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This study aimed to investigate the effectiveness of executive function training on 

improving the dimensions of metacognition—positive beliefs about worry, thought 

controllability, cognitive uncertainty, need to control thoughts, and cognitive self-

consciousness—among elementary students with specific learning disabilities in 

Bandar Abbas. This quantitative study employed a semi-experimental pretest–

posttest design with a control group and a two-month follow-up. The statistical 

population included all elementary school students with learning disabilities in 

Bandar Abbas during the 2024–2025 academic year. Thirty students from the fifth 

and sixth grades were purposefully selected and randomly assigned to experimental 

and control groups (15 students each). The experimental group received ten sessions 

of executive function training, focusing on planning, self-monitoring, reflection, 

and cognitive flexibility, while the control group received no intervention. Data 

were collected using the Wells Metacognition Questionnaire (MCQ-30) and 

analyzed using descriptive statistics and multivariate covariance analysis 

(MANCOVA) with SPSS version 22. The results of MANCOVA showed a 

significant multivariate effect of the group on the combined metacognitive variables 

(Wilks’ Lambda = 0.461, F = 4.440, p = 0.008, η² = 0.539). Univariate analyses 

indicated significant group differences in all metacognitive subscales at the posttest 

stage: positive beliefs about worry (F = 10.898, p = 0.003, η² = 0.322), thought 

controllability (F = 6.335, p = 0.019, η² = 0.216), cognitive uncertainty (F = 4.987, 

p = 0.036, η² = 0.178), need to control thoughts (F = 9.688, p = 0.005, η² = 0.296), 

and cognitive self-consciousness (F = 5.892, p = 0.023, η² = 0.204). Executive 

function training significantly enhanced metacognitive abilities in students with 

learning disabilities, improving their self-regulation, cognitive control, and 

reflective awareness. Integrating such interventions into educational programs may 

promote cognitive flexibility and academic adaptation in children with learning 

challenges. 
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1. Introduction 

earning disabilities represent a significant challenge in 

childhood education, often characterized by deficits in 

executive functions, attention regulation, and metacognitive 

awareness, which collectively hinder academic performance 

and adaptive learning (Khan & Lal, 2023). Executive 

functions—encompassing cognitive flexibility, inhibitory 

control, and working memory—play a pivotal role in 

managing complex cognitive tasks, emotional responses, 

and goal-directed behaviors (Drigas & Karyotaki, 2019). In 

students with specific learning disorders, deficits in these 

functions often manifest as poor self-regulation, 

disorganized thinking, and difficulty in planning and 

monitoring learning processes (Baniasadi, 2024). 

Consequently, interventions that aim to strengthen executive 

functions and metacognitive skills have become central to 

educational and clinical efforts targeting cognitive and 

academic rehabilitation in this population (Davoodi et al., 

2023). 

Executive function training focuses on the enhancement 

of higher-order cognitive processes that enable individuals 

to plan, initiate, monitor, and adapt their behavior in 

dynamic environments (Fernandez-Duque et al., 2000). In 

neurocognitive frameworks, these skills are considered the 

control mechanisms that regulate other mental functions, 

forming the foundation for metacognitive processes such as 

self-awareness and strategic learning (Roebers, 2017). 

According to Fernandez-Duque and colleagues, executive 

attention acts as a supervisory system integrating 

metacognitive regulation with goal-oriented control 

(Fernandez-Duque et al., 2000). Similarly, Roebers 

proposed a unified framework in which executive 

functioning and metacognition represent two sides of 

cognitive self-regulation—one operational, managing 

mental activities in real time, and the other reflective, 

monitoring and evaluating cognitive performance (Roebers, 

2017). When these regulatory systems malfunction, as in the 

case of students with learning disabilities, the capacity to 

monitor comprehension, correct mistakes, and apply 

problem-solving strategies diminishes dramatically (Khan & 

Lal, 2023). 

