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ABSTRACT

The complex relationship between math anxiety and math self-efficacy (i.e. math dispositions) is well documented in
educational psychology; however, while age and gender have been examined extensively, fewer studies have explored how
a broader range of demographic factors collectively shape this association across student populations. This study aims to fill
this gap by investigating how demographic factors (i.e., gender, age, race/ethnicity, first-generation status, and income level
during childhood) influence the relationship between math anxiety and math self-efficacy. The participants completed an
online survey that included math anxiety and math self-efficacy measures, as well as an extensive demographic questionnaire.
The expected negative relationship between anxiety and efficacy was replicated and clear. This association was moderated by
the participants’ self-reported ethnicity, such that the relationship was stronger for Latine students, multiethnic students, and
unreported ethnicity students. However, despite the common finding that women report more negative math dispositions, no
relationship with gender emerged when additional dispositional factors were taken into account.These findings suggest the
importance of considering demographic factors in mathematical outcomes and underscore the need for targeted interventions
for students and DEI training for educators. Specifically, educational strategies should be designed to cater to the unique
needs of these demographic groups.
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1. Introduction

Mathematical competency is the ability to understand,
use, and apply math skills and concepts to solve problems in
everyday and academic situations and is increasingly vital in
today’s educational and professional environments, where
science, technology, and communications require a strong
understanding of mathematical skills[!]. While mathemati-
cal competence relies on knowledge and skills, critical yet
hidden personal factors also influence math learning and
outcomes. One such personal factor is a learner’s mathemat-
ical dispositions!>3], the tendency to view mathematics as
useful, worthwhile, and valuable, while possessing produc-
tive attitudes (e.g., high confidence, growth mindset) toward
math™. Students who have productive mathematical dispo-
sitions (i.e., they have positive attitudes toward math, see
value in math, and show interest in math) typically have
higher performance, learning, and outcomes than those with
unproductive math dispositions >8],

Math anxiety (MA), characterized by apprehension
and fear while thinking about or engaging with mathematical
tasks!?, is a dispositional factor that has garnered significant
attention in educational research because of its adverse ef-
fects on math performance and choices related to career[!%].
Individuals with high levels of MA often exhibit lower levels
of math self-efficacy (MSE), which is the belief or confi-
dence in one’s ability to perform math tasks successfully.
While the relationship between these dispositional factors of
MA and MSE is well-established, the role of individual differ-
ences (e.g., demographic attributes) is understudied, because
of social factors such as stereotypes, systemic racism, and
access to resources, personal demographic factors may in-
fluence individuals’ experiences of MA and MSE. Thus, the
purpose of this study is to explore the impact of demographic
variables to better understand the relationship between MA
and MSE, potentially contributing to the development of
educational interventions to support students from varying

backgrounds.

1.1. Math Anxiety

While many people report disliking math®), MA goes
beyond disliking math and instead is a fear-based reaction to
mathematics with thoughts, behaviors, and emotions similar

to other types of anxiety !-!2]. Generally, MA is described as

feelings of nervousness, apprehension, insecurity, or general
discomfort when thinking about or engaging with mathe-
matical problems!3!4] and can arise irrespective of actual
math ability or knowledge!'!.
childhood!'®! or primary grades!!”!, it regularly continues

Often beginning in early

through formal educational settings!'?) and may last into
adulthood 8191,

Individuals with high levels of MA tend to have aver-
sions toward math-related situations and often avoid them,
including required and elective courses, assignments, instruc-

20-231 They also face

tors, college majors, and career paths!
challenges in maintaining positive attitudes toward mathe-
matics and their own abilities, struggling with feelings of
apprehension and self-doubt[!3?423] Individuals with high
levels of MA experience neural activation in brain regions as-
sociated with pain when they think about doing math?%!, and
this heightened arousal generally affects an individual’s per-
formance or task efficiency?”-?8! in part through reduced
working memory capacity and cognitive processing effi-
ciency 13182129301 Decreased math performance and high
levels of MA often result in a cyclical process of avoidance,
decreased learning, continued lower performance, and on-
going high MA 2!, Another contributing factor to lower
performance in highly MA individuals is the dispositional
factor of self-efficacy, which plays a significant role in the

expression and impact of MA [12:17:25,31-35],

1.2. Self-Efficacy

Self-efficacy is an individual’s belief in their ability
36371 Notably,

self-efficacy is context-specific, varying across tasks and

to successfully execute a particular task!

