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Math anxiety refers to feelings people get when facing computational challenges. The fear of
failure often causes people to avoid activities, like taking challenging mathematics courses or
choosing majors that require mathematics. Grit describes how people persist or persevere in the
wake of failure. This article looks at factors that contribute to a person having grit and the
interaction of grit and math anxiety. Students (N = 258) enrolled in college math classes at a large
university completed a set of surveys that indicated their levels of self-compassion, mindfulness,
self-efficacy, math anxiety, and grit. The analyses of the data found that grit predicted math
anxiety, and that self-compassion, mindfulness, and self-efficacy predicted grit. The results of this
study suggest that promoting factors that help students develop grit can in turn affect their math
anxiety and thus their persistence in mathematics courses and STEM majors.
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Many countries do not produce enough science, technology, engineering, and mathematics
STEM majors to keep up with the demand for STEM workers (Langdon et al., 2011; Peri et al.,
2014; van den Hurk et al., 2019). It is important to understand what contributes to STEM
avoidance and lack of success in STEM majors. Since all STEM majors must take and pass
mathematics courses for their major, one factor to STEM retention is success in mathematics.
Although mathematics education is quite different from country to country, the pervasiveness of
the effects of math anxiety on performance stands out in many parts of the world (Foley et al.,
2017). Foley et al. (2017) point out how math anxiety must be considered when trying to increase
mathematics achievement, which is important for STEM success.

Researchers have been examining ways to address math anxiety through non-academic
interventions (Beilock & Maloney, 2015; Bruny¢ et al., 2013). Factors such as grit, mindfulness,
self-compassion, and self-efficacy have established associations with anxiety, well-being,
resilience, and academic achievement (Jarukasemthawee et al., 2021; Neff et al., 2005; Neff &
Germer, 2013; Tubbs et al., 2019). However, research is needed to better understand the correlates
of grit, particularly in relation to math anxiety. Therefore, our first aim was to assess the validity of
grit as a predictor of math anxiety. Our second aim was to determine whether self-efficacy, self-
compassion, and mindfulness were associated with grit. Our research questions were as follows:

1. How does grit affect math anxiety?
2. What roles do self-efficacy, self-compassion, and mindfulness have in predicting grit?

Background
What is Grit? Angela Duckworth has been credited with identifying grit as a trait that should be
studied within an academic setting. She and her colleagues attempted to answer the question, “Why
do some individuals accomplish more than others of equal intelligence?”” (Duckworth et al., 2007,
p. 1087). They define grit as persistence or perseverance in the wake of failure. In other words,
students with grit see academic success as a purpose worth pursuing. Academic success may entail
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a long and sometimes bumpy road, but gritty students do not give up easily (Duckworth, et.al.,
2007). Grit is explained as a two-dimensional concept that includes consistency of interest and
perseverance of effort (Duckworth, et. al., 2007; Duckworth & Quinn, 2009). Six individual
studies that focused on grit as a predictor of academic success concluded that level of education
influenced grit, grit intensified with age, undergraduate students with higher levels of grit earned
higher GPAs, and grit predicted retention better than self-control among cadets during their first
summer at West Point (Duckworth, 2007)

Some researchers have found stronger relationships between student success and the
perseverance of effort component of grit than with consistency of interest (Bowman, et. al., 2015;
Cross, 2014; Hodge et. al., 2016). A study of Australian university students revealed that first-
generation college students had higher levels of grit, specifically in perseverance of effort, and that
effort predicted student productivity and student engagement (Hodge et al., 2016). Meta-analytic
synthesis of grit literature conducted by Crede and Tynan (2017) further discussed the lower-order
facets of grit; perseverance and consistency and agreed that perseverance of effort played a larger
role in student achievement than did consistency of interest. Furthermore, they argued that
perseverance should be considered a distinct construct apart from grit. Another meta-analysis by
Lam and Zhou (2019) also supported this notion. In addition, they pointed to the need for
additional research focused on which grit facets affect academic learning outcomes and suggested
teachers identify and foster strategies that promote grit through both sustained effort and the
development of academic interest. They questioned whether grit is something that can be taught
and invited researchers to further explore this notion.

How is Grit Related to Math Anxiety? Sheila Tobias (1976) coined the phrase "mathematics
anxiety." This first article discussed the dread, powerlessness, paralysis, and mental disorder that
occur in people with this condition. Most students have the cognitive ability to carry out a
mathematical task successfully, but their fear and anxiety regarding math get in the way (Tobias,
1991). Cognitive researchers have established an important relationship between negative
emotions, such as anxiety, and academic performance. Wang et al. (2015) uncovered an intriguing
relationship between math anxiety and math performance in motivated individuals; high and low
levels of anxiety both had a negative relationship with performance and moderate levels of math
anxiety had a positive association with effective performance.

