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Abstract
The research has explored the conceptions that Grade 10 students have of the literal symbols in mathematics and the possible differences in these conceptions based on gender. Quantitative descriptive-comparative research design was adopted and a sample of 1,000 pupils of the public secondary schools was selected by proportional stratified random sampling. The Questionnaire on Literal Symbols (QLS) was used to collect the data evaluating the comprehension of the definition, properties, and use of literal symbols by the students. The results indicated that the students had an average knowledge in all areas and slightly higher levels of knowledge in properties than in definition and application. Gender analysis showed that there were slight differences with female students showing a slight advantage in the properties and application and male students showing a slight advantage in the understanding of definitions although they were not found to be statistically significant. These findings suggest the necessity of teaching methods that focus on the cognitive knowledge, practical examples that engage the context, and teaching methods that are based on the assessment of both reasoning and the procedural abilities. The application of special teaching methods and teacher improvement can increase the level of algebraic reasoning, problem-solving, and general mathematical ability in students.
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Background of the Study
Algebra is an important subject in mathematics which demands the student to shift into the level of abstract thought. The key to this shift is the interpretation of literal symbols, or variables, the unknown or generalized values of mathematical expressions and equations. It has been found that not all students can correctly interpret these symbols, resorting too often to arithmetical levels of reasoning to algebraic problems and continuing to think alike (Ndemo & Ndemo, 2018). The challenge of using literal symbols is usually due to the previous experiences that the students had with arithmetic where the numbers are predetermined. The students are more likely to understand algebraic letters as one particular value as opposed to a set of the potential ones, which is the transfer of arithmetic reasoning onto algebra (Rahma, 2024). This misconception interferes with their generalization skills and problem-solving.
The same errors in regard to literal symbols are extended to more widespread algebraic errors. Pupils often deal with variables with wrong interpretation, do not take into account symbolic notation, and wrongly combine letters in the formulas, which signifies a more significant difference in understanding (Saaroh et al., 2021). These are not the mistakes of a purely procedural nature; they indicate the inability to comprehend the abstract and relational quality of algebraic representations, and have an impact on the general reasoning of students about mathematics. Teaching methods are also a factor in the interpretation of literal symbols by students. Research proposes that the instruction based on the procedural manipulation without the focus on the conceptual meaning establishes misconceptions because students do not acquire an appropriate knowledge of the symbolic structure of algebra (Ibrahim et al., 2023). To teach effectively, it is necessary to comment on the interpretation of symbols and how they are able to depict the relationships and generalizations.
In Grade 10, students are supposed to handle much higher level of algebraic expressions such as polynomials, functional expressions and symbolic modeling. The effect of a literal symbol misinterpretation can be cascading, hence limiting achievement in higher mathematics and diminishing student confidence and interest (Mulungye, 2016). The nature and prevalence of these misconceptions are important to identify, so as to develop interventions that facilitate conceptual comprehension and enhance learning outcomes. Research on the misconceptions of students about literal symbols does not only help in the teaching practice of the students but also aids in the development of curriculum that is in tandem with the cognitive preparedness of the students. With these conceptual difficulties resolved, educators will be able to promote better algebraic thinking and transition students who had mastered arithmetic to algebra to prepare them to meet more challenging mathematical problems (Mulaudzi, 2024).
With these issues in mind, the current research aims at conducting a systematic study on the misconceptions of Grade 10 students with respect to literal symbols in mathematics. In this study, the investigator seeks to reveal areas of the greatest conceptual misconception among students in their approach to the use of literal symbols within the context of algebra by determining how students understand and use such literal symbols. These may be used in the teaching profession and curriculum design to influence educators to build their lessons so as to be able to provide the transition between arithmetic and algebraic thinking, as well as to teach students a greater conceptual depth in understanding symbols in mathematics. Finally, the resolution of the misunderstanding of literal symbols is likely to increase the competence to algebra among students and lead to the improvement of the learning results within the context of secondary mathematics.
Rationale of the Study
The algebraic reasoning and higher-level mathematics would not be possible without an understanding of literal symbols. These symbols cause misconceptions amongst many students and make them unable to generalize, find equations and perform abstract reasoning. These conceptual gaps may have an adverse impact on performance even in more advanced mathematical subjects. It is also important to investigate such misconceptions since algebra is a gatekeeper subject. Students who misperceive variables usually have difficulties in solving problems and practical relationships, which is why specific educational interventions should be taught to them. The research will present observations to assist teachers and curriculum developers in adopting strategies that would reinforce the conceptual knowledge on symbols, and hence enhance the performance of the students in algebraic reasoning and general mathematics results.