domains[*®), which implies learners from different demo-
graphic backgrounds can indeed demonstrate varying levels
of self-efficacy across academic disciplines, shaped by cul-
tural, social, educational, and personal factors**#!1. Stu-
dents with higher levels of self-efficacy tend to perceive
themselves as being in an optimal state for learning[#%,
demonstrate greater resilience and persistence in the face
of challenges, and achieve better academic outcomes 3%,
High self-efficacy is also associated with heightened mo-
tivation and positive expectations for success ], whereas
lower levels of self-efficacy can lead to increased anxiety 441,
highlighting the intricate interplay between self-efficacy and

emotional states.
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Specifically, mathematics self-efficacy (MSE), defined
as one’s belief or confidence in one’s ability to perform
math tasks successfully, has been consistently linked to math

17,45,46

achievement![ 1 and plays a crucial role in shaping indi-

viduals’ attitudes and achievements in mathematics and re-

133447] Individuals with high self-efficacy

lated disciplines!
typically have greater math motivation** and, as such, en-
gage in behaviors that are likely to lead to success, such as set-

#8491 persisting in solving math prob-

ting appropriate goals|
lems*®1 and having more positive attitudes toward mathe-
matics®"l. However, individuals with low MSE typically
have higher MA[17:25:30:32.51.52] and can engage in behaviors
that can lead to less productive outcomes, such as not setting
goals, not persisting, and avoiding math classes and materi-
alsB31. In this manuscript, self-efficacy refers specifically
to task-focused beliefs about one’s capability to perform a
given activity3®], whereas expectations for success reflect
broader anticipatory judgments about likely performance
outcomes, consistent with expectancy-value framework is
important for understanding how participants’ beliefs about
their abilities interact with their broader motivational orienta-

s34, Recently, researchers have explored the mediating

tion:
role of MSE in the relationship between MA and math per-
formance and have consistently reported that MSE mediates
this relationship[13-2%-32:33],

Understanding the relationships between MA, MSE,
and outcomes (e.g., learning, choice in major) is crucial for
developing effective, targeted interventions in educational
settings *%-3234 However, individual differences likely play
arole in the expression of and relationships between these
dispositional variables. For example, gender has frequently
been studied in relation to these variables, particularly given
the dearth of women in STEM disciplines and careers 3461,
with women typically reporting higher MA and lower MSE.
While other individual differences in demographic factors
have not typically been explored in MA or MSE, stereotype
threat literature ®7-*%) and evidence from discipline-based ed-
ucation researchers in STEM [ identify race or ethnicity
as important demographic factors to consider in relation to
mathematical dispositions. The literature on stereotype threat
further suggests that other groups in which intelligence, abil-
ity, or academic success stereotypes exist may also exhibit

important individual differences.
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1.3. Individual Demographic Differences in
MA and MSE

1.3.1. Gender

Despite a lack of consistent performance differences
between men and women in mathematics °%¢%1, U.S. culture
often perpetuates the stereotype of mathematics as a mas-
culine discipline®7]. This stereotype is reinforced in educa-
tional settings, where male students are frequently provided
with more access to and opportunities in math compared
to female students. Research indicates that teachers’ gen-
der beliefs tend to favor males, which negatively impacts
females’ self-concept in math[®!!. For instance, Lindner and
colleagues®®! found that teachers’ gender stereotypes con-
tribute to differential encouragement and support for male
and female students. In many countries, males generally do
not outperform females, although there are exceptions where
females perform equally well or better, and in most regions
no significant differences are observed -],

Alongside these performance-related findings, gender
differences in MA have received extensive attention. Studies
consistently report higher MA among women across self-
report measures 3937981 While MA is often linked to lower
math performance, these gender differences in anxiety do
not straightforwardly translate into lower math performance
among women. Instead, the relationships among MA, math
self-efficacy (MSE), and discipline or career interests appear
to differ by gender. For example, Huang et al. (2019) re-
ported that MSE strongly predicts male student STEM career
interests, whereas MA more directly influences female stu-
dents. Similarly, Akin and Kurbanoglu (2011) and Ahmed
(2018) found gendered patterns in how dispositional factors
shape interest and aspirations. More recently, Author (2024)
reported that MSE predicts women’s, but not men’s, geo-
science interest, while MA plays no significant role. Taken
together, these findings suggest that gender differences in
mathematics are shaped by a complex interplay of stereo-
types, educational practices, competencies, and dispositional
factors, warranting continued investigation.

