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Introduction: Mathematics achievement is the level of knowledge, proficiency or skill attained by undergraduates in mathematics, often explained by grade point average or cumulative grade point average. Many factors could either improve or deter this achievement. In this study, we assess the factors that predict the academic achievement of mathematics undergraduates through structural equation model (SEM).

Methods: A survey was conducted with a sample of 411 randomly selected undergraduates from the Department of Mathematics in public universities in Southwestern Nigeria who were studying mathematical science or mathematics education. An adapted questionnaire on a 5-point Likert scale hosted online through Google Forms was used for the survey. The data gathered was analyzed through SEM with the aid of SmartPLS 4.

Results: The factors examined, mathematics self-efficacy, attitude, motivation and study habits, collectively accounted for 59.4% of the observed variance in the academic achievement of mathematics undergraduates. Similarly, self-efficacy and study habits accounted for 47.7% of the observed variance in academic motivation, while study habits, motivation and self-efficacy accounted for 67.8% of the observed variance in academic attitudes.

Discussion: Among the predictors, study habit has the most predictive influence on academic achievement, followed by mathematics self-efficacy and academic motivation, while academic attitude has the least influence on academic achievement. Hence, academics and institutions should develop and implement various instructional interventions, such as mentoring, monitoring programs and feedback supports, to help students improve their study habits and build their mathematics self-efficacy.
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Introduction

Mathematics is the foundational link connecting science and technology, enabling the innovation that drives a nation’s progress. A mathematical framework often makes every breakthrough in science and technology possible. Due to its multifaceted nature, mathematics is considered an essential discipline for any nation that relies on science and technology. For its richness, the discipline became a foundation upon which other science disciplines may stand. Mathematics is the bedrock of sciences and technology, and no nation can hope to achieve any measure of scientific and technological advancement without adequately exploring it (Asanre et al., 2024). It helps in the development of models used in science and technology. Despite the relevance of mathematics to the advancement of society, there has been a report of spatial and unimpressive enrolment rates in Nigerian universities (Salman et al., 2011) and dropout due to low academic achievement among mathematics undergraduates (Abah, 2018).

Undergraduate mathematics programs in Nigerian universities encompass both mathematical sciences and mathematics education, reflecting a varied and demanding academic situation. The mathematical sciences focus on pure and applied mathematics, equipping students with advanced problem-solving skills and analytical thinking essential for various fields. Core courses being exposed to include Calculus, Linear Algebra, Differential Equations, Abstract Algebra, Real Analysis, Probability and Statistics, Numerical Methods, and Mathematical Modeling. On the other hand, mathematics education programs emphasize pedagogical strategies, curriculum development, and educational psychology, preparing future educators to teach mathematics effectively at primary and secondary level of education. Key courses in addition to some of the mathematical science courses in this discipline often include Teaching Methods in Mathematics, Curriculum Development in Mathematics, Educational Psychology, Assessment and Evaluation in Mathematics, Technology in Mathematics Education, History of Mathematics, and contemporary issues in Mathematics Education. The curriculum in both programs is designed to foster critical thinking and practical application of mathematical concepts. As a result, these programs aim to produce graduates who are proficient in mathematics and capable of contributing to the improvement of mathematics education in Nigeria. What individual undergraduate achieve academically then could be explained by how they perform in the various courses being exposed to during their program.

Academic achievement explains how well an undergraduate does in school or how much they learn, reflected in their Grade Point Average (GPA) at the end of a semester or Cumulative Grade Point Average (CGPA) by the end of the session. However, studies have shown that this academic achievement has been unimpressive for many reasons, which are evident in the report published by the National Universities Commission (2019), which reflected that in the year reported, only 1.47% of undergraduates enrolled in mathematics (mathematics science or mathematics education) and from this number, 2.83% supposed to have graduated. While considering the graduation rate of the total enrolled students, Mathematics undergraduates made 1.18% of the output. Studies have identified factors that influence undergraduates’ achievement in mathematics, among which are self-efficacy (Zakariya, 2021), attitude (Almaraz-López et al., 2023), motivation (Lishchynska et al., 2023), study habit (Charles-Ogan and Alamina, 2014), self-concept (Arens et al., 2022), confidence (Ercikan et al., 2005) among others. There is no study that has investigated the combined influence of all the identified factors on undergraduate mathematics students’ academic achievement particularly through structural equation modeling. In this study, our focus is on self-efficacy, motivation, attitude, and study habits, seeking their influence on mathematics undergraduates’ academic achievement. Mathematic academic achievement, as used in this study, is the CGPA of the mathematics undergraduates. The reason for focusing on these factors is to addresses the gap in existing literature by specifically examining the combined and individual influences of self-efficacy, motivation, attitude, and study habits on the academic achievement (CGPA) of mathematics undergraduates, providing a comprehensive understanding of how these factors interact to influence student achievement in this discipline.

