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While mathematics anxiety (MA) has been widely researched in recent decades, this study addresses significant
gaps: namely, research that explores the relationship betweenMA and self-reportedmathematics experiences; sam-
ples adults with a range ofMA levels; and controls for general anxiety. Additionally, the study sampled deaf and hard
of hearing (DHH) students, whose diverse life and educational experiences often differ from hearing students’. We
investigated whether DHH students’ experiences with mathematics (i.e., parental behaviors, school environment,
and mathematics feelings) and demographic variables (i.e., hearing status, age, and gender) predict their MA, and
whether these relationships differ from those in hearing students. Self-report questionnaires were completed by
296 DHH and hearing college students. Linear regression analyses controlling for general anxiety led to the follow-
ing inference: DHH students who reported more positive attitudes toward mathematics and school environments
demonstrated higher MA. Also, the relationships between mathematics feelings, parental behaviors, and MA dif-
fered between DHH and hearing students. Logistic regression analyses showed no contribution of MA to students’
likelihood of pursuing STEMdegrees in eitherDHHor betweenDHHandhearing groups.Overall, this work breaks
new ground in the study of MA in DHH students and challenges standard views of the relationships between MA
and individual experiences.
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Introduction

Mathematics anxiety (MA), a negative emotional
response that surfaces when one is confronted with
mathematics or numbers, can interfere with math-
ematics performance in both formal and everyday
situations.1 Consequences of MA range from mild
to severe1 and can induce physiological changes,
such as increased heart rate and upset stomach.2
MA can arise in early childhood and last well
into adulthood.3 About 93% of adults in the United

aThese authors contributed equally to this work.

States experienceMA,2 and 17% report severeMA.1
Furthermore, MA is a global phenomenon; one in
three 15-year-old students across 65 countries feel
helpless when solving mathematics problems.4

Researchers have connected certain demographic
variables and social factors to MA. However, these
studies fall short methodologically in several ways.
Here, we address these shortcomings (e.g., not con-
trolling for general anxiety) while also extending
the generalizability of MA research by examining
an understudied population: deaf and hard of
hearing (DHH) college students. DHH individuals
share some characteristics due to facing similar
systemic challenges (e.g., later access to language,
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stereotypes, and inconsistent access to appropriate
educational resources), but they are still a diverse
group given the large variability in their lived
experiences. Our results suggest that the unique
and shared experiences of DHH college students
impact the relationships between the predictors
examined in this study and MA; in other words,
MA development is experience specific.

The effects of MA on mathematics
performance and STEM engagement
Data across multiple countries have consistently
shown an inverse relationship between MA and
mathematics performance.4,5 From elementary
school through college, individuals with high
MA demonstrate lower mathematics performance
than their less math-anxious peers.6 MA hinders
many aspects of mathematics achievement, such
as performance on mathematics examinations
and numerical processing,7,8 and a recent meta-
analysis (n = 747) also found a significant negative
correlation.9
MA adversely impacts learning behaviors and

choices, such as eliciting an avoidance ofmathemat-
ics. Individuals high inMA tend to take fewermath-
ematics classes throughout high school and college,
learn less in those classes, and shy away from careers
requiring mathematics knowledge.3,10–12 Mathe-
matics avoidance leads to higher MA; students who
encounter mathematics less frequently (e.g., by
not majoring in science, technology, engineering,
and mathematics (STEM) fields) are more likely
to be math-anxious. Accordingly, first-semester
college students with higher MA were more likely
to have lower STEM grades and to have taken fewer
STEM courses.13 Adults with STEM careers had
significantly lower levels of MA than those who did
not.14 Research investigating MA levels in college
students with different majors is inconsistent. One
study showed significant differences (i.e., lowest
MA levels reported in physical sciences majors),15
whereas another found that MA did not vary by
major.16 It is generally accepted that STEM majors
are the least math-anxious (e.g., a meta-analysis
showed that college students majoring in STEM
had the lowest MA levels).17
The potential for MA to impede STEM engage-

ment threatens advancements in these fields.6,17
Tobias interviewed 600 college students and found
that most have the necessary “cognitive equipment”

to succeed in mathematics, but their anxieties
impede them from continually engaging with the
subject.18 Poor mathematics skills are associated
with low individual social status and incur signif-
icant costs for the general public.19 Given these
pervasive consequences, it is critical to understand
the factors associated withMA andwork to alleviate
its negative impact.

Factors that affect MA
Gender. One of themost studied correlates ofMA
is gender.20 Numerous studies report that women
are more math-anxious than men across different
age groups,14,17,20–23 even in studies that find no
gender difference in mathematics performance.24,25
One common explanation for this difference is
women’s exposure to the stereotype that men sur-
pass women in mathematics,26 which is supported
by a study examining the social determinants of
adolescents’ MA.27 These and other gender-specific
associations with MA may be ingrained with social
experience over time.
Two other explanations are the sex-role socializa-

tion andmath experiences hypotheses.With limited
support, the former claims that women have been
socialized to think that they are less competent
in mathematics than men, which leads to worse
opinions of, less experience with, and more anxiety
toward mathematics.28,29 In contrast, the math
experiences hypothesis posits that MA is unrelated
to gender, and instead arises from poor prepara-
tion in mathematics.29 The results of Hunsley and
Flessati29 support the math experiences hypothesis;
college women reported more MA than men yet
had comparable ratings of mathematics abilities
and performance. Individuals with the highest lev-
els of MA also had the least experience with, most
negative beliefs about, and lowest grades pertaining
to mathematics. Still, the literature regarding the
relationship between gender and MA is notori-
ously inconsistent.20 Gender differences in MA are
rarely found in elementary-aged children;30,31 and
were not found in a study of 120 undergraduate
students.16 Despite receiving extensive coverage,
this relationship warrants further investigation.

Age. Students’ changing experiences with math-
ematics over time and their consequently evolving
attitudes about mathematics have been cited as
reasons that MA often increases with age.26 Stud-
ies of MA in college populations have found
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significant age effects, with older students hav-
ing higher MA.20,32 Still, this literature lacks
consensus.20

General anxiety. Prior literature has indicated
that MA may be less related to measures of aca-
demic ability and more related to other measures
of anxiety,17,33 such as general anxiety.34 Though
research has confirmed that MA and general anx-
iety overlap to an extent, they are still separate
constructs; indeed, measures of MA correlate more
highly with one another than they dowithmeasures
of general anxiety.35 Thus, it is critical to control
for general anxiety. Failing to do so would result in
the inability to discern whether only MA (and not
anxiety in general) is affected.

