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Increasing numbers of students around the world are suffering from mathematics anxiety. The main objective of this study is to investigate the relationship between mathematics anxiety and gender, grade, career choices, and academic achievement in Grade 10, 11, and 12 students. This study used the Revised Version of the Mathematics Anxiety Rating Scale to survey 1,548 high school students (570 males and 978 females) from high schools in Vietnam. A multivariate analysis of variance (MANOVA) test, Pearson correlation and multiple linear regression were used to analyze data. The results show that there are significant differences in the influence of grade, academic achievement, and students’ career choices on mathematics anxiety. Academic coping strategies, gender, grade, and career choices are significant predictors of mathematics anxiety. Grade 12 students have higher levels of mathematics anxiety than others. Students with high average mathematics scores (9.0–10.0) have higher levels of mathematics anxiety than students with lower scores. Besides, students choosing finance and economics or industrial engineering to pursue into higher education also experienced higher levels of mathematics anxiety than others. This study contributes to the general discussion about the nature of mathematics anxiety and the relationship between mathematics anxiety and academic achievement.
Keywords: mathematics anxiety, high school student, academic achievement, academic coping strategies, average mathematics score, gender, career choice, grade
1 INTRODUCTION
Industrial Revolution 4.0 has had a considerable influence on many aspects of society, including not only economic development (optimising production processes through digital and intelligent technologies) but also the transformation of education. The economy now demands new management systems and improvements in the skills of the whole population, especially students. Thus, education in Vietnam has been transformed under the Education 4.0 initiative to deliver high quality, appropriately skilled human resources to society. This transformation has introduced curricula with complex academic content that requires cognitive flexibility, critical thinking, and creativity. These requirements create numerous challenges in the learning process, including the availability of appropriate material resources and the effects of environmental conditions and, especially, psychological conditions. The resultant academic pressure, stress and anxiety cause loss of energy among students, as well as reduced motivation and difficulty concentrating in class.
Wiedemann (2015) suggested that anxiety is characterised by nervousness and fear, with physical manifestations including tremors, increased pulse rate, and muscle pain. Anxiety is a basic human emotion that generates physiological reactions to stressors when a “fight or flight” defence response is activated in order to protect the individual from a threatening object or phenomenon (Sue et al., 2015).
In the Vietnam context, Mathematics is an important and compulsory subject for all students in the educational system from primary to high school. At each different grade level, the knowledge of mathematics is continuously improved. Therefore, the pressure easily comes when students have to acquire a large amount of mathematics knowledge, take and prepare for mathematics exams. Specifically, mathematics is a compulsory subject in entrance and graduation exams. These have increased more and more pressure on high school students when they have to tackle mathematics problems in the classroom, have a good performance in mathematics and prepare for the school graduation exams at the same time. For these reasons, the authors were interested in mathematics anxiety levels of high school students in Vietnam. Mathematics anxiety includes tension and emotions that affect the ability to manipulate numbers and tackle issues associated with mathematics in day-to-day situations (Richardson and Suinn, 1972). McAnallen (2010) suggested that mathematics anxiety is a response associated with avoiding mathematics that leads to a failure to gain critical skills and, ultimately, to make appropriate decisions on career orientation.
Specific research questions posed of this study:
1) What do factors affect the levels of mathematics anxiety among high school students?
2) How do academic coping strategies influence high school students’ anxiety?
Male and females have differences in the substantial aspects of life including the attraction to the mathematics domain (Keshavarzi and Ahmadi, 2013); spatial processing ability (Maloney and Beilock, 2012); stress reactivity (Altemus et al., 2014) and social stereotypes about women and mathematical abilities (Beilock et al., 2007). Therefore, gender difference became the first variable that the authors were interested in examining. Besides, each student has the ability to learn maths and mathematics knowledge absorption differently from others, which leads to differential academic pressure on high school students. Accordingly, their academic achievements and performances in maths are not the same. This proves that mathematics average score should be the following variable affecting the levels of mathematics anxiety which the authors need to be researched on.
Studies investigating the level of mathematics anxiety in high school students have revealed contradictory findings about gender differences in the relationship between mathematics anxiety and academic performance. Keshavarzi and Ahmadi (2013) studied 834 high school students in Iran and reported a non-significant difference between the genders in mathematics anxiety. Another scientific study on mathematics test anxiety and numerical anxiety surveying the mathematics achievement of 140 pre-university students reported that males and females suffer the same level of mathematics anxiety. Akbayir (2019) also found that there is no gender difference in mathematics anxiety. Nevertheless, recent studies have shown a gender difference in the levels of mathematics anxiety. The study by Lew and Hwang (2019) on 459 high school students (124 male and 335 female) from four high schools in Seoul, Korea, showed that mathematics anxiety is significantly higher among female students than male students. The results of Lew and Hwang’s study are in agreement with several prior studies. In research on mathematics anxiety in China with students from Grade 7 to Grade 12, Luo et al. (2009) found that females suffer from a greater degree of mathematics anxiety than males. A similar conclusion was reached by Karimi and Venkatesan (2009) who conducted research on 284 Grade 10 students in Karnataka state, India, and found differences in mathematics anxiety according to gender. This finding is also supported by a study by Maloney and Beilock (2012), which showed there are gender differences in mathematics-associated competencies and that females have higher levels of mathematics anxiety. In addition, Taylor and Fraser (2013) suggested that girls experience higher anxiety levels about mathematics evaluation than boys in mathematics learning.