Emerging research underscores that impaired executive 

functioning is closely tied to difficulties in metacognitive 

control, contributing to reduced academic motivation, poor 

attention span, and maladaptive emotional reactions 

(Cécillon et al., 2024). Cécillon et al. demonstrated that the 

interaction between executive dysfunctions and maladaptive 

metacognitive beliefs can exacerbate anxiety and impair 

emotion regulation, both of which influence academic 

achievement. These findings emphasize the 

interconnectedness of emotional and cognitive regulation 

systems in the learning process. Kraft et al. further 

confirmed that dysfunctional metacognitive beliefs, such as 

negative assumptions about one’s ability to control thoughts, 

are associated with diminished executive control, suggesting 

a reciprocal influence between these domains (Kraft et al., 

2017). This reciprocal relationship is central to 

understanding how metacognitive training can enhance 

executive regulation, as improved self-reflection and 

monitoring can strengthen task persistence and error 

correction. 

Interventions designed to improve executive functions 

have shown considerable promise in enhancing academic 

performance and adaptive functioning in children with 

neurodevelopmental and learning disorders. For instance, 

Tamm et al. developed a metacognitive executive function 

training program for children with ADHD, which yielded 

significant improvements in attention regulation and 

working memory performance (Tamm et al., 2012). 

Similarly, Saleh Al Rasheed and Hanafy examined brain-

based instruction strategies aimed at stimulating executive 

circuits and observed measurable gains in cognitive 

flexibility and habits of mind among children at risk for 

learning disabilities (Saleh Al Rasheed & Hanafy, 2023). 

These interventions often emphasize core elements of 

executive training—goal setting, monitoring, reflection, and 

cognitive restructuring—thereby enabling children to gain 

better control over their learning processes and responses to 

academic challenges (Drigas & Karyotaki, 2019). 

Within the context of learning disabilities, the 

relationship between executive function and metacognition 

becomes especially critical. Students with specific learning 

disorders frequently display difficulties in initiating 

strategies, sustaining effort, and evaluating task outcomes 

(Khan & Lal, 2023). Research by Kokabi Rahman and 

colleagues demonstrated that instruction focused on 

cognitive and metacognitive strategies significantly 

improved academic motivation and engagement in students 

with learning disabilities, supporting the premise that 

interventions targeting both executive and metacognitive 

components can foster meaningful cognitive and behavioral 

improvements (Kokabi Rahman et al., 2023). Similarly, 

Esmaeilian Anvar et al. found that a lateral dominance 

enhancement training program led to significant 

improvement in executive functions and visual perception in 

L 
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children with specific learning disorders, highlighting the 

neuroplastic potential of structured executive training in this 

group (Esmaeilian Anvar et al., 2024). 

From a cognitive neuroscience perspective, executive 

functions and metacognition share overlapping neural 

substrates, particularly within the prefrontal cortex, anterior 

cingulate cortex, and parietal regions (Haugen et al., 2023). 

Haugen et al. observed that targeted metacognitive strategy 

training produced measurable changes in executive 

functioning among individuals at risk for psychosis, 

suggesting that cognitive regulation mechanisms can be 

strengthened through structured interventions. Likewise, 

neuropsychological research shows that deficits in executive 

functioning in learning-disabled children often result from 

underactivation in these same cortical networks, leading to 

impaired working memory and inhibitory control (Barua et 

al., 2020). Training interventions that stimulate prefrontal 

activity through repetitive cognitive tasks and strategic 

thinking exercises have been found to restore regulatory 

balance and enhance metacognitive awareness, thus 

facilitating better academic performance (Babaei et al., 

2024). 

Empirical findings support the idea that improvements in 

executive functions can lead to enhanced metacognitive 

performance, which, in turn, influences emotional well-

being and cognitive endurance. Babaei et al. employed a 

hybrid SEM–ANN model to demonstrate that theory of mind 

mediates the relationship between executive functioning and 

emotional burnout, highlighting the complexity of the 

cognitive–affective interface (Babaei et al., 2024). Similarly, 

Lievore’s work on children with autism and learning 

disorders revealed that deficits in executive functioning 

negatively affect the ability to recognize emotions from 

facial cues, which can further impair social cognition and 

emotional regulation (Lievore, 2024). These findings 

indicate that executive function training not only benefits 

cognitive performance but also contributes to the 

development of emotional intelligence and adaptive social 

behavior. 