Mathematics self-efficacy is the undergraduates’ belief in their capabilities to succeed in mathematics courses. It has been observed that many mathematics undergraduates in some Nigerian universities initially were not willing to offer the course, and most often, students in this category appear to struggle with the course as they advance, lacking belief in themselves to navigate through with outstanding performance. Self-efficacy beliefs in one area may influence beliefs in another. Therefore, an increase in mathematics self-efficacy might function as a resilience element to reduce depressive-related issues that could affect students’ performance (Falebita and Olofin, 2020; Sachitra and Bandara, 2017; Schunk, 1989). Hence, academics could play a role in boosting or draining mathematics undergraduates’ self-efficacy, which Bandura (1986) suggested is more straightforward to achieve. However, self-efficacy has a way of influencing an individual’s attitude.

Attitude toward mathematics is the set of beliefs, feelings and behavioral intentions about mathematics. Attitude does not come alone; it is often shaped by the complex interplay of individual, educational, and sociological factors (Jansen et al., 2016). In other words, it is an interaction between an individual, the learning, and the environment. Undergraduates’ attitudes toward mathematics have been found to be sharpened by factors such as prior mathematical experiences, beliefs, teaching approach, and parental influence (Wiebe et al., 2018); thus, the attitude demonstrated toward mathematics could be negative or positive. Attitudes such as unwillingness to engage in learning or participating in instructional activities constitute negative attitudes, while willingness to be involved in learning activities, commitment to studying, and belief in achieving specific goals driven toward academic success make positive attitudes.

Mathematics study habits are the consistent actions, behaviors, and techniques students use to grasp., comprehend, and remember mathematics content. It is generally believed that students have to prepare before going for mathematics examination in order to pass. For mathematics, consistent efforts may be required to go through the content so that it can be retained for efficient usage. Developing good study habits will help in this regard. Studies have shown that good study habits promote good academic achievement (Capuno et al., 2019; Odiri, 2015; Sakirudeen and Sanni, 2017). However, the question that comes to mind is: can an unmotivated student develop good study habits or attain good academic achievement?

Mathematics motivation is the internal and external elements influencing a person’s behavior, energy, and orientation toward fulfilling a specific goal or activity in mathematics. Whether it be the urge to succeed, the will to learn, or the need to reach, it drives someone to act in relation to learning mathematics contents. Motivation may be extrinsic, which results from outside incentives, recognition, or pressure, or intrinsic, which comes from inside the person, from a genuine interest or a feeling of personal fulfillment (Herges et al., 2017; Jansen et al., 2016; Lishchynska et al., 2023). Knowing the function of motivation is essential in an academic environment, as it guides teaching plans, learning environments, and interventions meant to improve students’ engagement and learning outcomes, most especially academic achievement.

For educational researchers and policymakers, undergraduate students’ academic achievement, especially in mathematics, is of great concern. Therefore, providing support systems to improve student achievement depends on an awareness or understanding of the main factors influencing mathematical achievement at the undergraduate level. In this study, we used Structural Equation Modeling (SEM) to examine the effects of selected factors on academic achievement in undergraduate mathematics. These factors include students’ attitudes, self-efficacy, study habits, and motivation. SEM is a method well-known in educational research for investigating the intricate interactions among many predictive variables and academic achievement. This method allows researchers to examine the direct and indirect impacts of several factors concurrently, helping to provide a more complete knowledge of the fundamental processes influencing student achievement (McCoach, 2003).



Literature review and study framework


Theoretical framework

The Expectancy-Value Theory (EVT), initially theorized by Atkinson (1957) and later expanded by Eccles et al. (1983), posits that students’ beliefs about their abilities and the value they place on tasks significantly influence their motivation and academic achievement. This makes EVT an essential framework for examining the factors that affect mathematics undergraduates’ success. At the core of EVT are two key components: students’ anticipation of success and the subjective value they attach to tasks. These elements interact dynamically, shaping students’ engagement, effort, and perseverance in academic settings. According to Eccles and Wigfield (2002), for example, students who believe they can succeed (self-efficacy) and find a task meaningful (attitude) are more likely to produce better results. This paradigm provides a complete lens through which we might examine how attitude, study habits, motivation, and self-efficacy taken together affect academic achievement. Furthermore, attitude and motivation bring complexity into this conversation covering both intrinsic and extrinsic aspects of EVT’s value component. Students motivated by extrinsic goals like career aspirations as well as by intrinsic elements like a real passion in learning often show more involvement and endurance (Deci and Ryan, 1985; Wu and Fan, 2017). Positive attitudes toward learning further enhance both anticipation and value, creating a virtuous cycle that fosters improved academic success. Research by Pintrich and De Groot (1990) reinforces this notion, revealing that students with positive attitudes and strong motivation are more likely to excel academically, thus underscoring the critical role of EVT in educational contexts. Together, these characteristics reveals the multifaceted nature of EVT in explaining academic achievement and offer valuable insights for educators aiming to enhance student success.