Statement of the Problem
Algebraic reasoning requires one to comprehend literal symbols, and many Grade 10 students have trouble interpreting these symbols in the right way. Some of the common misconceptions are the assumption of variables as fixed numbers, labels, arbitrary marks, instead of quantities that could have many values. Such misconceptions result in the mistakes of simplifying expressions, equations, and functional relationships that may restrain mathematical reasoning ability and performance of students. There is scanty research on the occurrence and character of these misconceptions in students in secondary schools, although the symbolic understanding is important. This paper attempts to examine the interpretation and application of literal symbols among Grade 10 students with a view of determining the main spheres of problem and giving recommendations on the teaching and learning approaches that could help improve algebraic learning and general success in mathematics.
Objectives of the Study
1. To identify the level of misconception with respect to literal symbols among Grade 10 students.
2. To test the gender-based variation in the misconception about literal symbols among Grade 10 students.
Research Questions
1. What the level of misconception with respect to literal symbols among Grade 10 students?
2. Do male and female Grade 10 students have any significant difference in their misconceptions of literal symbols?
Review of Literature
Literary symbols are key to this transition as understanding algebra involves moving towards an abstract theory of arithmetic, where students can make generalizations about relationships, describe unknown quantities, and equations, etc. Studies have repeatedly revealed that students have tendencies of creating illusions about literal symbols which hinder problem solving skills and their reasoning of algebra (Arcavi, 1994). These myths involve the representation of literal symbols in terms of particular numeral values, arbitrary terms or concrete objects, instead of generalized representations of variable values (Sfard, 1991). These are not just procedural mistakes, but they are conceptual gaps in the perception of the symbolic representation. Unless such gaps are closed by means of targeted and conceptually-based instruction, they may continue to exist and affect the further learning of algebra and upper-level mathematics among students (Booth et al., 2013). The knowledge of literal symbols is highly determined by previous experience of students in arithmetic. Students used to deal with tangible numbers may have a hard time in accepting that variables can otherwise signify a variety of values and this may result in simplification, substitution and solving equations errors. An example is that to some students, the letters in terms are fixed numbers or different letters should always be different, which is impacted by arithmetic thinking on algebraic reasoning (Kenna, 2020). These misconceptions are signs that students will tend to apply the familiar numeric procedures to the symbolic context in which they do not comprehend how variables are flexible and general. Those difficulties accentuate the relevance of instructional techniques that explicitly represent the conceptual sense of symbols to promote the students to reason abstractly and operate variables properly to various mathematical contexts. There are also misconceptions of literal symbols on algebraic problem solving and mathematical reasoning by students. Students have been shown to ignore the relational meaning of symbols and misunderstand variables or mix them up during operations, among other things, which prevents them from generalizing and using algebraic principles in other situations. Such misconceptions in the minds of students can decrease the confidence and the performance of students in mathematics. In situations in which the learning process is guided by the emphasis on procedural fluency and lacks the inclusion of conceptual explanations, these false beliefs can be supported, which is why the methods of teaching that should be implemented to address the problem involve striking a balance between computational abilities and an in-depth grasp of symbolic meaning (Lee et al., 2019).
Instructional practices are important in developing the literacy knowledge of the students. In a case when procedural learning takes prominence over the conceptual learning, students tend to develop negative perceptions about teaching the abstract and relational forms of the symbols of algebra that would be very difficult to overcome. It has been proposed that effective teaching and learning methods involve direct conversations on the role and definition of variables, real-life illustrative examples that relate the symbols to the real world, and activities which encourage exploration, reasoning and problem solving over rote calculations (Fuchs et al., 2008). These strategies help to develop flexible and correct conceptions of symbols and the students are able to interpret and manipulate algebraic expressions in the right way in various context. The difference between men and women in understanding algebra has been considered in a number of studies. A study indicates that the male and female students might take symbolic reasoning differently based on their differences in previous experiences, confidence, or attitude towards mathematics (Hyde et al., 2008). Research into the topic of whether there is a difference in misconceptions of literal symbols regarding gender can assist educators to craft teaching methods that meet the unique requirements of every learner. Becoming aware of gender-related trends in the misunderstandings can allow teachers to offer variously supported attention and interventions to students in order to sustain fair development of algebraic skillfulness and reasoning in students (McCann, 2019). The conceptual change framework, which is a cognitive theory of learning, provides valuable information about why the fallacies of literal symbols still exist. These theories demonstrate that students create mental models on the basis of the existing knowledge and these already formed ideas influence the way in which these students process new algebraic concepts (Vosniadou, 2013). Misconceptions are made in cases when the intuitive perception of the students are in contradiction with the formal symbolic representations. To effectively address these misconceptions, the instructional plan should entail instructional methods that promote reflective thought, conceptual reorganization and the direct connection of newly acquired knowledge to the past experiences of the students thus facilitating them to have a deeper and more precise comprehension of algebraic symbols (Limón, 2001).