In educational settings, promoting metacognitive skills 

has been recognized as an effective strategy to enhance 

learning outcomes and self-efficacy. Zhou et al., through a 

meta-analytical study, found that metacognitive 

interventions significantly reduce procrastination and 

increase goal-directed academic behavior (Zhou et al., 

2022). Similarly, Baniasadi’s research highlighted that 

children with higher physical activity levels exhibit better 

executive function and working memory, suggesting that 

executive capacity can be strengthened through multimodal 

approaches combining cognitive, behavioral, and physical 

elements (Baniasadi, 2024). Furthermore, Davoodi et al. 

compared the effects of metacognitive versus executive 

training in patients with coronary artery disease and found 

that both modalities enhanced biological markers of self-

regulation, reinforcing the idea that these cognitive domains 

are mutually reinforcing (Davoodi et al., 2023). 

The theoretical foundation of the present study rests on 

the integrative model of executive function and 

metacognition, which conceptualizes these processes as 

hierarchical systems of cognitive regulation (Roebers, 

2017). Executive functions are responsible for initiating and 

coordinating actions, while metacognition provides the 

reflective capacity to monitor and adjust those actions based 

on performance feedback (Fernandez-Duque et al., 2000). 

This dual-level framework supports the design of 

interventions that train both awareness and regulation, 

ensuring that students can consciously manage cognitive 

challenges and develop adaptive strategies for academic 

success (Drigas & Karyotaki, 2019). 

The city of Bandar Abbas, with its diverse educational 

context, offers an appropriate setting for applying such 

interventions to address the challenges faced by students 

with specific learning disabilities. Given the increasing 

recognition of executive dysfunction and metacognitive 

deficits as key determinants of learning difficulties, 

designing evidence-based educational interventions 

becomes a national and pedagogical priority (Davoodi et al., 

2023). The current study aims to assess the effectiveness of 

an executive function training program in improving various 

dimensions of metacognition—positive beliefs about worry, 

thought controllability, cognitive uncertainty, need to 

control thoughts, and cognitive self-consciousness—among 

students with learning disabilities.  

2. Methods and Materials 

2.1. Study Design and Participants 

This research employed a quantitative semi-experimental 

design using a pretest-posttest framework with a control 

group and a two-month follow-up assessment. The 

independent variable was executive function training, which 

was administered exclusively to the experimental group, 

while its effects were evaluated through posttest and follow-

up scores. The statistical population consisted of all 

elementary school students with specific learning disabilities 

in Bandar Abbas during the 2024–2025 academic year. The 
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sampling method was purposive and non-probabilistic, as 

the study aimed to examine the impact of executive function 

training among students formally diagnosed with learning 

disabilities. 

The sampling process began with official coordination 

with the Department of Exceptional Education in Bandar 

Abbas and formal authorization from relevant educational 

authorities. Learning disorder centers willing to cooperate 

were identified, and one center was purposefully selected as 

the research site. After obtaining consent from 

administrators and parents, 30 students from the fifth and 

sixth grades were randomly chosen and equally divided into 

an experimental group and a control group, each containing 

15 participants. In the first session, the researcher introduced 

the research objectives and procedures to the participants, 

followed by the administration of a pretest for both groups. 

Subsequently, the experimental group received structured 

executive function training sessions, while the control group 

did not receive any intervention. Upon completion of the 

training period, a posttest was conducted for both groups, 

and their pretest and posttest scores were compared to 

evaluate the intervention’s impact. 

Participants included only students who met specific 

inclusion criteria: a stable learning disorder in one or more 

academic domains such as reading, writing, or mathematics 

for at least six months; significant impairment in academic 

achievement that interfered with school performance or 

daily functioning; and the absence of intellectual disabilities, 

visual or auditory impairments, psychiatric disorders, 

neurological conditions, language or dialectal differences, or 

lack of access to adequate education. Additional inclusion 

criteria required an official diagnosis of a specific learning 

disorder based on DSM-5 standards, verified by a clinical 

psychologist at the respective center, and written parental 

consent for participation. Exclusion criteria included 

missing more than three training sessions (with tardiness 

exceeding 30 minutes considered an absence) and the 

presence of psychological disorders diagnosed by a clinical 

psychologist. 

2.2. Measures 

The principal instrument used for data collection was the 

Wells Metacognition Questionnaire (MCQ-30), developed 

by Wells in 1997. This 30-item self-report scale assesses 

individuals’ beliefs about their thinking processes across 

five dimensions. Responses are rated on a four-point Likert 

scale ranging from 1 (do not agree) to 4 (agree very much). 