Math anxiety not only affects performance in math but also affects motivation and interest in
the subject (Beilock et al., 2015). Lack of success in math courses frequently affects students’
persistence in college and may even affect their motivation or interest in pursuing STEM-related
degrees. Since math anxiety is associated with poorer performance in math (Henslee & Klein,
2017) and math anxiety may cause capable students to avoid math classes, this can affect the
number of students preparing for much-needed STEM-related occupations (Beilock et al., 2015).

Researchers are beginning to demonstrate that personality factors influence the development of
math anxiety (Beilock et al., 2015; Bruny¢ et al., 2013). Some agree that to reduce math anxiety it
1s important to foster a student’s strength in facing obstacles (Mammarella et al., 2018; Ramirez et
al., 2018). A positive response to setbacks (Ramirez et al., 2018) and higher levels of resilience
(Mammarella et al., 2018) are beneficial to alleviate math anxiety. Holtby (2018) claims there is a
lack of evidence about how grit relates to math anxiety but found a significant negative correlation
between grit and math anxiety. In that study, students who exhibited greater dedication to the
pursuit of long-term goals reported feeling less anxiety in relation to their mathematical work.

How is Grit Related to Self-Efficacy? In Bandura’s Social Cognitive Theory, self-efficacy is
defined as "how well one can execute courses of action required to deal with prospective
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situations" (Bandura, 1982). Bandura’s theory also implies connections between self-efficacy,
cognitive functioning and achievement, claiming that if a person believes they can perform well
then they will view a difficult task as something they can achieve, rather than something they must
avoid (Bandura 1993, Bandura 1996). Self-efficacy has also been related to motivation and
positive attitudes in mathematics (Czocher, Melhuish et al., 2020). Honicke and Broadbent (2016)
suggest that people with higher self-efficacy possess skills and attitudes that support achievement
and success, for example, they found a correlation between self-efficacy and self-regulatory
learning strategies. Self-efficacy has also been shown to influence the effort students put toward
learning and their ability to persist, thus having an effect on their achievement (Mohammadyari,
2012). Alhadabi & Karpinski (2020) found that people who had more grit and high self-efficacy
had high expectations for themselves and commonly set mastery goals for themselves. Those
researchers found that the grit dimensions of consistency of interest and perseverance of effort are
positively related to self-efficacy.

How is Grit Related to Self-Compassion? Self-compassion consists of three components: the
ability to be kind to oneself regardless of circumstances, the acceptance of imperfection as an
inevitable aspect of the human condition, and the mindful awareness of thoughts and feelings
(Neft, 2003). Selt-compassion’s association with grit has yet to be explored in STEM education.
According to our search of the literature, only sports psychology research has started to examine
the relationship between self-compassion and grit to improve athletes’ wellbeing and performance.
Doorley et al. (2022) suggested that because self-compassion promotes healthy responses to
stressful events, it seems to have features similar to grit.

Research has shown that self-compassion is associated with positive psychological functioning.
For example, Neff et al. (2007) established a positive correlation between self-compassion and
optimism, personal initiative, and curiosity and exploration. Moreover, higher levels of self-
compassion are associated with decreased levels of difficulties in aspects of emotion regulation in
college students, such as goal-directed behavior, impulse control, and emotional responses (Meyer
& Leppma, 2019). Neff and Germer (2013) also demonstrated a negative relationship between self-
compassion and psychological distress (e.g., depression, anxiety, and stress). Self-compassion also
has a negative relationship with math anxiety in college students (Leppma & Darrah, 2022).

How is Grit Related to Mindfulness? Mindfulness is defined as the intentional, nonjudgmental
awareness of the present moment (Kabat-Zinn, 2003). Mindfulness was shown to be positively
related to improved emotion regulation (Meyer & Leppma, 2019) and inversely related to
depression, anxiety, and anxiety symptom severity (Tubbs et al., 2019) in college students.
Raphiphatthana et al. (2018) theorized that because mindfulness is associated with improved
coping abilities, it may promote the ability to persevere and work through obstacles to reach a
long-term goal, which is the definition of grit (Duckworth et al., 2007). Although mindfulness
seems to be an antecedent to grit, very little research exists exploring the relationship between
mindfulness and grit. We found only three studies to date. The first is the study by
Jarukasemthawee et al. (2021) mentioned above. In the second, Raphiphatthana et al. (2019)
compared associations between mindfulness and grit for Western and non-Western university
students. Their findings indicated that mindfulness was associated with grit in both cultures;
however, there was a stronger association in Western university students. In the final study, 343
undergraduates completed an online survey, and 74 of those participants completed the survey
again 4.5 months later to assess a potential longitudinal relationship between mindfulness and grit
(Raphiphatthana et al., 2018). Results indicated that mindfulness predicted an increase in grit,
which was maintained over time. The authors concluded that mindful individuals tend to be
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grittier. They suggested that non-judgmental awareness of the present moment may facilitate
sustained interest in long-term goals.
Methods