Mathematics feelings. Prior literature has also
looked at the relationship betweenMAand attitudes
towardmathematics. Ameta-analysis of 151 studies
sampling both school-aged children and college
students found that positive attitudes toward math-
ematics were consistently related to lower MA.17
Similarly, Olango assessed freshmen college stu-
dents’ MA and mathematics self-efficacy, which
included mathematics problem-solving capability
self-efficacy, engagement in mathematics tasks,
and career-related mathematics self-efficacy.36 All
mathematics self-efficacy variables showed signif-
icant negative relationships with MA. Consistent
with prior literature, Casad et al. demonstrated that
adolescents’ higher MA levels were associated with
lower mathematics self-efficacy, lower mathematics
behavioral intentions, worse mathematics attitudes,
and greater mathematics devaluing.27

Parental behaviors. Parents may contribute
to their children’s MA. Maloney and colleagues
posited a mechanism for intergenerational trans-
mission of MA: children of highly math-anxious
parents learned less mathematics and developed
greater MA if their parents frequently helped them
with their mathematics homework (as compared
to children who received less homework help
from highly math-anxious parents or those whose
parents were not math-anxious).37 These results
suggest that parental MA on its own may have no
bearing on their children’s MA and that instead,
parental homework helping behaviors may mediate
this perceived relationship. Ramirez et al. theorized
that increased involvement in homework from

highly math-anxious parents created more oppor-
tunities for parents to express their own negative
emotions toward mathematics, thereby modeling a
fear of the subject for their children.38 Another pos-
sibility is that highly math-anxious parents provide
problem-solving strategies that are inappropriate
or inconsistent with what children learn in school,
thereby reducing their children’s mathematics
competency and increasing their MA.38
Parents can shape their children’s academic out-

comes depending on how they choose to involve
themselves. For instance, parents can either pro-
vide need-supportive (e.g., displaying patience
and understanding) or need-thwarting methods
(e.g., yelling, punishing, and inducing guilt) when
helping their children with homework.39,40 Need-
supportive practices foster academic persistence,41
whereas need-thwarting practices frustrate these
demands.42 Hembree found that school-aged
children and college students with high MA had
negative perceptions of their parents’ attitudes
toward mathematics.17 Sixth-grade students felt
they performed better in school when their parents
helped them with homework, but some reported
mixed feelings on how much they enjoyed parental
involvement.41 Recently, Núñez and colleagues
showed that adolescents who perceived having
less parental support when doing homework used
more self-handicapping strategies and had worse
behavioral engagement; they spent less effort on
their homework, completed less homework, and
procrastinated more.43 Parents can promote bene-
ficial educational outcomes for their children, even
at the college level. Perceived parental support and
involvement in college students’ vocational process
fostered persistence and achievement in a science
curriculum.41

School environment. School environments, par-
ticularly teachers, influence students’ MA.44 First,
teachers can impart their MA to their students.
For instance, the more MA preschool teachers
report, the lower they rate their mathematics abil-
ity, which then affects the importance they attribute
to mathematics in the classroom;45 this may subse-
quently influence the development of MA in their
students.46 In early elementary school, women
mathematics teachers’ MA levels impact their girl
students’ mathematics achievement and beliefs
about their ability.47 In a highly cited study, Jackson
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and Leffingwell surveyed 157 preservice teach-
ers, finding that specific instructional behaviors
(e.g., providing inappropriate support) elicited MA
regardless of age.48 At the college level, instructor
behaviors that elicited MA included communica-
tion and language barriers (e.g., students could not
understand the teacher due to poor pronunciation).
When students asked questions, instructors who
claimed to not have enough time to help them,
refused to help, or demeaned students induced MA
in college students. Only 7% of the sample reported
positive experiences in mathematics classes, and
negative memories were so strong that MA could
persist for more than two decades. Another study
of 238 preservice teachers identified lower levels of
formal mathematics education and negative expe-
riences with teachers in elementary and secondary
school as two main contributors to MA.21
Highly math-anxious college students believe

their instructors hold more negative perceptions
of mathematics relative to their less math-anxious
peers.18 Instructor attitudes and poor instruction
were defining moments responsible for initiating
college students’ MA.49 Specifically, instructors
presenting themselves as unapproachable, uncar-
ing, or detached from creating an effective and
positive learning environment fostered feelings
of helplessness and hopelessness in succeeding in
mathematics class.49 Correspondingly, students
sought help more often with instructors who pro-
vided instructional and motivational support, and
in classrooms that emphasized understanding,
effort, mastery over performance, and enjoyment.50

Limitations of current research
Few studies have investigated the relationship
between students’ own perceptions of their experi-
ences and MA; existing studies indicate that neg-
ative experiences likely lead to MA, while positive
experiences might diminish MA.34 Furthermore,
students’ appraisals of their experiences with math-
ematics may bemore important to the development
of MA than the experiences themselves.38 However,
these studies only sample individuals with MA and
do not control for general anxiety, two limitations
addressed by the current study. Another short-
coming is the limited number of studies sampling
adult participants with a range of MA levels.29,51
Moreover, most MA research has focused on the
self-reported mathematics experiences34 and MA

of preservice teachers.21,48,52–54 As such, much of
the research conducted in this area may not gener-
alize to broader populations. Whether our current
understanding of MA is specific to these popula-
tions is unclear, and thus this study tests the strength
of those interpretations by investigatingwhether the
proposed relationships also exist in DHH students,
whose diverse life and educational experiences
often differ from those of hearing students.