The subscales include positive beliefs about worry (items 1, 

7, 10, 19, 23, 28), negative beliefs about uncontrollability 

and danger of thoughts (items 2, 4, 9, 11, 15, 21), cognitive 

confidence (items 8, 14, 17, 24, 26, 29), need to control 

thoughts (items 6, 13, 20, 22, 25, 27), and cognitive self-

consciousness (items 3, 5, 12, 16, 18, 30). Higher scores on 

each subscale reflect stronger metacognitive beliefs within 

that dimension. In previous studies, Wells and Cartwright-

Hatton (2004) reported Cronbach’s alpha reliability 

coefficients ranging from 0.76 to 0.93 for the total scale and 

its subscales, with test-retest reliability reported as 0.75 

overall and between 0.59 and 0.87 for the subscales. In 

Iranian samples, the overall Cronbach’s alpha coefficient has 

been reported at 0.91, indicating excellent internal 

consistency. Subscale reliability coefficients for 

uncontrollability, positive beliefs, cognitive awareness, 

cognitive confidence, and need to control thoughts were 

0.87, 0.86, 0.81, 0.80, and 0.71 respectively, confirming the 

instrument’s cultural and psychometric validity for the local 

context. The questionnaire was administered as both a 

pretest and posttest to all participants under standard 

conditions in a quiet classroom setting, with the researcher 

available to clarify any questions. 

2.3. Intervention 

The intervention consisted of ten structured training 

sessions designed to enhance executive functions and 

metacognitive abilities among students with learning 

disabilities. In the first session, students were introduced to 

the researcher, the purpose of the program, and the 

importance of metacognitive strategies and working 

memory, explained in simple terms suitable for their age. 

The second session began with a review of the previous 

lesson, followed by a discussion of the students’ personal 

and academic challenges. Two core metacognitive steps 

were introduced: pausing to think about a problem and 

identifying the nature of the situation, illustrated with 

practical examples such as difficulties in understanding a 

lesson or managing anger toward classmates. The third 

session expanded on steps three and four—generating 

possible solutions and predicting their outcomes—using 

examples related to planning daily tasks, speaking in groups, 

and reviewing class content. The fourth session introduced 

steps five and six, focusing on understanding others’ feelings 

and linking past experiences to new situations, with 

examples of appropriate classroom behavior. The fifth 

session emphasized the seventh step, teaching students to 

https://portal.issn.org/resource/ISSN/3060-6713
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revise or change their approach when unsuccessful, followed 

by a comprehensive review of all previous steps. The sixth 

session shifted focus to working memory enhancement 

through rehearsal, mental repetition, and grouping strategies, 

supported by visual materials and memory exercises. In the 

seventh session, students practiced visualization techniques 

to strengthen memory retention by associating words and 

images, along with concentration exercises such as counting 

backward from twenty. The eighth session involved 

categorization and grouping activities to facilitate 

information storage and retrieval, including memory card 

games and numerical sequencing tasks. The ninth session 

concentrated on improving attention and observation skills 

through the description of objects and environments to 

develop cognitive awareness. Finally, the tenth session was 

devoted to reviewing, integrating, and consolidating all 

learned strategies, ensuring that students could apply 

executive function and metacognitive techniques 

independently in their academic and personal contexts. 

2.4. Data Analysis 

Data analysis was performed using both descriptive and 

inferential statistical methods. Descriptive statistics, 

including mean, standard deviation, frequency, and 

percentage, were used to summarize demographic and 

baseline characteristics of participants as well as pretest and 

posttest score distributions. Inferential analysis involved 

covariance analysis (ANCOVA) to test the main research 

hypotheses and to determine whether the intervention 

produced significant differences between the experimental 

and control groups after adjusting for pretest scores. Prior to 

conducting ANCOVA, the assumptions of homogeneity of 

variances and linear relationships were tested using 

Levene’s test to ensure statistical validity. 

All data were analyzed using SPSS software version 22. 

Effect sizes were computed to estimate the magnitude of 

training impact on metacognitive dimensions. In addition to 

the posttest comparison, a follow-up assessment was 

conducted two months after the posttest to examine the 

persistence of training effects over time. The use of both 

posttest and follow-up measures allowed for evaluating not 

only immediate improvements but also the durability of 

executive function training outcomes in students with 

learning disabilities. 