Mathematics self-efficacy

The desire of undergraduates to study mathematics is mostly shaped by their beliefs in their capabilities, which may drive them toward excellence or sink them into deep self-doubt and underachievement. Studies have shown that a positive relationship exists between students’ academic self-efficacy and achievement in mathematics among undergraduates. The have been scanty literature on mathematics self-efficacy as most study considered academic self-efficacy. According to Turgut (2013), students’ academic self-efficacy beliefs were greatly influenced by their academic performance and grade level. Similarly, Palestro and Jameson (2020) reveal that mathematics self-efficacy mediates the relationship between mathematics anxiety and achievement. For Zakariya (2021), knowledge and self-efficacy contributed 30%, while for Negara et al. (2021), self-efficacy contributed 14.8% to the prediction of academic achievement in mathematics. These all point toward the direction that higher-achieving students had strong self-efficacy beliefs about their capabilities. Regarding self-efficacy as an influencer of attitude toward mathematics, there has also been a consistent demonstration of a significant relationship between self-efficacy and attitude toward mathematics. For example, Akin and Kurbanoglu (2011) and Laranang and Bondoc (2020) studies reveal that students’ self-efficacy positively correlates to their academic attitude toward mathematics. The positive correlation suggests that a student with a positive self-efficacy belief would have a positive attitude toward mathematics. Also, research consistently suggests a significant relationship between self-efficacy and academic motivation. Arık (2019), Demi̇R (2024), and Lishchynska et al. (2023) all found that students’ self-efficacy significantly influences their academic motivation. This suggests that fostering self-efficacy will enhance students’ academic motivation. These findings highlight self-efficacy’s significant contributions to students’ academic achievement, attitude, and motivation. However, this study focuses specifically on mathematics self-efficacy as against general academic self-efficacy commonly found in literature. Its contribution to predicting mathematics undergraduates’ academic achievement, attitude, and motivation, as well as the model developed were considered in this study. We therefore hypothesized that:


H1: Mathematics self-efficacy predicts undergraduate’s academic achievement.

H2: Mathematics self-efficacy predicts undergraduate’s attitude toward mathematics.

H3: Mathematics self-efficacy predicts undergraduate’s mathematics motivation.
 



Students’ mathematics study habit

As the patterns of behavior form the basis upon which students’ mathematics ability is built, the habits and routines they develop in their mathematics study can mean the difference between soaring high academically and depressing failure. Studies show a strong correlation between study habits and mathematics academic achievement among students. The mathematics achievement of students with good study habits, especially those who spend more time, solving problems and maintain a high concentration level, usually improves (Charles-Ogan and Alamina, 2014; Odiri, 2015). It is important to state here that most literature focus on general study habit without considering mathematics study habit. According to Alva (2017), study habits were clearly proven to be a major predictor of undergraduate students’ achievement in mathematics. Particularly in early phases, students must be helped to develop good study habits mostly by including the instruction of good study habits in the school curriculum, which, when maintained, will help such individual students throughout their academic endeavors (Charles-Ogan and Alamina, 2014). Also, Hashim et al. (2022) found a significant relationship between undergraduate students’ study habits and attitudes toward mathematics. This explains how good study habits tend to bring out positive attitudes in undergraduate students toward mathematics. In addition, according to Mahmudah et al. (2021), study habits were found to relate to students’ academic motivation positively. These findings have shown how study habits shape students’ academic achievement, attitude, and motivation. However, in this study the focus is mainly on mathematics study habit which is more specific to the general study habit being considered in previous studies from literature. To consider the interactive effects of the factors on academic achievement, we hypothesized that:


H4: Mathematics study habits predict undergraduate’s achievement.

H5: Mathematics study habits predict undergraduate’s attitude toward mathematics.

H6: Mathematics study habits predict undergraduate’s mathematics motivation.
 



