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Abstract

:

This research investigates how minority students demonstrate their math self-efficacy and performance, shaped by factors such as class preparation and math teacher support. Leveraging a comprehensive US national dataset, this study aims to provide broadly applicable insights and suggestions for students from diverse racial and linguistic backgrounds. The findings underscore the substantial influence of high school students’ class preparation on teacher support, math self-efficacy, and math performance. Notably, teacher support exhibits a positive impact solely on math self-efficacy but does not extend to their math performance. Upon examination of various demographic groups, this research identifies noteworthy disparities in the effects experienced by different racial and linguistic groups. This study’s results carry practical implications for educators and practitioners, shedding light on strategies to enhance various minority students’ math self-efficacy and outcomes.
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1. Introduction


Fostering robust math performance and instilling confidence among students stands as an ongoing challenge for educators and policymakers alike. This challenge takes on heightened significance within the context of US education, where the math performance of high school students trails behind that of their peers in other developed countries [1]. Researchers have also linked the United States’ poor math performance to a significant failure in providing adequate support for minority students, including those from racial and linguistic minority backgrounds [2,3]. Scholars have diligently sought to pinpoint the underlying factors contributing to this subpar math performance while also delving into the substantial achievement gap that exists between minority and White students [4,5,6,7,8]. In response to this dual concern—the overall lackluster performance and the pronounced performance disparity—educational researchers in the US have proffered recommendations aimed at identifying pivotal drivers for enhancing math performance and refining the math classroom environment [8].



Significantly, the role of teacher support within math classrooms has emerged as a critical determinant for cultivating students’ academic self-efficacy and overall outcomes within the US educational landscape [9]. The effective cultivation of students’ ability to comprehend mathematical ideas, concepts, and procedures can be achieved through meaningful discourse with teachers, particularly when teachers construct specialized contexts for the purposeful use of language [10]. This factor assumes even greater importance for minority students [11,12,13]. Within schools marked by supportive educators attuned to students’ individual needs, the likelihood of engagement in negative behaviors, such as substance abuse or violence, diminishes. Correspondingly, students are more inclined to develop positive self-perceptions and exhibit prosocial behaviors, thereby fostering a conducive environment for academic success [14].



Furthermore, research underscores the necessity of exploring the impact of teacher influence on students’ educational outcomes while accounting for the students’ familial backgrounds and the broader school milieu [12]. In this study, researchers attempted to provide actionable insights concerning how teachers can impact minority students’ academic motivation and their math outcomes in school. This effort is particularly important in the context of the intricate dynamics of diverse groups and their interplay with both academic and non-academic outcomes. Consequently, the present study undertakes a thorough examination of the distinct effects of teacher support on students hailing from varied racial, linguistic, and social classes. This investigation encompasses both performance outcomes and self-efficacy within the math classroom context, intricately intertwined with the dynamics of the math class itself. We posit that a comprehensive exploration of the interactions between these variables is indispensable to comprehending the nuanced facets of teacher support’s efficacy for minoritized students, who contribute diverse cultural perspectives to their math education. This effort is of particular significance in the US math education that suffers from a performance gap between mainstream and marginalized students [3].



To elucidate the multifaceted impact of student backgrounds, classroom dynamics, and teacher support on math performance, our study draws insights from prior research that explain the disparities in students’ math performance and math self-efficacy. We begin by consulting literature that considers math efficacy as a precursor to academic achievement in math. This serves as a foundational step towards comprehending the intricate pathways and varied outcomes experienced by groups representing diverse racial, linguistic, social, and gender backgrounds.



Our dataset derives from the High School Longitudinal Study of 2009 (HSLS), a comprehensive US national database. The choice to utilize this extensive data set stems from a motivation to furnish empirical research findings endowed with a high degree of generalizability.



The study is guided by the following key questions:




	
Which groups, categorized by racial, linguistic, social class, and gender factors, exhibit significant disparities in terms of class preparation, perceptions of teacher support, math self-efficacy, and math performance?



	
To what extent does students’ class preparation shape significant pathways toward forming perceptions of teacher support, math self-efficacy, and math performance? Do these pathways diverge across different racial, linguistic, social class, and gender groups?



	
Does students’ perception of teacher support exert an influence on their math self-efficacy or math performance? How do these effects vary among different racial, linguistic, social class, and gender groups?



	
Does students’ math efficacy influence their math performance? How do these influences differ across various racial, linguistic, social class, and gender groups?