3. Findings and Results 

The findings of the present study aim to evaluate the 

effectiveness of executive function training on the 

metacognitive dimensions of students with learning 

disabilities. Descriptive statistics were first used to 

summarize the mean and standard deviation scores of both 

the experimental and control groups in the pretest and 

posttest stages. Table 1 presents the descriptive results of all 

metacognitive variables—positive beliefs about worry, 

thought controllability, cognitive uncertainty, need to 

control thoughts, and cognitive self-consciousness—across 

both measurement stages for each group. 

Table 1 

Descriptive Statistics of Metacognition Scores at Pretest and Posttest for Experimental and Control Groups 

Group Variable Pretest Mean Pretest SD Posttest Mean Posttest SD 

Control Positive beliefs about worry 11.53 3.998 11.93 4.061 

Control Thought controllability 13.47 3.357 13.93 3.127 

Control Cognitive uncertainty 12.43 3.461 12.94 3.497 

Control Need to control thoughts 10.53 3.270 10.89 2.960 

Control Cognitive self-consciousness 10.13 3.420 9.73 2.939 

Control Total metacognition 58.10 7.683 59.43 8.808 

Experimental Positive beliefs about worry 12.27 3.173 15.20 3.098 

Experimental Thought controllability 13.80 3.509 16.60 3.112 

Experimental Cognitive uncertainty 11.98 4.309 14.39 3.969 

Experimental Need to control thoughts 10.87 2.722 13.80 2.757 

Experimental Cognitive self-consciousness 9.60 3.225 12.20 3.895 

Experimental Total metacognition 58.51 5.995 72.19 7.772 
 

The descriptive results in Table 1 show that the mean 

scores of all metacognitive dimensions increased in the 

experimental group after receiving executive function 

training, while the control group showed minimal changes 

between pretest and posttest. Specifically, the largest 

posttest improvements were observed in positive beliefs 

about worry (from 12.27 to 15.20), thought controllability 

(from 13.80 to 16.60), and total metacognition (from 58.51 
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to 72.19). In contrast, the control group exhibited only 

negligible increases, such as in total metacognition (from 

58.10 to 59.43). These results indicate that the executive 

function training program effectively enhanced students’ 

metacognitive abilities across all components, suggesting 

improved awareness, regulation, and control of cognitive 

processes as a result of the intervention. 

Before conducting the main inferential analysis, the 

statistical assumptions underlying the use of covariance 

analysis (ANCOVA) were carefully examined to ensure the 

validity of the results. The normality of the data distribution 

for all metacognitive variables was assessed using the 

Kolmogorov–Smirnov test, which confirmed that the data 

were approximately normally distributed in both groups at 

the pretest and posttest stages. The assumption of 

homogeneity of variances was verified through Levene’s 

test, indicating no significant differences in variance 

between the experimental and control groups across the 

dependent variables, thus confirming equality of variances. 

In addition, the assumption of homogeneity of regression 

slopes was examined and found to be satisfied, 

demonstrating that the relationship between pretest and 

posttest scores was consistent across groups. Furthermore, 

the linearity assumption between covariate (pretest scores) 

and dependent variable (posttest scores) was confirmed 

through scatterplot inspection. These diagnostic tests 

collectively verified that the data met the essential 

assumptions required for conducting ANCOVA, ensuring 

the robustness and reliability of the subsequent inferential 

analysis. 

Table 2 

Results of Multivariate Covariance Analysis (MANCOVA) for Comparing Metacognitive Dimensions between Experimental and Control 

Groups 

Effect Test Value F df Effect df Error Sig. Effect Size 

Group Pillai’s Trace 0.539 4.440 5 19 0.008 0.539  

Wilks’ Lambda 0.461 4.440 5 19 0.008 0.539  

Hotelling’s Trace 1.168 4.440 5 19 0.008 0.539  

Roy’s Largest Root 1.168 4.440 5 19 0.008 0.539 

 

The results of the multivariate analysis of covariance 

(Table 2) showed a statistically significant multivariate 

effect of the group factor on the combined metacognitive 

variables, as indicated by all four multivariate test criteria 

(Pillai’s Trace = 0.539, Wilks’ Lambda = 0.461, Hotelling’s 

Trace = 1.168, Roy’s Largest Root = 1.168; F = 4.440, p = 

0.008). These results suggest that, collectively, the executive 

function training program produced a significant overall 

improvement in the dimensions of metacognition compared 

to the control group. 