Several scientific studies have focused on the negative effects of mathematics anxiety. Puteh and Khalin (2016) found a negative relationship between mathematics anxiety and mathematics achievement based on the results of mid-term examinations. Zakaria et al. (2012) showed that there is a correlation between academic achievement and mathematics anxiety; the higher the anxiety score, the poorer the academic achievement. According to the authors, the reason for this finding could be a relationship between students’ comprehension of mathematics, and their confidence. A study by Karimi and Venkatesan (2009) on 284 high school students showed that there is a statistically negative relationship between mathematics anxiety and mathematics scores. This finding supports the prior study of Woodard (2002), which revealed that students with a high level of mathematics anxiety attain lower mathematics scores than those with a low level of mathematics anxiety. This result implies that students with high levels of mathematics anxiety perform less well in mathematics. Similarly, Lew and Hwang (2019) found that mathematics anxiety is negatively associated with academic achievement. Likewise, in a study involving 514 high school students, Milovanović (2020) showed that there is a significant negative correlation between students’ average grades in mathematics and mathematics anxiety.
In the Vietnam context, each grade level has different mathematical problems. In grade 10 and grade 11, students have many pressures and difficulties in adapting new mathematics concepts, principles and formulas, which leads to worries and concerns among these students. In the last year of high school, grade 12, students have to make a decision of future career orientation and attempt to study for examination entrance. Moreover, maths is the crucial requirement of each ology in university, consequently, students in this period of time have more considerable anxiety than others. Therefore, the authors examine the relationship between grade levels variable and mathematics anxiety levels. The effects of grade level (school year) on students’ mathematics anxiety have been examined by numerous educators and researchers. The study by Luo et al. (2009) of Grades 7 to 12 in China did not find evidence of statistically significant differences in mathematics anxiety between students but did find that the mean level of anxiety differed according to grade. Specifically, the level of mathematics anxiety was found to rise steadily from Grade 7 to 9, with a greater proportion of students in Grade 9 than in other years experiencing the highest anxiety level. The results showed a considerable decline in the levels of anxiety from Grade 9 to 10, but anxiety then peaked again in Grade 11 before declining again in Grade 12. Jackson and Leffingwell (1999) found a different pattern, with mathematics anxiety beginning in elementary school and growing through high school and the first year of college. Lew and Hwang (2019) found that levels of mathematics anxiety in Grade 11 students are the highest and in Grade 12 students the lowest. Likewise, with data collected from 1,352 Grade 8 to 11 students in Bahrain, Al Mutawah (2015) found that Grade 11 students suffer greater mathematics anxiety than other students.
Further studies mention other factors affecting the levels of mathematics anxiety among students. Mathematics anxiety causes students to tend to quit mathematics courses (specifically advanced mathematics courses) and adopt pessimistic attitudes towards activities that include mathematics, avoiding degree subjects and occupations that require quantitative skills (Hembree, 1990; Ma, 1999; Ho et al., 2000). Yüksel-Şahin (2008) surveyed Grade 4 and 5 students and concluded that individuals who have positive feelings about their mathematics classes experience lower levels of mathematics anxiety. Similarly, students who are positive about their mathematics teacher experience significantly lower levels of mathematics anxiety. In addition, Yüksel-Şahin (2008) suggested that students with higher levels of accomplishment in learning mathematics have lower levels of mathematics anxiety. Bursal and Paznokas (2006) found that negative experiences in school can increase the level of mathematics anxiety; criticism and intimidation by teachers might create an intimidating classroom atmosphere in which students are uncertain about asking or responding to questions. Teachers who punish students by giving mathematics assignments create negative attitudes towards mathematics (Oberlin, 1982). Mathematics anxiety could be brought about by low scores or failure in mathematics (Ma and Xu, 2004), leading to extremely negative feelings about the subject. Given the problems related to academic achievement and performance, it is essential to conduct further scientific research on students’ anxiety in general, and mathematics anxiety in particular.
Factors affecting students’ career choices have been extensively investigated by researchers. Authors suggest that there are several highly influential factors, such as self-efficacy appraisals of competencies in attaining performance, outcome expectations and desired objectives (Lent et al., 1994), gender role stereotypes (Singer and Stake, 1986), parental attitude (Mau et al., 1995), and social encouragement from friends (Lent et al., 2002).
However, few studies have investigated the influence of mathematics anxiety on students’ career choices. Ashcraft (2002), and Ashcraft and Kirk (2001), suggested that mathematics anxiety directly and indirectly affects engagement in courses related to mathematics, attitudes towards mathematics, and career orientation. Anxiety affects the selection of degree courses that depend on the manipulation of numbers or include topics associated with mathematics (Hackett, 1985). Anxiety can also lead to refusal to participate in mathematics classes and avoidance of careers in finance and other fields related to mathematics (Ma, 1999; Kyttälä and Björn, 2010). These findings demonstrate consistency with studies conducted by Betz (1978), and Zettle and Houghton (1998), who suggested that students suffering from mathematics anxiety are more likely to avoid classes and careers associated with mathematics. Specifically, mathematics anxiety could reduce confidence in students’ ability to complete mathematics-related tasks and limit students’career choices (Espino et al., 2017).