Students’ mathematics motivation

Motivation often comes with enthusiasm, energy and willingness to get things done. A student’s search for mathematical mastery might be motivated by as many different factors as the discipline itself, including a complex interaction of various forms of motivation. Studies on motivation and mathematics achievement among undergraduates have revealed intricate interactions. Motivation according to Yarin et al. (2022), has been shown to have a small but significant link with academic achievement in mathematics, while intrinsic motivation was identified as the best predictor. Lishchynska et al. (2023) further stressed that motivation is a significant factor influencing performance. On the contrary, Schoeffel et al. (2017), revealed that motivation did not influence software engineering students’ mathematics achievement. These results draw attention to the complicated character of motivation in mathematics education. In addition, Oyedeji (2017) and da Mata et al. (2012) reveals how different motivating factors affect students’ attitudes toward mathematics. Students’ attitudes directly benefit from intrinsic motivation, family environment, and teacher assistance (Oyedeji, 2017). This study considered mathematics undergraduates’ motivation as it influences their achievement and attitude. We therefore hypothesized that:


H7: Mathematics motivation predicts undergraduate’s achievement.

H8: Mathematics motivation predicts undergraduate’s attitude toward mathematics.
 



Attitude toward mathematics

Whether positive or negative, one’s attitude toward mathematics may significantly affect the course of one’s academic and personal activities and cast an extended shadow over one’s potential for achievement. Studies have shown that undergraduates’ performance is significantly influenced by their attitude toward mathematics. While negative attitudes were linked to poor achievement, Subia et al. (2018) revealed a significant link between positive attitudes and better academic achievement. Mazana et al. (2018) found a weak, though positively significant, link between attitude and academic achievement. This demonstrates the predictive power of attitude in determining or fostering students’ academic achievement in mathematics. These studies also highlight how important attitude is to undergraduate mathematical achievements. Our focus in this study is to explain the predictive power of attitude as the determiner of undergraduates’ academic achievement, as hypothesized below;


H9: Attitude toward mathematics predicts undergraduate’s academic achievement.
 




Methodology


Design, sample and data collection procedure

Our investigation used a survey and ex-post-facto design. The survey collected data regarding the respondents’ self-efficacy, motivation, study habits, and attitudes toward mathematics. The ex-post-facto design was considered appropriate because the undergraduates’ academic achievement preexisted as measured by GPA.

The study’s sample is 411 undergraduate students selected using simple random technique from the mathematics department of three public universities in southwestern Nigeria. They are either studying mathematical science or mathematics education. The sample size was determined by the Cochran’s method for determining sample size from a large or unknown population. For generalization at a 95% confidence level with 5% margin of error, at least around 385 participants are required (Ahmed, 2024). This study therefore opted for a sample of 411 university students, which is well above this required sample size, hence it addresses adequate statistical power and representativeness of the population under study. Simple random sampling also adds to the generalizability of findings of the study among the population. As revealed in Table 1, most of the undergraduates were male, representing 53.28%, and most of the respondents (60.58%) were aged 20–23. Also, most respondents (58.39%) were studying mathematics education, and 27.74%, which constitute the majority, were in their fourth year (400 level).



TABLE 1 Demographic information.
[image: Table1]

After obtaining ethical approval for the study from the Research Committee of the Faculty of Education, Federal University of Education, Oye-Ekiti, Nigeria, on February 20, 2024 (Ref No. FUOYE/FE/RCE/24-007), all participants provided informed consent, and confidentiality was ensured throughout the investigation. All data collected were handled in strict compliance with data protection regulations, ensuring participants’ personal information was anonymized, securely stored, and accessible only to the research team. We hosted the questionnaire used for data collection in the study online through Google Forms. In the first instance, we shared the link with the mathematics undergraduates, seeking their consent to participate in the study. They were encouraged to back out anytime they felt uncomfortable to continue. The matriculation number supplied by respondents was later used to collect their GPA. The confidentiality and anonymity were ensured by using matriculation numbers solely for the purpose of matching responses with academic records, after which all identifiable information was removed from the dataset, and access was restricted to the research team only.



Instrumentation

The instrument we used for data collection is a questionnaire adapted from different sources based on the constructs considered (see Appendix). The questionnaire has four different constructs that seek to measure the self-efficacy, attitude, motivation, and study habits of mathematics undergraduates. Some of the items adapted were slightly modified to fit our research’s context. The items of the self-efficacy construct were adapted from Kranzler and Pajares (1997), attitude from Fennema and Sherman (1976), motivation from Vallerand et al. (1989), and study habits from Sharma (2018). We rated the questionnaire items on a 5-point Likert scale of “Strongly Agree” to “Strongly Disagree” to get the most accurate responses (Subedi, 2016).



