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ABSTRACT

	[bookmark: _Hlk197190440]This study investigates how higher secondary students' academic achievement in mathematics and convergent thinking relate to one another. Convergent thinking, characterized by the ability to logically and systematically arrive at a single correct solution, is crucial in subjects that require precise problem-solving skills. The research draws upon Guilford's structure of intellect model and existing literature to explore how this cognitive process influences student performance. A sample of 100 higher secondary students were assessed using standardized tests to measure convergent thinking developed by the investigator and the students' scores on the HSSLC exam were used to measure their academic achievement in mathematics. The results revealed a significant positive correlation between convergent thinking and academic success in mathematics. The findings suggest that students with higher levels of convergent thinking tend to perform better academically. The study emphasizes the importance of fostering convergent thinking skills in educational settings, highlighting its potential to enhance academic outcomes especially in mathematics.
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1. INTRODUCTION

J. P. Guilford, a psychologist, created the terms convergent and divergent thinking in 1956. Convergent thinking focuses on reaching one well-defined solution to a problem. This type of thinking is best suited for tasks that involve logic as opposed to creativity, such as answering multiple-choice tests or solving a problem where you know there are no other possible solutions. Divergent thinking is the opposite of convergent thinking and involves more creativity (Mengjing Ni et. al., 2014). With this type of thinking, one can generate ideas and develop multiple solutions to a problem. While divergent thinking often involves brainstorming for many possible answers to a question, the goal is the same as convergent thinking—to arrive at the best solution.
Identifying the one, proven solution to a problem is the main goal of convergent thinking. The goal is to determine the best—and usually accurate—answer to a given question. Convergent thinking prioritizes speed, accuracy, and logic while concentrating on amassing stored information, reapplying procedures, and identifying the familiar. It works best in circumstances where the solution is obvious and only has to be remembered or determined using decision-making techniques. Convergent thinking has a crucial feature in that it eliminates all possibility of ambiguity and produces only one optimal solution. Answers are viewed as either correct or incorrect. In most cases, the solution that emerges at the conclusion of the convergent thinking process is the best one.
Convergent thinking is also linked to knowledge as it involves manipulating existing knowledge by means of standard procedures. Knowledge is another important aspect of creativity. It is a source of ideas, suggests pathways to solutions, and provides criteria of effectiveness and novelty (Croply, 2006). Convergent thinking is used as a tool in creative problem solving. When an individual is using critical thinking to solve a problem, they consciously use standards or probabilities to make judgments (Light & Harvey, 2015). This contrasts with divergent thinking where judgment is deferred while looking for and accepting many possible solutions.
Convergent thinking is frequently employed in combination with divergent thinking. Divergent thinking usually occurs in a spontaneous, free-flowing manner, with numerous new ideas developed and assessed. Multiple viable answers are investigated in a short period of time, and unexpected connections are discovered. Following the completion of the divergent thinking process, ideas and information are grouped and structured using convergent thinking to arrive at a single-best, or most often accurate solution. Divergent thinking is demonstrated by the use of brainstorming, free writing, and creative thinking at the start of the problem-solving process to dev elop potential answers that may be evaluated later. Convergent thinking is useful once a significant number of ideas have been explored. Knowledge, reasoning, probabilities, and other decision-making processes are considered as the solutions are examined separately in order to get a single best response that is unambiguous when obtained. This study aims to investigate the complex relationship between academic achievement in mathematics and convergent thinking.
The objectives of the study were as follows:
1. [bookmark: _Hlk176364848]To find out the level of convergent thinking of higher secondary students.
2. [bookmark: _Hlk176364886]To compare the boys and girls Higher Secondary students in respect to their convergent thinking.
3. [bookmark: _Hlk176364915]To examine the relationships between convergent thinking and academic achievement in mathematics of Higher Secondary students.