Participants included 258 students, 68 students were enrolled in College Algebra with co-
requisite and 190 were enrolled in the course without co-requisite. Of the students that reported,
233 were in a STEM major, the others were in various fields. Not all respondents completed every
scale of the survey. For the analysis of each scale, we used all respondents who completed that
scale. Student placement into College Algebra courses (co-requisite or non-co-requisite) is based
on their SAT/ACT Math scores or how they performed on a Math Placement Exam (ALEKS). The
co-requisite course focused on prerequisite skills including operations on real numbers and
simplifying algebraic expressions, and also metacognitive skills such as mindfulness, coping with
math and test anxiety, and self-compassion.

The research took place at a large public research university upon institutional review board
approval. The participants in the project were a convenience sample of students who were enrolled
in college algebra in the fall semester of 2020. The university offers college algebra and college
algebra with a co-requisite support course for students with lower entrance scores. Students in both
versions of the courses were asked to participate in the research study. All 494 students enrolled in
the course were sent a survey near the 3rd week of the semester through email and offered five
bonus points for completing it. The response rate for the survey was 52.2% (258/494). The
following instruments were used to collect the responses:

e The Abbreviated Mathematics Anxiety Rating Scale (AMARS; Alexander & Martray,
1989),

e (rit-S (Duckworth & Quinn, 2009),

e Self-Efficacy for Learning and Performance Subscale (SELPS) from the Motivated
Strategies for Learning Questionnaire (MSLQ) for College Students (Pintrich & De Groot,
1990),

e Five Facet Mindfulness Questionnaire (FFMQ); Baer et al, 2006), and

e Self-Compassion Scale-Short Form (SCS-SF; Raes et al., 2011).

Results

Data Analyses/Power Analyses

Power analyses were calculated and it was determined that the minimum sample size for
multiple regression with a medium effect size, alpha level of .05, power of .90, and three predictors
was 99. Our total sample size was much higher at 258. Simple linear regression was used to
analyze research question 1. For research question 2, we used hierarchical multiple regression. The
order of variables entered into the hierarchical multiple regression was based on empirical support
(Pallant, 2020). In block 1, we entered self-efficacy due to its strong support regarding math
engagement and achievement in the literature (Samuel & Warner, 2019). We entered self-
compassion in block 2. Our data demonstrated a higher correlation between self-compassion and
grit than mindfulness and grit. In addition, research indicates that self-compassion is frequently a
mediator between mindfulness and other variables (Neff, 2016). Thus, we entered mindfulness in
block 3. (See Table 1 for correlations).

Table 1: Correlations for Study Variables
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Variable 1 2 3 4

1 Grit -- .383* .394* 356*
2 Self-Efficacy .383* -- .338* 278*
3 Self-Compassion 394 .338%* -- .549%*
4 Mindfulness 356* 278* 559* --

*p <.001

Research Question 1: Does grit have an impact on math anxiety?

Linear regression was used to evaluate the ability of grit to predict levels of math anxiety. A
scatterplot indicated a linear relationship between the variables and homoscedasticity and
normality of the residuals was detected. The model was significant. Math anxiety = 112.35 + (-
1.72). F (1, 234) = 46.69, p < .001. Grit was negatively related to math anxiety and accounted for
17% of the variance. (See Table 2).

Table 2: Math Anxiety Simple Linear Regression

Grit B 95% CI for B SE B B3 R2 AR2
Model 172 .169
Constant 112.35%%* 99.77 124.92 6.38
Grit -1 72%* -2.21 -1.24 25 - 41 5%H*

*p <.05. *¥*p <.01. ***p < .001.

Note: Model = Enter method in SPSS Statistics; B = unstandardized regression coefficient; CI =
confidence interval; LL = lower limit; UL = upper limit, SE B = standard error of the coefticient; B
= standardized coefficient; R2 = coefficient determination; AR2 = adjusted R2.