DHH students
Most MA research has been conducted with hear-
ing populations; more studies with marginalized
and thus underrepresented groups (e.g., DHH)
are needed to better understand how diverse
mathematics experiences impact MA, allowing
researchers to better model MA and its predictors.
DHH individuals encounter vastly different expe-
riences in life and education than their hearing
counterparts; it stands to reason that their MA
development would also differ. Few studies have
investigated DHH MA. Furthermore, most studies
with DHH participants (in this domain and others)
fail to report sufficient background information,
especially regarding whether participants had
appropriate access to language. Because relatively
few DHH children experience unimpeded access
to a spoken or a signed language beginning early
in their development,55 such information is critical
for appropriately interpreting their outcomes.
Prior literature has consistently reported lower

levels of mathematics achievement in DHH stu-
dents compared to hearing students.56 One study
demonstrated this gap prior to the start of formal
schooling, in which half of DHH preschoolers
struggled to understand foundational mathematics
concepts.57 DHH college students are reported to
also demonstrate lower mathematics performance
relative to their hearing peers.58–60 Though many
studies have identified this gap, few have considered
how differences in experiences between DHH and
hearing students might contribute to MA.
One experience-specific effect may be DHH

individuals’ variable access to language and its
impact on linguistic and cognitive development.61
DHH children of DHH parents demonstrated sig-
nificantly higher mathematics abilities than DHH
children with hearing parents.62 However, only 5–
10% of DHH children are born to signing parents.63
Consequently, relatively few DHH children are
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guaranteed very early access to language and com-
munication, and thus are less likely to experience
similar types and levels of support from their par-
ents as do typically hearing children.57,64 Factors
related to language experiences have been shown
to be important in shaping mathematical outcomes
in DHH children and adults, including: numerical
reasoning,65 early number knowledge,62 arith-
metic and geometrical reasoning,66 cardinality,67
elementary-level mathematics achievement,68 and
college-level word problems.69 Importantly, Amer-
ican Sign Language (ASL) skills positively predict
mathematics performance in DHH students aged
8–18 years70 and in college students.71
Most DHH students attend mainstream edu-

cational programs that lack instruction in sign
language, which along with other language barriers,
may further curb their mathematics potential.72
Hearing individuals might erroneously assume
that signed languages are rudimentary compared
to English and interfere with STEM learning.73
However, instruction in sign language supports
DHH students’ mathematics abilities, regardless
of whether sign language is their first or sec-
ond language.74 The language that mathematics
teachers use is crucial to DHH students’ learning,
though research continues to elucidate the exact
nature of this relationship.75 Furthermore, DHH
students must navigate multiple languages (e.g.,
academic science vocabulary in both ASL and
English) in class, and science-specific ASL vocab-
ulary remains limited.76 DHH students struggle
to solve mathematics problems when prompted in
spoken language that is incomprehensible.76 The
onus falls on teachers even more because DHH
children’s incidental learning opportunities are
limited by their parents’ lack of signing abilities.77
DHH individuals also encounter numerous

barriers in STEM educational settings specif-
ically that impede achievement, including an
unwelcoming, exclusive environment arising from
colleagues who have little to no experience work-
ing with DHH individuals.73 To complicate the
issue, teachers lack adequate STEM training, an
issue compounded by inadequate captioning and
sign language interpretation.78 Policy mandates
can hamper, rather than benefit, STEM education
for DHH students, and public schools still vary
greatly in curricula, teaching approaches, and
accommodations and/or early interventions.79

Teachers’ perceptions also influence DHH stu-
dents’ mathematics experiences in the classroom.
Mathematics teachers of DHH kindergarteners
through 12th graders reported considering discrete
mathematics concepts too difficult for their stu-
dents, consequently excluding certain topics (e.g.,
matrices and probability) from their curriculum.75
Teachers of DHH students do not provide chal-
lenging word problem-solving situations due to
concerns about their students’ language and read-
ing skills.75 Preservice teachers of DHH students
experience the highest levels of MA compared to
those in special education and early childhood or
elementary education.53 Around half of mathe-
matics teachers in deaf education systems do not
hold related degrees or certifications, and half
lack experience with mathematics instruction.75,80
In another study, 296 deaf education teachers
reported higher efficacy beliefs in classroom man-
agement and instructional strategies than in student
engagement.81 These challenges may be amplified
when students cannot identify with their mentors
in STEM or connect STEM with their daily lives,
which is often the case in formal classrooms.82

Furthermore, personal factors may influence
how DHH college students experience their school
environment. In one study, 437 DHH students
entering college lacked confidence in preparing
for classes and time management despite knowing
how to access school resources. These particular
students reported higher stress, lower motivation to
finish college, and more negative attitudes toward
teachers compared to the national average, resulting
in poorer academic performance.83
MA is an understudied potential contributor to

DHH students’ mathematics performance and their
severe underrepresentation in STEM disciplines:
DHH scientists and engineers (either currently
employed or majoring in STEM) represent only
0.6% of the workforce.84 Four studies (the for-
mer two in Iran, and the latter two in Nigeria)
have examined MA in DHH students. Alimoradi
investigated the relationship between MA and
mathematics motivation in DHH students ages
13–21 years and found that MA was negatively cor-
related with mathematics expectancy, self-efficacy,
and value.85 Comparing 126 hearing andDHHhigh
school girls, Ariapooran found significantly lower
mathematics performance and self-efficacy, and
higher MA, in the DHH students.60 In 249 DHH
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secondary students from Nigeria, student–teacher
interactions were found to be most predictive of
MA, followed by parental involvement and school
environment.86 In another study with 41 DHH
students, those with the lowestMA scored the high-
est on their mathematics attitudes.87 These studies
sampled participants with a range of MA levels.
Relationships between various factors and MA

have been extensively studied in hearing individu-
als. Yet, how DHH individuals’ variable experiences
impact their MA development differently than
hearing students’ remains unclear. Thus, research
that includes DHH students provides a specific
instantiation of considering experience-specific
effects on MA.

Current study
This study investigates the contributions of the
following measures to MA in hearing and DHH
college students: demographics (i.e., age and gen-
der), education (e.g., STEM major/minor), general
anxiety, mathematics feelings, parental behaviors
with mathematics, and school environment. Data
were collected from hearing and DHH students
using a self-report questionnaire. The two central
questions were:
Question 1: What measures predict MA in DHH

students?
Question 2: How do the relationships between the

included measures and MA differ between DHH and
hearing students?
We also asked whether DHH students’ MA

influenced their likelihood of studying for a STEM
degree.
Although previous work has examined the

effects of various factors on MA, this work is the
first to examine, in a single study, these relation-
ships in DHH students and how they differ from
those reported for hearing students. Ariapooran
compared MA and certain mathematics feelings
between DHH and hearing students, but did not
control for general anxiety, had a significantly
smaller sample consisting only of girls in secondary
school, and considered fewer variables.60 This study
addresses these gaps by sampling a range of MA
levels in adult participants, gathering self-reported
mathematics experiences, and controlling for gen-
eral anxiety in all statistical models. Also, sampling
DHH students and comparing how our measures
differentially impact MA in DHH and hearing stu-