Review of related literature:
Cohen (1975) explored how convergent and divergent thinking in science are related among sixth and seventh-grade students. The study found a positive correlation between divergent and convergent thinking test scores in science for 92 sixth graders, but no such correlation was observed for 97 seventh graders. Seventh graders scored higher on the convergent thinking test compared to sixth graders, while the opposite was true for the divergent thinking test. These findings suggest that the relationship between convergent and divergent thinking in scientific contexts may change as students’ progress academically. The lack of correlation in seventh graders could indicate a shift in cognitive processes or the development of more specialized cognitive skills. 
Pepler and Ross (1981) in their study explored the behaviours associated with playing with materials that encourage either convergent or divergent thinking, as well as how these play experiences impact problem-solving abilities in both areas. The researchers provided two distinct play experiences: one involving convergent materials, which guide play towards a single solution, such as solving puzzles, and the other involving divergent materials, which allow for a range of play activities. After engaging in these play experiences, the children were tasked with solving both convergent and divergent problems. Notable differences were observed in how children played with convergent versus divergent materials, and these differences were consistently replicated. The group that played with divergent materials outperformed both the convergent and control groups on tasks requiring divergent thinking, while the convergent group demonstrated a greater use of strategic moves when tackling convergent tasks.
Rajaguru (1996) conducted a study on divergent and convergent thinking of visually impaired children in secondary schools. From the study it was found that no significant difference was noticed in the convergent thinking of visually impaired boys and girls. But significant difference was found between visually impaired boys and girls in divergent thinking. The visually impaired girls performed better than boys. The study also revealed that there was no substantial relationship between mental ability and divergent thinking of visually impaired children with born blindness and acquired blindness, but there was significant relationship between the convergent thinking and mental ability of visually impaired children with born blindness and acquired blindness.
According to research study by Cropley (2006) titled "In praise of convergent thinking," creative thinking appears to consist of two parts: the creation of novelty (through divergent thinking) and the assessment of the novelty (through convergent thinking). Knowledge is very significant in the field of convergent thinking since it generates ideas, offers solutions, and establishes standards for originality and efficacy. Thinking styles or stages in the creation of creative products can be used to understand how the two ways of thinking interact. Divergent thinking without convergent thinking can lead to a number of issues in real-world scenarios
Joshua (2014) investigated how students past academic accomplishment shaped convergent thinking in Dodoma, Tanzania. The results of the study showed that students' performance on convergent thinking and their past academic achievement were moderately to strongly positively correlated. However, there was no discernible difference in the association between convergent thinking and past academic achievement depending on whether the school was located in an urban or rural area.
To find out how convergent and divergent thinking affect teenage scientific creativity, Zhu, W. et al. (2019) undertook a study titled Convergent Thinking Moderates the Relationship between Divergent Thinking and Scientific Creativity. The findings indicated a relationship between scientific creativity and the fluency and flexibility of divergent thinking and convergent thinking. Divergent thinking specifically indicated creativity in people with high convergent thinking.
De Vink et al. (2022) investigated creativity in mathematics performance: the role of divergent and convergent thinking. This study investigated how divergent and convergent thinking affect mathematics performance, both directly and collaboratively, on single- and multiple-solution tasks. According to the study, children's mathematical proficiency is primarily based on convergent thinking. Divergent thinking serves two purposes: it complements convergent thinking on multiple-solution problems and compensates for convergent thinking on single-solution tasks.
Cheng et al. (2022) investigated the impact of the social-emotional classroom atmosphere on academic achievement in mathematics and literature among elementary children in grades 3–6. The study primarily examines the indirect influence of creative thinking (convergent and divergent thinking). The findings show that in mathematics and literature classrooms, (1) the social-emotional environment has a favourable effect on student accomplishment, and (2) divergent and convergent thinking play indirect roles in the relationship between social-emotional climate and academic achievement.
Duval et al. (2022) did a study titled Divergent and Convergent Thinking across Schoolyears: A Dynamic Perspective on Creative Development. The findings demonstrated dynamic stages of convergent and divergent thinking. More specifically, a loss of divergent thinking was matched by an increase in convergent thinking, particularly during the fourth-grade slump (8-10 years old). Although Montessori-schooled children demonstrated more overall creative abilities than traditionally schooled children, there were no changes in the developmental trajectories of convergent and divergent thinking between the two pedagogies.
Alabbassi et al. (2023) explored the predictors of academic achievement in undergraduate medical programs, specifically the roles of divergent and convergent thinking. The study found that the DT's originality dimension, as well as the WG-III's Drawing Conclusions and Recognizing Assumptions subscales, were strongly linked with and predictive of academic achievement among gifted undergraduate MD students. Notably, IQ did not have a significant correlation with kids' grade point average.