In the academic environment, although every student has the same learning environment, the same syllabus and so on, all of the students have different academic achievement and performance. This indicates that each high school student has their own coping strategies. Owing to this reason, the authors were interested in coping strategies and conducted this study to examine the effects of coping strategies on mathematics anxiety. The concept of coping strategies has been described in many previous studies. These strategies relate to cognitive and behavioural approaches to alleviating negative emotions that derive from difficult situations and stressful events, which could include academic failure, failure to complete tasks, and performing badly in tests (Lazarus, 2013; Ader and Erktin, 2010). Previous studies on academic coping relate to how students deal with academic challenges, obstacles, and difficulties; the findings of Krypel and Henderson-King (2010) show that these efforts can have either positive or negative aspects. Recent studies (Friedel et al., 2007) have indicated that coping strategies are divided into two main categories: adaptive coping strategies with positive outcomes, and maladaptive coping strategies with negative outcomes. Students with adaptive coping strategies tend to identify and analyse their own mistakes and reframe situations in a positive light. On the other hand, students with maladaptive coping strategies tend to blame their problems on everyone else and ignore their mistakes. Several instruments are available to assess students’ coping strategies in academic contexts. The items in the positive coping group are used to measure adaptive strategies when students have poor experiences with mathematics, find their mistakes and improve their performance. Conversely, items in the projective, denial, and non-coping groups measure maladaptive strategies in terms of feelings, thoughts and behaviours when students face difficult problems in school. With projective coping, students tend to blame others for their problems, especially teachers. With denial coping, students ignore their own failures and crucial negative events in mathematics. With non-coping, students tend to blame and criticise themselves for their failures and worry about what others think of their mistakes (Friedel et al., 2007). Skaalvik (2018) found that use of coping strategies among students when dealing with mathematics is significantly predictive of mathematics anxiety. Students who have problem-focused coping strategies, finding out their mistakes and resolving to do better next time, are negatively associated with mathematics anxiety.
In Vietnam, anxiety among students is seen as an important topic. Thanh Tra (2019) conducted scientific research on levels of anxiety with 500 university and college students in Ho Chi Minh City and reported a high level of anxiety, identifying factors that have a negative impact on the mental health of students. In addition, Van (2018) showed that a large number of high school students in Ho Chi Minh City suffer from academic anxiety caused by false beliefs and cognitive distortion of themselves, problems in their relationships with teachers, and academic pressure from their parents.
Increasing numbers of students around the world are suffering from mathematics anxiety, which has negative effects on learning outcomes and academic achievement. It also creates obstacles in the learning process. This current research is conducted to examine mathematics anxiety among Vietnamese high school students and test the correlation between students’ mathematics anxiety and academic coping strategies.
The research starts by reviewing the literature on mathematics anxiety in high school students. A research methodology is presented in the second section. In the following sections, the research results and discussion are introduced. Research on mathematics anxiety could make a major contribution to preventing anxiety among high school students, protecting and enhancing students’ mental health during the learning process.
The first hypothesis is that students in Grade 12 have higher levels of mathematics anxiety than others. The second hypothesis is that high school students choosing to pursue medicine at a higher education level have greater levels of mathematics anxiety than pedagogy, finance-economics, social sciences, natural sciences, engineering industry, information technology, transportation sectors and others. The third hypothesis is that female high school students suffer more mathematics anxiety than male students. The fourth hypothesis is that students in Grade 11 and Grade 12 attaining an average mathematics score 9.0–10.0 experienced higher levels of mathematics anxiety than others from the same school years. The fifth hypothesis is that positive coping strategies would be positively correlated with mathematics anxiety. The final hypothesis is that average mathematics score would be positively correlated with the levels of mathematics anxiety.
2 MATERIALS AND METHODS
2.1 Participants
A recruitment process was undertaken to ensure that all the high school students participating in the research did so voluntarily. The sampling frames for the respondents were obtained from nine high schools in two city regions and three provinces in Vietnam. A total of 1,691 questionnaires were distributed, all of which were returned. The authors eliminated 143 responses that were incomplete or contained insufficient information; the final sample size was 1,548. The sample consisted of 513 10th graders (33.1%), 462 11th graders (29.8%), and 573 12th graders (37.0%); with 570 males (36.8%) and 978 females (63.2%). An overview of the socio-demographic characteristics of subjects is shown in Table 1.
TABLE 1 | Socio-demographic characteristics of subjects (N = 1,548).
[image: Table 1]2.2 Instrument and Procedures
2.2.1 Instrument
RMARS is a revised version of the original scale devised by Richardson and Suinn (1972); the measurement has 24 items and includes two aspects of mathematics anxiety measured by two subscales:
1) LMA is measured by 16 items and examines the anxiety caused by activities or processes of learning mathematics or statistics (a sample item is: “watching a teacher work an algebraic equation on the blackboard”).
2) MEA is measured by 8 items and examines the anxiety caused by the assessment of mathematics or statistical learning process (a sample item is: “waiting to get a mathematics test returned in which you expected to do well”).
