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INTRODUCTION

Although the detrimental effects of math anxiety in adults are well understood, few studies
have examined how it affects younger children who are beginning to learn math in a for
mal academic setting. Here, we examine the relationship between math anxiety and math
achievement in second and third graders. In response to the need for a grade-appropriate
measure of assessing math anxiety in this group we first describe the development of Scale
for Early Mathematics Anxiety (SEMA), a new measure for assessing math anxiety in sec-
ond and third graders that is based on the Math Anxiety Rating Scale. WWe demonstrate the
construct validity and reliability of the SEMA and use it to characterize the effect of math
anxiety on standardized measures of math abilities, as assessed using the Mathematical
Reasoning and Numerical Operations subtests of the Wechsler Individual AchievementTest
(WIAT-II). Math achievement, as measured by the WIAT-II Math Composite score, was sig-
nificantly and negatively correlated with SEMA but not with trait anxiety scores. Additional
analyses showed that SEMA scores were strongly correlated with Mathematical Reasoning
scores, which involves more complex verbal problem solving. SEMA scores were weakly
correlated with Numerical Operations which assesses basic computation skills, suggest-
ing that math anxiety has a pronounced effect on more demanding calculations. We also
found that math anxiety has an equally detrimental impact on math achievement regard-
less of whether children have an anxiety related to numbers or to the situational and social
experience of doing math. Critically, these effects were unrelated to trait anxiety, providing
the first evidence that the specific effects of math anxiety can be detected in the earli-
est stages of formal math learning in school. Our findings provide new insights into the
developmental origins of math anxiety, and further underscore the need to remediate math
anxiety and its deleterious effects on math achievement in young children.

Keywords: math anxiety, mathematics achievement, early math learning, math anxiety assessment

2009). The end result is a feedback loop in which adults with math

Researchers and educators alike have long recognized the role of
mathematics in academic and professional success. One factor that
influences the learning and mastery of mathematics is anxiety.
Math anxiety, in particular, can negatively impact an individual’s
initial learning of mathematics, leading over time to poor math
skills which, in turn, can have an adverse effect on longer-term
career choices and professional success (Hembree, 1990; Meece
et al., 1990; Ma, 1999; Krinzinger et al., 2009). Research has also
shown that, in adults, math anxiety can negatively impact perfor-
mance of basic numerical operations, such as counting and simple
addition, which serve as the building blocks for more complex
mathematical concepts (Ashcraft and Faust, 1994; Ashcraft, 2002;
Maloney et al., 2010).

Previous studies have shown that individuals with math anxi-
ety inevitably experience more difficulty with greater performance
pressure and more complicated calculations (Ashcraft and Moore,

anxiety often perform poorly on standardized math tests (Hem-
bree, 1990; Ashcraft and Krause, 2007), avoid arithmetic classes
(Hembree, 1990; Ashcraft and Moore, 2009), and foster nega-
tive beliefs regarding their own math abilities (Lent et al., 1991;
Ashcraft and Kirk, 2001), and in turn experience greater math
anxiety and avoidance. Indeed, math anxiety has also long been
cited as one of the main causes of low female enrollment in math
and science courses (Ernest, 1976; Tobias and Weissbrod, 1980;
Meece et al., 1982; Hembree, 1990).

Given the long-term and detrimental effects of math anxiety,
it is important to understand how math anxiety affects the learn-
ing of mathematics. The majority of the research on math anxiety
has been conducted in young adults, with far less emphasis on
the effect of math anxiety in younger participants. In his review
of math anxiety studies, Hembree (1990) found that math anx-
iety was consistently correlated with poor performance on math
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achievement tests. However, of the 122 studies he examined, only
seven of them included participants who were of pre-college age.
Furthermore, none of the studies included children below the fifth
grade, a time period that is crucial for the initial learning of math-
ematics. Consequently, more research is necessary to understand
whether math anxiety exists in younger students, such as in early
elementary school, and if it does indeed exist, how it affects math
learning and achievement.

The studies that have been conducted on pre-college-aged pop-
ulations have focused primarily on adolescents and students in
upper elementary school. In adolescents, math anxiety scores were
found to significantly and negatively correlate with term grades,
final exam grades, and tests of mathematic aptitude (Richardson
and Suinn, 1972; Resnick et al., 1982; Wigfield and Meece, 1988).
Math anxiety was also significantly and negatively correlated with
all of the mathematics subtests, as well as the total mathemat-
ics score, of the Stanford Achievement Test (SAT). The subtests
measured understanding of math concepts, applications, and com-
putation and correlations with math anxiety ranged from —0.26
to —0.31.

