851 1
Decision-Making EMDR Control 6.857 0.917 0.001
Neurofeedback Control 7.521 0.907 0.001

EMDR Neurofeedback -0.154 0.489 1
Planning EMDR Control -4.505 0.527 0.001
Neurofeedback Control -0.659 0.522 0.001

EMDR Neurofeedback -0.068 0.412 1
Sustained Attention EMDR Control -4.534 0.445 0.001
Neurofeedback Control 4,601 0.440 0.001

EMDR Neurofeedback 0.065 0.329 1
Social Cognition EMDR Control -5.216 0.355 0.001
Neurofeedback Control -5.151 0.351 0.001

EMDR Neurofeedback -0.181 0.497 1
Cognitive Flexibility EMDR Control -6.752 0.535 0.001
Neurofeedback Control -0.933 0.529 0.001

The Bonferroni post hoc results presented in Table 2
indicate that, at the post-test stage, significant
differences were observed between the control group
and both experimental groups (EMDR and
neurofeedback) across all cognitive performance
subscales (p < 0.05). However, no statistically
significant differences were found between the two
experimental groups (p > 0.05). These findings
suggest that both EMDR and neurofeedback
interventions  significantly improved cognitive
performance compared with the control condition,
while their effectiveness did not significantly differ
from each other. Consequently, the study hypothesis
regarding differences in the effectiveness of the
interventions on cognitive performance was
supported.

Conclusion

The findings of the present study demonstrated that
Eye Movement Desensitization and Reprocessing
(EMDR) produced significant and positive effects on

the cognitive performance of female secondary
school students exhibiting internalizing and
externalizing behavioral problems. These results are
consistent with the studies of Baharvand et al. (2022),
Behnam-Moghadam et al. (2023, 2024), Gielkens et
al. (2023), Susanti et al. (2024), and Giannini et al.
(2025), which emphasize the role of EMDR in
improving verbal learning, visual attention, working
memory, and information processing. Theoretically,
internalizing behaviors such as anxiety and
depression, and externalizing behaviors such as
impulsivity and aggression, negatively affect
cognitive functions (Zahn-Waxler et al., 2000;
Achenbach, 2001). EMDR reduces anxiety, frees
cognitive resources, and enhances components such
as memory, attention, information processing,
problem-solving, and cognitive flexibility while
improving coordination between emotional and
cognitive networks (Kroen & Riederinghoff, 2011;
Ma et al., 2025).
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The study also revealed that neurofeedback had a
significant positive impact on cognitive performance,
supporting previous findings by Moradi et al. (2022),
Samadi-Tahergourabi &  Shakerinia  (2022),
Heydarpour et al. (2023), Matsuzaki et al. (2023),
Choi et al. (2023), and Amirshahi et al. (2024). Based
on self-regulation theory (Thompson & Thompson,
2003), operant conditioning (Sterman & Egner,
2009), and neurocognitive models (Ross et al., 2020),
neurofeedback facilitates the modification of
inefficient brain activation patterns and strengthens
multiple cognitive domains including working
memory,  attention, information  processing,
reasoning, verbal skills, and cognitive flexibility. By
enhancing prefrontal cortical functioning and
executive-emotion regulation networks,
neurofeedback improves adolescents’ abilities in
sustained attention, decision-making,
problem-solving, and emotional control.

This study had several limitations: the sample
included only female students, limiting the
generalizability of the findings to males and other age
groups. Environmental and psychological variables
such as family conditions, sleep quality, nutrition,
stress, and social support were not fully controlled,
and the follow-up period was relatively short.
Therefore, future studies should use more diverse
samples, apply stricter control of confounding
variables, and include longer follow-up assessments.
Practically, integrating neurofeedback and EMDR
within school counseling settings may enhance
students’ cognitive functioning and emotional
regulation. Additionally, implementing educational
programs that strengthen skills such as
problem-solving, planning, working memory, and
emotional regulation (e.g., mindfulness and impulse
control) may further increase the effectiveness of
these interventions.
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