There are some studies that argue that early and continued exposure to symbolic reasoning is important in the development of a good sense of literal symbols. By presenting variables in real-life and contextualized scenarios and raising the level of abstraction progressively, students will be able to develop the correct conceptual models. Problems that are based on a combination of graphical, numerical, and symbolic representations can assist learners to develop bridges among various forms and train their knowledge of symbols (Carpenter et al., 2003). It has been shown that, students who are involved in such activities commit fewer mistakes, have more flexible reasoning and are more comfortable to work with algebraic expressions. Those results reinforce the importance of adding the representational variety and context-based learning to the practice of teaching algebra. Although there is a large amount of research on algebraic misconceptions, comparatively little research has paid special attention to Grade 10 students and their perception of literal symbols. A large part of the literature addresses the problem of early learners of algebra or general errors in algebra, creates a gap in information about the interpretation and occasionally erroneous interpretation of symbolic notation by older secondary students. Surveying the misconception levels and type of misconception among such age group is essential because such students should be able to do more rigorous algebraic operations, such as polynomials, functions and symbolic modeling (Blanton et al., 2011). Knowledge of the conceptual problems of this group can guide specific instructional goals and can guide teachers to develop interventions that enhance the abilities of students to reason algebraically and solve problems. The implications of learning the misconceptions of literal symbols among students are significant both in teaching and in curriculum development. Diagnostic assessment can allow teachers to identify the areas of confusion and create intervention strategies with a focus on clarifying ideas and thinking. The designers of the curriculum can structure the learning sequences in such a way that introduces students to symbolic reasoning in a progressive way, includes several representations, and have scaffolds that enable students to internalize the meaning and use of variables (Fuchs et al., 2008). Such measures have the potential to improve algebraic competence of the students, boost their problem-solving, and develop the confidence to work with the abstract mathematical ideas. This is necessary to promote effective learning in algebra through such evidence-based instructional and curricular practices.
Research Methodology
The research design used in this study was a quantitative descriptive-comparative research design to find out the prevalence of misconceptions on literal symbols in mathematics among students in Grade 10 and to determine the presence of gender-based differences. The descriptive element made it possible to identify and measure the misconceptions systematically, and the comparative one made it possible to analyze the variations between men and female students. This was a suitable design since it offers objective and numerical data without manipulation of any variable, which can be used in the prevalence as well as in the gender comparison. The study target population took the form of all the public secondary schools in District Gujrat, which were 265 schools consisting of 128 female schools and 137 male schools. The accessible population covered all the public secondary schools in Tehsil Gujrat of District Gujrat. Because of the practical considerations of reaching all schools, Proportional Stratified Rand Sampling was used. The population was stratified into two levels namely male and female schools and 15 percent of schools in each stratum were selected randomly. The study sampled 20 public secondary schools of which 9 were female schools and 11 male schools. Students of each chosen school (n=50) were randomly selected to make the total sample to 1,000 students (550 males and 450 females). This sampling method was used on the basis of proportional representation of both male and female students and the sample size was suitable, in that it was feasible to collect the data.
Instrumentation
In this quantitative research, the instrument of data collection was a structured questionnaire known as Questionnaire on Literal Symbols (QLS), which was created to identify the misperceptions of Grade 10 students about literal symbols in mathematics. There were questions in the questionnaire on three important areas which included the meaning of variables, interpreting the symbols in expressions and using symbols in algebra. These were multiple choice items, each having distractors that had been constructed to reflect some misconception that was found in the past studies. It was piloted on a small sample of students, and content validity and relevance in mathematics education experts, producing a Cronbach alpha of 0.82, which is reasonable as a measure of reliability.
Data Collection
This study data was gathered with the consent of the concerned school authorities. The Questionnaire on the Literal Symbols (QLS) was conducted under the students of the chosen Grade 10 in their classrooms under the standard conditions. Students were informed about the objective of the study, and assured of confidentiality, before being asked to respond truthfully. The questionnaires required a duration of about 20-25 minutes. The researcher herself was in charge of the administration to help clarify any suspicions and also to make sure that the data were all gathered in the same manner across all the schools. Questionnaires were coded and ready to be analyzed statistically after collection to ascertain the prevalence of misconceptions and to investigate gender-based variation.
Data Analysis
Table1: Students’ Conceptions about Literal Symbols in Mathematics
	Variable
	N
	Mean
	SD 