2. Literature Review


2.1. Racial Disparities in Math Self-Efficacy and Achievement


Disparities in students’ math efficacy can be construed as structured sociocultural responses stemming from their environment, which in turn impact their self-efficacy. According to Spencer et al. [15], a student’s preexisting beliefs concerning their affiliation with an ethnic or racial group can exert influence on their academic performance. This phenomenon transpires through an internalization process wherein students view group performance as indicative of individual ability and interest in a particular subject. This notion, known as “stereotype threat”, has the potential to disrupt students’ performance and lead to unfavorable outcomes such as stigmatization, heightened uncertainty, anxiety, and ultimately, subpar performance in mathematics [16].



Several research studies investigating the impact of math efficacy on math performance within minority groups have yielded inconsistent findings [12,17,18,19,20]. It is evident that human development and learning are intricately linked to cultural, institutional, and historical contexts. The developmental trajectory of children unfolds in two distinct phases: social and psychological. During the early stages of life, children’s psychological growth is facilitated through interactions with their surroundings, and these interactions are subsequently internalized through an intra-psychological process. Performance in math class easily invites sociocultural stereotypes, which leads to perceptions of competence based on race and color. Cheema and Skultety [21] analyzed nationally representative data from 15-year-old US students and found that Black and Hispanic students consistently overestimated their abilities in science and mathematics, whereas white students consistently underestimated their abilities.




2.2. Linguistic Group Difference in Math Efficacy and Performance


Proficiency in language plays a pivotal role not only in the comprehension of written text and writing skills but also in the acquisition of mathematical knowledge [10,20]. While the numerical system is often deemed a universal language, the mastery of mathematical text and word problems necessitates specific language competencies, including precise vocabulary, syntax, and symbols. Unlike their proficient English-speaking peers, students classified as English language learners (ELLs) confront the additional challenge of simultaneously mastering English language skills while engaging with grade-level content, including mathematics [22]. Consequently, they encounter heightened obstacles in achieving success in mathematics [23,24].



In the exploration of disparities between ELLs and non-ELLs concerning self-efficacy, Soland and Sandilos [25] highlighted that ELL students tend to commence their academic journey with notably lower levels of self-efficacy compared to their non-ELL counterparts. Moreover, their low self-efficacy is linked to slow growth in math and reading proficiency as they progress through middle school grades. In a study involving fifth graders, Sandilos et al. [26] discovered that students who had not yet attained English proficiency exhibited inferior performance and self-efficacy across both mathematics and science, unlike their English-proficient peers. Interestingly, the relationship between limited English proficiency and math achievement was not fully explained by self-efficacy. Kim et al. [27] revealed that ELL students harboring robust beliefs in their capacity to learn within specific content domains were more likely to employ cognitive and metacognitive strategies to aid the comprehension, retention, and application of academic language. To summarize, ELLs often contend with lower academic self-efficacy than their non-ELL counterparts. Nonetheless, cultivating high self-efficacy in mathematics could serve as a potent catalyst for supporting their accomplishments within English-based math classrooms.




2.3. Impact of Home and School Environments on Math Efficacy and Performance


The home environment, encompassing factors such as family socioeconomic status (SES), parental occupation, home literacy surroundings, and parental role strain emerges as the foremost predictor of initial disparities in students’ academic achievements. Students from low SES households, in contrast to their middle- and upper-income counterparts, often lack early exposure to mathematical concepts, quality instruction, and personalized attention in mathematics [28,29]. Consequently, they encounter limited access to educational resources and reduced parental involvement in their learning [5,30,31]. These circumstances frequently result in academic lag, contributing to diminished math efficacy and reduced engagement in mathematical learning [32,33]. This sequence of causation fosters a cycle of disengagement and subdued expectations. Furthermore, disadvantages within the home environment can be compounded by inequitable opportunities within the educational system [29]. Notably, school segregation based on social class influences students’ motivation levels and exposure to high-quality educational resources and qualified educators [34,35]. Black students are three times more likely to live in poverty than White students [1], and the academic achievement gap is largely attributed to disparities in SES [36]. Furthermore, distinctions in school-based experiences between minoritized students and parents and those of White students have also been invoked to elucidate the achievement gap. Ancis et al. [37] and Herman [38] highlighted that Black students often perceive instances of racial prejudice within academic settings, which elevates emotional stress and dampens motivation to learn. This divergence in school experiences leads to fewer opportunities for Black students to engage with high-achieving peers and hinders their overall learning environment [39]. To encapsulate, minoritized students encounter fewer learning opportunities at home and encounter greater obstacles within schools when compared to their White counterparts.




2.4. Influences of Students’ Unpreparedness on Math Classroom Dynamics


The math classroom provides a multifaceted setting encompassing various contexts, including the physical classroom environment and the social interactions within it. A burgeoning body of research underscores the integral role of student behavior and peer interactions in shaping motivation, engagement, and academic achievement [40,41,42,43,44,45,46,47,48]. Students who perceive their school environment as supportive and welcoming tend to invest their time in academic pursuits, resulting in reduced disciplinary concerns and increased instructional engagement.