Table 3 

Tests of Between-Subjects Effects for Comparing Metacognitive Dimensions between Experimental and Control Groups at Posttest 

Variable Source Sum of Squares df Mean Square F Sig. Effect Size 

Positive beliefs about worry Between groups 57.102 1 57.102 10.898 0.003 0.322  

Error 120.509 23 5.240 

   

Thought controllability Between groups 42.045 1 42.045 6.335 0.019 0.216 

 

The univariate between-subjects analyses presented in 

Table 3 further clarified the specific dimensions affected by 

the intervention. Significant differences were observed 

between the experimental and control groups in all five 

dimensions of metacognition at the posttest stage: positive 

beliefs about worry (F = 10.898, p = 0.003, η² = 0.322), 

thought controllability (F = 6.335, p = 0.019, η² = 0.216), 

cognitive uncertainty (F = 4.987, p = 0.036, η² = 0.178), need 

to control thoughts (F = 9.688, p = 0.005, η² = 0.296), and 

cognitive self-consciousness (F = 5.892, p = 0.023, η² = 

0.204). The reported effect sizes indicate that the largest 

impacts were found for positive beliefs about worry and 

need to control thoughts, suggesting that the training 

substantially improved students’ adaptive metacognitive 

regulation. Overall, these findings confirm that the executive 

function training significantly enhanced all measured 

aspects of metacognition among students with learning 

disabilities, thereby supporting the main hypothesis of the 

study. 
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4. Discussion and Conclusion 

The purpose of this study was to examine the 

effectiveness of executive function training on the 

metacognitive dimensions of students with learning 

disabilities in Bandar Abbas. The findings demonstrated that 

the intervention significantly improved students’ overall 

metacognitive performance, as reflected in increased 

posttest scores across all dimensions—positive beliefs about 

worry, thought controllability, cognitive uncertainty, need to 

control thoughts, and cognitive self-consciousness. The 

multivariate analysis of covariance confirmed a strong 

overall group effect, suggesting that executive function 

training had a substantial impact on cognitive self-regulation 

and reflective awareness. This outcome supports the 

growing body of literature indicating that executive function 

enhancement can lead to broad improvements in 

metacognitive processes and academic self-management 

(Fernandez-Duque et al., 2000; Roebers, 2017). 

The significant increase in total metacognition scores 

following the intervention implies that training executive 

functions fosters better planning, monitoring, and evaluation 

of thinking processes. These findings are consistent with 

theoretical models positing a hierarchical relationship 

between executive functions and metacognition, where the 

former provides the operational control necessary for 

implementing the latter (Roebers, 2017). Fernandez-Duque 

and colleagues emphasized that executive attention serves as 

the supervisory system through which individuals regulate 

their thought processes and emotional states (Fernandez-

Duque et al., 2000). Similarly, Kraft et al. argued that 

dysfunctional metacognitive beliefs are often associated 

with diminished executive control, while improvement in 

one domain can catalyze the development of the other (Kraft 

et al., 2017). In this study, the observed improvements in 

metacognitive beliefs such as thought controllability and 

cognitive self-consciousness suggest that executive function 

training enhances the ability to reflect on, monitor, and 

modify one’s cognitive strategies during learning activities. 

One of the most notable findings of this research was the 

substantial increase in positive beliefs about worry and 

thought controllability in the experimental group compared 

to the control group. This result may reflect the capacity of 

executive function training to reduce cognitive rigidity and 

improve flexible thinking. According to Cécillon et al., there 

is a strong interrelation between metacognitive beliefs, 

emotional regulation, and executive control, where 

improvements in executive functioning can mitigate 

maladaptive beliefs about cognition and anxiety (Cécillon et 

al., 2024). The training sessions in the present study 

emphasized pausing, reflecting, evaluating possible 

outcomes, and modifying problem-solving approaches—

core skills that foster cognitive flexibility and self-

regulation. These mechanisms likely helped students 

reinterpret their worries and manage thought patterns more 

effectively, which explains the observed enhancement in 

adaptive metacognitive beliefs. Similar effects have been 

reported in neurocognitive studies, where executive function 

interventions were found to improve not only cognitive 

monitoring but also emotional regulation and resilience 

(Haugen et al., 2023). 

Moreover, the significant improvement in the “need to 

control thoughts” and “cognitive self-consciousness” 

subscales indicates that executive function training promotes 

both awareness and acceptance of cognitive experiences. 