dents enables this study to assess whether and how
diverse and unique experiences with mathematics
influence MA. Many DHH students face inequities
in mathematics and STEM education; over time,
these distinctive challenges may socialize DHH
students to feel a specific way toward the subject
and STEM in general (similarly to how students
may be socialized to accept flawed gendered ideas
about mathematics over time). Though there are
commonalities in the challenges DHH individuals
face, they also have distinct experiences from one
another.
The impacts of DHH students’ unique experi-

ences are evident given their severe underrepresen-
tation in the STEM workforce as explained above.
Disparities between DHH students (and students
with other disabilities) and hearing students (or
nondisabled students) in STEMcareer participation
underscore the necessity to identify and examine
the individual and environmental factors contribut-
ing to MA. By identifying the predictors of MA in
DHH students (especially as compared to hearing
students), the current study takes the first step
toward removing barriers to their STEM participa-
tion. Finally, our study is the first to investigate MA
in DHH students in the United States.
The first question is addressed using linear

models to evaluate the contribution of our chosen
measures to MA in DHH students only. In line with
prior research, we hypothesize that DHH students’
MAwould increase with age and that womenwould
exhibit higher MA than men. We also hypothesize
that DHH students reporting worse perceptions of
their experiences surrounding mathematics would
demonstrate higherMA than those reporting better
perceptions.
Using the same linear models, we address the

second question by directly comparing the con-
tribution of these measures to MA in hearing and
DHH students. We hypothesize significantly dif-
ferent relationships between age, gender, and MA
in DHH and hearing students. Particularly, MA
scoresmay be higher in DHH students than hearing
students due to the compounded effects of language
inaccessibility and STEM barriers. Furthermore,
we hypothesize that the relationships between MA
and mathematics feelings, perceptions of parental
behaviors toward mathematics, and perceptions of
school environment previously reported in hearing
students would remain qualitatively similar but
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Table 1. Participant demographic information

DHH (n = 136) Hearing (n = 160) Overall (n = 296)

Age (years)
Mean (SD) 21.2 (2.11) 19.4 (1.34) 20.2 (1.94)
Median [min, max] 21.0 [18, 30] 19.0 [18, 24] 20.0 [18, 30]

SES
Mean (SD) 42.3 (13.1) 48.3 (12.0) 45.7 (12.8)
Median [min, max] 42.5 [14.0, 64.5] 51.5 [8.00, 66.0] 47.5 [8.00, 66.0]
Missing 22 (16.2%) 12 (7.5%) 34 (11.5%)

Gender
Women 48 (35.3%) 107 (66.9%) 155 (52.4%)
Men 88 (64.7%) 50 (31.2%) 138 (46.6%)
Nonbinary 0 (0%) 3 (1.9%) 3 (1.0%)

Grade
First year 28 (20.6%) 66 (41.2%) 94 (31.8%)
Second year 57 (41.9%) 41 (25.6%) 98 (33.1%)
Third year 33 (24.3%) 27 (16.9%) 60 (20.3%)
Fourth year 12 (8.8%) 22 (13.8%) 34 (11.5%)
Degree conferred 4 (2.9%) 1 (0.6%) 5 (1.7%)
Missing 1 (0.7%) 1 (0.6%) 2 (0.7%)
Other 1 (0.7%) 2 (1.2%) 3 (1.0%)

Race
White 124 (91.2%) 90 (56.2%) 214 (72.3%)
American Indian/Alaska Native 4 (2.9%) 3 (1.9%) 7 (2.4%)
Asian 2 (1.5%) 48 (30.0%) 50 (16.9%)
Black or African American 1 (0.7%) 10 (6.2%) 11 (3.7%)
Native Hawaiian/Pacific Islander 0 (0%) 1 (0.6%) 1 (0.3%)
Prefer not to answer/Other 2 (1.5%) 6 (3.8%) 8 (2.7%)
Missing 3 (2.2%) 2 (1.2%) 5 (1.7%)

Ethnicity
Hispanic or Latino 7 (5.1%) 18 (11.2%) 25 (8.4%)
Not Hispanic or Latino 125 (91.9%) 132 (82.5%) 257 (86.8%)
Unsure 1 (0.7%) 2 (1.2%) 3 (1.0%)
Missing 3 (2.2%) 8 (5.0%) 11 (3.7%)

would be magnified in DHH students. Lastly, a
logistic regression addresses whether MA influ-
ences students’ likelihood of studying STEM. We
hypothesize that, as in hearing students, DHH
students’ MA would inversely predict their likeli-
hood of studying STEM and that this relationship
would also be more pronounced.

Methods

Participants
The participants were 296 college students (155
women) aged 18–30 (M= 20, SD= 2) in theNorth-
eastern United States (Table 1). One hundred sixty
hearing participants were recruited from a large
public university and via social media; 136 DHH
participants were formally recruited, via email and

posters on campus, from a liberal-arts university
with high concentrations of DHH students; we
also used social media to recruit more generally in
the deaf community. The social media recruitment
likely also drew participants from an institution
with a high proportion of DHH students majoring
in STEM fields (though we did not systematically
collect information about institution). Participation
was anonymous and voluntary. We applied the fol-
lowing exclusionary criteria to the 353 students who
agreed to participate: (1) incomplete MA question-
naire (36 students excluded), (2) incomplete base-
line numerical ability test (13), and (3) students who
did not report their hearing status or whose hearing
status did notmatch the version of the questionnaire
they selected (8). All participants were required to
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Table 2. Demographic information related to STEM

DHH (n = 136) Hearing (n = 160) Overall (n = 296)

Major/minor
Mathematics 30 (22.1%) 7 (4.4%) 37 (12.5%)
Psychology 1 (0.7%) 27 (16.9%) 28 (9.5%)
Other (humanities) 36 (26.5%) 77 (48.1%) 113 (38.2%)
Other (science) 63 (46.3%) 38 (23.8%) 101 (34.1%)
Undeclared 3 (2.2%) 11 (6.9%) 14 (4.7%)
Missing 3 (2.2%) 0 (0%) 3 (1.0%)

STEMmajor/minor?
Yes 97 (71.3%) 78 (48.8%) 175 (59.1%)
No 33 (24.3%) 74 (46.2%) 107 (36.1%)
Missing 6 (4.4%) 8 (5.0%) 14 (4.7%)