Within this contextual framework of math classrooms, an examination of the ramifications of students’ unpreparedness in class emerges as a central avenue for understanding behavioral engagement, fostering math learning, and reinforcing effective teaching strategies. Behavioral engagement, characterized by students’ persistent effort, focused concentration, and interest in academic tasks, notably correlates with academic achievement [49]. Ford et al. [50] and Peterson-Lewis and Bratton [51] have attributed low academic performance among minority students to disengaged behaviors and reduced behavioral engagement. On the contrary, students’ completion of homework, serving as a tangible manifestation of behavioral engagement, has demonstrated a positive association with enhanced math performance across middle and high school levels [51,52,53,54].




2.5. Supportive Teacher Influence in Mathematics Classrooms


Teachers hold a pivotal role as influential role models within the school environment, greatly impacting students’ engagement in learning [42], academic achievements [9], and the development of their mathematics self-efficacy and performance [55,56]. The implementation of effective instructional practices by teachers has proven to be a potent tool for inspiring students and enhancing their confidence in mathematics. Research by Marchant et al. [57] further underscores that teachers’ responsiveness to students’ needs in a supportive setting fosters motivation and self-efficacy, subsequently influencing academic performance. In school mathematics, Martin [58] studied high-achieving Black students in grades seven through nine and validated previous findings that Black students face numerous challenges both within and outside of school that impede their progress. However, if they navigate these hurdles successfully, they are more likely to persevere and attain academic and mathematical success. Therefore, the presence of supportive teachers in nurturing math classrooms proves pivotal for the academic success of minority students, encompassing mathematics and beyond. Investigating disparate experiences in schooling is imperative for comprehending the academic outcome disparities between minority and white students. This article delves into social factors within math classrooms, including teacher support and students’ preparedness for class. Furthermore, building upon earlier research, we examine how these variables’ impacts on math efficacy and performance vary across racial, linguistic, social class, and gender groups.





3. Methodology


3.1. Data Sources


In this study, we conducted analyses using data sourced from the National Center for Education Statistics (NCES), specifically the High School Longitudinal Study (HSLS). The HSLS dataset tracked students from their 9th grade year in 2009 through 2011 employing a two-stage random sample selection process. For data collection, schools were initially selected using a probability proportional to size (PPS) method, followed by the random selection of students from each chosen school. The HSLS dataset included a total of 25,206 students from 944 public and private high schools encompassing both 9th and 11th grades [59]. This comprehensive database is well-suited for our study, as it provides valuable insights into students’ math performance, math self-efficacy, perceptions of teacher support by students, classroom environment details such as student unpreparedness for math class, as well as pertinent demographic information.




3.2. Variables


We extracted data related to four main racial groups from the HSLS database: Asian, Black, Hispanic, and White. Due to small sample sizes, we omitted the analysis of seven other racial groups originally present in the dataset due to small sample cases. Each racial group variable was created as a dummy variable (e.g., Asian = 1 or 0, Black = 1 or 0, etc.). The dataset included 1952 students identified as Asian (8.3%), 2450 as Black (10.4%), 3797 as Hispanic (16.2%), and 12,082 as White (51.4%).



Socio-economic status (SES) in the HSLS was represented using continuous composite variables standardized by the NCES. We also considered language status, categorizing students into two groups: English-dominant students (LOTE = 0) and those dominant in any language other than English (LOTE = 1). The dataset comprised 17,863 English-dominant students (76.0%) and 3556 students dominant in a language other than English (15.1%). Regarding student sex, we assigned a code of 0 to males (n = 11,973; 50.9%) and 1 to females (n = 11,524; 49.0%).



Students’ unprepared class was one mediator variable in this study connecting students’ demographic characteristics to teacher support and influencing the quality of teacher support, student math efficacy, and math performance. Constructed as a latent variable, students’ unprepared class was formed by three indicator items, developed through a measurement model of structural equation modeling (SEM) based on a study that explored students’ school readiness [60]. A higher score indicated a perception of being less prepared for the class. The confirmatory factor analysis (CFA) within the SEM framework yielded loadings for each indicator item (refer to Table 1). These indicator items featured a four-response option scale (1 = never, 2 = seldom, 3 = often, and 4 = usually). To ensure coherence across the three items, reliability analysis using both MacDonald’s omega and Cronbach’s alpha indicated satisfactory item consistency. Furthermore, for preliminary analyses exploring varied group differences concerning students’ unprepared class, a composite variable was constructed via exploratory factor analysis (EFA) with Bartlett scores. The cumulative variances of the factors were sufficient (60.50%), along with acceptable loadings (See Table 1 for comprehensive details regarding indicators, reliabilities, and EFA loadings).



