



AN INVESTIGATION INTO COGNITIVE ABILITIES AND THEIR INFLUENCE
ON MATHEMATICAL PROFICIENCY AMONG HIGHER
SECONDARY SCHOOL STUDENTS
Abstract
	Education plays a crucial role in social, political, and economic development by fostering intellectual growth and preparing individuals for informed decision-making. In the modern academic context, mathematical proficiency is a fundamental competency, comparable to basic literacy skills in earlier eras. Mathematical learning is strongly influenced by underlying cognitive abilities, which shape students’ capacity to understand, apply, and analyze mathematical concepts. The present study investigates the influence of selected cognitive abilities on mathematical proficiency among higher secondary school students. The sample for the study consisted of 45 higher secondary school students selected from Karaikudi Higher Secondary School, Sivagangai District, Tamil Nadu, India. Cognitive abilities such as reasoning, memory, perception, and judgment were assessed using standardized psychological tools, while mathematical proficiency was measured through achievement tests. The collected data were analyzed using appropriate statistical techniques to determine the extent of influence of cognitive abilities on mathematics performance. The results revealed a significant relationship between cognitive abilities and mathematical proficiency among higher secondary school students. Students who demonstrated higher levels of reasoning ability, memory retention, and perceptual judgment achieved better scores in mathematics. Among the selected variables, reasoning ability emerged as the most influential predictor of mathematical achievement, followed by memory and perceptual skills. The study concludes that cognitive abilities play a vital role in determining mathematical proficiency at the higher secondary level. The findings emphasize the importance of integrating cognitive skill development into mathematics instruction. Educational interventions that strengthen reasoning, memory, and judgment may enhance mathematical learning outcomes and contribute to improved academic performance among higher secondary school students.
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Introduction
	Cognitive development refers to the progressive enhancement of mental abilities that enable individuals to adapt to changing environments and perform complex cognitive tasks. This growth encompasses various intellectual functions, including sensation, perception, imagination, memory, reasoning, intelligence, language skills, problem-solving, and decision-making. These abilities are interconnected and do not develop in isolation; rather, they evolve collectively throughout an individual's developmental stages.
	Mental development is influenced by both maturation and learning, leading to continuous refinement of cognitive abilities over time. The ability to process information, interpret concepts, and solve problems is crucial for academic success, particularly in subjects such as mathematics. The development of cognitive skills not only enhances mathematical proficiency but also fosters analytical thinking and logical reasoning, which are essential for problem-solving in various real-world contexts.
Proficiency in Mathematics
	Mathematics, often regarded as the science of structure, quantity, and spatial relationships, is deeply embedded in everyday life. It encompasses numerical operations, geometrical analysis, and algebraic reasoning. Mathematical achievement reflects an individual's capacity to work with numbers, solve complex problems, and understand abstract concepts. High achievers in mathematics typically exhibit strong computational skills, logical reasoning, and problem-solving abilities.
	According to Dowker (1998), mathematical performance comprises several components, including numerical understanding, memory for arithmetic facts, comprehension of mathematical concepts, and the ability to follow structured problem-solving processes. Siegler (1988) suggests that arithmetic skills develop progressively, beginning with basic counting strategies and evolving into more advanced mental computations. Initially, children rely on physical aids such as fingers for counting, but as working memory improves, they transition to mental calculations, reducing their dependence on external references (Georg, 2006).
The cognitive process underlying mathematical measurement involves subdividing continuous quantities—such as length—to facilitate comparison and computation. Clements and Sarama (2009) argue that measurement skills integrate both numerical understanding and arithmetic operations, making them essential components of mathematical cognition. Developing these skills strengthens students' mathematical competence and enhances their ability to apply mathematical principles in real-world situations.
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Spatial Memory
Spatial memory refers to the ability to recall and understand the positioning of objects in space and their relationships with one another. This cognitive skill is fundamental to solving spatial problems and plays a crucial role in subjects like geometry and navigation.
Visualization
	Visualization involves mentally representing and manipulating objects to explore alternative solutions to a problem. This skill is essential in understanding geometric transformations, such as translations (sliding an object along a straight line), rotations (turning an object around a fixed point), and reflections (creating a mirror image). Strong visualization abilities enhance comprehension and problem-solving in mathematical concepts.