Race/Ethnicity. Research on mathematical disposi-
tions across racial and ethnic groups remains limited, but
existing studies suggest significant disparities in learning
experiences and outcomes. Black and Hispanic students of-

ten face systemic barriers that negatively impact their math
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self-efficacy and attitudes toward mathematics[®®! and fre-
quently encounter lower expectations from teachers, which
can diminish their confidence and interest in the subject.
Underserved minorities, particularly Black and Hispanic stu-
dents, report higher levels of math anxiety compared to their
peers!’%. Math self-efficacy plays a crucial role in mediat-
ing the relationship between math anxiety and performance

[32,71

across ethnicities 1. However, the impact of prior math

achievement on self-efficacy appears stronger for Hispanic

(711, These negative dis-

students than for Caucasian students
positions are linked to broader socioeconomic factors and
access to quality educational resources, and can particularly
affect specific minority groups (e.g., Latine)[7?!. Addition-
ally, Hart and Ganley (2019) noted that stereotype threat
can exacerbate MA among minority students, further hinder-
ing their performance and engagement. Culturally respon-
sive teaching practices can mitigate some of these negative
effects by affirming students’ identities, fostering a more
inclusive classroom environment!’’l, and helping teachers
address their own biases to improve math dispositions among

racially and ethnically diverse students!73].
1.3.2. Income/Social Class/SES

Socioeconomic status (SES) has been identified as a po-
tential risk factor for negative math dispositions and achieve-
ment in some studies"*7%]. For example, living in a lower
SES environment is often associated with fewer educational
resources and support systems, which can negatively im-
pact students’ math performance and attitudes toward math.
However, the relationship between SES and MA is complex,
as cultural influences on SES can complicate its predictive
power regarding MA 81, For instance, in some cultural
contexts, families with lower SES may emphasize perse-
verance, resilience, or collective support, which can buffer
against high levels of math anxiety despite economic disad-
vantage!’®). Conversely, in other contexts, lower SES may
coincide with limited access to quality instruction, fewer
enrichment opportunities, or stigma that intensifies anxiety
around mathematics. These cultural variations mean that
SES does not uniformly predict MA across populations, high-
lighting the need to interpret findings within specific cultural
and community contexts.

Additionally, SES was not found to be a significant
predictor of math achievement in elementary school chil-
dren, suggesting that other factors, such as gender, might

influence the relationship between MA and performance’”).

Geist (2010) emphasized that children from lower SES back-
grounds often face more significant challenges in math
achievement due to limited access to quality educational
resources and enrichment activities. Kalaycioglu (2015) also
reported that SES can indirectly affect math performance
through its impact on parental involvement and expectations,
which are critical for developing a positive math self-concept
and reducing MA.

Conversely, some studies indicate that the influence of
SES on math achievement may be mediated by other vari-
ables, such as the school environment and instructional qual-
ity. Lauetal. (2022) suggested that cultural factors play a sig-
nificant role in how SES impacts MA, highlighting the need
for culturally responsive educational practices to address
these disparities. Gender differences in MA and MSE further
complicate the relationship between SES and math achieve-
ment. For example, Flowerdew (2021) reported that while
SES was not a significant predictor of math achievement,
MA influenced performance differently by gender, with fe-
males typically reporting higher levels of MA than males
did. This finding aligns with broader research indicating that
females often experience greater MA, which can negatively
impact their math performance and self-efficacy©>%41. The
role of SES in math achievement and anxiety is multifaceted
and influenced by various factors, including cultural context

and gender.
1.3.3. Age

Researching age and MA yields conflicting findings,
with some studies reporting no significant differences be-
tween traditional college-aged students and non-traditional
students!7®7°1. Additional research indicates that age effects

17321 Compared with

of MA levels increase as students age!
their peers, adult learners and female students report higher
levels of mathematics anxiety, indicating that female adult
learners may be especially vulnerable!!”-3?1. This demo-
graphic’s belief in their mathematics anxiety is crucial to
understand, as many adult learners are routed into develop-
mental mathematics courses, which often have low retention
rates and decreased degree of completion.

The role of multiple demographic factors in understand-
ing MA and MSE encompasses various dimensions beyond
gender, including age, socioeconomic status (SES), and per-

sonal characteristics['>8%] an area that warrants further in-
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vestigation.

1.4. Theoretical Framework

This study is grounded in two complementary theo-
retical perspectives: Expectancy—Value Theory (EVT) and
Social Cognitive Theory (SCT), which together provide a
robust framework for understanding the relationship between
math anxiety and math self-efficacy, as well as the role of
demographic factors in shaping these constructs. EVT posits
that individuals’ achievement-related behaviors are influ-
enced by their expectations for success in a task and the
value they attach to it!®!1. Within the context of mathemat-
ics, students who expect to succeed and perceive math as
valuable are more likely to engage with the subject, persist
through challenges, and perform effectively. EVT also ac-
knowledges that these expectancies and values are shaped
by social and contextual factors, including prior experiences,
cultural norms, and demographic characteristics. Applying
EVT to our study allows us to examine how variations in
students’ expectations and perceived value of mathematics
might mediate or moderate the relationship between math
dispositions, particularly across diverse demographic student
populations.

SCT emphasizes the role of self-efficacy beliefs in mo-
tivating behavior and regulating learning 3¢}, According to
SCT, self-efficacy affects choice, effort, persistence, and
emotional responses to challenges. In mathematics, students
with higher math self-efficacy are more likely to approach
difficult problems confidently, manage anxiety effectively,
and sustain engagement. SCT also highlights the reciprocal
interaction between personal, behavioral, and environmental
factors, which aligns with our focus on demographic vari-
ables as potential moderators of the MA-MSE relationship.