Teacher support in math classrooms was the central focus in this study, designated as the second mediator in SEM analyses. Teacher support was also analyzed as a latent variable comprising five indicator items derived from a study that developed and validated teacher support measures. [61]. The five indicator items shared a common five-response option scale (1 = strongly disagree, 2 = disagree, 3 = agree, and 4 = strongly agree). Adequate item consistency was confirmed through MacDonald’s omega reliability and Cronbach’s alpha scores. Parallel to the approach with students’ unprepared class, a composite variable was developed via EFA and Bartlett scores for preliminary analyses comparing diverse groups (refer to Table 1 for detailed information on indicators, reliabilities, and EFA loadings). The SEM measurement model provided loadings for each indicator item, with results further elaborated in the results section and Table 1. The measurement model demonstrated good fit statistics according to the RMSEA, CFI, TLI, and SRMR measures (see details in Table 5).



In this study, math self-efficacy scores were identified as another mediator variable, postulated to exert a significant influence on math performance. HSLS datasets provided math self-efficacy scores, which were generated by the National Center for Education Statistics (NCES) using principal component factor analysis. These scores were standardized (mean of 0 and standard deviation of 1), denoting students’ overarching beliefs in their mathematical abilities. Indicator variables encompassed students’ confidence in performing excellently, comprehending math textbooks, mastering math skills, and excelling in math assignments. The coefficient of reliability (alpha) reported by NCES was 0.65.



Outcome variable of the study was students’ math performance, which was directly collected by NCES. Math scores were acquired through a two-stage assessment involving multiple-choice items based on Item Response Theory (IRT), estimating students’ math proficiency [59]. The mean math score was 40.19 (SD = 11.98, range = 15.85–69.93). Table 2 and Table 3 present means and standard deviations of math scores for subgroups.




3.3. Analytical Framework and Methods


The study’s analyses encompassed two components: preliminary analyses and main analyses. Preliminary analyses provided unidimensional outcomes without accounting for the influence of other variables, while main analyses incorporated the effects of various variables in the analytical model.



We employed various preliminary analyses such as Kruskal–Wallis (KW), ANOVA, Mann–Whitney (MW), and t-tests to examine group differences in single outcomes. KW replaced one-way ANOVA for mean comparisons involving more than two groups with violated homogeneity variance assumptions. MW was employed for two-group comparisons with a violation of homogeneity variance assumptions, while independent samples t-tests were used for two-group comparisons without the violation.



The main analytical tool was structural equation modeling (SEM), and it examined how student class preparation level, teacher support, math self-efficacy function as mediators for different racial, linguistic, SES, and sex groups, impacting math performance. In our analytical model, class preparation levels were specified as student unpreparedness, attempting to keep the negative meaning of indicator items in the data. The full model includes interaction variables between race, linguistic status, and SES variables, as well as their sole contributions as independent variables. The reference group of the model was the middle-class White male English-dominant students (see Figure 1 for the study model).





4. Results


4.1. Preliminary Analysis Results


In this section, we present the outcomes of our preliminary analyses, which encompass a series of statistical tests to explore the baseline differences among racial and language groups for all variables including SES, unprepared class, teacher support, math efficacy, and math performance. Table 2 provides results from descriptive statistics, one-way ANOVA, and Kruskal–Wallis (KW) tests conducted for comparisons among racial groups. Similarly, Table 3 compares the outcomes of two-group comparisons from descriptive statistics, independent samples t-tests, and Mann–Whitney tests, focusing on linguistic and sex groups, for the same set of variables.



Our preliminary analyses comparing SES among racial and linguistic groups revealed significant disparities. Consistent with previous research [1]. Hispanic and Black students exhibited noticeably lower SES compared to White and Asian students. When linguistic status was analyzed in relation to SES, we identified that students dominant in a language other than English (LOTE) had lower SES than their English-dominant counterparts.



When the examination of student unpreparedness for class scores was performed, Asian students displayed the lowest scores, indicating their heightened preparation for math classes. White and Black students followed, while Hispanic students displayed the highest scores. In language and sex group comparisons for student unpreparedness for class, the results indicated no significant difference between the two language groups, while females exhibited lower unpreparedness scores compared to males.



When the composite variable of teacher support was evaluated, Asian students were found to have higher scores than other racial groups, indicating that they perceived greater teacher support. In the language group comparison, LOTE dominants perceived higher levels of teacher support than their English-dominant counterparts. No discernible difference was observed between the two sex groups in terms of teacher support.