Data analysis approach

We evaluated the constructs of the instrument for validity and reliability in the measurement model evaluation. We considered the item factor loadings (FL ≥ 0.70), construct reliability using Cronbach alpha (CA ≥ 0.70) and composite reliability (CR ≥ 0.70), convergent validity (average variance extracted: AVE ≥ 0.5), and discriminant validity (Fornell–Larcker criterion greater than the correlation coefficients among constructs) (Ayanwale and Ndlovu, 2024; Chibisa and Mutambara, 2022; Hair et al., 2019, 2021; Hair and Sarstedt, 2019; Ringle et al., 2024; Sarstedt et al., 2017). The models were then improved after removing items with factor loadings less than 0.70 and constructs with average variance extracted (AVE) less than 0.50. We used bootstrapping with 5,000 PLS subsamples to examine the correlations between the structural model constructs to evaluate the hypotheses put forward in our research. To determine which constructs in the structural model are more important in explaining others, we evaluated the direct effect size and statistical significance (Ayanwale et al., 2024; Hair et al., 2019; Ringle et al., 2024; Sarstedt et al., 2017). We validated the instrument’s psychometric properties prior to testing the substantive hypothetical connections outlined in its conceptual model. This analytical approach is considered best practice when conducting quantitative research using the latent variable approach (Hair et al., 2021).




Results


Measurement model, convergent validity and reliability

The result of the analysis is presented in this section. The measurement model explains the connection that exists between constructs and the indicators. Convergent and discriminant validity were used to evaluate the measurement model’s degree of goodness of fit (Chin, 1998). Convergent validity measures the degree to which a measure is positively correlated with other measures of the same construct, indicating that the measure truly captures the intended underlying concept (Hair et al., 2021). Discriminant validity measures the extent to which a measure is distinct from other measures, demonstrating that it is measuring a unique concept and not simply overlapping with other related constructs (Hair et al., 2019).

To determine whether or not convergent validity exists, we did a thorough examination of the average variance extracted (AVE), internal consistency, and indicator reliability of the constructs (Sarstedt et al., 2017). The AVE measures the amount of variance captured by a construct in relation to the amount of variance due to measurement error, assessing the convergent validity of a construct (Hair et al., 2014). When determining the reliability of an indicator, outer loadings were used, and as a general rule, the outer loadings should be greater than 0.7 (Sarstedt et al., 2017). The results in Table 2 demonstrate that all constructs had outer loadings greater than 0.7. These results suggest the reliability of accepted indicators.



TABLE 2 Confirmatory composite analysis result.
[image: Table2]

We measure the items’ multicollinearity using the Variance Inflation Factor (VIF) approach. Table 2 shows that the VIF indices for all the items were below the acceptable value (<5), ranging from 1.687 to 3.123 (Hair et al., 2010). Similarly, the AVE values are 0.653, 0.679, 0.666, and 0.656 for the MUAA, MUAM, MUSE, and MUSH constructs, which were all above 0.5, indicating a strong convergent validity that is good for the model (Adelana et al., 2024; Chibisa et al., 2022; Fornell and Larcker, 1981). In a similar vein, it is indicated in Table 2 that the CA and CR, which measure the constructs’ reliability, indicate values above 0.70 for each construct establishing the reliability (internal and overall consistency) of the construct (Fornell and Larcker, 1981; Hair et al., 2014).



Discriminant validity

The Fornell–Larcker criterion approach was used to explain the discriminant validity of the instrument. The AVE square roots of the constructs, having a higher index when compared with the correlation coefficient of any of the constructs, establish its validity (Fornell and Larcker, 1981). Given that the construct exhibits less variation with its linked indicators than with other model constructs, this implies that the concept has discriminant validity (Sarstedt et al., 2017). Each construct’s square root of the AVE is larger than all of its correlations with every other construct (see Table 3). This implies that the latent variables are distinct from one another, hence bolstering the discriminant validity of the model. Overall, all constructs were shown to be valid and reliable. Consequently, an evaluation of the structural model was conducted.



TABLE 3 Discriminant validity.
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The structural model