RMARS is based on a 5-point Likert scale, which was used for all items, ranging from one to five (1 = never; 2 = rarely; 3 = sometimes; 4 = regularly; 5 = always). Guidance for participants was provided at the top of the form.
Malhotra and Birks (2007) reported a method for ranking discrete values, as follows: (Maximum—Minimum)/n = (5−1)/5 = 0.8. Based on this method, the rankings used were never (1.00–1.80), rarely (1.81–2.60), sometimes (2.61–3.40), regularly (3.41–4.20) and always (4.21–5.00). In our total sample, Cronbach’s alpha was 0.788. This value shows that the scale is significant and reliable.
The ACI was developed by Tero and Connell (1984) to assess students’ coping strategies in academic contexts. The measurement is based on 13 items addressing four academic coping strategies: 1) positive coping comprises three items measuring adaptive strategies when students have poor experiences with mathematics; 2) projective coping comprises three items rating the extent to which students blame others for their problems; 3) denial coping comprises three items examining whether students downplay the importance of negative events or ignore failures in mathematics; and 4) non-coping comprises four items assessing whether students blame themselves for their failures in mathematics or worry about what others think of their mistakes. In our sample, Cronbach’s alpha was 0.647, indicating that the scale is significant and reliable.
2.2.2 Procedures
An informed consent process was used and participation was completely voluntary; respondents could withdraw at any time and would not be penalised. For the questionnaires, the participants were informed of the research aims and asked to provide their age, gender, school, average mathematics score, residence location, and career choices. The students then completed the self-report information, with researchers present to help the students and ensure that the questionnaires were completed correctly. It took 3 months to collect the data as part of an 8-month research project, from October 2020 to May 2021.
The 24-item RMARS was translated for Vietnamese students. Firstly, we translated and validated the scale with permission from the author to use it in our research project. We then invited a native speaker of Vietnamese, who is fluent in English, familiar with the culture, and has a research background with experience of translation, to help with the translation exercise.
A Vietnamese native speaker translator created a forward translation of the scale. Then, the initial Vietnamese translation was reconciled by all members of the research group to agree the ultimate translation for backward translation.
The back-translation from Vietnamese to English was conducted by a professional translator (native speaker of English and fluent in Vietnamese) with no information on the initial scale. Ultimately, the analysis group compared the backward translation to the original to determine whether there were any significant differences or discrepancies.
Finally, further verification of the 24-item RMARS was performed with a group of 20 people to ensure there were no issues in the interpretation of the scale. After investigating the results of applying the scale, no problems arose and the final Vietnamese version of RMARS was formally adopted.
2.2.3 Data Analysis
A multivariate analysis of variance (MANOVA) test used to determine significant differences between mathematics anxiety and the independent variables (gender, grade, career orientation, and academic achievement). Pearson correlation was conducted to establish the relationship between mathematics anxiety, academic coping strategies, and independent variables. Multiple linear regression analysis was used to examine the relationship between the predictor variables (academic coping strategies, gender, grade) and the dependent variable (mathematics anxiety).
3 RESULT
3.1 Factorial Validity
The data were analyzed by using Analysis of Moment Structures (AMOS) version 20.0. The two-factor model of the 24-item RMARS, which included the LMA and MEA subscales, was evaluated using confirmatory factor analysis (CFA) (Plake and Parker, 1982) with the most widely used model fit indices:
• RMSEA (root mean square error of approximation). A value of RMSEA ≤0.08 shows a good fit and between 0.08 and 0.10 provides a mediocre fit (MacCallum et al., 1996). The RMSEA value of 0.05 indicates a good fit, RMSEA 90% confidence interval (0.047, 0.053), p < 0.001.
• GFI (goodness-of-fit index). A value of GFI ≥0.90 is considered a good model fit and GFI ≥0.95 was considered a well fit (Hair et al., 2018). In the present research, the GFI value was 0.94, which was higher than 0.90 and could be considered a good model fit.
• CFI (comparative fit index). The CFI value was 0.868, which is smaller than the standard value of 0.90 and this was not acceptable.
• TLI (Tucker-Lewis index). A value of TLI ≥0.90 is a good model fit and ≥0.95 is a well-fit (Bentler and Bonett, 1980; Sharma et al., 2005). The TLI value was 0.841, which was not fit.
The appropriate fit indices RMSEA and GFI imply that the two-factor model is a good fit with the data. The measurement model should meet the criteria for the goodness of fit so that further analysis can be undertaken (Halim et al., 2018).
CMIN/DF is a calculation of the chi-square (χ2) value divided by the degree of freedom. A value of CMIN/DF ≤ 2.00 shows a good model fit and CMIN/DF ≤ 5.00 shows an acceptable fit (Hair et al., 2018). CMIN/DF value was 4.815 and could be considered an acceptable fit.
3.2 Construct Validity
The value of Average Variance Extracted (AVE) was 0.151, which was under 0.5. Therefore, in the case of AVE was less than 0.5 but the composite reliability value in this study was 0.784, which was higher than 0.6, the convergent validity was still adequate (Fornell and Larcker, 1981). Discriminant validity was acceptable by Fornell and Larcker (1981) criterion. To evaluate discriminant validity, the AVE may be compared with the square of the correlations among the latent variables (Chin, 1998). The Average Variance Extracted (AVE) estimated for the two factors (LMA & MEA) was 0.162 (LMA) and 0.129 (MEA), which were lower than the square of the correlation between the two factors to provide evidence of discriminant validity which was 0.759.
