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ABSTRACT

Some non-cognitive factors influence performance in mathematics. The study explores whether
students' self-efficacy and mathematics anxiety influence their performance in mathematics either
directly or indirectly. There were 217 grade 12 students in the sample, with 95 (43.78 %) males and
122 (56.2 %) females. The data was gathered using a mathematics anxiety and self-efficacy
questionnaire, and the general percentage average in mathematics was used as an indicator of
student performance. Using two-stage structural equation modeling, the relationship between
students' anxiety and self-efficacy in mathematics and their performance was explored. Anxiety in
mathematics and self-efficacy were found to be the two noncognitive con-struct that directly affects
mathematics performance as indicated in the model. In addition, the result has noted that there is no
correlation between the two noncognitive constructs in mathematics (anxiety and self-efficacy). Based
on the findings, it can be concluded that anxiety in mathematics and self-efficacy are two separate
noncognitive constructs that have a direct impact on mathematics performance. However, these two
constructs do not have any correlation with each other, meaning that one does not influence the
other. This implies that addressing anxiety and self-efficacy independently may lead to improved
mathematics performance.

Keywords: Mathematics anxiety, Mathematics self-efficacy, Mathematics performance, Structural
equation modeling, Modeling

INTRODUCTION

Human resource improvement is needed for a country to develop in all areas and to achieve it, education plays a
vital role. In its broadest definition, education can be defined as any activity that has a significant influence on
the cognitive, skill, or attitude development of an individual. It is comprised of several different subfields, all of
which ought to be introduced to individuals and studied by them. From a global perspective, mathematics is one
of the subjects that has been present in every single curriculum of the school. There are already several
identified elements that influence the students' progress in mathematics from the previous years of exploration
by researchers. This includes anxiety and self-efficacy in mathematics which was identified to have a significant
influence towards student achievement in mathematics (Schunk and Mullen, 2012). Moreover, anxiety in
mathematics is one of the contributing factors as to why students perform poorly. Between the two factors, self-
efficacy was considered to be a more accurate predictor of mathematics performance than mathematics anxiety.

Students in the Philippines must understand and respect mathematical concepts to apply them to tasks such as
problem-solving, critical thinking, communication, reasoning, connecting their learnings, and developing visual
representations of their ideas to successfully relate their learnings to the actual world. In the general education
curriculum (K to 12 Basic Education Curriculum, one of the mandated subjects is mathematics. In the previous
International Students Assessment, Philippines performed second to last among the participating nations
(DepEd - National Report of the Philippines, 2019). The results are alarming for it means that Filipino students
performed significantly worse than the OECD average of 489 points, scoring 353 points on the mathematics
literacy scale. According to statistics, only one out of five or 19.7% of Filipino students attained the necessary
mathematics literacy competency level (Level 2). Though the mean percent score (MPS) on the National
Achievement Test (NAT) for Filipino learners has increased over eight years (2005-2013). However, based on
the review report for all national achievement test (NAT) from 2015 in Philippine Education the 75% MPS aim
was not achieved. Even though the MPS has increased, still the NAT scores for students in elementary and high
school are 6.12% and 23.59% off target.

The common effect of students having negative emotional reactions to mathematics is avoiding courses and
activities that need math skills. (Betz & Hackett 1983; Betz 2006). According to Ashcraft (2002), Carey et al.
(2016) and Dweck (2006), anxiety in mathematics is a feeling (such as worry, fear, or discomfort) of students
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that hinders them to perform better in mathematics. In developmental education, one of the recognized
important elements that influence the learning, growth and progress in mathematics were anxiety and self-
efficacy. Moreover, self-efficacy in mathematics can be described by theories such as implicit theories of
intelligence, and theory of entity (Toland & Usher 2016; Usher & Pajares 2009). Due to the lack of readiness
shown by students who were graduating from senior high school, one of the most important goals was to
increase the mathematical proficiency of students who were enrolling in colleges (Cullinane &Treisman, 2010;
Nicoloff, 2018). According to Wolfle's (2012) research, almost 75% of students taking developmental
mathematics were unable to pass the course examination. These were shockingly high rates, but unfortunately,
they were typical across the country. The attention of those in charge of education was beginning to shift toward
the improvement of these success rates as well as the redesigning of developmental education.