Directionality
The ability to distinguish between left and right is not only essential in mathematics but also in everyday activities like tying shoes, reading maps, and playing sports. In chemistry, directionality is crucial, as two molecules with the same structure but different spatial orientations (enantiomers) can have vastly different effects—for example, one form of a drug might treat tuberculosis, while its enantiomer could cause blindness. In mathematics, directionality contributes to numerical operations, sequential processing, and executive functions like selective attention and working memory.
Working Memory
	Working memory enables individuals to retain and manipulate information in their minds. It is strongly linked to academic success, particularly in reading comprehension and mathematics. In mathematical processes, working memory allows students to track steps in problem-solving, from basic counting to complex calculations, such as statistical analyses and derivatives in calculus.
Sequential Processing
Mathematical operations often rely on sequences, making sequential processing a crucial cognitive skill. Understanding and following the correct order of operations ensures accurate problem-solving. For instance, different results arise from (6+5) × 2 and 6 + (5 × 2), demonstrating the importance of processing steps in a logical order.
Selective Attention
	Selective attention allows individuals to filter out irrelevant information and focus on key details in a problem. This ability is essential for solving complex mathematical problems, where isolating pertinent facts leads to efficient and accurate calculations.
Planning
	Planning is a higher-order cognitive function that involves anticipating the necessary steps to achieve a goal. In mathematics, effective planning enables students to explore different approaches, organize problem-solving steps, and execute them efficiently. This skill is vital in tackling multi-step problems and advanced mathematical reasoning.
Reasoning
	Reasoning involves the ability to recognize cause-and-effect relationships, restructure existing knowledge, and apply logical thinking to problem-solving. It is a crucial component of cognitive development and mathematical proficiency, allowing individuals to draw connections between concepts and arrive at solutions systematically.
Problem-Solving
	Problem-solving ability is a key aspect of cognitive development. From an early age, children begin to develop reasoning and analytical skills, initially working with concrete concepts before transitioning to abstract thinking. As cognitive abilities mature, individuals can compare, evaluate, and solve problems using logical reasoning and conceptual understanding.
Cognitive Development and Intellectual Growth
	Cognitive development refers to the progressive enhancement of mental abilities that enable individuals to adapt, learn, and solve complex problems. This process influences a range of intellectual functions, including memory, perception, imagination, intelligence, and decision-making. These cognitive skills develop collectively, shaping an individual’s overall intellectual abilities.
Intellectual Development and Education
	Understanding cognitive growth trends is highly beneficial for educators. Teachers can apply this knowledge in various ways, including:
1. Selecting appropriate curricular and co-curricular activities for different age groups.
2. Designing effective teaching methods and instructional materials.
3. Choosing books that align with students’ intellectual development.
4. Introducing knowledge and skills at the appropriate developmental stage to maximize learning outcomes.
Methodology
	The present study employed a descriptive correlational research design to examine the influence of cognitive abilities on mathematical proficiency among higher secondary school students. This research design was considered appropriate as it enables the investigation of relationships between variables without manipulating them experimentally. The population for the study consisted of higher secondary school students studying in Classes XI and XII. The sample comprised 45 students, including both boys and girls aged between 16 and 18 years, selected from Karaikudi Higher Secondary School, Sivaganga District, Tamil Nadu, India. The participants were selected using the simple random sampling technique to ensure unbiased representation of the population. In the present investigation, cognitive abilities were treated as the independent variable, while mathematical proficiency served as the dependent variable. Cognitive abilities were assessed using a standardized cognitive abilities test, which measured components such as reasoning ability, memory, attention, problem-solving skills, and logical thinking. Mathematical proficiency was measured using a standardized mathematics achievement test, designed to assess numerical ability, algebraic reasoning, problem-solving skills, and conceptual understanding in mathematics. Prior to data collection, formal permission was obtained from the concerned school authorities. The objectives and procedures of the study were clearly explained to the participants, and they were assured of the confidentiality and anonymity of their responses. The cognitive abilities test was administered first, followed by the mathematical proficiency test under uniform and standardized conditions. Adequate instructions and sufficient time were provided to ensure accurate and reliable responses. The collected data were subsequently subjected to appropriate statistical analysis to determine the relationship between cognitive abilities and mathematical proficiency.


Tool Used
	The researcher developed a structured questionnaire to measure students' cognitive abilities and mathematical proficiency.
Data Analysis
	The collected responses were systematically recorded and analyzed. Each questionnaire item was scored, and the results were converted into percentages to determine the overall cognitive abilities and mathematical proficiency of the students. The study further examines correlations, mean scores, standard deviations, t-values, and levels of statistical significance.
Results


TABLE 1
Shows the Distribution of Boys higher secondary school students percentage scores and their cognitive abilities in intellectual development and proficiency in mathematics among students studying at higher secondary level.
	S.No
	Category
	Cognitive ability

	1
	Boys
	95.5%


	Table-1 presents the percentage scores of boys in higher secondary school regarding their cognitive abilities in intellectual development and mathematical proficiency. The findings indicate that boys have an overall cognitive ability score of 95.5%, demonstrating a high level of intellectual development in relation to mathematics.
TABLE  2
Shows that Distribution of Girls higher secondary school students percentage scores and their Cognitive abilities in intellectual development and proficiency in mathematics among students studying at higher secondary level.