	Definition of Literal Symbol
	1000
	3.02
	1.41

	Properties of Literal Symbol
	1000
	3.07
	1.42

	Application of Literal Symbol
	1000
	3.01
	1.43


Table 1 shows the conceptions of the students about literal symbols in mathematics in three areas: definition, properties, and application. The findings demonstrate that the meaning of literal symbols as understood by students was moderate (Mean = 3.02, SD = 1.41) which means that it is subject to variation across students. Students showed a a little higher idea about the properties of literal symbols (Mean = 3.07, SD = 1.42), indicating that they were more acquainted with the rules and other properties that were linked to literal symbols. In the use of literal symbols, students also demonstrated moderate comprehension (Mean = 3.01, SD = 1.43), and this means that they were able to apply literal symbols to problems, but performance in the students was not consistent. On the whole, these results suggest that students tend to have an average knowledge about literal symbols, however, the domain of properties is slightly better known as compared to the definition or application domains.
Table 2: Students’ Conceptions about Literal Symbols in Mathematics (by Gender)
	Variable
	Gender
	N
	Mean
	SD 

	Definition of Literal Symbol
	Male
	550
	3.06
	1.44

	
	Female
	450
	2.97
	1.37

	Properties of Literal Symbol
	Male
	550
	3.01
	1.42

	
	Female
	450
	3.13
	1.41

	Application of Literal Symbol
	Male
	550
	2.30
	1.42

	
	Female
	450
	3.04
	1.44


Table 2 shows the gender representations of literal symbols in mathematics among students. Regarding the definition of literal symbols, the male students (Mean = 3.06, SD = 1.44) had a slight higher comprehension than the female students (Mean = 2.97, SD = 1.37), which shows that there was a slight advantage in the ability of the male students to comprehend what literal symbols mean. Conversely, the female students (Mean = 3.13, SD = 1.41) performed higher than male students (Mean = 3.01, SD = 1.42) in the process of knowing about the properties of literal symbols indicating a superior understanding of the rules and properties of literal symbols. Concerning the use of literal symbols, female students (Mean = 3.04, SD = 1.44) also scored better than male students (Mean = 2.30, SD = 1.42), which means that female students had greater skills to use literal symbols correctly in problem-solving situations. In general, these findings imply that there are some small gender-related differences in particular fields, as female students have a small advantage in properties and application, whereas male students have a slight advantage in definitions.


Table 3: Difference between Male and Female Students’ Conceptions of Literal Symbols
	Variable
	Gender
	N
	Mean
	SD
	df
	t-value
	Sig. (2-tailed)

	Definition of Literal Symbol
	Male
	550
	3.06
	1.44
	998
	.981
	.327

	
	Female
	450
	2.97
	1.37
	
	
	

	Properties of Literal Symbol
	Male
	550
	3.01
	1.42
	998
	-1.341
	.180

	
	Female
	450
	3.13
	1.41
	
	
	

	Application of Literal Symbol
	Male
	550
	2.30
	1.42
	998
	-.435
	.664

	
	Female
	450
	3.04
	1.44
	
	
	