3.3 Reliability
With a two-factor model of the 24-item RMARS, the study assessed the internal consistency of subscales using Cronbach’s Alpha (Cronbach, 1951) and Composite Reliability (Wasko and Faraj, 2005). The values of Cronbach’s alpha in this study were 0.81 (LMA) and 0.67 (MEA). Although Cronbach’s alpha should be higher than 0.70 to ensure the reliability of the scale, values below 0.70 are still acceptable (Hair et al., 2007; Taber, 2018). The CR value of LMA was 0.725, which was higher than the recommended value of 0.7 (Fornell and Larcker, 1981) and the CR value of MEA was 0.505, which was lower than the recommended value. The CR of the 24-item RMARS was 0.784. Therefore, the variables in this study were considered reliable.
3.4 Descriptive Analysis
According to the norms for RMARS (Plake and Parker, 1982), the participants scored in the average range on the mathematics anxiety scale, with a mean of 3.34 (SD = 0.47) for the LMA subscale and 3.34 (SD = 0.52) for the MEA subscale. Table 2 shows descriptive statistics of the dependent variables, including LMA and MEA results by gender and grade level groups.
TABLE 2 | Descriptive statistics of mathematics anxiety.
[image: Table 2]3.5 Inferential Analysis
A MANOVA was performed with gender, grade, career choices and average mathematics score as independent variables, and the LMA and MEA subscales as dependent variables. To run MANOVA, the researchers conducted a preliminary analysis to examine the absence of multicollinearity and homogeneity of covariance matrices. Pearson correlations were performed between two dependent variables to test the MANOVA assumption that dependent variables would be moderately correlated with each other (Meyers et al., 2016). The correlation value r should not be greater than 0.90 (Tabachnick et al., 2007). As can be seen in Table 3, a meaningful pattern of correlations was observed amongst the two dependent variables, suggesting the appropriateness of using MANOVA.
TABLE 3 | Correlation between LMA and MEA.
[image: Table 3]The multivariate homogeneity of covariance matrices was examined using Box’s M test; the M value of 861.630 was not significant (p < 0.001), hence the assumption of homogeneity of covariance matrices was not met. As a result, Pillai’s trace value, a more robust statistic, was used to confirm the result.
A separate two-way univariate analysis of variance (ANOVA) for each of the dependent variables was conducted (Table 4). Levene’s test of equality of error variances was used to test the assumption from the MANOVA and ANOVA that the variances for each variable are equal across the groups. If Levene’s test is significant, this means that the assumption has not been satisfied. In this study, the value of Levene’s test came out to be significant for all the variables in the LMA subscale [F (278, 1269) = 1.68, p < 0.05], and MEA subscales [F (278, 1269) = 1.459, p < 0.05]. Therefore, when the follow-up ANOVAs were conducted, the results for LMA and MEA were interpreted with caution. A test of the standard deviations reported that none of the largest standard deviations was more than four times the size of the corresponding smallest, suggesting that the ANOVA was robust (Howell, 2007).
TABLE 4 | The mean scores of students in MEA.
[image: Table 4]There was a significant difference in the level of mathematics anxiety between Grades 10, 11 and 12 when jointly considering LMA and MEA variables, Pillai’s trace value = 0.01; F(4, 2538) = 3.051, p = 0.016, partial η2 = 0.005. Therefore, the results suggest that the first hypothesis (H1) should be rejected. A separate ANOVA was conducted for each dependent variable, with each ANOVA evaluated at an alpha level of 0.025 (that is, 0.05/2). There was a significant difference between Grades 10, 11 and 12 for MEA; F(2, 1269) = 3.861, p = 0.021, partial η2 = 0.006, with Grade 12 (M = 3.34, SD = 0.03) scoring higher than Grade 11 (M = 3.23, SD = 0.03) and Grade 10 (M = 3.29, SD = 0.03). There was no significant difference between Grades 10, 11 and 12 for LMA; F(2, 1269) = 3.121, p = 0.044, partial η2 = 0.005.
There was a significant difference in the level of mathematics anxiety according to career choice; Pillai’s trace = 0.211, F(16, 2538) = 18.708, p = 0.000, partial η2 = 0.105. Therefore, the results suggest that the second hypothesis (H2) should be rejected. A separate ANOVA was conducted for each dependent variable. There was a significant difference between students’ career choices in terms of LMA; F(8, 1269) = 36.760, p = 0.000, partial η2 = 0.188. Students choosing finance-economics (M = 3.53, SD = 0.03), or industrial engineering (M = 3.53, SD = 0.04) experienced higher levels of LMA than others. There was a significant difference between students’ career choices on MEA; F(8, 1269) = 14.379, p = 0.000, partial η2 = 0.083. Students choosing finance-economics (M = 3.50, SD = 0.04) experienced higher levels of MEA than others.