The results in Table 4 and Figure 1 summarize the structural model evaluation. We examine the structural model by considering some criteria: path coefficient size, t-test, and significance (β, t, and p); effect size (f2); structural model collinearity (VIF); R2 of endogenous variables; and predictive relevance (Q2). The result indicates that mathematics undergraduates’ academic achievement is significantly positively predicted by their mathematics self-efficacy (β = 0.299, t = 3.771, p < 0.05), which supports H1. It is discovered that mathematics undergraduates’ attitude toward mathematics is significantly positively predicted by their mathematics self-efficacy (β = 0.388, t = 5.079, p < 0.05), which also supports H2. Also, H3 is supported because mathematics undergraduates’ mathematics motivation is significantly positively predicted by their mathematics self-efficacy (β = 0.427, t = 6.058, p < 0.05). Mathematics study habits significantly positively predict mathematics undergraduates’ academic achievement (β = 0.352, t = 5.296, p < 0.05), and this supports H4. Mathematics undergraduates’ mathematics study habits significantly positively predict their attitudes toward mathematics (β = 0.306, t = 3.925, p < 0.05), which confirms support for H5. The result also shows that mathematics undergraduates’ mathematics motivation is significantly positively predicted by their mathematics study habits (β = 0.374, t = 4.536, p < 0.05), which supports H6. Mathematics undergraduate academic achievement is significantly positively predicted by mathematics motivation (β = 0.223, t = 2.940, p < 0.05), which supports H7. Additionally, H8 is supported because mathematics undergraduates’ mathematics motivation significantly positively predicts their attitude toward mathematics (β = 0.286, t = 3.131, p < 0.05). Finally, attitude toward mathematics does not significantly positively predict the academic achievement of mathematics undergraduates (β = 0.046, t = 0.458, p = 0.647), which does not support H9.



TABLE 4 Summary of the structural model evaluation.
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FIGURE 1
 Academic achievement predictor structural model.


In assessing the model’s explanatory power using the effect size (f2) values and coefficient of determination (R2), we considered f2 ≥ 0.02 as small, f2 ≥ 0.15 as medium, and f2 ≥ 0.35 as large effect sizes (Cohen, 1988; Hair et al., 2021). This indicates that the paths MUSE → GPA, MUAM → GPA, and MUAA → GPA all had small effects, while MUSH → GPA, MUSE → MUAA, MUSH → MUAA, MUSE → MUAM, MUSH → MUAM, and MUAM → MUAA had medium effects.

For the coefficient of determination, R2 ≥ 0.19 is considered weak, R2 ≥ 0.33 is moderate, and R2 ≥ 0.67 is a strong level of accuracy in the prediction (Ayanwale and Molefi, 2024; Hair et al., 2021). The result shows that the independent variables moderately contribute to the prediction of the dependent variable. We use the explanatory power (adjusted R2) to assess the model, with possible values ranging from 0 to 1. Values close to 0.50 indicate moderate power, and those above 0.50 indicate high power (Adelana et al., 2024). The result shows that the explanatory power of the construct MUAM is at a moderate level while GPA and MUAA are at a high level. The GPA, MUAA, and MUAM have indices of 0.582, 0.670 and 0.469, respectively. The predictive relevance of the model (Q2) was examined; a value greater than zero is considered satisfactory in the predictive relevance (Chin, 1998; Mutambara and Chibisa, 2022). The endogenous variables’ GPA, MUAA, and MUAM Q2 values are 0.556, 0.620, and 0.454, respectively. Since these values are more significant than zero, it indicates that all the variables are related and relevant in the prediction of academic achievement of mathematics undergraduates.




Discussion

We used structural equation modeling (SEM) to assess the factors predicting the academic achievement of mathematics undergraduates. The factors considered in this study include mathematics self-efficacy, attitude toward mathematics, mathematics motivation, and mathematics study habits. This study’s novelty is its focus on university students studying mathematics and its examination of the four factors (mathematics attitude, mathematics self-efficacy, mathematics motivation and mathematics study habit) that could predict academic achievement, using SEM to examine these factors. Eight of the suggested hypotheses (H1 to H8) were confirmed to be supported by the study’s results, while only one (H9) was shown not to be supported. The constructs collectively accounted for 59.4% of the observed variance in the academic achievement of mathematics undergraduates. Similarly, the constructs MUSE and MUSH accounted for 47.7% of the observed variance in academic motivation, while MUSH, MUAM, and MUSE accounted for 67.8% of the observed variance in attitudes toward mathematics. Among the predictors, mathematics study habit has the most predictive influence on academic achievement, followed by mathematics self-efficacy and mathematics motivation, while attitude toward mathematics has the least influence on academic achievement. Also, mathematics self-efficacy has the most predictive influence on mathematics undergraduates’ attitudes toward mathematics, followed by mathematics study habits, while mathematics motivation has the least predictive influence. Similarly, mathematics self-efficacy is more influential than mathematics study habits in predicting mathematics undergraduate mathematics motivation. These findings agree with previous studies on attitude, self-efficacy, study habit and motivation, such as Negara et al. (2021), Zakariya (2021), Mahmudah et al. (2021), Hashim et al. (2022), Oyedeji (2017), Yarin et al. (2022), and Mazana et al. (2018).