By integrating EVT and SCT, this study situates math
dispositions within a framework that considers both beliefs
about competence and motivational expectancies, as well as
the broader social and contextual influences that shape learn-
ing outcomes. EVT provides insight into how expectations
and task value drive engagement and achievement, while
SCT emphasizes the central role of self-efficacy in regulating
behavior and emotional responses. Together, these frame-
works provide a strong conceptual rationale for examining
how demographic factors moderate the MA—MSE relation-
ship, enriching the interpretive depth of our analysis and

informing our understanding of structural and experiential

influences on mathematics learning.

1.5. Current Study

While some demographic factors have been explored
in relation to math anxiety (MA), other factors such as first-
generation college status and childhood income level, have
often been overlooked®!. The current study seeks to ad-
dress these gaps by using self-reported data on MA, MSE,
and multiple demographic identities. Conditional process
analysis was used to understand which demographic factors
moderate the relationship between MA and MSE in under-
graduate and graduate students. Our research addresses two

questions:

1. To what extent does MA predict MSE in students, and
does this relationship replicate established findings

within contemporary higher education contexts?

H1. It is hypothesized that MA will be negatively asso-
ciated with MSE, such that higher MA predicts lower
MSE.

2.  How do demographic factors (i.e., gender, age,
race/ethnicity, first-generation college status, and child-
hood income level) shape the relationship between MA
and MSE, and what do these moderating effects reveal
about structural or experiential inequities in STEM-

related confidence development?

H2. It is hypothesized that demographic characteris-
tics (gender, age, race/ethnicity, first-generation col-
lege status, and childhood income level) will moderate
the association between MA and MSE, such that the
strength of this negative relationship differs across de-

mographic groups.

2. Materials and Methods

2.1. Participants and Power Analysis

An a priori power analysis was conducted via G¥Power
version 3.1.9.782] for sample size estimation. Utilizing a
significant criterion of a = 0.05 and power = 0.95, the min-
imum sample size needed with this effect size is N = 159.
The sample for this study was drawn from a pool of under-

graduate and graduate students at a medium-sized university
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in the western United States. Data were collected from 393
undergraduate, graduate students, and non-degree seeking
students at a Rocky Mountain region university and were
mainly recruited from introductory psychology and gradu-
ate statistics courses. The participants were given course
credit or extra credit for the completion of the maximum
30-minute Qualtrics survey in which they completed a MA
scale, MSE scale, and demographic questions in random
order. Participants were drawn from three sources: introduc-
tory psychology courses, graduate statistics courses, and a
general population sample. These datasets were combined
to increase sample size and capture a broader range of expe-
riences and demographic diversity. To account for potential
differences across groups, all analyses included statistical
controls for source sample, and group membership was ex-
amined as a covariate where relevant. This approach ensures
that observed effects reflect relationships between math anx-
iety, math self-efficacy, and demographic factors rather than

systematic differences between participant groups.

If the data were not complete, participant data were
excluded (n = 172), leaving a sample of 221 participants com-
pleted the demographic portion, with a mean age of 19.23
years (SD = 4.11). Missing data were addressed using listwise
deletion, excluding 172 incomplete cases; these cases were
retained in a separate raw data file for transparency, and pre-
liminary analyses indicated they did not differ systematically
from included participants on key demographic variables. The
sample represents a consolidation of multiple parallel studies
investigating different samples [i.e., statistics major under-
graduates (n = 100), psychology major undergraduates (n =
110), and graduate students university (n = 2), general popu-
lation (n = 8)] that have been merged and collected over two
years (see Table 1 for the demographic characteristics. Partic-
ipation was voluntary, with no prerequisites or compensation
for involvement. Some participants may have received course
credit in exchange for thirty minutes of participation.

Table 1. Demographic characteristics of the sample.

Variable Category Count %
First Generation Status No 137 62.0%
Unsure 1 0.5%
Yes 83 37.6%
Gender Female 159 71.9%
Male 61 27.6%
Nonbinary or Questioning (3) 1 0.5%
Income Level Under $20,000 Per Year 9 4.1%
$20,000-$30,000 Per Year 23 10.4%
$30,000-$40,000 Per Year 20 9.0%
$40,000-$60,000 Per Year 43 19.5%
$60,000-$80,000 Per Year 26 16.3%
$80,000-$100,000 Per Year 34 15.4%
$100,000-$150,000 Per Year 29 13.1%
$150,000-$200,000 Per Year 12 5.4%
$200,000-$250,000 Per Year 5 2.3%
Above $250,000 Per Year 10 4.5%
International Student No 196 88.7%
Yes 25 11.3%
Race/Ethnicity Asian 6 2.7%
Black/African American 20 9.0%
Hawaiian/Pacific Islander 47 21.3%
Latine/Hispanic 28 12.7%
Middle Eastern/North African 3 1.4%
Native American/Indigenous 1 0.5%
White 116 52.5%
Transgender Identity No 218 98.6%
Yes 2 0.9%
Parent A Advanced Graduate Degree 43 19.5%
Bachelor’s Degree 64 29.0%
GED 11 5.0%
High School Diploma 41 18.6%
I Don’t Know 7 3.2%
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Table 1. Cont.