There was no significant difference in the level of mathematics anxiety between male and female students in terms of LMA and MEA; Pillai’s trace value = 0.003; F(2, 1268) = 1.950, p = 0.143, partial η2 = 0.003. Therefore, the results suggest that the third hypothesis (H3) should be rejected. With MEA, male students (M = 3.3, SD = 0.03) scored slightly higher than female students (M = 3.27, SD = 0.02). With LMA, male students (M = 3.3, SD = 0.02) scored slightly higher than female students (M = 3.22, SD = 0.02). However, these differences is statistically non-significant.
The results reveal that there is a significant multivariate effect on LMA and MEA in the interaction between grade level and students’ average mathematics scores; Pillai’s trace = 0.026, F(20, 2538) = 1.664, p = 0.032, partial η2 = 0.013. Therefore, the results suggest that the fifth hypothesis (Ho5) should be rejected. A separate ANOVA was conducted for each dependent variable. There was a significant difference between grade level and students’ average mathematics scores on MEA; F(10, 1269) = 2.251, p = 0.015, partial η2 = 0.017. By looking at the interaction plots (Figure 1), students in Grade 11 (M = 3.39, SD = 0.11) and Grade 12 (M = 3.57, SD = 0.15) getting average mathematics scores below 5.0 had higher levels of MEA than others from the same school years. In Grade 10, students getting average mathematics scores 5.0–6.0 (M = 3.37, SD = 0.08) had higher levels of MEA than others from the same school years. The mean scores of students in MEA are presented in Table 5. There was no significant difference on LMA; F(10, 1269) = 1,868, p = 0.056, partial η2 = 0.015.
[image: Figure 1]FIGURE 1 | Interaction plot.
TABLE 5 | Combined univariate ANOVA.
[image: Table 5]3.6 Correlation
Table 6 shows how mathematics anxiety correlates with academic coping strategies, average mathematics scores, and gender. The results are significant, with a moderately positive correlation between mathematics anxiety and positive coping (r = 0.487, p < 0.01); a weak positive correlation between mathematics anxiety and non-coping (r = 0.213, p < 0.01); gender (r = 0.050, p < 0.05); and average mathematics score (r = 0.064, p < 0.05). This finding shows that students with higher levels of positive coping and non-coping suffer mathematics anxiety to a greater extent than others. In addition, the higher the mathematics anxiety level, the higher the average mathematics score. There was a significant, weak negative correlation between mathematics anxiety and denial coping (r = −0.131, p < 0.01), indicating that the higher the level of denial coping, the lower the level of mathematics anxiety and vice versa. Mathematics anxiety was not significantly correlated with projective coping strategies.
TABLE 6 | Correlation.
[image: Table 6]3.7 Regression
Multiple linear regression analysis was used to determine the factors influencing level of mathematics anxiety among high school students. Multiple linear regression analysis was performed with the following independent variables: academic coping strategies, including positive coping, projective coping, denial coping, and non-coping; students’ average mathematics score; gender; grade; and career choice. The dependent variable was the mathematics anxiety scale. The preliminary assumption of multiple linear regression was used as the basis for examining multicollinearity. Additionally, the normal P-P plot of the regression standardised residuals shows that the scattered points are principally distributed on the diagonal, which suggests that the residuals could be judged to be normally distributed, as presented in Figure 2.
[image: Figure 2]FIGURE 2 | Normal P-P-plot of the regression standardised residual.
Multicollinearity was examined for all independent variables using Pearson’s bivariate correlation. The correlation coefficients were less than 0.8, indicating that there was no multicollinearity between the independent variables (Allison, 1999). The variance inflation factor (VIF) and tolerance value were determined to test this assumption. The tolerance of every variable was higher than 0.1 and the VIF values for all variables were lower than 10, indicating that there was no multicollinearity between the independent variables in the multiple regression analysis (Uyanık and Güler, 2013). Therefore, the assumption was satisfied and the regression analysis was conducted.
Table 7 reveals that the corrected coefficient, Adjusted R2, was 0.384, indicating a change in the dependent variable, students’ mathematics anxiety, due to a one-unit change in the independent variable. The regression model was statistically significant (F(18, 1529) = 54.658, p < 0.001, R2 = 0.392). The results of the multiple regressions with independent factors regressed against students’ mathematics anxiety show that positive coping (β = 0.198, p < 0.001), projective coping (β = 0.032, p < 0.05), non-coping (β = 0.036, p < 0.001), gender (β = 0.066, p < 0.05), grade and career choices were significant predictors in the model.
TABLE 7 | The results of multiple regression analysis of mathematics anxiety.
[image: Table 7]Specifically, the difference in mathematics anxiety between grade 10 and grade 12 was −0.034. The difference in mathematics anxiety between grade 11 and grade 12 was −0.037. According to career choices, the difference in mathematics anxiety between Pedagogy students and others was 0.488. The difference in mathematics anxiety between Finance—Economics students and others was 0.672. The difference in mathematics anxiety between Social Sciences students and other students was 0.613. The difference in mathematics anxiety between Natural Sciences students and others was 0.484. The difference in mathematics anxiety between Engineering—Industry students and others was 0.725. The difference in mathematics anxiety between Information Technology (IT) students and others was 0.553. The difference in mathematics anxiety between Transportation Sector students and others was 0.136. The difference in mathematics anxiety between Medicine students and others was 0.578.