The study’s findings show that mathematics undergraduates’ academic achievement is significantly positively predicted by their mathematics self-efficacy. A sense of belief in own capabilities has been found across the literature to be one of the key factors in predicting students’ academic achievement. The positive predictive influence established in this study conforms with the findings of Palestro and Jameson (2020), Zakariya (2021), and Negara et al. (2021), who all showed that self-efficacy contributed significantly to the prediction of academic achievement. Palestro and Jameson (2020) further emphasized that self-efficacy predicts and mediates achievement. The positive influence found means that students who are positive in their belief in their capabilities tend to have better achievement in mathematics, which further plays down the important role of self-efficacy. This study emphasizes the idea that fostering students’ confidence in their mathematical abilities can significantly improve their academic achievement, emphasizing the need for educational strategies that build self-efficacy in mathematics learning environments. It is discovered in this study that mathematics undergraduates’ attitude toward mathematics is significantly positively predicted by their mathematics self-efficacy. This, by implication, means that a sense of positive self-efficacy will lead to a positive attitude toward mathematics. In other words, this reveals that mathematics undergraduates who believe in their abilities are more likely to develop a positive attitude toward mathematics, showcasing the powerful interplay between self-efficacy and students’ perceptions of the subject. This aligns with Akin and Kurbanoglu (2011), who reveal the influential potential of self-efficacy on students’ attitudes. It further upholds Laranang and Bondoc (2020), who also stated that students with positive self-efficacy always have a positive attitude toward learning. Also, this study found that mathematics undergraduates’ mathematics motivation is significantly positively predicted by their self-efficacy. This study highlights that mathematics undergraduates with strong self-efficacy are not only more confident in their abilities but also more motivated to engage with mathematics, illustrating how belief in oneself fuels a passion for learning. Our finding conforms with Arık (2019), Demi̇R (2024), and Lishchynska et al. (2023), who all present self-efficacy as a key factor that influences students’ motivation. These findings stressed the importance of self-efficacy in academic achievement, attitude, and motivation. This implies that mathematics self-efficacy could be a kind of energy that could make undergraduate students devoid of academic apprehension, boosting their confidence in working toward academic excellence and making them positive about what they do. Many undergraduates are being deluded by the myth of mathematics being abstract in nature, causing damage to their belief about their abilities to comprehend what they are being taught. Therefore, boosting mathematics undergraduates’ mathematics self-efficacy would be critical to improved academic achievement, attitude, and motivation, which could be provided by well-structured interventions or therapy.

The result from our study also shows that mathematics study habits significantly positively predict mathematics undergraduates’ academic achievement. This reveals that effective mathematics study habits are a game-changer for mathematics undergraduates, significantly boosting their academic achievement and underscoring the importance of strategic learning practices in mastering the subject. Previous studies have affirmed that a consistent studying pattern influences students’ academic achievement. This was evident in the work of Alva (2017), when it was found that study habits were clearly proven to be a major predictor of undergraduate students’ achievement in mathematics. In addition, we found that mathematics undergraduates’ study habits significantly positively predict their academic attitudes. This suggest that strong mathematics study habits among mathematics undergraduates not only enhance their academic achievement but also foster a more positive attitude toward their studies, highlighting the critical link between effective learning strategies and student mindset. The finding agrees with the study of Hashim et al. (2022), where it was found that a significant relationship exists between undergraduate students’ study habits and attitudes toward mathematics. This suggests that undergraduate students with good study habits will have a positive attitude toward learning mathematics. Also, the finding of this study indicates that the mathematics undergraduates’ study habits significantly positively predict their academic motivation. This finding also conforms with Mahmudah et al. (2021), who showed that study habits positively affect students’ academic motivation. This, in some way, also suggests that mathematics undergraduate students with consistently good studying habits would demonstrate high motivation levels toward various mathematics activities. The outcomes of our research emphasized the significance of study habits to academic achievement, attitude, and motivation. This indicates that when mathematics undergraduates develop good study habits, which range from time management and organization to effort regulation directed toward studying and reading, academic achievement improvement follows the development pattern (Zimmerman et al., 2023). These students tend to retain what they study consistently over a long period, which boosts their preparation for examinations and their chances of performing well in such examinations. Students with good mathematics study habits are likely to demonstrate positive attitudes such as willingness and readiness to attend classes, write tests, do assignments and engage in group or collaborative work toward mathematics. Developing consistently good mathematics study habits starts with self-discipline and requires much commitment devoid of distractions. Hence, academics and institutions should create an environment that will help undergraduates cultivate good study habits, which, in the long run, influence their academic achievement, attitude and motivation.