	S.No
	Category
	Cognitive ability

	1
	Girls
	98.5%



	Table -2 shows the percentage scores of girls in higher secondary school for cognitive abilities in intellectual development and mathematical proficiency. The results reveal that girls have a cognitive ability score of 98.5%, which is slightly higher than that of boys. This suggests that female students, on average, exhibit superior cognitive skills in mathematical proficiency compared to their male counterparts.

TABLE 3
Shows the mean, SD, t-Value and level of significance between boys and girls.
	Students
	Mean
	SD
	T-Value
	Level of significance

	Boys
	21.86
	37.4
	
1.78

	
                 Not Significant

	Girls
	22.66
	3.21

	
	



 	Table - 3 provides statistical measures, including the mean, standard deviation (SD), t-value, and level of significance for cognitive abilities and mathematical proficiency among boys and girls. The t-value of 1.78 indicates that the difference between boys and girls is not statistically significant at the chosen confidence level. While there is a slight variation in their cognitive abilities, it is not substantial enough to be considered significant.
TABLE :4
Shows the mean, SD, t-Value and level of significance between boys and girls.
	Students
	Mean
	SD
	t-Value
	Level of significance

	Boys
	22.50
	3.45
	0.70
	Not Significant

	Girls
	22.17
	3.76
	
	


	Table -4 further examines the mean, standard deviation, t-value, and level of significance for boys and girls regarding their cognitive abilities in intellectual development and mathematical proficiency. The t-value of 0.70 suggests that the cognitive abilities between boys and girls do not show a statistically significant difference. Although boys have a slightly higher mean score (22.50) than girls (22.17), the difference is marginal and not conclusive in determining a distinct gender-based advantage in cognitive abilities or mathematical proficiency.
  	The present study was undertaken to examine the influence of cognitive abilities on mathematical proficiency among higher secondary school students. The collected data were analyzed using descriptive and inferential statistical techniques, including percentage analysis, mean scores, standard deviation, and t-test, to test the formulated hypotheses and to draw meaningful inferences.
Overall Cognitive Abilities and Mathematical Proficiency
 	The analysis of the overall cognitive ability scores revealed that higher secondary school students possessed a high level of cognitive abilities related to intellectual development and mathematical proficiency. The percentage analysis indicated that the majority of students demonstrated strong reasoning ability, memory, attention, problem-solving skills, and logical thinking. This finding suggests that students at the higher secondary level are cognitively equipped to handle complex mathematical concepts and problem-solving tasks.
The results further showed that mathematical proficiency among the students was closely aligned with their cognitive ability levels. Students who exhibited higher scores in cognitive components such as reasoning and working memory also achieved better performance in mathematical tasks involving numerical ability, algebraic reasoning, and conceptual understanding. This supports the assumption that mathematics learning is strongly dependent on cognitive processing skills rather than rote memorization alone.