In the examination of math self-efficacy, Asian students showed the highest scores, followed by Black students, and finally, White and Hispanic students. Language group comparisons showed LOTE dominants had significantly higher math self-efficacy than English-dominant students. In the comparison of the two sex groups, males exhibited greater math self-efficacy than females.



In the last preliminary analysis, we explored the differences in math performance among racial groups. The findings demonstrated that Asian students exhibited the highest math performance, followed by White, Hispanic, and Black students. In comparing math performance across language groups and sex groups, no significant differences were noted.




4.2. Structural Equation Modeling (SEM) Results


The outcomes of our SEM analysis were derived through a two-step modeling process. Initially, a measurement model was employed to ensure the consistency of indicator items within two latent variables: students’ unpreparedness for class and teacher support. Descriptive statistics for the variables are presented in Table 4, while fit statistics can be found in Table 5. The indicators and their corresponding loadings can be found in Table 6. The SEM models displayed acceptable fit statistics, where the Root Mean Square Error of Approximation (RMSEA) was 0.030 (see Table 5 for additional fit statistics). Although the chi-square statistic was significant (χ2 = 65,812.962, p < 0.01), it was not seriously interpreted considering its sensitivity for a large sample.



Indicators of students’ unpreparedness for class exhibited sufficient loadings, with the item “How often the student goes to class without pencil/paper” holding the highest loading, serving as the anchor item in each measurement model. Similarly, teacher support, as another latent variable, exhibited robust loadings across all indicator items. The highest loading was attributed to the item “Math teacher thinks all students can be successful”, which was employed as the anchor item.



Transitioning to the subsequent step, a structural model was adopted, encompassing all variables. In this model, students’ unpreparedness for class acted as the first mediator, followed by teacher support as the second mediator, and math efficacy as the third mediator. The examination of male students’ unpreparedness for class scores among four racial groups yielded significant distinctions. Notably, Hispanic males displayed lower preparedness for class (β = 0.100, p < 0.001) while Asian males exhibited higher preparedness for class (β = −0.121, p < 0.001) when compared to White males.



Further investigation into the relationship between racial groups, SES, and unpreparedness for class revealed that among White students, SES was associated with their level of preparedness for class. Specifically, White students from higher SES backgrounds displayed lower unpreparedness scores (β = −0.123, p < 0.001), indicative of better preparation. Moreover, interactions between minority groups and SES were observed. Compared to White middle-class students, higher SES Black students demonstrated higher scores of unpreparedness for class (β = 0.069, p < 0.001). Contrarily, White females exhibited better preparedness for class (β = −0.300, p < 0.001) in comparison to White males.



The mediating role of teacher support scores was also explored in the SEM model. Comparisons indicated that Asian and Black males exhibited higher teacher support scores (β = 0.067, p < 0.05; β = 0.053, p < 0.05, respectively) relative to White males. Among White students, higher SES correlated with higher teacher support scores (β = 0.037, p < 0.001), while Hispanic students from higher SES backgrounds displayed lower teacher support scores (β = −0.048, p < 0.05). Distinctly, lower teacher support scores were observed among White female students (β = −0.061, p < 0.001) when compared to their male counterparts. Importantly, a negative association was identified between students’ unpreparedness for class scores and teacher support scores (β = −0.176, p < 0.001), implying that students who exhibited higher unpreparedness scores reported lower teacher support.



Regarding math self-efficacy scores, the three minority male groups displayed significantly higher scores than White males (Asian’s β =0.135, p < 0.01; Black’s β = 0.229, p < 0.001; Hispanic’s β = 0.084, p < 0.01). SES among White students positively correlated with math self-efficacy (β = 0.174, p < 0.001), indicating that higher SES White students tended to possess higher math self-efficacy. However, within the Black group, higher SES students demonstrated lower math self-efficacy (β = −0.143, p < 0.001) compared to White students from middle-class backgrounds. Notably, White LOTE dominants exhibited greater math self-efficacy than their English-dominant counterparts (β = 0.197, p < 0.001). However, Hispanic LOTE dominants displayed lower math self-efficacy scores (β = −0.155, p < 0.05) than White English dominant students. Comparatively, White female students exhibited lower math self-efficacy scores (β = −0.265, p < 0.001) than White male students. Students’ unprepared class was negatively associated with math self-efficacy (β = −0.318, p < 0.001), and teacher support was positively associated with math efficacy (β = 0.405, p < 0.001).



