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Background: Attention and concentration are among the most important cognitive functions affecting learning
and academic performance in elementary school students. Strengthening these functions during the early years
of schooling plays a significant role in improving educational processes and cognitive-behavioral adaptation. In
this regard, innovative interventions such as neurofeedback and Captain’s Log software have attracted increasing
attention in recent years as non-invasive approaches aimed at enhancing cognitive processes. Therefore,
examining their effectiveness in female elementary school students is of considerable scientific and practical
importance.

Aims: The present study was conducted to compare the effectiveness of neurofeedback and Captain’s Log
software in enhancing attention and concentration among female elementary school students.

Methods: This study employed a quasi-experimental design with pre-test, post-test, and a two-month follow-
up, along with a control group. The statistical population consisted of fourth-grade female elementary school
students in District 5 of Tehran during the 2019-2020 academic year. From among them, 90 students were
selected using a multi-stage cluster random sampling method and were randomly assigned to three groups:
Captain’s Log, neurofeedback, and control. The research instrument was the Continuous Performance Test
(Mackworth, 1984), which was used to assess attention and concentration. The first experimental group received
15 sessions of 30 to 40 minutes of training using Captain’s Log software, while the second experimental group
received 15 sessions of neurofeedback intervention. The control group received no intervention. Data were
analyzed using repeated measures analysis of variance (ANOVA) and Bonferroni and Tukey post hoc tests in
SPSS version 25.

Results: The results indicated that for both variables of attention and concentration, the effects of time, group,
and the time x group interaction were statistically significant (p < .05). In addition, the results of the Bonferroni
test showed that the mean differences among the pre-test, post-test, and follow-up stages were significant for
both variables (p <.05). Furthermore, the results of Tukey’s test revealed that neurofeedback was more effective
than Captain’s Log in improving attention and concentration (p <.05).

Conclusion: These findings indicate that interventions based on cognitive training and cognitive rehabilitation
can play an effective role in improving students’ cognitive functions, particularly in the domains of attention
and concentration. The superiority of neurofeedback may be attributed to its more direct impact on the regulation
of brain activity and the enhancement of cognitive self-regulation processes. Overall, the application of these
interventions, especially neurofeedback, may be considered an appropriate approach for improving the academic
and cognitive performance of elementary school students.
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Extended Abstract

Introduction

Attention and concentration are among the most
fundamental cognitive processes in childhood,
particularly during the elementary school years,
because a substantial part of students’ academic,
social, and behavioral learning depends on their
ability to sustain attention, focus on relevant stimuli,
ignore distracting information, and appropriately shift
attention across tasks (Lai & Chang, 2020). Students
with stronger attentional and concentration skills
generally demonstrate better performance in listening
to teachers’ instructions, completing assignments,
processing information, solving problems, retaining
learned materials, and actively participating in
educational activities (Kamadri et al., 2025). In
contrast, deficits in these abilities may contribute to
poor academic performance, reduced quality of
learning, inability to complete tasks, behavioral
disorganization, and interpersonal difficulties in the
school setting (Baker et al., 2022). Since elementary
school represents a sensitive developmental period
for the formation of foundational learning skills, self-
regulation, and cognitive discipline, enhancing
students’ attentional and concentration capacities
during this stage is of considerable educational and
preventive importance (Lestari et al., 2026; Rabiner
etal., 2016; Wang et al., 2023).

From a cognitive psychology perspective, attention
and concentration are multidimensional constructs
that encompass processes such as sustained attention,
selective attention, inhibitory control, cognitive
flexibility, processing speed, and working memory
(Laudon et al., 2020). In recent years, technology-
based and educational neuroscience approaches have
received increasing attention as non-invasive and
evidence-based methods for enhancing these
functions (Akbari Gharalrei et al., 2025). One such
method is neurofeedback, which operates by
recording the brain’s electrical activity and providing
visual or auditory feedback to help individuals
strengthen desirable patterns of brain activity and
modify inefficient ones (Zhao et al., 2025; Marzbani
etal., 2016). Accordingly, neurofeedback is regarded
as a form of neurocognitive training aimed at
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improving brain self-regulation and enhancing
attention, concentration, impulse control, and mental
vigilance in children with attentional difficulties
(Kuznetsova et al., 2026; Rajabi et al., 2015; Zhang
etal., 2025).