However, mathematics anxiety shows non-significant associations with average mathematics scores and denial coping strategies. Regression analysis showed that factors including positive coping, projective coping, non-coping, gender, grade, and students’ future career choices are significant predictors of mathematics anxiety. When examining the interaction, results revealed non-significant interaction between grade and average mathematics scores in predicting mathematics anxiety among students.
4 DISCUSSION
The main aims of this research were twofold: firstly, to examine mathematics anxiety among Vietnamese high school students, and secondly, to test the correlation between students’ mathematics anxiety and academic coping strategies.
The analysis was intriguing to the authors. It did not show any differences in mathematics anxiety between male and female high school students; this is a significant contribution to research on underlying gender differences in relation to mathematics anxiety. It was predicted that the findings would support the hypothesis that mathematics anxiety reduces the mathematics achievement of students; however, the fourth hypothesis was accepted. Although the result showed that there was a correlation between mathematics anxiety and mathematics achievement, mathematics anxiety had a non-significant effect on mathematics achievement. The other important finding is that the more students suffer from mathematics anxiety, the more they adopt positive coping strategies.
These findings reinforce the general belief that students in Grade 12 suffer more from mathematics anxiety than those in Grades 10 and 11. The education curriculum in high school, especially in Grade 12, includes demanding academic tasks and complex academic content that give rise to academic pressure. Moreover, Grade 12 students have to pass a graduation examination to enroll in their desired university. Academic pressure can also be a consequence of parental pressure (Deb et al., 2015), which impacts students’ mental health and leads to psychological problems related to mathematics anxiety. Our results do not show any significant correlation that contradicts the findings of Lew and Hwang (2019), who reported that Grade 11 students had the highest level of mathematics anxiety and Grade 12 students the lowest. Another study found that there is no significant difference in the levels of mathematics anxiety between grades (Luo et al., 2009).
This study shows that students choosing to pursue finance-economics or industrial engineering at a higher education level have greater levels of mathematics anxiety than others. This finding is in contrast with previous studies and can be explained in a number of ways. Chipman et al. (1992) reported that students with mathematics anxiety were likely to choose degree courses with the minimum requirements for knowledge related to mathematics, such as the arts and humanities, languages, politics, and psychology and sociology, instead of courses such as natural science and economics (Zettle and Raines, 2000). Finance-economics and industrial engineering are popular specialties requiring substantial mathematics knowledge. Moreover, one of the most important criteria for applying to these courses, is the score in the entrance examination, which has gradually risen each year in Vietnam. This rise could be interpreted in two ways: 1) higher levels of competence are needed for career choices, for instance, international collaboration, multidisciplinary knowledge, and subject knowledge (Tran et al., 2016); and 2) the number of students applying to finance-economics and industrial engineering courses has gradually increased which has led to greater competition. The higher level of mathematics anxiety among students pursuing finance-economics and industrial engineering may be a direct consequence of the increasing score requirement.
Gender differences in mathematics anxiety have been thoroughly studied and well documented. Specifically, mathematics anxiety has been found to be significantly higher in female students than in male students (Karimi and Venkatesan, 2009; Luo et al., 2009; Cheema and Sheridan, 2015; Lew and Hwang, 2019). However, when comparing our results to those of previous studies, the results run counter to the way in which gender difference has been debated in the fields of psychology and educational science. Several studies have found results that are consistent with our reported findings. Keshavarzi and Ahmadi (2013), and Akbayir (2019), also found no difference between male and female high school students in levels of mathematics anxiety. Until now, gender differences in mathematics anxiety have been assumed to be influenced by factors such as a student’s attraction to the mathematics field (Keshavarzi and Ahmadi, 2013); the possibility that females are more willing to disclose anxiety(Ashcraft, 2002); social stereotypes about women and mathematical abilities (Beilock et al., 2007); spatial processing ability (Maloney and Beilock, 2012); and gender differences in stress reactivity (Altemus et al., 2014). In modern Vietnamese society, underestimation of the success of females in mathematics has been transmuted into respect for their abilities and achievements. This alteration in the Vietnamese context has contributed to removing gender stereotypes and increased self-confidence among females. Thus, female anxiety has decreased. Our findings on gender differences in mathematics anxiety could be explained by this shift.
The present research found an interaction between grade level and students’ academic achievement. Specifically, students in Grade 11 and Grade 12 attaining an average score below 5.0 experienced higher levels of MEA than others from the same school years. This finding shows that students with low average scores are likely to experience greater anxiety associated with a mathematical examination or test. In the Vietnamese educational context, tests, and examinations in compulsory education, especially in high school, are widely regarded as an essential and effective tool for evaluating personal qualities. Therefore, low and poor scores lead to negative feelings, such as disappointment, embarrassment, irritation, stress and anxiety. This finding is very similar to results that have been previously reported. For example, Nicholson (2009) found that the academic achievement of Grade 11 students is negatively affected by anxiety related to tests. Another study, conducted by Karatas et al. (2013), found that the more test anxiety that students experienced, the poorer their score in university entrance examinations. Additionally, grade point averages could be affected by high levels of test anxiety (Whitaker Sena et al., 2007; Von Der Embse et al., 2013). Tests and examinations have negative effects not only on students’ academic achievement but also on their health (Zeidner, 1998). Moreover, this anxiety is a factor inhibiting students from achieving their academic goals and demonstrating their full potential in the learning process (Zoller and Ben‐Chaim, 1990).