2. material and methods 


2.1 Methodology
The present study aims to study the relationship between convergent thinking and academic achievement in mathematics. The researcher employed descriptive survey method because the researcher wants to obtain pertinent and precise information concerning the current status of phenomena.
A descriptive study describes and interprets what is. It is concerned with conditions or relationships that exist between variables. It is fundamentally concerned with the present, although it often considers past events and their influences as they relate to current conditions. Descriptive research also deals with the relationship between variables, testing of hypothesis and the development of generalizations, principles or theories that have universal validity (Best; Kahn & Jha; 2016). 
2.2 Population and sample
A population is any group of individuals that has one or more characteristics in common which distinguishes that group from other individuals and that are of interest to the researcher. The primary purpose of research is to discover principles that have universal application, but is impractical, if not impossible to study the entire population in order to arrive at generalizations.
The present study is confined to Kamrup Metro district of Assam only. The population of the study is comprised of all the students studying in H.S. 1st year (Class XI) in the Government Provincialized higher secondary schools situated at Kamrup Metro district. After defining the population 100 HS students were selected as sample of the study from 3 schools of Kamrup Metro by using multi stage random sampling.
2.3 Tools for data collection
The Convergent thinking ability scale was developed and standardized by the investigator. The present test was devised to investigate the underlying cognitive processes involved in convergent thinking. This test is meant for assessing the convergent thinking ability of pupils of age group 14-18 years studying in class IX to XII. The Convergent Thinking Ability Scale contains six tests for measurement of six abilities- Following directions, Classification, Analogies, Arithmetic reasoning, Vocabulary & Series.
2.3.1 Reliability
One of the important characteristics of research tool is reliability. Cronbach's alpha is commonly used in psychology, education, and other social sciences to assess the reliability of questionnaires, scales, or tests. Internal consistency, as measured by Cronbach's alpha reliability coefficient, is a statistical measure used to assess the extent to which the items within a test or scale are measuring the same underlying construct or trait. In other words, it evaluates the consistency of responses across different items in a questionnaire or test.
In the present scale the researcher used Cronbach alpha for determining the reliability. The overall reliability of this scale was 0.82. 
2.3.2 Validity
A test is valid to the degree to which it measures accurately what it proposes to measure. It means how a tool is true to measures what it is supposed to measure. The content validity was determined by comparing the items in a test with the content and objective of the test. For the present tool content validity is established by examining each item of the scale by expert in this field. Intrinsic validity was found to be 0.92 which is the square root of the reliability coefficient measured through Spearman Brown Formula. From this it can be considered that the test measures what it determines to the extent of 92%; thus, the validity of the scale can be considered to be 0.92.
The students' scores on the HSSLC exam were used to measure their academic achievement in mathematics.
3. results and discussion

3.1 Objective no 1: To find out the level of convergent thinking of higher secondary students.
Table 1. Level of convergent thinking of higher educations

	Level of convergent thinking ability
	No. of students
	Percentage

	Extremely High
	02
	2%

	High
	06
	6%

	Above average
	19
	19%

	Slightly above average
	20
	20%

	Average
	17
	17%

	Slightly below average
	14
	14%

	Below average
	10
	10%

	Low
	4
	4%

	Extremely low
	8
	8%



The data on convergent thinking ability among the students reveals a diverse distribution across various levels. A small proportion of students demonstrate exceptionally high convergent thinking ability, with only 2 students (2%) falling into the "Extremely High" category. A slightly larger group, 6 students (6%), exhibit "High" convergent thinking ability. The "Above Average" and "Slightly Above Average" categories contain the largest percentages, with 19 students (19%) and 20 students (20%), respectively, indicating that a significant portion of students possess moderately strong convergent thinking skills.
On the other hand, 17 students (17%) fall within the "Average" category, reflecting a balanced level of convergent thinking ability that aligns with typical expectations. A noticeable segment of students, 14 (14%), exhibit "Slightly Below Average" convergent thinking ability, while 10 students (10%) are classified as "Below Average."
The lower end of the spectrum shows that 4 students (4%) possess "Low" convergent thinking ability, and 8 students (8%) fall into the "Extremely Low" category. This suggests that while a significant portion of students exhibit average to above-average convergent thinking ability, there is a noticeable minority that may require additional support to enhance their cognitive skills in this area.
3.2 Objective no 2: To compare the boys and girls Higher Secondary students in respect to their convergent thinking.
Table 2. Comparison of convergent thinking ability between male and female Higher Secondary students