Average STEM grade
A 17 (12.5%) 74 (46.2%) 91 (30.7%)
B 72 (52.9%) 51 (31.9%) 123 (41.6%)
C 34 (25.0%) 12 (7.5%) 46 (15.5%)
D 8 (5.9%) 0 (0%) 8 (2.7%)
Missing 5 (3.7%) 23 (14.4%) 28 (9.5%)

Number of STEM courses
Mean (SD) 2.76 (3.20) 6.04 (7.04) 4.53 (5.84)
Median [min, max] 2.00 [0, 25] 4.00 [0, 42] 3.00 [0, 42]

Parent career in STEM?
Yes 42 (30.9%) 62 (38.8%) 104 (35.1%)
No 56 (41.2%) 64 (40.0%) 120 (40.5%)
Missing 38 (27.9%) 34 (21.2%) 72 (24.3%)

complete and score at least one standard devia-
tion below chance on a baseline numerical ability
test (see below). This was to ensure that our find-
ings were attributed to MA as opposed to atypical
nonsymbolic numerical cognition that might influ-
ence their relationship with mathematics. All par-
ticipants scored higher than one standard deviation
below chance or answered more than 21 trials cor-
rectly out of 34 (M = 21.1, SD = 3.5, range = 13–
30), so no participants were excluded on this basis.
Out of the 136 DHH participants, 72 identified

as deaf (52.9%) and 64 as hard of hearing (47.1%).
Although not analyzed as part of this study, addi-
tional information on participants’ auditory and
language experiences are provided in Table S1
(online only). Continuous demographic variables
were not normally distributed; therefore, we ran
unpaired, two-sample Wilcoxon tests. Socioeco-
nomic status (SES) was calculated using Barratt’s
Simplified Measure of Social Status (BSMSS) based
on participants’ parents’ education levels and occu-
pations (range 3–66).88 DHH students (M = 42.3,
SD= 13.1) had significantly lower SES compared to

hearing students (M= 48.3, SD= 12.0;W= 6121.5,
P< 0.001). The sample was mostly students in their
first (31.8%) or second (33.1%) years of postsec-
ondary education. Most DHH participants were
second-year students (41.9%), while most hearing
participants were first-year students (41.2%). This
grade difference aligns with the significant age
difference between DHH (M = 21.2, SD = 2.1) and
hearing students (M= 19.4, SD= 1.3;W= 16860, P
< 0.001). A chi-square test showed that significantly
more hearing students (38.8%) reported racial
backgrounds other than white compared to DHH
students (5.1%) (χ2 (1,n= 283)= 46.04,P< 0.001).

The majority (59.1%) of respondents reported
majors or minors in STEM (Table 2).While approx-
imately half (48.8%) of hearing students reported
majoring or minoring in STEM compared to
71.3% of DHH students, DHH students reported
taking significantly fewer STEM courses (M =
2.8, SD = 3.2; Hearing: M = 6.0, SD = 7.0; W =
6828, P < 0.001). Furthermore, DHH students’
average STEM grades were mostly Bs (52.9%) com-
pared to hearing students, who reported receiving
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mostly As (46.2%). Lastly, 31% of DHH students
reported having a parent currently working in a
STEM occupation compared with 38.8% of hearing
students.

Questionnaire
Two versions (Hearing and DHH) of the same
questionnaire were administered online (Qualtrics,
Provo, UT; full questionnaire in File S1, online
only) and included seven sections: (1) baseline
numerical ability test; (2) demographic informa-
tion; (3) parental, educational, and occupational
questions; (4) general anxiety; (5) feelings and
experiences with mathematics; (6) parental behav-
iors; and (7) school environment. Questions in
sections 5–7 addressed two different time frames:
in the past (i.e., during middle school and high
school) and currently (i.e., in the past month).
For the purposes of this study, we only examined
student responses for the current time frame. We
used both pre-existing standardized measures and
author-created measures. The reading grade level
of the questionnaire was 4.3 (Microsoft Word).

Individual measures. Baseline numerical ability
test. To confirm typical numerical estimation abil-
ity, participants completed the Panamath task.89 On
each trial, two arrays of colored dots were presented
simultaneously (one yellow and one blue) on each
side of the screen for 500 ms; participants clicked to
indicate which side had more dots (Table S2, online
only).
Demographic information. Participants provided

their age, gender, race, ethnicity, and hearing status.
DHH participants were prompted with additional
questions about assistive hearing device use, lan-
guage use, and preferred language(s) in home and
school contexts.
Parental, educational, and occupational questions.

Participants provided information on their class
standing, major and/or minor, cumulative GPA,
number of STEM courses taken, and their average
grade. Questions about their parents included their
hearing status, highest degree obtained, and field of
study and occupation. Participants then responded
to three open-ended questions reporting the career
they themselves currently wanted to pursue, which
occupation they aspired towhen theywere children,
and if their responses to those two questions dif-
fered, they were asked to explain what changed.

General anxiety. The General Anxiety Disorder-7
(GAD-7) is a seven-item questionnaire that assesses
an individual’s general anxiety level.90 Items include
questions, such as how often over the past 2 weeks
participants have been bothered by various prob-
lems (e.g., “trouble relaxing,” “feeling nervous, anx-
ious, or on edge”). Participants rated their levels of
anxiety on a 4-point Likert scale from 0 = “not at
all” to 3 = “nearly every day” (range = 0–21). As
with most clinical assessments, the GAD-7 has not
been validated for use with DHH college students.
Short Mathematics Anxiety Rating scale