The associations between all independent and mediator variables extended to math performance as well. Asian males demonstrated significantly higher math performance (β = 3.684, p < 0.001), while Black and Hispanic males exhibited notably lower math performance (β = −5.422, p < 0.001; β = −1.563, p < 0.001, respectively) compared to White males. Among White students, higher SES was linked to higher math performance (β = 5.688, p < 0.001). Conversely, higher SES Black and Hispanic students displayed lower math performance (β = −0.807, p < 0.001; β = −0.778, p < 0.001, respectively) in comparison to White students with middle SES. Remarkably, Asian LOTE students achieved significantly higher math performance than White English-dominant students (β = 2.428, p < 0.001). Importantly, a negative relationship was observed between students’ unpreparedness for class and math performance (β = −1.764, p < 0.001), while a positive association emerged between math self-efficacy and math performance (β = 2.794, p < 0.001).





5. Discussion and Conclusions


Teacher support plays a crucial role in enhancing students’ mathematical performance as previous research has consistently shown. Given that students’ math performance in the United States has historically lagged that of other nations, it is imperative to investigate the teacher’s role in math education. Furthermore, it is essential to examine the impact of teacher support on academically at-risk students.



Understanding the persistent achievement gap in US mathematics between minority students and their White peers remains a challenge for educators. As education researchers strive to develop theories and strategies to narrow this gap, it is crucial to delve into the broader social context of mathematics education. Building on prior research that identified effective methods for increasing the engagement of minority students in mathematics [62], we have chosen student class preparation and teacher support as the major factors influencing their math self-efficacy and math performance. Consequently, we explored the relationships between students’ class preparation, teacher support, math self-efficacy, and math performance, while considering potential variations across different racial, linguistic, and gender groups. The primary objective of this study is to enhance the research field and inform educational practice by elucidating distinct teacher support effects on diverse student groups. The main contribution of this study lies in its ability to uncover various dynamics within the variables.



The US national database, the High School Longitudinal Study (HSLS), was particularly well-suited for this study. The dataset’s primary objective was to track the progress of mathematics achievement among high school students and included variables related to teachers and math classrooms. This study focused on these critical variables, thus providing valuable insights into the influence of teachers and classroom environments on students’ math outcomes.



5.1. Unidimensional Group Comparisons Using Preliminary Analysis


To address the first research question, which aims to comprehend the diverse dynamics among student groups, we conducted analyses to compare differences in socioeconomic status (SES), student class preparation, teacher support, math self-efficacy, and math performance among various racial, linguistic, and gender groups. Our findings confirmed that Hispanic and Black students had significantly lower SES compared to White and Asian students. Additionally, linguistic minority students (LOTE dominants) exhibited significantly lower SES than their English dominant counterparts, as reported by prior research [1,2,3,5]. These SES disparities indicate that racial and linguistic minority students often face challenges related to family financial circumstances, which may stem from their parents’ educational backgrounds, occupations, and limited educational resources at home, as noted by multiple researchers [5,30,31,32].



As one of the factors related to the math class environment, we conducted an analysis of students’ unprepared class scores, which yielded varying results in our preliminary analyses. Notably, Hispanic students demonstrated higher frequencies of unpreparedness in their classes. While male students displayed higher frequencies of class unpreparedness than female students, we did not observe significant differences between linguistic groups.



Teacher support also exhibited inconsistent results in our preliminary analyses, although the level of inconsistency was less pronounced compared to students’ unprepared class scores. Asian students reported the highest levels of teacher support, while Hispanic and Black students displayed similar scores to White students. Consistent with our preliminary analysis result, linguistic minority students reported higher teacher support scores than their English dominant peers. These results did not align with the argument of Ruck and Wortley [63], which emphasized minority students’ negative perceptions of teacher treatment and school environments.



In the examination of math self-efficacy, Asian students demonstrated the highest scores, followed by Black students, while White and Hispanic students scored lower. These findings provide insights into a research area that has previously yielded inconsistent results. In other words, Black students maintained their belief in their ability to excel academically despite facing inequities in their home and educational environments.



Contrary to prior findings suggesting that English Language Learners (ELL) tended to have lower self-efficacy in math [25], we observed higher math self-efficacy among LOTE dominants compared to their English dominant counterparts. Despite facing challenges in math classrooms, such as unclear mathematical texts, unfamiliar symbols, and unfamiliar learning structures, LOTE dominant students maintained their belief in their academic capabilities.



The analysis of math performance indicated that Asian and White students outperformed Hispanic and Black students, consistent with prior studies highlighting persistent performance gaps between mainstream and minority groups [31]. Additionally, our study noted lower math performance among LOTE dominants, partially corroborating previous findings regarding the lower math performance of students learning English when assessments were conducted in English [26].