Table 3 identifies the findings of an independent-samples t-test that compares the differences between genders in the conceptions of literal symbols in mathematics among students. In the definition of literal symbols, male students (Mean = 3.06, SD = 1.44) rated a little higher than the female students (Mean = 2.97, SD = 1.37), although the difference was not significant t(998) = 0.981, p = 0.327. Female students (Mean = 3.13, SD = 1.41) had a slightly higher mean in the properties of literal symbols compared to male students (Mean = 3.01, SD = 1.42) but this difference was also not significant, t (998) = -1.341, p = 0.180. In terms of the literal symbols application, female students (Mean = 3.04, SD = 1.44) scored higher than male students (Mean = 2.30, SD = 1.42) although the difference was statistically insignificant, t(998) = -0.435, p = 0.664. All in all, these findings imply that there is no significant difference between the gender understanding of literal symbols in students and, thus, that both male and female students have similar conceptual and applied knowledge in this area.
Conclusions
The conceptions of the students regarding the literal symbols in mathematics show that, in general, there is a moderate level of literacy among students in the areas of definition, properties, and application. Of these areas, students scored a little higher in the knowledge of the properties of literal symbols implying that they are better conversant with the rules and the characteristics that govern these symbols. They have a moderate understanding of the definition and use of literal symbols and this means that they are able to perceive the concept but still have difficulties in using it in problem solving situations. In the analysis of the gender differences, the results indicate that there is no marked difference between the male and female student in most areas. Female students had a slight lead in the area of knowing the properties and use of literal symbols, whereas male students had a slight lead in the area in knowing the definition. But these differences are not significant and do not portray any real distinction in the general knowledge in concepts or practice. All in all, the results indicate that, although the students are more or less familiar with literal symbols, there is still a necessity of specific instructional strategies. Educators in this case should emphasize on the strengthening of conceptual knowledge and giving learners a chance to use literal symbols in solving various mathematical problems. The areas may address to support the problem-solving skills of students and encourage them to learn more about the algebraic reasoning.
Discussion
The results of this research point to the fact that the students have a moderate level of knowledge of literal symbols in mathematics, and their familiarity with the properties of literal symbols is relatively higher than the understanding of how to define things and how to use literal symbols in solving problems. This trend is consistent with previous studies which indicate that students tend to learn the procedural or rule-based component of algebraic concepts easier than the meaning and purposeful application of symbols in mathematical problems (Arcavi, 1994). Though there were some slight gender differences that came out as female students slightly outperformed male students in certain areas and male students slightly outperformed female students in others, they were not statistically significant indicating that gender does not have a significant impact on students conceptions of literal symbols. This observation agrees with the literature that indicates little gender influence in algebraic knowledge in case the teaching is fair (Hyde et al., 2008). The average general knowledge and the heterogeneity of the results found in the domains point to the continuation of the myths and challenges the students have in linking the symbolic representation to the meaning and use (Sfard, 1991). Thus, the findings highlight the necessity of the instructional practices focusing on the clarity of the concepts and the meaningful application of literal signs, including representational strategies, the discussion of the symbolic form, and the examples embedded in the context and unifying symbolic form and quantitative reasoning (Barbieri and Booth, 2016). These specific pedagogical instructional strategies will probably contribute to a more profound conceptual learning and increase student flexibility in using literal symbols to various mathematical scenarios.
Recommendations
On the conclusion of this work, it is suggested that teachers should work on enhancing the conceptual knowledge of the literal symbols among students by arranging the application of visual representation, manipulatives, and life examples to make abstract notions more comprehensible. Teaching must not only focus on the nature of literal symbols, but also on how to use them, and in this case multiple problem-solving situations should be given to help students become acquainted with the ability to relate symbolic answers to meaning. The teacher should be provided with professional development that provides them to have effective teaching strategies, such as student centered and inquiry-based teaching strategies, to overcome the common misconceptions and to improve algebraic operations by providing the teacher with effective teaching strategies. Also, the evaluative instruments should be able to measure not only the correctness of the procedures but also conceptual knowledge and reasoning so that the teachers can understand the learning gaps and offer specific interventions. Future studies might uncover the usefulness of new teaching methods, technology-based learning, and group lessons in enhancing students knowledge on literal symbols in the long run.
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