(sMARS)91 The sMARS was our measure for MA.
The sMARS presents 25 mathematics-related situa-
tions (in academic and nonacademic contexts) and
participants rated the levels of anxiety prompted by
those situations on a 5-point Likert scale (1 = “not
at all” to 5= “very much,” range= 25–125). Exam-
ples include: “Studying for a math test,” “Reading a
cash register receipt after your purchase,” and “Buy-
ing a math textbook.” Because our primary goal
is to compare DHH students to previously studied
hearing students, and not to investigate the factors
underlying MA, we used the overall sMARS score
to compare these groups.1,13,92 The sMARS has not
been validated for use with DHH college students.
Mathematics feelings. Because no mathematics

feelings measures have been validated for use with
DHH participants of any age, we developed a
scale in which participants rated their percep-
tions of their mathematics skills and the use-
fulness and importance of mathematics in their
lives. Participants responded to six 5-point Likert
scale questions. Sample items included “I felt/feel
math should be a part of my future career” (1 =
“strongly disagree” to 5 = “strongly agree”) and
“I felt/feel that my performance in math was…”
(1 = “far below standards” to 5 = “far above
standards”). Students with higher scores on this
measure held more positive perceptions of their
mathematics skills and the importance of math-
ematics. All six items were retained as one fac-
tor, referred to as “mathematics feelings” (range =
6–30). The third item was a candidate for elimi-
nation due to its low pattern coefficient from the
exploratory factor analysis (EFA) (0.38) and its rela-
tively small item–total correlation (r = 0.33). How-
ever, we decided not to eliminate this item because
students’ perceptions of their mathematics perfor-
mance have been found to relate to their MA.93
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Table 3. Pearson correlations and descriptive statistics
1 2 3 4 5 6

1. Age
2. General anxiety 0.15∗∗ (–0.01, 0.14)
3. Mathematics feelings –0.06 (–0.30∗∗∗ , –0.12) 0.01 (0.04, –0.09)
4. Parental behaviors 0.15 (–0.14, 0.40∗) 0.34∗∗∗ (0.12, 0.31) 0.43∗∗∗ (0.43∗∗∗ , –0.07)
5. School environment –0.18∗∗ (–0.34∗∗∗ , 0.05) 0.02 (–0.05, 0.10) 0.32∗∗∗ (0.48∗∗∗ , 0.29∗∗∗) 0.18∗ (0.20∗ , –0.02)
6. MA 0.22∗∗∗ (–0.12, 0.10) 0.36∗∗∗ (0.14, 0.36∗∗∗) 0.07 (0.25∗∗ , –0.23∗∗) 0.51∗∗∗ (0.23∗∗ , 0.64∗∗∗) 0.04 (0.24∗∗ , 0.05)
No. of items 1 7 6 8 7 25
Ma 20.24 (21.19, 19.43)∗∗∗ 8.59 (9.82, 7.54)∗∗∗ 22.10 (23.20, 21.15)∗∗∗ 25.19 (27.13, 15.62)∗∗∗ 27.18 (26.73, 27.60)∗ 70.70 (81.23, 60.54)∗∗∗
SD 1.94 (2.11, 1.34) 5.54 (4.49, 6.11) 4.02 (3.61, 4.13) 7.63 (6.03, 7.58) 3.87 (3.49, 4.16) 21.52 (15.72, 21.51)
n 296 (136, 160) 292 (134, 158) 293 (136, 157) 148 (123, 25) 277 (132, 145) 273 (134, 139)
Skewness 1.71 (1.88, 0.72) 0.23 (0.23, 0.47) –0.65 (–0.99,–0.38) –0.52 (–0.26, 0.68) –0.44 (–0.13, –0.70) –0.25 (–0.49, 0.34)
Kurtosis 5.94 (5.75, –0.21) –0.81 (–0.66, –0.88) 0.88 (2.37, 0.45) –0.33 (–0.51, –0.52) 1.78 (0.30, 2.51) –0.41 (2.55, –0.60)
α — 0.88 (0.77, 0.93) 0.73 (0.69, 0.72) 0.89 (0.85, 0.93) 0.73 (0.55, 0.83) 0.95 (0.91, 0.95)

Note: Correlation coefficients are reported for the overall sample, followed by the values for DHH and Hearing subgroups in paren-
theses: (DHH, Hearing).
aSignificance level indicates difference in means between DHH and hearing students.
∗P < 0.05; ∗∗P < 0.01; ∗∗∗P < 0.001. Bold font indicates statistical significance.

Parental behaviors. Participants rated their per-
ceptions of and feelings about their parents’ home-
work helping behaviors using a series of thirteen 5-
point Likert scale questions. Sample items included
“While helping me with my math homework, my
parent/legal guardian raised/raises their voice in
anger” (1 = “never” to 5 = “always”) and “While
helping me with my math homework, my par-
ent/legal guardian was…” (1 = “not at all stressed”
to 5 = “extremely stressed”). Students with higher
scores perceived their parental mathematics expe-
riences more negatively. Only 8 of the 13 Likert
scale items were retained as one factor, referred to
as “parental behaviors” (range = 8–40) (eliminated
items in Table S3, online only). We also asked “How
many parents help you with your math homework”
(response options: 0, 1, or 2).
School environment. Participants rated their per-

ceptions of their school’s STEM emphasis, STEM
faculty, and STEM resources by indicating their
level of agreement with seven 5-point Likert scale
statements. Sample items included “My school pro-
vided/provides resources in STEM in the lan-
guages that I prefer,” “My school provided/provides
resources outside of the classroom to help with
STEM homework/assignments,” and “My profes-
sors in STEM provided/provide instruction in the
languages I prefer” (1 = “strongly disagree” to 5
= “strongly agree”). Higher scores reflected more
perceived STEM emphasis and better support and
accessibility. All seven items were retained as one
factor, referred to as “school environment” (range=
7–35).

Scoring. The questionnaire used a forced
choice format; however, all questions included
the response options “Prefer not to answer” and
“Not applicable,” which were treated as missing
data. For participants who provided responses on at
least half the measures, missing data were replaced
with the mean value of their existing responses to
calculate summary scores. Changes to proration
with a 50% threshold were applied to calculate
subscale summary scores.94 Each summary mea-
sure was a summation to keep scoring methods
consistent with the existing standardized measures
(i.e., GAD-7 and sMARS).
Table 3 provides descriptive statistics and reliabil-

ity for the included measures. Confirmatory factor
analysis (CFA) was performed on the GAD-7 and
the sMARS to examine the relationships between
items. Results from the CFA on the GAD-7 yielded
adequate fit (CFI = 0.991, TLI = 0.986, RMSEA =
0.073, RMSEA 90% CI = (0.043, 0.103), SRMR =
0.035). Results from the CFA on the sMARS yielded
a poor fit (CFI = 0.719, TLI = 0.694, RMSEA =
0.130, RMSEA 90% CI = (0.122, 0.138), SRMR =
0.115). An EFA was used to investigate the factor
structure of the author-created measures and the
results suggested a three-factor model.88,95–98 For
these measures, items were candidates for elimina-
tion if they met any of the following criteria: had a
factor loading greater than 0.3 for two or more fac-
tors; did not have a factor loading greater than 0.4
on any factor; had a factor loading less than 0.5 on
one factor and greater than 0.2 on another; or if they
did not have a 5-point Likert response scale. See the
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Table 4. Measures predictingMA inDHH students only and the difference in relationship betweenDHH and hear-
ing students

