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Abstract

Purpose: The present study aimed to investigate the effectiveness of an educational package based on
concept mapping on improving the higher-order cognitive and metacognitive functions of 9th-grade students
in mathematics.

Methodology: This study employed a quasi-experimental design with pre-test and post-test measures
alongside a control group. The statistical population consisted of all ninth-grade middle school students in
Sanandaj during the 2023—2024 academic year. A total of 40 students were selected through convenience
sampling and randomly assigned to experimental and control groups. The experimental group received
training based on the concept mapping educational package, whereas the control group continued with
conventional instruction. Data collection instruments included the Nejati Cognitive Abilities Questionnaire
and the Brown Metacognitive Skills Questionnaire. Data were analyzed using analysis of covariance
(ANCOVA) in SPSS-26 software.

Findings: The results of covariance analysis demonstrated a significant difference between the experimental
and control groups in higher-order cognitive functions after controlling for pre-test scores (p<<0.001,
1?=0.779). In addition, concept map-based instruction had a significant positive effect on higher-order
metacognitive functions (p<0.001, 12=0.793). Adjusted mean scores indicated that the experimental group
outperformed the control group in both variables, confirming the effectiveness of the educational
intervention in enhancing cognitive processing, mental organization, self-regulation, and learning skills
among students.

Conclusion: The findings suggest that educational packages based on concept mapping can enhance students’
mental performance through meaningful learning, knowledge organization, and reinforcement of cognitive
and metacognitive strategies. Therefore, integrating concept maps into mathematics instruction and
educational curricula can serve as an effective strategy for improving learning quality and strengthening
students’ higher-order cognitive abilities.
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Detailed Abstract
Introduction

Contemporary educational systems increasingly emphasize meaningful learning, active participation, and higher-order thinking rather
than rote memorization and passive reception of information. Within this framework, constructivist learning approaches highlight the
importance of learners’ active engagement in organizing, interpreting, and integrating knowledge into existing cognitive structures (Seif,
2015; Wena et al., 2014). Mathematics education, in particular, requires instructional strategies that facilitate conceptual understanding
and reduce fragmented learning experiences. Many students encounter significant difficulties in mathematics because concepts are often
presented in isolated and abstract forms, leading to cognitive overload, weak comprehension, and limited problem-solving ability
(Nourbakhsh et al., 2015; Young & Van Merrienboer, 2014). Consequently, educational researchers have increasingly explored

instructional methods capable of improving cognitive organization and fostering deep learning.

Concept mapping has emerged as one of the most effective educational tools in this regard. Concept maps are graphical representations
that display relationships among concepts through hierarchical and interconnected structures (Ullah, 2020). Rooted in Ausubel’s theory
of meaningful learning, concept mapping enables learners to connect new knowledge to prior cognitive schemas, thereby enhancing
understanding and retention. Researchers have argued that concept maps not only facilitate knowledge representation but also promote

analytical thinking, cognitive flexibility, and self-regulated learning (Katagall et al., 2015; Roira, 2016). Because of their visual and
structural nature, concept maps allow students to identify conceptual relationships more effectively and organize information in

meaningful ways.

Higher-order cognitive functions such as attention control, planning, decision-making, cognitive flexibility, and problem-solving are
essential for successful academic performance. These cognitive processes enable students to analyze information, evaluate alternatives,

and apply knowledge in novel situations. Similarly, metacognitive functions—including self-monitoring, planning, regulation, and

evaluation of learning processes—play a central role in academic achievement and independent learning (Seif, 2015). Students with
stronger metacognitive skills are generally more capable of managing their learning activities, identifying weaknesses, and selecting
appropriate learning strategies. Therefore, instructional approaches that simultancously strengthen cognitive and metacognitive capacities

are highly valuable in educational contexts.

Several studies have demonstrated the effectiveness of concept mapping in improving learning outcomes and cognitive functioning.
Moradi et al. reported that concept-map-enriched instruction significantly improved learning, retention, and cognitive load management
among students with intellectual disabilities (Moradi et al., 2022). Hamidi et al. found that concept map training enhanced elementary
students’ problem-solving abilities (Hamidi et al., 2019). Similarly, Zare Nasab showed that concept mapping improved mathematical
self-concept and problem-solving performance among clementary school students (Zare Nasab, 2022). Aflaki Fard and Noshadi also
demonstrated that concept mapping instruction positively influenced self-regulation and academic self-concept (Aflaki Fard & Noshadi,
2022). In another study, Valinia and Bakhshesh concluded that concept-map-based cognitive and metacognitive instruction enhanced
students’ cognitive and metacognitive strategies (Valinia & Bakhshesh, 2022).

International evidence also supports the effectiveness of concept mapping. Lin et al. found that concept maps enhanced nursing students’
confidence and learning quality (Lin et al., 2022). Mata et al. reported that combining movies with concept maps improved bioscience
learning among nursing students (Mata et al., 2022). Su and Long concluded that concept maps were more effective than text-based
cognitive tools in improving pre-service teachers’ argumentation skills (Su & Long, 2021). Furthermore, Wang et al. emphasized the
role of concept maps in knowledge representation and semantic inference (Wang et al., 2016). Recent meta-analytic findings have also

confirmed the significant positive effect of concept mapping on students’ achievement in STEM education (Wang et al., 2025).

Despite the growing body of evidence, the application of concept-map-based educational packages in Iranian middle schools, especially
in mathematics education, remains limited. Existing studies have primarily focused on academic achievement and conceptual learning,
while relatively few have examined the simultaneous effects of concept mapping on higher-order cognitive and metacognitive functions.
Additionally, there is a lack of structured and localized educational packages specifically designed for ninth-grade mathematics students
(Fallah et al., 2026). Therefore, the present study aimed to investigate the effectiveness of a concept-map-based educational package

on the higher—order cognitive and metacognitive functions of ninth—grade students in Sanandaj.