Our data analysis reveals that there is a positive correlation between the level of mathematics anxiety and mathematics achievement among students. The result shows that individuals who have high levels of mathematics anxiety tend to have higher average scores in mathematics. Specifically, students attaining averages from 9.0 to 10.0 experience greater LMA than others. This is an interesting finding, as it is contrary to what we know from previous studies (Karimi and Venkatesan, 2009; Lew and Hwang, 2019; Milovanović, 2020), which have reported a significant negative correlation between mathematics anxiety and mathematics achievement. However, few previous studies have been conducted to explain the negative relationship between mathematics anxiety and mathematics achievement. This relationship could be associated with reduced student effort and comprehension in the learning process; reduced accomplishment of study goals (Lew and Hwang, 2019); low mathematics ability (Tobias, 1986; Hembree, 1990; Ma and Xu, 2004); and students’ understanding and self-confidence in mathematics (Zakaria et al., 2012). For a long time in the Vietnamese educational context, grade point averages were considered to be the standard for evaluating whether students accomplished academic goals and gained academic achievements. Specifically, mathematics is an important subject for all students in the educational system and a compulsory subject in entrance and graduation exams. This situation increased students’ determination to complete mathematics-related tasks and attain better performance in the field of mathematics. The higher the average score attained by a student, the greater their interest in education, and this led to anxiety about mathematics among students. Our views on the association between mathematics anxiety and mathematics achievement can be clarified by these explanations.
The relation between positive coping strategies and mathematics anxiety has been examined in detail in the studies mentioned. In particular, mathematics anxiety has been found to be negatively correlated with positive coping strategies. The higher the levels of mathematics anxiety that students experience, the less likely they are to adopt positive coping strategies (Skaalvik, 2018). The findings from the present study are the reverse. Our findings show that there is a positive relationship between mathematics anxiety and positive coping strategies among students. For decades, traditional education in Vietnam has created a favourable learning environment for enhancing students’ knowledge, self-regulated learning ability, academic self-concept, motivation, and coping strategies. Several prior studies have examined academic motivation and self-regulated learning affecting the learning process of students; for instance, encouraging students to engage in learning-related tasks more efficiently (Zeynali et al., 2019), and proactively managing students’ learning environment (Pintrich, 1999). Salomon and Ket (2007) reported that Vietnamese society is influenced by Confucian traditions. Specifically, the academic self-concept is considered particularly important in Vietnam’s education system, placing a strong emphasis on students’ willingness to persevere and their working hard. For these reasons, when students face academic challenges, obstacles and difficulties in mathematics, they tend to focus on solving problems rather than blaming others for their mistakes or ignoring negative events. Therefore, the higher the level of mathematics anxiety that students experience, the more likely they are to adopt positive coping, understanding their mistakes and working out how to do better the next time.
4.1 Limitations
This study has several limitations. The first is that participants were not distributed uniformly; specifically, female participants outnumbered male participants by a proportion of approximately two to one, and this may affect the inaccuracy of the results. Therefore, future research should be conducted to validate the findings of this study. Also, only five factors were examined in researching the influences of mathematics anxiety in high school students. Thus, other factors, such as teacher attitude, classroom environment, learning programs and teaching methods could be included in future investigations.
5 CONCLUSION AND IMPLICATIONS
Mathematics anxiety is an unpleasant emotional state, with tension and anxiety that affect the ability to manipulate numbers and participate in the mathematical learning process. This research makes a substantial contribution on the issue, as follows: 1) it highlights the effects of academic achievement and students’ career choices on mathematics anxiety; 2) it provides additional evidence of non-significant effects of gender difference on mathematics anxiety; 3) it offers insights into academic coping strategies that students adopt to overcome mathematics anxiety.
Future research should be designed to study factors influencing the relationship between academic achievement, gender difference and mathematics anxiety in more depth. Additionally, further investigation is necessary to evaluate the significant impact of academic coping strategies on anxiety in the learning process.
Our study contributes to the general discussion about the relationship between mathematics anxiety and academic coping strategies (Skaalvik, 2018), grade (Lew and Hwang, 2019), academic achievement (Puteh and Khalin, 2016), and students’ career choices (Chipman et al., 1992). Besides, the results are helpful for making students aware of mathematics anxiety, protecting themselves from mental illness such as stress, anxiety disorders and depression, and enhancing students’ mental health during the learning process. From that, students could understand their mental health status and implement coping strategies to get over their academic anxiety. Our findings provide additional information for teachers, school counselors to realize student’s negative emotions, opportunely support, and find appropriate methods to alleviate student’s negative emotions during the teaching process (Asikhia et al., 2015; Olaoluwa, 2021). Moreover, educators can design mathematics curriculum integrating theories and practices, and develop psychological support programs for Vietnamese high school students (Van et al., 2019) such as organizing hands-on activities in mathematics learning, applying cooperative learning in small-group learning, providing extra tuition sessions, organizing more discussions activities and more student directed classroom, and focusing on individual mathematics improvement. It is also essential to create support groups about mathematics in school that students can share and socialize during the learning process.
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