DHH students only
B (SE)

DHH and hearing students
B (SE)

Age –0.91 (0.79) 2.10 (1.43)
Gender 2.29 (3.34) –9.67 (4.76)∗

Mathematics feelings 1.27 (0.46)∗∗ –2.31 (0.59)∗∗∗

Parental behaviors 0.42 (0.22) 1.49 (0.46)∗∗

School environment 1.28 (0.45)∗∗ –1.26 (0.58)∗

Note: Table results are based on linear regression analyses.
∗P < 0.05; ∗∗P < 0.01; ∗∗∗P < 0.001 after controlling for general anxiety. Bold font indicates statistical significance.

individual measure section below for further details
on the factor analysis results, see Table S4 (online
only) for the items not evaluated here, and see the
OSF link (osf.io/2utjq) for data and analysis codes.

Procedure
Participants completed an anonymous, online ques-
tionnaire that required ∼30 minutes. The versions
differed only in the language(s) offered, based on
hearing status. All participants were offered the
questionnaire in written English; DHH participants
also had the option to see each question signed in
ASL by a fluent deaf signer. All participants com-
pleted the questionnaire on computers. Participants
recruited from the large public university with
predominantly hearing students received course
credit, while DHH respondents were compensated
$15. Consent was obtained by asking participants
to check “Yes, I would like to participate” before
starting the questionnaire; the questionnaire con-
cluded with a debrief form. This study was reviewed
and approved by the relevant institutional review
boards.

Results and discussion

The current study aimed to test relationships among
various measures previously identified as possible
contributors to MA. Including a large group of
DHHstudents, whosemathematics experiences dif-
fer from those of hearing students, provides the abil-
ity to explore experience-specific effects onMA.We
asked which factors predict MA in DHH students,
and whether the relationships between various self-
reported measures and MA differed between DHH
and hearing college students. Due to multiple tests
and sample size restrictions, a significance level
of 0.01 was used. The same linear regressions that

controlled for general anxiety were used to answer
our two central questions. For eachmeasure, regres-
sion coefficients were estimated from a model in
which MA was predicted by the measure, hearing
status, general anxiety, the interaction between the
measure and hearing status, and the interaction
between general anxiety and hearing status.

Question 1: Which measures predict MA in
DHH students?
We hypothesized that older female DHH students
who had worse perceptions of their mathematics
feelings, parental behaviors, and school environ-
ment would have higherMA. Surprisingly, however,
these hypotheses were not supported. When con-
trolling for general anxiety, mathematics feelings
and school environment significantly predicted
DHH students’ MA, while age, gender, and parental
behaviors did not (Table 4). DHH students who
reported higher MA gave higher ratings to the
following predictors: their mathematics skills, the
importance of mathematics, their school’s emphasis
on STEM, school support, and resources.
A nonsignificant age effect may have been due to

the limited range of ages in the sample (M = 21.2,
SD = 2.11, range = 18–30). The nonsignificant and
unexpected finding for gender may be explained
by the intersectional dynamics of identity (i.e.,
hearing status and gender) in DHH students at
play in their connection to STEM.82 Regarding
parental behaviors, previous studies have found
a relationship between sign language skills and
mathematics performance in DHH students (with
parental hearing status as a moderator).70 Our
models did not consider the potential moderating
effects of parental hearing status or parent–student
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Figure 1. As mathematics feelings (left panel) and school environment (right panel) ratings increased (reflecting more positive
perceptions), DHH students reported higher levels of MA (controlling for general anxiety).

communication on MA, which may explain the
lack of significance for parental behaviors in MA.
DHH students’ mathematics feelings and per-

ceptions of their school environments showed the
opposite direction of influence onMA than expected
(Fig. 1). This novel finding may be attributed to the
consequences of DHH individuals’ extreme under-
representation in STEM. For DHH respondents
reporting higher school environment and math-
ematics feelings scores (reflecting an increased
desire to succeed in STEM), MA might increase
due to a perceived high risk of failure.26 Not only
might highly math-anxious DHH students be even
more afraid of performing poorly in mathematics,
they may also expect to fail due to knowing they
are underrepresented, or because they are unable to
learn from mentors with whom they can identify.74
This interpretation can account for the failure
of increases in mathematics feelings and school
environment to attenuate MA, and entrenched
expectations of failure arising from a dearth of role
models for DHH students in STEM.78
DHH MA levels may additionally remain high

due to other barriers this community faces, over-
shadowing any potential influences of positive

experiences on MA. We also explored whether
any specific item contributed to the unexpected
findings. However, each item in the mathematics
feelings and school environment measures posi-
tively correlated with MA. A disconnect between
DHH students’ perceptions and their actual expe-
riences may also be responsible, such that, despite
negative mathematics-related experiences, they still
report positive perceptions. We tried to anticipate
any issues that may arise with exploring these
relationships in DHH students; however, we were
limited based on scarce prior research, which
highlights the need for further investigation.

Question 2: How do the relationships
between the included measures and MA
differ between DHH and hearing students?
For all measures, we hypothesized that DHH and
hearing students’ mathematics experiences would
exhibit significantly different relationships with
MA. Specifically, it was posited that DHH students’
MA would be significantly higher than hearing
students’ as the DHH students’ perceptions grew
more negative. When controlling for general anxi-
ety, the relationships between MA and age, gender,
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Figure 2. The relationship between school environment andmathematics anxiety (controlling for general anxiety) did not differ
between DHH (left panel) and hearing (right panel) students.