Alongside neurofeedback, Captain’s Log software
has also been used as a computerized cognitive
training tool to improve sustained attention, selective
attention, processing speed, working memory,
accuracy, response control, and problem-solving
abilities (Nazarboland et al., 2019; Kletman et al.,
2019). Through structured exercises, immediate
feedback, gradual increases in task difficulty, and
active cognitive engagement, this software may
contribute to the enhancement of attentional functions
(VanDoornetal., 2016; Rezaei et al., 2024; Sam-Nia
et al., 2021). Although both interventions are used to
improve attention and concentration, neurofeedback
primarily focuses on regulating brain activity and its
underlying neural mechanisms, whereas Captain’s
Log relies on performance-based cognitive exercises
(Kuznetsova et al., 2026; Rezaei et al., 2024).
Therefore, comparing the effectiveness of these two
approaches is important from both scientific and
practical perspectives, particularly because it remains
unclear which of them is more effective in
empowering attention and concentration among
female elementary school students. Accordingly, the
present study was conducted to examine whether
there is a difference between the effectiveness of
neurofeedback and Captain’s Log software in
improving attention and concentration in female
elementary school students.

Method

This study employed a quasi-experimental design
with pre-test, post-test, and follow-up assessments,
along with a control group. The statistical population
consisted of all fourth-grade female elementary
school students in District 5 of Tehran during the
2019-2020 academic year, from whom 90 students
were selected through multistage cluster random
sampling. Following the screening phase using the
Continuous Performance Test (CPT), students who
showed weaker performance on indices of attention
and response inhibition were selected as the final
sample and then randomly assigned to three groups of
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30: the neurofeedback group, the Captain’s Log
group, and the control group. Inclusion criteria
included being 10 to 12 years old, enrollment in the
fourth grade of elementary school, and obtaining
informed consent from both parents and students.
Exclusion criteria included absence from assessment
phases or intervention sessions, insufficient
cooperation that interfered with the research process,
or withdrawal from participation by either the student
or the parents.

The main research instrument was the Continuous
Performance Test (CPT), which was used to assess
focused attention, sustained attention, and response
inhibition through indices including omission errors,
commission errors, reaction time, and correct
responses. In the present study, the reliability of the
instrument was reported as 0.76 based on Cronbach’s
alpha. The neurofeedback intervention was
administered using the ProComp 2 device and based
on the beta—theta protocol across 15 sessions of 30 to
40 minutes each, with the aim of improving attention,
concentration, memory, and response inhibition
through the regulation of brain activity. The second
experimental group received Captain’s Log cognitive
rehabilitation software training (2014 version) over
the same number and duration of sessions, including
structured exercises designed to enhance functions
such as attention, working memory, processing speed,
and response control. The control group received no
intervention. After completion of the interventions,
post-test and follow-up assessments were conducted,
and the data were analyzed using repeated measures
analysis of variance in SPSS version 25.
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Results

The descriptive findings showed that the 90
participating students were equally distributed across
the three groups—Captain’s Log, neurofeedback, and
control (30 participants in each group)—and that the
mean ages of the groups were relatively similar. In
addition, the close pre-test means scores for attention

and concentration indicated relative group
homogeneity at baseline. At post-test, both
experimental groups demonstrated a marked

improvement in attention and concentration
compared with the control group, with the
neurofeedback group showing greater improvement
than the Captain’s Log group. At follow-up, although
a slight decline was observed in some mean scores,
the performance of both experimental groups
remained higher than at pre-test and higher than that
of the control group, indicating the relative stability
of the intervention effects. The results of the
statistical assumption tests further confirmed that all
assumptions required for repeated measures
multivariate analysis of variance were met, including
normality of data distribution, homogeneity of
variances, homogeneity of variance—covariance
matrices, absence of multicollinearity, homogeneity
of regression slopes, and sphericity. Moreover, the
multivariate analysis revealed that the effect of group
on the combined study variables was statistically
significant (p <.001), and the large effect size (0.845)
indicated that a substantial proportion of the
combined variance in the dependent variables was
attributable to differences among the groups.

Table 1. Results of Repeated Measures Analysis of Variance for Between-Group and Within-Group Differences

Component Source Sum of Squares df Mean Square F Sig. Eta
Within-group (Time) 223.674 2 111.837 37.830 .001 .303

Attention Between-group 225.452 2 112.726 13.139 .001 .232
Group x Time Interaction 217.926 4 54.481 18.429 .001 .298

Within-group (Time) 727.585 2 363.793 175.184 .001 .668

Concentration Between-group 127.141 2 63.570 12.464 .001 .223
Group x Time Interaction 227.081 4 56.770 27.338 .001 .386

The results presented in Table 1 showed that for both
components, attention and concentration, the effect of
time, the effect of group, and the group X time
interaction were all statistically significant (p <.001).
Specifically, for the variable of attention, the
significant within-group effect indicates that

participants’ scores changed significantly across the
three measurement stages: pre-test, post-test, and
follow-up. The significant between-group effect also
shows that, overall, there were significant differences
among the three groups: neurofeedback, Captain’s
Log, and control. Furthermore, the significance of the
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group x time interaction for attention indicates that
the pattern of score changes over time was not the
same across the groups. A similar pattern was
observed for concentration, such that temporal
changes, between-group differences, and the
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trajectories of change over time were all significant.
In terms of effect size, the largest eta value was
related to the within-group effect for concentration
(.668), indicating that time had a very strong
influence on changes in this variable.