Additionally, this study’s results indicate that mathematics motivation significantly and positively predicts undergraduate academic achievement in mathematics. This is in line with the findings from the work of Yarin et al. (2022), where intrinsic motivation was identified as the best predictor of academic achievement in mathematics. Also, Lishchynska et al. (2023) found that motivation significantly influences students’ achievement. In disagreement, Schoeffel et al. (2017) revealed that motivation did not influence students’ mathematics achievement. The students considered by the scholar are the software engineering students who might not take mathematics throughout their academic journey in the university compared to the mathematics undergraduates who were the major focus of our study whose courses cut across various aspects of mathematics and left with no option but to get themselves motivated to forge ahead in their academic journey. Hence, academic goals could be a major factor in undergraduates’ motivation. Also, we found that mathematics undergraduates’ mathematics motivation significantly positively predicts their academic attitude. This affirms the findings of Oyedeji (2017) and da Mata et al. (2012), who both reveal in their different studies that motivating factors influence students’ attitudes toward mathematics. Some of the motivating factors include family and school environments, the teacher and even peers. The teacher plays a significant role in motivating or demotivating the students through their attitudes and teaching approaches regarding the teaching and learning of mathematics (Pepkolaj et al., 2024). Above all, the results show that mathematics motivation is key to improved academic achievement and attitude. Hence, parents, mathematics academics, and institutions must provide resources and use various instructional approaches that motivate students to learn.

Conversely, the study’s results demonstrate that attitude toward mathematics does not significantly positively predict the academic achievement of mathematics undergraduates. The finding of this study is in contrast to Subia et al. (2018) who showed a significant path between positive attitudes and better academic achievement. Also, Mazana et al. (2018) revealed a weak, though positively significant, relationship between attitude and academic achievement. However, in this current study, the non-significance path, though a positive one between attitude and achievement, could be due to the population of the study or the course considered since mathematics is generally believed to come with its own uniqueness. The finding could mean that irrespective of the attitude undergraduates showcase toward mathematics, once they have good study habits, positive mathematics motivation, and strong mathematics self-efficacy, they are more likely to have a high academic achievement.


Implication for practice

Recognizing factors that predict undergraduates’ academic achievement in mathematics will greatly impact how policies and practices that support the teaching and learning of mathematics across various departments are developed or reviewed in universities. The study has implications for undergraduates, academics and institutions. Foremost, undergraduates should prioritize the development of their mathematics self-belief and confidence in their mathematical abilities. This could involve seeking out opportunities for mastery experiences, such as solving challenging problems with peers or participating in tutorial groups, to build a robust sense of mathematics self-efficacy. Additionally, undergraduates should proactively seek positive feedback and encouragement from their peers, tutors, and lecturers, as these mediated learning experiences can further bolster their self-confidence. Moreover, undergraduates should make a concerted effort to cultivate productive mathematics study habits, such as time management, organization, and the use of evidence-based learning techniques. By taking ownership of their learning process and developing self-regulatory behaviors, students can better position themselves for better or improved academic achievement.

Moreover, academics should develop and implement various instructional interventions, such as mentoring programs, and feedback supports, to help students build their mathematics self-efficacy. These activities should provide opportunities for engagement that boost students’ confidence in their mathematics abilities. In addition, academics should motivate students to learn by interacting with undergraduates based on their individual differences and not making the subject appear abstract. This will boost their confidence and help them crave learning and studying, which might also help their academic achievement in the long run.

In addition, institutions should prioritize helping students improve their study habits and abilities through various monitoring programs and policies. This might be done by offering specialized academic support services or by implementing study skills courses. Also, counseling units of the university, faculties, or departments should step up their activities to orientate, reorientate, and guide undergraduates in developing good study habits. By developing effective study habits, educational institutions may assist students in realizing their optimum academic potential.



Limitations and future research

Despite the insightful findings of this study, some limitations must be noted. The eligibility for participation in the study was restricted to students studying mathematical sciences and mathematics education from three public universities in southwestern Nigeria. Therefore, it is essential to consider students’ participation from other disciplines in the university system and other geographical areas to comprehensively understand the predictive factors of undergraduates’ academic achievement. Also, the findings may not be as broadly applicable due to the small sample size. Future studies must consider a larger sample size in a variety of settings. In addition, the amount of information we can get from students on the factors influencing achievement is limited when we just use a quantitative method. A mixed-method approach should be considered to accommodate other factors that may predict academic achievement and for triangulation purposes. Only four factors were considered as identified factors hence the relatively low (59.4%) explanatory power. Future studies may need to include more factors, such as interest in the subject, social norms, and so on.
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