Methods and Materials



The present study employed a quantitative quasi-experimenta re-test and post-test measures alongside a control

statistical population consisted of all ninth-grade female students en first level of secondary schools in Sana

uthorities and schools, partici

2023-2024 academic year. After obtaining the necessary permissions from

inclusion criteria

through voluntary and convenience sampling procedures. A total of 40 students

and were randomly assigned into experimental and control groups, with 20 students in ¢

The inclusion criteria included being enrolled in the ninth grade, willingness to participate in the
disabilities or severe psychological disorders, and not receiving simultaneous psychological interventions. sed more tha

two intervention sessions or failed to complete assigned activities were excluded from the study.

Data collection was conducted using two standardized instruments. Higher-order cognitive functions were assessed using the Nejati
Cognitive Abilities Questionnaire, a 30-item instrument measuring memory, inhibitory control, selective attention, decision-making,
planning, sustained attention, social cognition, and cognitive flexibility. Responses were rated on a five-point Likert scale. Higher-order
metacognitive functions were measured using the Brown Metacognitive Skills Questionnaire, which consists of 45 items assessing

knowledge, comprehension, application, analysis, and evaluation on a seven-point Likert scale.

The intervention consisted of a concept-map-based educational package specifically designed for ninth-grade mathematics instruction.
The educational sessions focused on teaching students how to identify key concepts, establish hierarchical and relational connections
among concepts, and construct conceptual networks related to mathematical topics. Students actively participated in drawing and
analyzing concept maps individually and collaboratively. The intervention emphasized meaningful learning, analytical thinking, self-
regulation, and active engagement in the learning process. The control group received routine classroom instruction without concept-

map training.

Descriptive statistics, including means and standard deviations, were used to summarize the data. Prior to inferential analysis, assumptions
of normality, homogeneity of variances, and homogeneity of regression slopes were examined. Data analysis was conducted using analysis

of covariance (ANCOVA) and repeated measures analysis in SPSS-26 software.
Findings

The descriptive findings indicated that the mean pre-test scores of higher-order cognitive functions were relatively similar between the
experimental group (M = 85.20, SD = 10.40) and the control group (M = 84.80, SD = 11.10). However, in the post-test phase, the
mean score of the experimental group increased substantially to 115.40 (SD = 9.80), whereas the control group demonstrated only a

slight increase to 86.50 (SD = 10.50).

Before conducting ANCOVA, the assumptions of the test were evaluated. The Kolmogorov—Smirnov test confirmed the normal
distribution of scores in both groups, and Levene’s test indicated homogeneity of variances. Furthermore, the interaction between the

covariate and the independent variable was not statistically significant, confirming the homogencity of regression slopes.

The ANCOVA results demonstrated a statistically significant effect of the intervention on higher-order cognitive functions after
controlling for pre-test scores (F = 130.38, p < 0.001, 12 = 0.779). The effect size indicated that approximately 77.9% of the variance
in post-test cognitive-function scores was attributable to the concept-map-based educational intervention. Adjusted mean scores also

showed that the experimental group outperformed the control group after controlling for pre-test differences.

Similarly, the findings related to higher-order metacognitive functions revealed that the mean pre-test scores of the experimental group
(M = 65.50, SD = 12.40) and the control group (M = 64.80, SD = 11.50) were approximately equal. Following the intervention, the
experimental group’s mean score increased to 95.20 (SD = 10.80), whereas the control group’s post-test mean remained relatively stable
at 66.10 (SD = 11.20).

at the intervention had a significant positive effect on higher-order metacognitive functions (F =
t size suggested that 79.3% of the variance in metacognitive-function scores was explained by
ional program. Adjusted post-test means further confirmed the superiority of the

itive performance.
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The findings of the present study demonstrated that the concept-map-based educational package signiﬁcantly improved both higher—order
cognitive and metacognitive functions among ninth-grade students. These findings support the assumption that concept mapping is an

effective instructional strategy for promoting meaningful learning, cognitive organization, and self-regulated learning processes.

The improvement in higher-order cognitive functions may be explained by the structural and visual nature of concept maps. By organizing
information hierarchically and connecting concepts meaningfully, concept maps reduce unnecessary cognitive load and facilitate
information processing. Students become more capable of analyzing relationships, integrating prior and new knowledge, and applying
learned concepts to problem-solving situations. The intervention also encouraged active participation and analytical engagement, which

likely strengthened cognitive flexibility, attention control, and planning abilities.

The enhancement of metacognitive functions can also be understood within the framework of constructivist learning theory. During
concept-map construction, students are required to monitor their understanding, evaluate conceptual relationships, and regulate their
learning strategies. Such activities naturally promote self-awareness and self-regulation. The collaborative and reflective nature of
concept-map activities may also have encouraged students to think critically about their own learning processes and improve their ability

to manage cognitive tasks independently.

The results align with previous studies emphasizing the positive educational outcomes associated with concept mapping. Prior research
has consistently shown that concept maps improve conceptual understanding, analytical thinking, self-regulation, and problem-solving
skills across various educational settings. The present study extends these findings by demonstrating that a localized concept-map-based

educational package can significantly enhance both cognitive and metacognitive functioning among middle school mathematics students.

Overall, the findings suggest that concept-map-based instruction can serve as a practical and effective educational strategy for improving
higher-order mental functions in students. Incorporating concept mapping into mathematics curricula may help educators move beyond
traditional rote-learning approaches and foster deeper conceptual understanding, active learning, and independent thinking. Therefore,
educational planners, curriculum developers, and teachers are encouraged to integrate concept-map-based instructional methods into

classroom practice to enhance students’ cognitive and metacognitive development.
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