	
	Female
	Male

	Mean
	42.74
	43

	Variance
	58.03
	56.93

	Observations
	50
	50

	df
	98
	

	P Value (two tail)
	0.86
	

	t critical (two tail)
	1.98
	


*0.05 level of significance
The table presents the results of a statistical analysis comparing the mean scores of male and female participants, each with 50 observations. The mean scores are very close, with females averaging 43 and males slightly lower at 42.74. Despite this small difference, the analysis reveals no statistically significant difference between the two groups. This is evidenced by the P-values from two-tailed (0.86) t-tests, the critical value is higher which is Two-Tailed t Critical-1.98 at 0.05 level of significance. Additionally, the variances are nearly identical, indicating similar variability in scores between the two groups. From these findings, we can conclude that the difference in average scores between males and females is likely due to random variation rather than any meaningful difference in performance. So, the hypothesis “there is significant difference between male and female students in regard to convergent thinking” is accepted. This result is consistent with Rajaguru (1996) who concluded from his study that no significant difference was noticed in the convergent thinking of visually impaired boys and girls.
3.3 Objective no 3: To examine the relationships between convergent thinking and academic achievement in mathematics of Higher Secondary students.
Table 3: Coefficienet of correlation between convergent thinking and academic achievement in mathematics of Higher secondary students
	Variables
	Co-efficient of correlation(r)
	df (N-2)
	Level of significance

	Convergent thinking
	0.43
	98
	0.05

	Achievement in Mathematics
	
	
	



To investigate the significance of correlation between academic achievement in mathematics and convergent thinking among higher secondary students, Pearson coefficient of correlation was calculated. The calculated value of correlation between academic achievement in mathematics and convergent thinking among higher secondary students is (0.43) and by converting Pearson r to fishers z coefficient score we got 0.46 which is more than tabulated value (.195) at 0.05 level of significance for two tailed test and the degree of freedom is (df=98). Hence the hypothesis that there will be no significant relationship between academic achievement in mathematics and convergent thinking among higher secondary students was not accepted. So, we can interpret that the variable academic achievement in mathematics and convergent thinking are correlated to each other and there is significant positive correlation between academic achievement in mathematics and convergent thinking i.e., higher the convergent thinking ability higher the academic achievement in mathematics. The result of this study is consistent with Joshua (2014) who explored the influence of students' experience in past academic success on convergent thinking in Dodoma, Tanzania and the study indicated that there were moderate to strong positive correlations between students past academic success and their performance on convergent thinking.
4. Conclusion

The study aimed to explore the relationship between convergent thinking and academic achievement in mathematics among higher secondary students. The findings revealed that convergent thinking ability varies significantly among students, with most falling into the above-average and slightly above-average categories. The comparison between male and female students showed no significant difference in their convergent thinking abilities, suggesting that gender does not play a substantial role in this cognitive process. Furthermore, the study established a significant positive correlation between convergent thinking and academic achievement in mathematics, indicating that students with higher convergent thinking abilities tend to perform better academically.
5. EDUCATIONAL IMPLICATIONS
The positive correlation between convergent thinking and academic achievement suggests that educational curricula should incorporate activities and assessments that promote convergent thinking skills. This could include problem-solving exercises, logical reasoning tasks, and structured analytical activities that challenge students to arrive at the most appropriate solutions. Teachers should be encouraged to use teaching methods that foster both convergent and divergent thinking. For instance, combining brainstorming sessions with activities that require students to narrow down ideas to a single solution can enhance their cognitive flexibility and problem-solving abilities.
Standardized tests and other forms of assessment should consider including tasks that measure convergent thinking abilities. This will not only provide a more comprehensive evaluation of students' cognitive skills but also help identify those who may need additional support in developing these abilities.
Since the study found no significant difference in convergent thinking between male and female students, educational programs should ensure that both genders are given equal opportunities to develop their cognitive skills. Gender-specific stereotypes about cognitive abilities should be actively challenged in educational settings. The study identified a small but notable group of students with low or extremely low convergent thinking abilities. Educational interventions, such as tutoring or specialized cognitive training programs, could be designed to help these students improve their convergent thinking skills, thereby enhancing their overall academic performance.
Educators should receive training on the importance of convergent thinking and how to effectively integrate it into their teaching practices. Understanding the role of this cognitive skill in academic success can help teachers better support their students’ learning processes.
By recognizing the importance of convergent thinking in academic achievement in mathematics and implementing these educational strategies, schools can better prepare students for success in both their academic and future professional endeavours.
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