Drigas and Karyotaki emphasized that executive functioning 

and problem-solving share a bidirectional relationship, such 

that enhancement of one strengthens the other, leading to 

improved reflective awareness (Drigas & Karyotaki, 2019). 

Through guided reflection, goal setting, and cognitive 

monitoring exercises, participants in this study were likely 

able to internalize strategies for managing distractions, 

sustaining attention, and evaluating their mental 

performance. This aligns with the findings of Tamm et al., 

who demonstrated that metacognitive executive function 

training significantly improved working memory and 

attention regulation in children with ADHD (Tamm et al., 

2012). The overlap between attention control and 

metacognitive monitoring may explain why students in the 

experimental group exhibited sustained gains across 

multiple cognitive domains. 

The improvement in cognitive uncertainty observed 

among the participants reflects enhanced cognitive 

confidence—a key marker of metacognitive growth. In 

learning-disabled students, uncertainty often stems from a 

lack of self-efficacy and poor strategy awareness (Khan & 

Lal, 2023). The structured intervention in this study, which 

emphasized repeated reflection and problem-solving tasks, 

appears to have strengthened students’ confidence in their 

cognitive processes. This finding is supported by Kokabi 

Rahman et al., who found that teaching cognitive and 

metacognitive strategies improved academic motivation and 

engagement in students with specific learning disorders 

(Kokabi Rahman et al., 2023). Likewise, Esmaeilian Anvar 

et al. observed that targeted training programs designed to 

enhance lateral dominance significantly improved executive 

https://portal.issn.org/resource/ISSN/3060-6713
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functioning and perceptual processing in children with 

learning disorders (Esmaeilian Anvar et al., 2024). Together, 

these studies reinforce the notion that structured executive 

training can foster both confidence and competence in 

cognitive regulation. 

The results of the current study also contribute to the 

understanding of how executive function training impacts 

the emotional and motivational aspects of learning. Positive 

beliefs about worry and thought controllability are strongly 

related to the learner’s perception of control over academic 

challenges. According to Saleh Al Rasheed and Hanafy, 

interventions that stimulate executive circuits through brain-

based instruction can strengthen habits of mind and self-

regulatory capacity in children at risk for learning disabilities 

(Saleh Al Rasheed & Hanafy, 2023). This parallels the 

outcomes of the present study, where the inclusion of 

reflection and self-assessment tasks may have enhanced 

participants’ emotional regulation, helping them perceive 

learning challenges as manageable rather than 

overwhelming. Barua et al. similarly demonstrated that 

adolescents with obsessive-compulsive disorder who 

underwent metacognitive and executive control training 

exhibited reduced intrusive thinking and improved thought 

management strategies (Barua et al., 2020). Therefore, the 

observed gains in metacognitive beliefs among the current 

participants likely reflect a more adaptive balance between 

cognitive control and emotional processing. 

Another important dimension of these results lies in the 

developmental relationship between executive functions and 

metacognition across the lifespan. Roebers proposed that 

executive and metacognitive processes develop 

interdependently, with improvements in working memory, 

inhibition, and cognitive flexibility leading to enhanced self-

regulation and awareness (Roebers, 2017). The significant 

gains observed in the present study among primary school 

children indicate that these processes can be cultivated 

effectively at an early age, particularly through structured 

cognitive training. Baniasadi’s research supports this 

developmental perspective, showing that children with 

higher levels of physical activity—a factor known to 

strengthen executive control—also exhibit better 

metacognitive performance (Baniasadi, 2024). Similarly, 

Davoodi et al. found comparable effects of both executive 

and metacognitive training on biological markers of self-

regulation in adults, implying that these cognitive domains 

are mutually reinforcing across different populations 

(Davoodi et al., 2023). 

Furthermore, the results of this study underscore the 

neurocognitive mechanisms linking executive function 

enhancement and metacognitive development. Haugen et al. 

highlighted that metacognitive strategy training modulates 

neural circuits associated with executive control, resulting in 

sustained cognitive improvements (Haugen et al., 2023). 

Such findings align with the assumption that the repetitive 

engagement of executive circuits during training sessions 

promotes synaptic efficiency in prefrontal regions, which in 

turn supports self-monitoring and reflective awareness. 