Table 2. Bonferroni Post Hoc Test Results

Variable Pairwise Comparison Mean Difference  Standard Error Sig.
Pre-test — Post-test 0.900 0.207 .001
Attention Pre-test — Follow-up 2.930 0.281 .001
Post-test — Follow-up 2.030 0.239 .001
Pre-test — Post-test 1.500 0.181 .001
Concentration Pre-test — Follow-up 3.967 0.328 .001
Post-test — Follow-up 2.467 0.291 .001
The results of the Bonferroni post hoc test in Table 2 al.  (2025) regarding the effectiveness of

showed that the mean differences for both attention
and concentration were significant across all
measurement stages, namely pre-test, post-test, and
follow-up (p < .001). For attention, the mean
differences between pre-test and post-test, pre-test
and follow-up, and post-test and follow-up were all
statistically significant, indicating that attention
scores changed significantly over time and that each
of the three stages differed meaningfully from the
others. The same pattern was found for concentration,
with significant mean differences across all temporal
pairwise comparisons. Overall, these findings
indicate that the interventions produced significant
and lasting changes in the levels of attention and
concentration among the participants, and that these
changes persisted not only immediately after the
intervention but also at the follow-up stage.

Conclusion

This study was conducted to compare the
effectiveness of neurofeedback and Captain’s Log
software in enhancing attention and concentration
among female elementary school students. The
findings showed that for both attention and
concentration, the mean score differences across the
pre-test, post-test, and follow-up stages were
statistically significant. This finding is consistent with
the results reported by Moein et al. (2018), Ebrahimi
Jozani etal. (2021), Sam-Nia et al. (2021), and Rezaei
et al. (2024), and is also in line with the studies of
Wong et al. (2023), Smith et al. (2023), and Zhong et
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computerized cognitive training and neurofeedback
in improving attention and executive functions. This
result may be explained by the fact that attention and
concentration are core components of executive
functions and cognitive self-regulation (Diamond,
2013), and that both interventions, through cognitive
practice, continuous feedback, and active engagement
in cognitive tasks, contributed to improved
processing accuracy, response control, and mental
readiness (Marzbani et al., 2016; Sam-Nia et al.,
2021).

The second finding indicated that the effects of the
interventions were maintained at the follow-up stage.
This result is consistent with the studies of Smith et
al. (2023) and Wong et al. (2023), which emphasized
the durability of the effects of neurofeedback and
computerized cognitive training. Likewise, Kletman
et al. (2019) explained such persistence in terms of
the interaction between fast and slow learning
processes. This stability may be attributed to the fact
that, in neurofeedback, repeated sessions and ongoing
feedback gradually internalize the skill of self-
regulating brain activity (Marzbani et al., 2016; Zhao
et al., 2025), while in Captain’s Log, repeated
practice on attentional and cognitive tasks helps
consolidate more effective processing strategies.
Therefore, the persistence of the observed
improvements may be interpreted as evidence of a
deeper impact of these interventions on the
reorganization of attentional and concentration-
related processes, a matter of considerable



Journal of

developmental and educational significance (Laudon
etal., 2020; Komodari et al., 2025).

The third finding showed that although both
interventions were effective in improving attention
and concentration, neurofeedback was more effective
than Captain’s Log. This finding is consistent with the
results of Ebrahimi Jozani et al. (2021), as well as the
studies of Moein et al. (2018), Smith et al. (2023),
Zhong et al. (2025), and Zhao et al. (2025), all of
which identified neurofeedback as a more effective
intervention for improving attentional regulation,
cognitive control, and executive functioning. At the
same time, the studies by Sam-Nia et al. (2021) and
Rezaei et al. (2024) also confirmed the effectiveness
of Captain’s Log. The superiority of neurofeedback
may be attributed to its more direct influence on the
neural mechanisms underlying attention and
concentration and its role in training brain self-
regulation (Marzbani et al., 2016; Diamond, 2013;
Akbari Gharalrei et al., 2025), although Kuznetsova
et al. (2026) pointed to the heterogeneous nature of
learning in this method. Overall, these findings
underscore the importance of using non-invasive
interventions to enhance children’s cognitive
functioning. Nevertheless, the study had several
limitations, including the lack of examination of
transfer effects to academic skills, the absence of an
active control group, and the failure to account for
contextual variables. Accordingly, future studies are
recommended to adopt longer longitudinal designs,
more carefully control background variables, and
examine more diverse samples and outcome variables
in order to expand the evidence base in this field.
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