and school environment were not significantly dif-
ferent between DHH and hearing students, while
the relationships with mathematics feelings and
parental behaviors were, partially supporting our
hypotheses (Table 4).
Again, the limited age range in our study could

have contributed to the nonsignificant age effect. As
explained previously, the nonsignificant difference
in the effect of gender between DHH and hearing
students may arise from the intersectionality of
multiple underrepresented identities.82 One of the
potential confounds of previous studies is that they
do not control for general anxiety. Since women
often display higher levels of general anxiety, pre-
vious findings that demonstrated that women have
higher MA than men may have conflated the two
(MA and general anxiety). These findings also align
with the inconsistency of findings relating gender
to MA.
The majority of the participants likely came from

one of two institutions in the United States that
have high proportions of DHH students. Thus,
the lack of heterogeneity of institutions in our
sample may explain the nonsignificant difference
between groups for school environment (Fig. 2).
Contrary to our hypothesis, DHH and hearing stu-

dents showed opposite patterns in the relationship
between mathematics feelings and MA. Aligned
with previous work, hearing students’ mathematics
feelings were inversely related to MA. In contrast,
positive mathematics feelings positively predicted
MA in DHH students (Fig. 3). This unexpected
finding may be due to an increased fear of failure
for DHH students;26 however, why DHH students
show a different pattern from hearing students
remains unclear.
In both groups, as perceptions of parental behav-

ior grew more negative, MA also increased (Fig. 4),
with this relationship significantly weaker in DHH
students. However, this result should be interpreted
with caution because far more DHH students (n =
123, 90.4%) responded compared with hearing stu-
dents (n = 25; 15.6%; Table 3). Response rates were
comparable for all other measures. Furthermore,
significantly more DHH students (71%) indicated
receiving help from their parents compared to only
6% of hearing students (Wilcoxon signed-rank test:
W = 17,510, P < 0.001). This discrepancy could
reflect DHH students’ greater reliance on parents
to compensate for the barriers and inequities they
face in education. Despite DHH students reporting
receiving more help with homework than hearing
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Figure 3. The relationship between mathematics feelings and mathematics anxiety (controlling for general anxiety) differed
between DHH (left panel) and hearing (right panel) students.

students, parental homework involvement may not
be valuable for DHH youth.64 This could be due
to most parents of DHH children not being DHH
themselves, and as a result, not providing effective
methods of homework support compared to what
hearing students receive. It is also worth noting
that both DHH and hearing participants likely live
on campus at their respective institutions, so the
differences noted above are likely not attributable
to living situation.

Additional question: Does students’ MA
influence their likelihood of studying a STEM
field?
A logistic regression which also controlled for
general anxiety assessed the relationship between
MA and studying for degrees in STEM fields. DHH
students’ MA did not predict the likelihood of
studying a STEM field (B = –0.03, SE = 0.01, P
= 0.05). This relationship was not significantly
different between DHH and hearing students (B =
0.02, SE = 0.02, P = 0.27). It was hypothesized that
DHH students’ MA would predict their likelihood
of choosing STEM fields and that this relationship
would differ between DHH and hearing students.
Therefore, neither of these hypotheses was sup-

ported. However, MA may not have varied by
STEM field due to our sample, which consisted
largely (59%) of students pursuing STEM degrees.
This lack of association and explanation accords
with the findings of Helal and colleagues.16

Limitations
The lack of variability in and differences between
DHH and hearing students’ ages, SES, and races
may restrict the generalizability of these findings.
Most participants were white 18- to 22-year olds
with high-SES parents. While the literature notes
SES and race as possible contributors to MA, con-
sensus on specific relationships is lacking.26,99 We
did not collect information on early educational
experiences (e.g., age entered school and language
of instruction). Such educational experiences are
known to vastly differ for DHH students and may
relate to their MA later in life. Future research
should examine how the diversity of students’ back-
grounds may impact not only MA levels, but also
their experiences of mathematics. Lastly, only the
sMARS and the GAD-7 were standardized for hear-
ing college students and displayed poor to adequate
model fit in our sample, while remaining measures
were formulated by the authors. No part of the
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Figure 4. The relationship between parental behaviors and mathematics anxiety (controlling for general anxiety) differed
between DHH (left panel) and hearing (right panel) students.

questionnaire, in fact, was standardized for DHH
college students. Thus, we cannot be certain that
our results stem from existing differences in DHH
students rather than poor measurement of con-
structs of interest. Future research should carry out
a more thorough empirical validation of the use of
these or similar measures in DHH college students.

Conclusions

This study expands previous studies of MA by con-
trolling for general anxiety, sampling adults with
a range of MA levels, and collecting self-reported
experiences with mathematics along three dimen-
sions: mathematics feelings, parental behaviors, and
school environment. One of our primary goals was
to identify experience-specific effects on MA by
examining DHH college students and comparing
them to hearing students. We hypothesized that the
factors known to impact MA for hearing students
would also impact DHH students, albeit at different
rates. We have shown that contributors to MA in
hearing students do not necessarily operate the
same way in DHH students. Indeed, opposite and
unexpected effects were observed in the DHH
population (i.e., more positive feelings toward
mathematics predicted higher MA). We propose

that relationships between various factors and MA
in hearing students do not necessarily apply to
all populations, and that unique experiences may
influence MA more than was previously thought.
Here we aimed to provide an overview and prelim-
inary analysis of MA in DHH college students, a
severely understudied population. Additional col-
lected information will be analyzed in a subsequent
paper, such as the effects onMA of participants’ use
of hearing devices and experiences with signed and
spoken language.
DHH individuals are massively underrepre-

sented in STEMcareers, often facing discrimination
and stereotypes that hinder their success. They also
struggle to access appropriate resources in STEM
education, leading to lower reported performance
in mathematics and related areas. Information that
can diminish or eradicate these barriers is valuable.
In particular, this study indicates that interven-
tions for reducing MA in DHH based on results
with hearing populations may be ineffective or
counterproductive. If MA development is specific
to experience, then proposals to reduce MA must
accommodate DHH students’ unique challenges.
To this end, instruments measuring MA and math-
ematics experiences need to be validated for use
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with DHH populations. Such findings could direct
resources toward MA interventions that benefit
DHH students; based on our findings, interven-
tions targeting parents (e.g., improving parents’
confidence in assisting with mathematics) may be
effective. Identifying and understanding how par-
ents and schools contribute to children’s anxieties
and attitudes toward mathematics is the first step
to countering widespread negative attitudes and
allaying MA. We also highlight the contribution of
this work with a specific population, DHH students,
to increasing attention to individuals’ specific expe-
riences with mathematics and their impact on MA.
Given the national call to broaden participation
in STEM, and the detrimental impact of MA on
students’ pursuit of STEM careers, such solutions
are critical, especially for underrepresented groups
like DHH students.
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