Variable Category Count %
Parent A Less Than 12th Grade/No GED 13 5.9%
Other 2 0.9%
Prefer Not to Say 4 1.8%
Some College 36 16.3%
Parent B Advanced Graduate Degree 29 13.1%
Bachelor’s Degree 65 29.4%
GED 13 5.9%
High School Diploma 43 19.5%
I Don’t Know 9 4.1%
Less Than 12th Grade and No GED 20 9.0%
Other 2 0.9%
Prefer Not to Say 6 2.7%
Some College 34 15.4%
Year in School First Year 104 47.1%
Fourth Year 19 8.6%
Graduate 2 0.9%
Not Degree Completing 3 1.4%
Other Degree Level Not Listed 5 2.3%
Second Year 56 25.3%
Third Year 32 14.5%

Note: N =221. We did not have instances where individuals chose multiple racial or ethnic identities.

2.2. Measures

The Abbreviated Math Anxiety Scale (AMAS) 331 was
used to measure self-reported MA. This nine-item Likert-
type scale (1 = low anxiety, 5 = high anxiety) prompts par-
ticipants to rate items in terms of how anxious they would
be during mathematical events (e.g., “watching a teacher
work an algebraic equation on the blackboard” and “thinking
about an upcoming math test one day before”). The scores
are summed (range = 9-45), with higher scores indicating
higher mathematics anxiety (>33) and low scores indicating
low math anxiety (<21). Hopko et al. (2003) reported excel-
lent internal consistency (Cronbach’s a = 0.90) and test-retest
reliability (r = 0.085 over a 2-week period) of the AMAS;
validity has also been established through correlation with
a longer MA measure (» = 0.85). Prior to conducting any
inferential statistics, the internal consistency reliability (o)
was tested for the AMAS, which reported excellent internal
consistency (Cronbach’s a = 0.87).

The Math Self-Efficacy Scale (MSES)[34! was used to
measure math self-efficacy. This nine-item Likert-type scale
(1 = not at all confident, 5 = very confident) asks partici-
pants to estimate their confidence in their ability to complete
specific academic math tasks (e.g., “work with decimals”

or “determine the degree of a missing angle”). The responses

are summed (range = 9—45); higher scores indicate higher
levels of MSE. The MSE has both strong internal consistency
reliability (Cronbach’s o =0.93) and validity as demonstrated
by relationships with students’ past math grades, scores on
an established math self-concept measure, and students’ ex-
pected math grades®*!. The MSES also reported excellent
internal consistency (Cronbach’s a = 0.88).

The demographic questionnaire included 10 multiple-
choice and open-ended questions. The participants were
asked to self-report their gender identity, age, degree type,
parental education level (parents depicted as A and B),
race/ethnic identity, and other relevant demographic informa-
tion. The participants were allowed to choose not to respond
to any demographic questions, and all the items included both

“my identity is not represented” and “I choose not to answer”.

2.3. Data Analysis

Face validity of the combined measures was tested in
a small group of 3 graduate students who tested the ques-
tionnaire prior to data collection. After self-report data were
collected on Qualtrics, the dataset was cleaned in Excel. Data
analysis proceeded in SPSS in three stages: (a) descriptive
statistics and bivariate correlations, (b) chi-square analyses,

and (c) indirect effects testing.
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3. Results

3.1. Descriptive Statistics and Correlations

Correlations and descriptive statistics of continuous
variables are reported in Table 2 below. The expected nega-
tive correlation between MA and MSE was significant, show-
ing that participants with higher levels of self-reported MA
had lower levels of self-reported MSE (r (221) =-0.49, p =
0.001). In a simple linear regression predicting MSE from
MA, the standardized regression coefficient mirrored the
correlation (f =—0.49, p <0.001), and MA accounted for ap-
proximately 24% of the variance in MSE (R? = (0.24). These
results confirm the strong inverse relationship between MA
and MSE in this sample.

Table 2. Descriptive Statistics and Bivariate Correlations for Math
Dispositions.

AMAS MSES
AMAS 1
MSES —0.49 ** 1
Mean 27.99 27.95
SD 7.66 7.92
Skew 0.122 -0.054
Kurtosis -0.41 -0.25

Note: ** p <0.01.