Theoretical Background for the Model

The question of how to succeed in mathematics examinations or learn the course gives students worrying
feelings which will result in a feeling of anxiety in mathematics learning (Ashcraft & Ridley, 2005). For the
students to solve mathematical problems, they need to employ their mathematical abilities such as critical
thinking. Individuals need to use their mathematical abilities, which involve critical thinking, to solve
mathematical problems (Mammarella et al., 2015; Beilock et al., 2004; Richardson &Suinn, 1972; Ashcraft &
Kirk, 2001). Moreover, students who face anxiety in mathematics often exhibit physiological reactions (similar
to those associated with pain) and develop negative attitudes towards the subject, leading them to avoid
situations that could trigger their anxiety (Young et al., 2012; Chang &Beilock, 2016; Ma, 1999; Ramirez et al.,
2018; Ashcraft, 2002; OECD, 2013; Ashcraft & Ridley, 2005; Ashcraft & Moore, 2009; Beasley et al., 2001).
According to OECD (2013), in several nations worldwide anxiety in mathematics is a common issue that
students experience. Researches noted that anxiety and achievement in mathematics were negatively correlated
which implies that the students will perform slightly worse if they experience high anxiety in mathematics
(Gunderson et al., 2018; Wang, 2020; Namkung et al., 2019; Chang &Beilock, 2016; Foley et al., 2017; Ma,
1999; Ashcraft & Kirk, 2001; OECD, 2013; Ashcraft & Moore, 2009; Ramirez et al., 2018). The connection
between anxiety and self-efficacy in mathematics has been well-established both theoretically and empirically,
with substantial evidence revealing a significant relationship between these constructs (Ashcraft, 2002; Pajares
& Miller, 1994; Pajares &Kranzler, 1995; Akin &Kurbanoglu, 2011; Jameson, 2014; Griggs et al., 2013). A
negative association between the two constructs (anxiety and self-efficacy) in mathematics was noted (Griggs et
al., 2013) and anxiety is considered to be more of the physiological source of self-efficacy or anxiety is a
significant predictor of self-efficacy (Bandura, 1997; Lopez & Lent 1992) but other studies state the other way
around (Pajares &Barich 2005; Pajares 1996; Pajares &Kranzler 1995; Bandura 1986). For example, in the
study of Akin &Kurbanoglu (2011) on high school students in the US and Pajares &Kranzler (1995) on
undergraduate students in Turkey, self-efficacy in mathematics substantially predicted anxiety in mathematics.
Even though there was a literature that supports the predictive relationships of the two constructs (anxiety and
self-efficacy) in mathematics to performance in mathematics, it is less clear how these two constructs interact
when hypothesized to have a directional effect on performance in mathematics if it is put into a structural
model. Thus, the current study explores the relationships among anxiety, self-efficacy, and performance in
mathematics. Specifically, it will explore the relationships among these factors through modeling to be more
accurate. The models that are based on the hypotheses will take into consideration both direct and indirect
influences to achieve this goal. In the researchers' desire to develop a model in which variables are evaluated
jointly, it is hypothesized that anxiety and self-efficacy will have a direct effect on one's performance in
mathematics and these two constructs are correlated. This is something that should be anticipated because it is
reasonable to expect that both variables will have an effect.

Mathematics
Anxiety

Mathematics
Performance

Mathematics
Self-efficacy

Figure 1: A hypothesized model of anxiety, self-efficacy, and performance in mathematics
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METHOD