Research Question 2: Do Self-Compassion, Mindfulness, and Self-Efficacy predict Grit?
Hierarchical multiple regression was used to better understand grit and assess the ability of
self-efficacy, self-compassion, and mindfulness to predict levels of grit. To ensure no violations of

assumptions of normality, linearity, multicollinearity, and homoscedasticity, preliminary analyses
were conducted. In Step 1, self-efficacy was entered, and it explained 14.7% of the variance in grit.
In Step 2, self-compassion was entered, and it explained 22.6% of the variance. In Step 3,
mindfulness was entered. The variance explained by this model was 24.4%, F(3, 230) = 24.46, p <
.001. (See Table 3).

Table 3: Hierarchical Regression Final Model

Grit B 95% CI for B SE B B R2 AR2
Model LL UL 244 234
Constant 12.62%** 9.53 15.71 1.57
Self-Efficacy ] 3HEE .07 .19 .03 2TH*H
Self-Compassion 3k .04 21 .04 21%*
Mindfulness .03* .01 .06 .01 A7*
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*p <.05. **p <.01, ***p < .001.

Note: Model = Enter method in SPSS Statistics; B = unstandardized regression coefficient; CI =
confidence interval; LL = lower limit; UL = upper limit, SE B = standard error of the coefficient; 3
= standardized coefficient; R® = coefficient determination; AR?> = adjusted R°.
Discussion

This study seeks to establish relationships among self-compassion, mindfulness, self-efficacy,
math anxiety, and grit. This article attempts to bring understanding to the correlates of grit and its
role in math anxiety. The idea is to ultimately test interventions that may have beneficial effects on
the variables. In this article we consider data collected three weeks into the semester shortly before
the first exam and before any intervention was implemented.

Findings from the present study indicate an inverse relationship between grit and math
anxiety in college students. This result aligns with Holtby’s (2018) similar findings in an
investigation of grit, coping, and math anxiety in elementary school students. In a study of 56
students enrolled in Grades 4, 5, and 6, Holtby found a significant negative correlation between grit
and math anxiety. Although further research is needed, these findings taken together with the
present study’s findings suggest that understanding and increasing correlates of grit may be helpful
in fostering resilience and perseverance in students by reducing math anxiety.

Findings also support our hypothesis that as self-compassion, mindfulness, and selt-
efficacy are higher this will predict higher levels of grit. The analysis of this student data
corresponds to the conclusions in Alhadabi and Karpinski (2020) who found that grit dimensions
(G-CI and G-PE) correlate positively with self-efficacy in university students (N = 258). Our
results further align with Jarukasemthawee et al. (2021), who found statistically significant positive
relationships between grit and self-compassion and grit and mindfulness in 320 Thai national
athletes. Contrary to our findings, however, their findings suggested a direct relationship between
mindfulness and grit but an indirect relationship between self-compassion and grit, mediated by
self-regulation. A possible explanation for this is the different context and population. In two
studies examining grit specifically in undergraduate university students, researchers found that
increased mindfulness predicted increased grit (Raphiphatthana et al., 2018; Raphiphatthana et al.),
which correspond with our findings. Our study is novel in that it also found that self-compassion
was a predictor of grit in college math students. Based on our findings, students who have higher
levels of self-efficacy, mindfulness, and self-compassion tend to be grittier.

Conclusions

Most math educators do not suffer from math anxiety and in turn may have trouble relating to
students who do. Furthermore, those who teach mathematics courses may not know how to advise
students who are searching for ways to mitigate their anxiety. Research suggests that non-cognitive
factors, such as math anxiety, can hinder students’ abilities in math (Henslee & Klein, 2017). Our
findings suggest that implementing interventions aimed to increase self-efficacy, mindfulness, and
self-compassion can increase grit in students. However, we realize that math instructors must
understand this connection and more importantly how to intervene through the introduction of
specific practices that include mindfulness and self-compassion. Since instructors establish
classroom norms, the success of these types of interventions is tied to instructor buy-in and
training. Professional development for those who are teaching entry-level math courses is critical
to the success of interventions designed to affect a student’s mindset.

This study provides empirical support for grit as a predictor of math anxiety. Our findings also
provide insight into correlates of grit. Self-efficacy, mindfulness, and self-compassion all predicted
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grit. Understanding and addressing these factors can provide educators with helpful direction in

developing grit in students and reducing math anxiety that impedes the progress of many students.

As a next step after finding these connections, we have begun to develop interventions that we

believe will help to reduce math anxiety. The interventions are in the form of online modules

students work through either for homework or in class that contain a short description of the topic,
video, and open-ended questions for reflection. These modules are on topics including grit, math
anxiety, mindfulness, self-compassion, and growth mindset. We are in the process of testing them
with students to determine their effectiveness at reducing math anxiety and increasing student
persistence and performance. Future research will explore mechanisms, interventions, and
effectiveness in a broader population.
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