3.2. Variable Selection

To determine the influence of each demographic factor
(i.e., gender, socioeconomic status, first-generation status,
racial and ethnic identity, and parental educational level) on
the MA and MSE variables, a series of chi-square tests were
conducted with all the demographic variables. As shown in
Table 3, degree type (undergraduate freshman, undergradu-
ate sophomore, undergraduate junior, undergraduate senior,
graduate student, degree type not listed, not working toward
degree completion) and ethnicity significantly differed in
MA scores. MA scores were dichotomized using established
cutoffs to create high- and low-anxiety groups, allowing for
the examination of associations with categorical variables
using chi-square tests. This analysis found that degree type
and parental education level (parent B) significantly differed
in MSE scores.

Table 3 displays key relationships between MA score
variation, ethnicity, and degree type. MSE score variances

related to differences between groups for degree type and

parental education level (parent B). These data suggest that
ethnicity, degree type, and parental education level (parent
B) could moderate the expected negative direct effect rela-
tionship between MA and MSE. There were no statistically
significant relationships with the expected variables, such
as gender or SES, for either MA or self-efficacy, which re-
sulted in these variables being omitted from the moderation
analysis.

As a result of the statistically significant differences in
the chi-square analyses, we conducted indirect effects analy-
ses using Hayes conditional process analysis®*! using both
processes 1 and 4 for their respective analyses. A modera-
tion analysis was performed separately to determine whether
the three statistically significant variables (ethnicity, degree
type, and parental education level [parent B]) individually
influenced the MA and MSE relationships via Hayes pro-
cess model number 1. As expected, the direct effect of MA
on MSE displayed a significant, negative relationship (R’
=0.26, 8 =1.55, CI =[0.33, 2.78]). This direct effect was
moderated by self-reported race/ethnicity, with some groups
reporting particularly strong relationships between MA and
MSE. Specifically, the relationship is strongest for individu-
als who self-reported more than one race or ethnicity (C/ =
[-0.67,—0.42]), who elected not to report their race/ethnicity
(CI = [-0.75, —0.45]), and for those who self-reported as
Hispanic, Latin, or Spanish in origin (CI = [-0.50, —0.16]).
This suggests that for participants in these historically ex-
cluded racial/ethnic groups, the effect of their MA on their
MSE is stronger than for participants in other groups.

Students’ current degree type did not moderate the re-
lationship between MA and MSE (R?=0.24, 3 =0.44, CI
= [—1.94, 2.82]). This finding aligns with previous research
indicating that educational attainment often exerts a direct
influence on economic outcomes rather than interacting with
other socioeconomic variables!®37, Degree type, in this
context, refers to the highest level of education completed
by the participant, categorized into undergraduate, graduate,
and professional degrees. The theoretical basis for including
degree type stems from socioeconomic theories that posit
that educational attainment is a crucial determinant of finan-
cial and career success!®l. However, our results suggest
that the moderating effect of degree type on the relationship
between MA and MSE is not significant, indicating that the
influence of MA on MSE remains consistent across different

levels of educational attainment.
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Table 3. Chi-square Summary of all Categorical Variables for Demographic Moderators.

Categorical Variable df n x2 )4
AMAS Degree Type 210 221 264.15 0.01 *
Ethnicity 210 221 447.32 <0.001 *
First-generation 70 221 46.73 0.99
Gender 70 221 47.99 0.98
Income During Childhood 315 221 320.42 0.41
International Status 35 221 46.77 0.09
Parent A Education Level 280 221 254.52 0.86
Parent B Education Level 280 221 306.16 0.14
Transgender 70 221 63.61 0.69
MSES Degree Type 210 221 266.04 <0.01 *
Ethnicity 210 221 201.25 0.66
First-generation 70 221 74.88 0.32
Gender 70 221 65.78 0.62
Income During Childhood 315 221 305.34 0.64
International Status 35 221 38.08 0.33
Parent A Education Level 280 221 256.69 0.84
Parent B Education Level 280 221 335.77 0.01 *
Transgender 70 221 54.45 0.92

Note: * p <0.05.

Similarly, parent B’s status (R? = 0.24, 5 = 1.48, CI
= [-0.40, 3.37]) was examined to understand its potential
role as a moderating variable. In our study, parent B’s status
refers to the employment and income level of the second
parent or guardian. The decision to include this variable
was informed by socioeconomic models that emphasize the
cumulative impact of household income on educational and
occupational outcomes®®. However, using only one par-
ent’s income as a variable might have skewed the results due
to inconsistencies in reporting. Participants with a single
parent or missing data for parent B could have introduced
bias, as zeros were imputed for absent data, potentially in-
flating the significance of this predictor. Therefore, while
our chi-square analysis suggested initial significance, it is
essential to interpret these findings with caution and consider

the limitations of using incomplete data for parent B’s status.