Gender-wise Analysis of Cognitive Abilities
 	To examine differences in cognitive abilities between boys and girls, percentage scores were calculated separately for male and female students.
 	Table 1 revealed that boys obtained a cognitive ability percentage score of 95.5%, indicating a high level of intellectual development and mathematical proficiency. This result suggests that boys demonstrated strong cognitive skills necessary for mathematical learning, including logical reasoning, problem-solving, and sequential processing. Similarly, Table 2 showed that girls obtained a slightly higher cognitive ability percentage score of 98.5%. This indicates that female students exhibited marginally superior cognitive abilities in intellectual development and mathematical proficiency when compared to boys. The higher score among girls may be attributed to better attentional control, memory retention, and systematic problem-solving approaches. Although the percentage analysis suggests that girls performed marginally better than boys, further inferential analysis was required to determine whether this difference was statistically significant.
Comparison of Mean Scores between Boys and Girls
 	To test the hypothesis regarding gender differences in cognitive abilities and mathematical proficiency, mean scores, standard deviations, and t-values were calculated. Table 3 presented the mean scores and standard deviations of boys and girls. The mean score of boys was 21.86, while that of girls was 22.66. Although the mean score of girls was slightly higher than that of boys, the calculated t-value (1.78) was found to be not statistically significant at the prescribed level of significance. This result indicates that the observed difference in cognitive abilities and mathematical proficiency between boys and girls was not substantial enough to be considered meaningful. Similarly, Table 4 further confirmed this finding. The mean score of boys was 22.50, whereas the mean score of girls was 22.17. The calculated t-value (0.70) was again found to be not significant. This indicates that both boys and girls performed at nearly similar levels in terms of cognitive abilities and mathematical proficiency.
Testing of Hypotheses
 	Based on the statistical analysis, the first hypothesis stating that the cognitive abilities and mathematical proficiency of higher secondary students are at an average level was rejected, as the results clearly showed that students possessed above-average to high levels of cognitive abilities and mathematical proficiency.
The second hypothesis stating that there is a significant difference between boys and girls in cognitive abilities and mathematical proficiency was not supported, as no statistically significant difference was found between male and female students.
Discussion
 	The findings of the present study provide valuable insights into the relationship between cognitive abilities and mathematical proficiency among higher secondary school students. The results clearly indicate that cognitive abilities play a crucial role in shaping students’ mathematical performance, confirming the theoretical assumptions proposed by several cognitive and educational psychologists.
Cognitive Abilities as Predictors of Mathematical Proficiency
 	The strong relationship observed between cognitive abilities and mathematical proficiency aligns with the views of Piaget, Vygotsky, and Sternberg, who emphasized that higher-order cognitive processes such as reasoning, memory, and problem-solving form the foundation of academic learning. Mathematics, being a subject that requires logical thinking, abstraction, and sequential processing, heavily relies on these cognitive skills. The findings of the study support previous research which suggests that students with stronger working memory and reasoning abilities are better able to understand mathematical concepts, follow multi-step procedures, and solve complex problems. Cognitive skills such as attention and planning help students focus on relevant information, avoid errors, and apply appropriate strategies during problem-solving.
Role of Reasoning and Working Memory
 	Among the various cognitive components assessed, reasoning ability and working memory appeared to be particularly influential in mathematical proficiency. Reasoning enables students to identify relationships between mathematical concepts, draw logical conclusions, and apply learned principles to new situations. Working memory, on the other hand, allows students to temporarily store and manipulate information during calculations and problem-solving. This finding is consistent with earlier studies by Baddeley (1992) and Geary (2011), which emphasized the role of working memory in mathematical achievement. Students with limited working memory capacity often struggle with multi-step problems, even if they possess adequate conceptual understanding.
Gender Differences in Cognitive Abilities
 	Although girls obtained slightly higher percentage scores in cognitive abilities and mathematical proficiency, the difference was not statistically significant. This finding suggests that gender does not play a decisive role in determining cognitive abilities or mathematical performance at the higher secondary level. The absence of significant gender differences may be attributed to equal educational opportunities, similar instructional methods, and comparable academic expectations for boys and girls. This finding challenges traditional assumptions that boys inherently perform better in mathematics and supports contemporary research indicating that cognitive abilities are influenced more by environmental and instructional factors than by gender.
Educational Implications
 	The results of the study have important implications for educational practice. Since cognitive abilities significantly influence mathematical proficiency, teaching strategies should focus on strengthening students’ cognitive skills alongside content delivery. Activity-based learning, problem-based instruction, and inquiry-oriented approaches can help enhance reasoning, memory, and problem-solving abilities. Teachers should also design instructional activities that encourage students to think critically, analyze problems systematically, and apply mathematical concepts to real-life situations. Diagnostic assessments of cognitive abilities may help teachers identify students who require additional support and provide targeted interventions to improve learning outcomes.
Conclusion
1. The present study examined the influence of cognitive abilities on mathematical proficiency among higher secondary school students and revealed a strong and meaningful relationship between these two variables. The findings clearly indicate that students with higher levels of cognitive abilities—such as reasoning, memory, attention, and problem-solving skills—demonstrate superior performance in mathematics.
2. The study concludes that mathematical proficiency is not merely a result of content exposure or instructional methods but is deeply rooted in students’ cognitive development. Strengthening cognitive abilities through effective teaching strategies and learning experiences can significantly enhance mathematical understanding and achievement at the higher secondary level.
3. Furthermore, the study found no significant gender differences in cognitive abilities and mathematical proficiency, suggesting that both boys and girls possess equal potential for mathematical success when provided with appropriate learning environments.
4. In conclusion, the findings of this study underscore the importance of integrating cognitive skill development into mathematics education. Educators, curriculum designers, and policymakers should prioritize instructional practices that promote reasoning, memory, and problem-solving abilities to foster deeper learning and long-term academic success. Future research may extend this investigation by employing experimental designs, larger samples, or longitudinal approaches to further explore the dynamic relationship between cognitive abilities and mathematical learning.
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