Lievore’s recent study further elaborates on this neural 

association, showing that deficits in executive functioning 

hinder emotion recognition and social cognition among 

individuals with learning and developmental disorders 

(Lievore, 2024). In this context, the current study’s findings 

suggest that executive function training contributes not only 

to academic performance but also to emotional and 

interpersonal competence through strengthened 

metacognitive processes. 

The current results also resonate with recent findings that 

link theory of mind and executive functions as key mediators 

of adaptive learning and emotional adjustment. Babaei et al. 

demonstrated through a structural equation and neural 

network model that theory of mind mediates the relationship 

between executive functioning and emotional burnout 

(Babaei et al., 2024). This conceptual link supports the idea 

that executive function training indirectly enhances 

emotional self-regulation and social cognition, both of 

which are vital for students with learning disabilities. In the 

same vein, Zhou et al. showed that metacognitive awareness 

serves as a protective factor against procrastination and self-

doubt, promoting goal-directed behavior in academic 

settings (Zhou et al., 2022). By fostering conscious 

reflection on thought processes and behavioral outcomes, the 

executive function training in the present study likely 

empowered students to approach learning tasks more 

proactively and confidently. 

Overall, the convergence of findings across studies 

suggests that executive function training has a 

multidimensional influence on cognition, emotion, and 

behavior. The significant improvement in all five 

metacognitive subscales in this study mirrors earlier 

evidence that executive interventions can yield holistic 

cognitive gains. These outcomes reinforce Roebers’s 

integrative framework of cognitive self-regulation, which 

proposes that metacognition and executive control operate 

as complementary systems facilitating adaptive learning 

(Roebers, 2017). The training model applied here—focusing 

https://portal.issn.org/resource/ISSN/3060-6713
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on reflection, self-monitoring, emotional awareness, and 

behavioral adjustment—successfully operationalized this 

theoretical model in a practical educational context. 

Despite its promising results, this study has several 

limitations that should be acknowledged. The sample size 

was relatively small and limited to a single city (Bandar 

Abbas), which restricts the generalizability of the findings to 

broader populations. Additionally, the use of a quasi-

experimental design with non-randomized group assignment 

may have introduced selection bias despite matching 

procedures. The reliance on self-report measures, such as the 

Wells Metacognition Questionnaire, may have been 

influenced by social desirability or comprehension 

limitations among younger participants. Moreover, the study 

did not include a long-term follow-up beyond two months to 

assess the durability of the intervention effects. Another 

limitation pertains to the absence of neurocognitive or 

behavioral performance data, which could have provided 

more objective evidence of executive function improvement. 

Finally, potential contextual factors—such as teacher 

support, home environment, and socio-economic 

background—were not controlled and may have moderated 

the observed effects. 

Future studies should employ larger, more diverse 

samples across different educational and cultural contexts to 

enhance external validity. Longitudinal research designs are 

recommended to examine the sustainability of cognitive and 

metacognitive improvements over extended periods. 

Additionally, integrating neuroimaging or behavioral 

assessment tools could help identify neural and 

performance-based correlates of executive function training 

outcomes. Comparative studies that test the differential 

effects of executive, metacognitive, and emotional 

regulation training could provide deeper insights into their 

unique and shared mechanisms. Moreover, exploring the 

role of mediating variables such as self-efficacy, motivation, 

and theory of mind could further elucidate the pathways 

linking executive function development to academic 

success. Including teacher training and parent involvement 

components may also enhance the ecological validity and 

real-world applicability of such interventions. 

Practically, the results of this study highlight the 

importance of incorporating executive function and 

metacognitive training into school curricula for students 

with learning disabilities. Educators and school 

psychologists should design interventions that integrate 

goal-setting, reflective thinking, problem-solving, and 

emotional regulation exercises into daily classroom 

activities. Small-group or individualized sessions can 

provide opportunities for modeling, feedback, and 

reinforcement of cognitive strategies. Training programs 

should use age-appropriate, engaging, and contextually 

relevant materials to ensure transfer of learned skills to real-

life academic situations. Furthermore, collaboration between 

teachers, parents, and mental health professionals is crucial 

for sustaining the cognitive and emotional benefits of such 

training beyond the classroom setting. By embedding 

executive and metacognitive skill-building into educational 

practice, schools can promote self-regulated learning and 

enhance the academic resilience of students with learning 

disabilities. 
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