4. Discussion

The purpose of the current study was to explore the
moderating effects of demographic factors on the indirect
effects of MA on MSE. As expected, this indirect effect of
MA on MSE was significant, which aligns with prior re-

33.351 The most significant finding was that race/eth-

searchl
nicity emerged as the sole demographic factor that moderated
this relationship, with the interaction becoming stronger for
multiracial, non-identified race/ethnicity, and Latine students.
This finding is particularly important, as Cho and Kongo

(2023) report that underserved ethnic minorities have been
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largely neglected in research on math attitudes, although
students from underrepresented backgrounds typically un-
derperform in mathematics compared with their white coun-

[89.90] " Given societal biases and stereotypes about

terparts
mathematical ability in racial/ethnic minority students!’3],
it is possible that these performance differences are at least
partly influenced by the internalized and unproductive math-
ematics dispositions held by members of these groups.
Interestingly, the direct effect of MA on MSE was not
influenced by gender in the current study. While research pro-
vides significant evidence that women typically self-report
both higher levels of MA and lower levels of MSE than men
do 1, minimal research has explored how gender differences
moderate the relationship between multiple dispositional fac-

tors P21,

Previous research does clearly argue that gender
can affect other math-related factors. Huang and colleagues
(2018) reported differential effects of dispositional factors on
middle school males’ and females’ career interest, and Lent
and colleagues Y reported that women and men differed
in their statements of factors influencing their MSE. Other
research has indicated that gender differences in MA may
not be significant when controlling MSE[31. Clearly, the
role of gender in math dispositions is complex and warrants
further study. Several strengths contribute significantly to
the existing body of research, including a focus on Hispanic-
Serving Institution (HSI) status, which aligns with national
efforts to increase the representation of Latine individuals
in higher education. This focus provides valuable insights
into the potential barriers to and facilitators of the entry and
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retention of Latine students in STEM fields.

Our research adds to the discourse on equity in edu-
cation by examining the relationship between demographic
factors and math-related variables such as anxiety and self-
efficacy, particularly highlighting the moderating effect of
ethnicity. This contribution is crucial, as it underscores the
importance of culturally responsive educational practices
and policies and has practical implications for supporting
students’ math learning across diverse populations. Imple-
menting culturally responsive teaching strategies, such as
connecting math content to students lived experiences and
providing equitable opportunities for participation, may help
reduce math anxiety and enhance math self-efficacy. Edu-
cators who consider demographic differences and create in-
clusive learning environments can foster greater confidence
and engagement in mathematics, ultimately promoting more
equitable outcomes. Our research adds to the discourse on
equity in education by examining the relationship between
demographic factors and math-related variables such as anxi-
ety and self-efficacy, particularly highlighting the moderating
effect of ethnicity. This contribution is crucial, as it under-
scores the importance of culturally responsive educational

practices and policies.

4.1. Limitations

While our study provides valuable insights into the
dynamics of MA and MSE, it is essential to acknowledge
several limitations. First, the data were collected from only
one university in the western United States, which may re-
strict the generalizability of our findings to other regions or
educational settings and may limit the external validity of the
findings. Expanding the study to include multi-institutional
datasets would increase the diversity of participants, enhance
the robustness of the results, and allow for greater confi-
dence in generalizing the conclusions to broader populations.
Our sample primarily consisted of undergraduate students,
potentially not representing the experiences of individuals
from a broader age range or diverse educational backgrounds.
Expanding the study to include multi-institutional datasets
would increase the diversity of participants, enhance the ro-
bustness of the results, and allow for greater confidence in
generalizing the conclusions to broader populations. Addi-
tionally, our reliance on self-reported measures can intro-

duce biases such as social desirability or inaccurate self-

assessment. Using only one parent’s income as a variable
may have skewed our results due to inconsistencies in re-
porting, as some participants may have reported only one
parent’s income, and zeros imputed for absent data could
artificially inflate significance. Future research should aim
to collect comprehensive data from both parents to ensure a
more accurate analysis.

However, these limitations may also offer valuable
insights into the evolving trends toward equity within the
educational landscape of the Rocky Mountain region. As
highlighted earlier, the role of demographic variables in in-
fluencing MA and MSE remains subject to mixed findings
in the literature. Our study contributes novel data to this dis-
course by examining the relationships between demographic
factors and math variables such as anxiety and self-efficacy,
with particular support for the moderating effect of ethnicity.
Another limitation is the reliance on self-reported measures,
which can be subject to biases such as social desirability
or inaccurate self-assessment. Future research should aim
to include a more diverse and representative sample and
utilize a mix of qualitative and quantitative methods to trian-
gulate findings and mitigate potential biases. Furthermore,
longitudinal studies could provide deeper insights into how
MA and MSE evolve over time and in different educational
contexts.