Research Design

This study aimed to explore the relationships among anxiety, self-efficacy, and performance in mathematics.
The researchers utilized Co-variance Based Structural Equation Modeling (CB-SEM) design to construct a
model in which both variables are evaluated jointly. CB-SEM compares observed and proposed covariance
matrices to assess the fit of the causal model (Lowry & Gaskin, 2014). SEM is a quantitative research method
that also allows for the use of qualitative techniques. Typically, SEM is used to visualize and validate numerous
statistical correlations concurrently (Dash & Paul, 2021). Moreover, Sarstedt et al. (2017), Hair Jr et al. (2017),
and Haenlein& Kaplan (2004) described structural equation modeling (SEM) as the simultaneous use of
multiple regression and factor analysis. SEM replaces "dependent” and "independent" variables with
"exogenous" and "endogenous” variables in analyses. Exogenous variables are always independent, while
endogenous variables can be dependent or independent in different parts of the model. SEM involved different
measurements which will provide an understanding of how latent constructs (factors) interacts. Analyzing the
structure of the covariance also goes by the term’s latent variable analysis and analysis of the covariance. A
confirmatory strategy, as opposed to an exploratory one, is used in this research.

Sample

Sample size determined based on Wolf et al.'s (2013) recommendation. Sample sizes varied from 30 to 460,
depending on the number of factors and indicators, and their corresponding loadings. The 10 cases per variable
rule resulted in sample size recommendations ranging from 40 to 240.

Originally, the respondents were 300 randomly selected Grade 12 study but was reduce to 217 students from
seven national high schools in Western Visayas, Philippines due some suggestions during the preliminary
analysis of the data. These composes of 95 (43.78%) male students and 122 (56.2%) female.

Instruments

The Mathematics Self-efficacy and Anxiety Questionnaire ((MSEAQ) of Daina K. May-Swanagan (2009) was
utilized. It is a 29-item Likert scale question in which respondents check the appropriate column of 1 (Never), 2
(Seldom), 3 (Sometimes), 4 (Often), and 5 (Usually). Anxiety items are scored reversely.From the present
study's context, the scale is valid for both anxiety and self-efficacy in mathematics. The internal consistency
coefficients for anxiety and self-efficacy were found to be 0.73 and 0.79, respectively. The model fit indices in a
confirmatory factor analysis (CFA) indicating excellent fit ( x2/df = 1.055, Standard Root Mean Square
Residual (SRMR) = 0.067, Root Mean Square Error of Approximation (RMSEA) = 0.016, PClose = 1.000, and
Comparative Fit Index (CFI) = 0.980).

The data that was used to determine the student's overall mathematics performance was the student's general
percentage average in mathematics from the first quarter through the fourth quarter.

Data Analysis

After the data were collected from the sample (n = 217), The preliminary analysis for SEM such as checking the
missing data, and outliers, and testing the normality, linearity, homoscedasticity, and multicollinearity of the
data was conducted. The structural model was used to determine if the proposed is suitable to describe the data.
To evaluate the model fit, absolute indices such x?, x?/df, Standard Root Mean Square Residual (SRMR), Root
Mean Square Error of Approximation (RMSEA), PClose = 1.000, and Comparative Fit Index (CFI) were
calculated as goodness-of-fit indices for SEM analysis.

Goodness-of-fit indices were used to evaluate model fit in the measurement model for CFA and structural
model, based on the criteria suggested by the authors. The study used established criteria for model fit:
CMIN/df< 5 (Wheaton, 1987), CFI should be 0.95 (Hu &Bentler, 1999; Schreiber et al., 2006). To indicate
close fit, the model should have SRMR and RMSEA values less than 0.08 (Hu &Bentler, 1999; Browne
&Cudeck, 1993). Pclose should be greater than 0.05 (Gaskin & Lim 2016).

Ethical Considerations

Before implementing the study, formal consent from school heads or administrators was secured. The
participation of identified respondents was entirely voluntary. In addition, the parents of students in 12th-grade
classes granted their full consent to participate in the study. The research respondents were informed of the aims
of the study, and safeguards were taken to ensure that they were not coerced or harmed in any way during the
study. All data collected was treated with strict confidentiality and was utilized solely for the research.

FINDINGS

Based on the Pearson correlation coefficients, Table 1 shows that anxiety in mathematics and self-efficacy were
directly related to performance in mathematics at the 0.01 significance level. However, there was no evidence to
suggest that the two noncognitive constructs (anxiety and self-efficacy) in mathematics are related to one
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another. Moreover, the variables are normally distributed because the values of skewness and kurtosis were
contained within the range of -1 to 1.