In summary, minority students, including Black, Hispanic, and LOTE students, tend to come from less affluent family backgrounds. Hispanic male students, in particular, showed a tendency to be less prepared for class. Asian and LOTE students reported a high perception of teacher support, while Black and LOTE students exhibited higher levels of self-efficacy. It was noted that Black, Hispanic, and LOTE students demonstrated relatively lower math performance.




5.2. Relational Outcomes with a SEM Model


Using structural models as the main analysis, the three research questions of this study were answered by examining the relational outcomes while considering the effects of other variables within the analytical context. For the research question concerning student’ class preparation, we found that students’ lack of class preparation was negatively associated with teacher support, math efficacy, and math performance. These results support previous findings indicating that unprepared students tend to have unfavorable perceptions toward teachers and learning [44,46].



Moving forward, we explored specific subgroups for class unpreparedness. Asian males exhibited higher preparedness for class while Hispanic males displayed lower preparedness for class when compared to White males. Among White students, a significantly negative relationship between class unpreparedness and socioeconomic status (SES) was observed. This suggests that White male students from higher social classes were better prepared for class compared to their middle-class counterparts. However, Black students from higher SES families displayed higher levels of unprepared class scores.



Overall, teacher support demonstrated a significant positive impact on math efficacy as we noted in previous studies [46,55,57]. This indicates that when students perceive their teachers as supportive and conducive to their academic success, their math self-efficacy significantly increases. Further analysis of teacher support revealed that Asian male students perceived a higher level of teacher support compared to their White male counterparts. Additionally, Black male students reported higher scores than White male students. These results were distinct from prior findings that emphasized negative perceptions of teachers and schools among Black students [63].



As anticipated, high socioeconomic status (SES) had a positive impact on teacher support scores, with White students from high SES backgrounds exhibiting high teacher support scores. Furthermore, our predictions held true as we found a positive association between teacher support and math efficacy. In contrast, the SES effects for Hispanic students were negative, suggesting that students from higher SES families displayed lower teacher support scores compared to White students with middle SES. These findings shed light on the intricate dynamics of how SES is related to teacher support among minority students when they perceive teachers as facilitators of their math learning.



Using structural equation modeling, we also established that students’ math efficacy significantly predicted their math performance and their class unpreparedness was negatively associated with their math performance. However, the study’s most unexpected discovery was the lack of a significant relationship between students’ perceived teacher support and their math performance. This finding stands in contrast to prior research findings [9,57]. Our interpretation of this result is that it may be attributed to the students’ subjective perception of teacher support rather than objective observations. While it is well-established that teachers’ responsive support for students’ learning directly impacts their performance, it appears that students may not always perceive their teachers’ behaviors as supportive. This finding underscores the importance of considering objective measures alongside subjective perceptions in future studies aimed at predicting students’ academic success.



Another noteworthy finding is the association of math self-efficacy and math performance. In the previous interpretation of math self-efficacy, we observed higher math self-efficacy scores among minority males, aligning with our preliminary findings and a prior study. However, their elevated math efficacy did not necessarily translate into higher math performance, in line with the findings of Cheema and Skultety [21] who reported that Black and Hispanic students often overestimated their math abilities.



With analysis with subgroups, the outcomes of math performance reaffirmed previous research findings of performance gaps, with Black and Hispanic students performing below White and Asian students [4]. Even among students from high SES families, we observed lower math performance among Black and Hispanic students compared to their White middle-class peers [30]. Notably, linguistic minority students in the Asian group displayed higher math performance than White English-dominant students. In other words, Asian linguistic minority students were able to surpass the performance levels of White English-dominant students, challenging previous findings of low math performance [26,27]. As Kim et al. [27] noted ELL students’ elevated self-efficacy boosted academic performance, we also predict the heightened math performance with enhanced self-efficacy of LOTE dominants.



To summarize the main outcomes of this study, students’ lack of class preparation was negatively associated with teacher support, math efficacy, and math performance. Students’ SES was an intricate outcome: while White students with high SES demonstrated good preparation for class, Black students with high SES displayed less preparation. Teacher support demonstrated a significant positive impact on math efficacy; however, it was not positively associated with performance. Black students perceived higher teacher support than White students. Hispanic students from high SES had a negative perception of teacher support. High math self-efficacy of minority students was not associated with their high performance.




5.3. Contribution, Limitation, and Conclusions


This study not only corroborates prior research but also provides valuable evidence supporting the effects of math efficacy and explores contextual influences on high school students’ math performance. These findings hold both theoretical and practical significance. Firstly, by simultaneously considering various factors that influence students’ mathematics performance, including family financial background, student readiness, teacher support perception, and academic efficacy, our statistical model enhances our understanding of group-specific differences in math performance. Previous studies on the math performance gap often examined the contributions of single observed variables. In contrast, our study examines multiple variables within the same model. Secondly, our use of structural modeling allows us to capture both direct and indirect effects of variables on students’ performance outcomes. Lastly, our use of a nationally representative U.S. dataset enhances the generalizability of our empirical research findings.