Therefore, future research endeavors should aim to in-
vestigate diverse populations, including individuals from var-
ious academic disciplines and educational levels, to increase
the generalizability and applicability of findings across
broader contexts. Additionally, future research should con-
sider longitudinal designs to track changes in MA and MSE
over time and across different educational stages. Exploring
the impact of various instructional strategies and interven-
tions on reducing MA and enhancing self-efficacy in diverse
demographic groups would provide further insights**. Ex-
panding the geographical scope beyond the Rocky Mountain
region to include other regions in the U.S. and international
contexts could offer a more comprehensive understanding
of the global applicability of our findings. By addressing
these areas, future studies can build on our work to develop
more inclusive and effective educational practices that miti-
gate MA and bolster MSE for all students. This work aligns
with previous studies that emphasize the importance of self-

regulatory strategies, particularly in middle school years, as a
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precursor to more cognitively demanding mathematics chal-
lenges in secondary and collegiate coursework®*. As such,
ongoing support for diverse student populations through dy-
namic instructional activities, self-regulatory practices, and
consistent interactions with educators is essential for foster-

ing a more equitable educational landscape®].

4.2. Implications

Our findings have important implications for educa-
tional practice and intervention strategies. Recognizing the
inverse relationship between MA and MSE highlights the
need for targeted interventions that address math anxiety to in-
crease students’ confidence in their mathematical ability 3%].
Given that ethnicity significantly moderates this relationship,
developing culturally responsive strategies that address the
specific needs of different ethnic groups is essential. For
example, the pronounced negative impact of MA on MSE
among individuals of Hispanic, Latine, or Spanish origin, as
well as among those of multiethnic or racial origins, suggests
that interventions should be tailored to these groups’ unique
experiences and cultural backgrounds. A notable limitation
of this study is the unbalanced racial/ethnic composition of
the sample, with 52.5% of participants identifying as White
and only 12.7% identifying as Latine. This disproportion
may have influenced the moderation results, as smaller sub-
group sizes can reduce statistical power and increase variabil-
ity in estimates for underrepresented groups. Consequently,
caution is warranted when generalizing the findings to more
diverse populations, and future research should aim to re-
cruit more balanced samples to better examine the effects of
race/ethnicity on the relationship between math anxiety and
math self-efficacy. Understanding the moderating role of
ethnicity can help educators tailor support systems to better
meet the needs of diverse student populations. By consider-
ing the unique challenges faced by students from different
ethnic backgrounds, interventions can be more effectively
designed to mitigate the negative impact of math anxiety and
enhance math self-efficacy, ultimately leading to improved
mathematical learning outcomes.

Educators and policymakers should consider incorpo-
rating culturally relevant pedagogies and support systems
that acknowledge and address the diverse ways in which

mathematical anxiety manifests and affects students from
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different ethnic backgrounds!
anxiety can significantly improve mathematical self-efficacy,
thereby enhancing students’ overall academic performance
and persistence in STEM fields®]. Effective interventions
include math anxiety workshops, peer tutoring, and mentor-
ship programs focused on building confidence and reducing
anxiety. Future research should explore the mechanisms
through which ethnicity moderates the MA to MSE relation-
ship to tailor interventions effectively and consider longitu-
dinal studies to examine how changes in MA and MSE affect
academic and career outcomes[®”). Addressing mathemat-
ical anxiety through culturally responsive interventions is
crucial for improving educational outcomes, particularly for
ethnic groups disproportionately affected by mathematical
anxiety, and creating inclusive learning environments that

foster success for all students.

5. Conclusions

This study provides significant insights into the mod-
erating effects of demographic factors on the relationship
between MA and MSE. Our analysis revealed a pronounced
negative direct effect of MA on MSE, consistent with existing
literature. Notably, this relationship was significantly mod-
erated by ethnicity, with stronger effects observed among
students identifying as multiracial, those who did not report
their race/ethnicity, and those of Hispanic, Latin, or Spanish
origin. The results underscore the importance of consider-
ing demographic factors in educational research and practice.
The findings suggest a critical need for targeted interventions
and culturally responsive educational strategies to address
the unique challenges faced by these groups. Future research
should aim to address the limitations of this study, such as the
reliance on self-reported data and the geographically limited
sample, by incorporating more diverse and representative
samples and employing longitudinal designs. Additionally,
exploring the mechanisms through which ethnicity moder-
ates the MA-MSE relationship could further enhance the
development of effective interventions. Overall, this study
contributes to the discourse on equity in education by high-
lighting the significance of demographic factors in moderat-
ing the relationship between MA and MSE, emphasizing the
need for tailored support to improve educational outcomes

for all students.
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