As can be observed in Table 1, there were small positive correlations between performance and anxiety (r =
0.19, p = 0.006) . Similarly, a small positive correlation perfomance and self-efficacy (r = 0.23, p = 0.001).

Additionally, it was noted that self- anxiety and self-efficacy are not correlated (r = 0.05, p = 0.498)

Table 1: Descriptive Information about the Variables contained in the Model and a Correlation

Matrix
Mathematics Mathematics Mathematics Self-
Performance Anxiety efficacy
Mathematics Performance r 1 19"~ 23"
p .006 .001
Mathematics Anxiety ' 1 e
p .498
Mathematics Self-efficacy ; 1
M 87.55 3.09 2.95
SD 4.21 0.46 0.33
Skewness 0.01 -0.01 0.15
Kurtosis -0.74 -0.05 -0.27

The estimated model fit indices were tested (see Figure 2), and acceptable to excellent fit indices (y?/df = 1.642,
p <.01, CFl =0.912, SRMR = 0.079, RMSEA = 0.049, and PClose = 0.557) were found (see Table 3) (Gaskin,
J. & Lim, J., 2016).
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Figure 2: Standardized Parameter Estimates of the Structural of the hypothesized Model

Table 2: Fit Indices of Hypothesized Model (Model A)
r Df ldf p CFI SRMR

611.821 403 1.642 p<.01 0.912 0.079

PClose
0.557

RMSEA
0.049

Table 3 shows the hypothesized model (Model A) maximum likelihood estimates (Regression Weights). All of
the p values were significant (p < 0.05) as shown. In absolute values of 0.572 and 0.511, the likelihood of
getting a critical ratio for anxiety and self-efficacy in mathematics to performance was as high as 2.395 and
3.376, respectively. In other words, at the 0.05 level, the regression weight for anxiety and self-efficacy in
mathematics in the prediction of performance in mathematics differs from zero (two-tailed). This imply that
anxiety and self-efficacy in mathematics have a significant influence on the prediction of performance in
mathematics. Higher levels of anxiety may be associated with lower performance, while higher levels of self-
efficacy in mathematics may be associated with higher performance. However, the covarying path between
anxiety and self-efficacy in mathematics was not significant (p=.717). It means that the covariance between
anxiety and self-efficacy in mathematics is not significantly different from zero at the 0.05 level (two-tailed).
This also suggest that no significant relationship exists between anxiety and self-efficacy in mathematics in the
model. The absence of significant covariation does not imply no relationship between variables. This only
suggest that in the model, the correlation between anxiety and self-efficacy in mathematics is not significant.
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The absence of a significant correlation between anxiety and self-efficacy in mathematics does not invalidate
diminish the importance of their individual regression weights in predicting math performance. The variables
have independent regression weights that contribute to predicting mathematics performance, despite their lack
of significant correlation.

Table 3: Maximum Likelihood Estimates (Regression Weights) for the Hypothesized Model (Model

A)
Regression/ Covarying paths Estimate S.E C.R p
Mathematics Performance <— Mathematics Anxiety 1.369 0572 | 2.395 | .017
Mathematics Performance <— Mathematics Self-efficacy 1.726 0.511 | 3.376 | p<.001
Mathematics Anxiety «— Mathematics Self-efficacy 0.011 0.031 | 0.363 | .717

Following the recommendations of the Maximum Likelihood Estimate, we applied all of the potential
covariance modification indices and got rid of the paths that weren't significant (Regression Weight). The value
of the model test statistics as well as the approximate fit indices for the hypothesized recursive path model of
Anxiety, Self-efficacy, and Performance in mathematics have seen a significant increase.

Model Generating, Testing and Comparing

The modified model (Model A) has achieved excellent fit indices (see Figure 1), and (x*/DF = 1.132, p = .040,
CFl = 0.950, SRMR = 0.069, RMSEA = 0.025, and PClose = 1.000) were found (Gaskin, J. & Lim, J., 2016).
Another model (Model B) was also tested and was to be an equivalent model of Model A (see Figure 3) for
having the same fit indices (x¥/DF = 1.132, p = .040, CFI = 0.950, SRMR = 0.069, RMSEA = 0.025, and
PClose = 1.000). The parsimony fit indices of Model A (AIC=605.329, BIC=912.900) and Model B
(AIC=605.329, BIC=912.900) indicated that these two models are equivalent. However, Model B was the better
model that describes the data because all the regression paths were significant while Model A has nonsignificant
covarying paths.