Despite the significant contributions of our analysis, some limitations should be noted. Firstly, our research did not consider the effects of physical classroom settings or teachers’ instructional practices in math class due to the scope of this study. Consequently, the results related to these physical contexts and instructional activities may not be fully comprehensive. Considering the intricate interplay between teachers and students, these results may have some biases. Secondly, while this study contributes to the understanding of the achievement gap, it also highlights several limitations that call for further research. We were unable to include important variables in our study, and future research should explore a broader range of factors related to family, community, school, and peers. Simultaneously addressing other contextual factors such as peer and community variables could offer a more comprehensive explanation of the math performance gap. Additionally, further research is needed to better comprehend the differential effects of certain individual and school-level factors among different racial groups. Lastly, this study employs a cross-sectional design, limiting our ability to draw strong causal inferences from the results. Future research employing longitudinal models will be essential for establishing the causal effects of these factors on the math performance gap. A deeper understanding of the longitudinal relationships between social and academic factors is crucial for designing instructional practices that motivate and enhance achievement among all students.



In conclusion, this study’s major contribution lies in providing detailed insights into the diverse dynamics at play among various minority groups in math learning. We found that students’ class preparation, perception of teacher support, math efficacy, and math performance operate differently for racial and linguistic minority students in conjunction with their social class backgrounds.
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Figure 1. Significant path coefficients from structural equation model. Note: * indicates significant at 0.05 and ** indicates significant at 0.01. 
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Table 1. Reliability statistics, items, and loadings of exploratory factor analysis for student class preparation and teacher support.
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	Student Unprepared Class
	



	 Reliability
	



	   McDonald’s w
	0.676



	   Cronbach Alpha
	0.670



	 Items
	Loading



	   How often 9th grader goes to class without pencil or paper
	0.808



	   How often 9th grader goes to class without books
	0.739



	   How often 9th grader goes to class without their homework done
	0.739



	Teacher Support
	



	 Reliability
	



	   McDonald’s w
	0.883



	   Cronbach Alpha
	0.881



	 Items
	Loading



	   Math teacher thinks all student can be successful.
	0.881



	   Math teacher values/listens to students’ ideas.
	0.865



	   Math teacher treats students with respect.
	0.892



	   Math teacher makes math interesting.
	0.728



	   Math teacher treats every student fairly.
	0.880










 





Table 2. Descriptive statistics, one-way ANOVA, and Kruskal–Wallis (KW) tests for racial group comparisons with SES, student unprepared class, teacher support, math efficacy, and math performance.
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Variable

	
Mean (SD)

	
Mean (SD)

	
Mean (SD)

	
Mean (SD)

	
Levene’s F

	
Statistics




	

	
Asian

	
Black

	
Hispanic

	
White

	

	






	
SES

	
0.372

(0.89)

	
−0.166

(0.73)

	
−0.389

(0.73)

	
0.188

(0.74)

	
F = 52.365 **

	
KW =

1971.750 **




	
Unprepared-Class

	
−0.247

(0.97)

	
0.051

(1.01)

	
0.168

(1.06)

	
−0.044

(0.97)

	
F =

9.922 **

	
KW =

211.978 **




	
Teacher Support

	
0.131

(0.91)

	
0.040

(1.04)

	
0.005

(0.98)

	
−0.025

(1.00)

	
F =

3.681 *

	
F =

11.587 **




	
Math Efficacy

	
0.326

(0.89)

	
0.179

(0.93)

	
−0.038

(0.98)

	
0.004

(1.00)

	
F =

3.099 *

	
F =

64.642 **




	
Math Performance

	
48.334 (12.27)

	
34.525 (10.97)

	
36.714 (11.18)

	
41.245 (11.57)

	
F =

6.379 **

	
KW =

1568.108 **








Note: KW indicates the H-value of Kruskal–Wallis tests; * indicates significant at 0.05, and ** indicates significant at 0.01.













 





Table 3. Descriptive statistics, independent samples T (t) and Mann–Whitney (MW) tests for linguistic and sex group comparisons with SES, student unprepared class, teacher support, math Efficacy, and math performance.
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Variable

	
Mean (SD)

	
Mean (SD)

	
Levene’s F

	
Statistics

	
Mean (SD)

	
Mean (SD)

	
Levene’s F

	
Statistics




	

	
English

	
LOTE

	

	

	
Male

	
Female

	

	






	
SES

	
0.104

(0.76)

	
−0.197

(0.86)

	
F = 122.848 