Table 4: Fit Indices of Model A and B

Model ¥ Df | 42df | p CEl ;RM iMSE PClose AlIC BIC
A 423.329 27 1.132 Z=.O 0.950 | 0.069 | 0.025 1.000 605.329 | 912.900
B 423.329 27 1.132 Z=.O 0.950 | 0.069 | 0.025 1.000 605.329 | 912.900

Table 5 shows Model B maximum likelihood estimates (Regression Weights). All of the p values were
significant (p <0.05) as shown. The results indicated that, when mathematics anxiety increases by 1 unit,
mathematics performance increases by 1.384 units. The standard error associated with this estimate is 0.573.
Similarly, when mathematics self-efficacy increases by 1 unit, mathematics performance increases by 1.740
units, with a standard error of 0.512. The regression weights and standard errors reveal the strength and
accuracy of the relationships between predictor variables (mathematics anxiety and self-efficacy) and the
outcome variable (mathematics performance). The p-values suggest that the connections among mathematics
anxiety, mathematics self-efficacy, and mathematics performance are statistically significant. Mathematics
anxiety and self-efficacy significantly predict mathematics performance.

Table 5: Maximum Likelihood Estimates (Regression Weights) Model B
Regression paths Estimate S.E C.R p
Mathematics Performance «Mathematics Anxiety 1.384 0.573 2.415 .016
Mathematics Performance «Mathematics Self-efficacy | 1.740 0.512 3.401 p<.001

athematics
Anxiety

athematics
Selfefficacy

Figure 3: Model B
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DISCUSSION

This study investigated the directional effects of anxiety and self-efficacy on performance in mathematics.
Based on the previous research findings it was hypothesized that anxiety and self-efficacy in mathematics were
related to one another and both have a direct effect on performance in mathematics. As reflected in the modified
model, both anxiety and self-efficacy in mathematics had direct effects on performance in mathematics, and
these two noncognitive constructs (anxiety and self-efficacy) predicted the performance consistently (Schunk &
Mullen, 2012). In addition, self-efficacy in mathematics is a more accurate predictor of performance than
anxiety and a negative correlation between anxiety and performance in mathematics was noted (Watts, 2011;
Suhas, & Pandya, 2016). The researchers have also observed that the correlations among variables (anxiety,
self-efficacy, and performance in mathematics) are more complex than it initially appears to be (Ashcraft &
Moore, 2009).

Even though the model shows a relationship between the two noncognitive constructs (anxiety and self-
efficacy), these two constructs are unrelated. The most significant independent variable determining self-
efficacy perceptions about teaching mathematics, according to the literature, is mathematics anxiety. A negative
linear connection between the two noncognitive constructs is supported by literature it was not confirmed in this
study, which means that as anxiety in mathematics drops, the self-efficacy of the students about teaching
mathematics rise is not supported by the results of this study (Unlu, Ertekin, &Dilmac 2017; Nicoloff, 2018).
This study did not corroborate the cause-and-effect relationship suggested by the model, in which a low level of
anxiety leads to increased levels of self-efficacy; however, previous research supports the hypothesis.

CONCLUSION

This study makes a significant contribution to the creation of more complete theories that highlight how
mathematics anxiety and self-efficacy influence mathematics performance. Although additional research needs
to be done, this study contributes significantly to the creation of more complete theories. According to the
model, anxiety and self-efficacy in mathematics are two noncognitive constructs that determine how well
someone does in mathematics. This study rejected the hypothesis that self-efficacy and mathematical anxiety
are related. Additional studies are needed that can add to the growing body of evidence-based literature which
can be used to design educational environments that are supportive of the development of successful programs
that lower anxiety and raise self-efficacy in mathematics, assuming that both have a significant impact on
students' performance in mathematics.
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