Subsequent research also supported the detrimental effects of
math anxiety on academic achievement in the upper elementary
grades (Chiu and Henry, 1990; Hembree, 1990; Ma, 1999). For
example, Chiu and Henry found that in fifth, sixth, and eight
graders, levels of math anxiety were significantly and negatively
correlated with semester math grades. These studies also found
that a high prevalence of anxiety for math exists in older ele-
mentary school-aged children (Chiu and Henry, 1990) and that
levels of math anxiety tend to increase in severity in children over
time (Ma, 1999), further underscoring the importance of early
identification of math anxiety.

We are currently aware of only three studies that have examined
the nature of math anxiety in the early stages of math learning.
The first study, published as a conference paper by Thomas and
Dowker (2000), used a measure (i.e., Math Anxiety Questionnaire,
MAQ) created by the authors to examine the relationship between
math ability, performance, and math-related attitudes, anxiety,and
self-perceived performance in children between the ages of six and
nine. Although Thomas and Dowker found that math anxiety does
indeed exist in this age group, they found no significant relation-
ship between math anxiety and calculation ability. Although this
study was the first to examine the nature of math anxiety in this
age group, it has several limitations. First, it is unclear whether
Thomas and Dowker’s “calculation ability” refers to an individ-
ual’s grade-based math achievement (such as those measured by
standardized tests of math achievement) or overall aptitude (as
measured by general measures such as the Weschler Intelligence
Scales for Children). Second, the lack of psychometric data on the
MAQ leaves the validity and reliability of this anxiety measure
unclear.

The second study of math anxiety in this age group was con-
ducted by Krinzinger et al. (2009). This study used a German
translation of the MAQ to examine the longitudinal effects of
math anxiety on “calculation ability” in children in first through
third grade. Children in this study were asked to orally solve a
set of single-digit addition and subtraction problems as quickly as
possible. Calculation ability was defined as the number of correctly

answered problems per minute. This study, like the one by Thomas
and Dowker (2000), did not find math ability to be correlated with
math anxiety.

Taken together, the results of these two studies suggest that chil-
dren do experience math anxiety in the earliest stages of schooling.
More importantly, however, these results contradict findings in the
adult literature, which have consistently found that individuals
with math anxiety perform worse on tests of math achievement.
Although Thomas and Dowker explain that the lack of a signif-
icant relationship may be due to developmental changes in the
relationship between math performance and math anxiety, they
also emphasize that further studies are necessary to understand or
clarify why these results differ between adults and children. More
recently, Ramirez et al. (in press) examined math anxiety on first
and second grade children using a short-form questionnaire based
on the Math Anxiety Rating Scale (MARS)-E. In contrast to the
prior two studies, they found that math anxiety did indeed have a
negative impact on math achievement, but only in children who
had higher levels of working memory capacity. These results are
intriguing, in part because such a dichotomy has not been found
in adults and because they suggest that math anxiety may have a
selective impact on math learning in children.

The main goals of the current study were to develop and
validate standardized measures of math anxiety in young chil-
dren and to examine the relationship between math anxiety and
math achievement in 7- to 9-year-old children at one of the ear-
liest stages of formal math learning. We improved upon previous
studies (Thomas and Dowker, 2000; Krinzinger et al., 2009) in
several ways. First, we used standardized measures (Wechsler Indi-
vidual Achievement Test, second edition, WIAT-II and Wechsler
Abbreviated Scale of Intelligence, WASI) to measure assess math
achievement and aptitude. Second, we focused on a narrow age
range which included only second and third grades, and incor-
porated test items that are relevant to problems that children in
this age group are routinely exposed to in the classroom. Third, we
also assessed and controlled for trait anxiety in order to remove the
effect of general anxiety, an important issue that previous studies
in children have overlooked. Finally, we created an age-appropriate
math anxiety measure (Scale for Assessing Early Mathematics Anx-
iety; SEMA) based on the MARS (Richardson and Suinn, 1972)
and the MARS — Elementary (Suinn et al., 1988). The MARS and
MARS-E are two of the most widely used measures in the adult and
adolescent math anxiety literature and provide the best validated
means of assessing math anxiety.

MEASURES OF MATH ANXIETY

The MARS (Richardson and Suinn, 1972) was the first published
measure of math anxiety. The MARS was created to assess context-
specific anxiety “associated with the single area of the manipula-
tion of numbers and the use of mathematical concepts” in adults
(Richardson and Suinn, 1972, p. 551). In order to study math anx-
iety in older children and adolescents, new math anxiety measures
were subsequently developed that were tailored to this age group.
First, the MARS was adapted by Suinn and Edwards (1982) for
middle and high school students. Suinn et al. (1988), an alternate
version of the MARS was created to include items that were more
appropriate for elementary school children in the forth through
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sixth grades (MARS-E). Later, Chiu and Henry (1990) developed
a new math measure, the Mathematics Anxiety Scale for Chil-
dren (MASC; Chiu and Henry, 1990), for use in children in both
upper elementary (i.e., fifth grade) to middle school. Subsequent
research with these measures supported the detrimental effects of
math anxiety on academic achievement in upper elementary of
grades 4 through 6 (Hembree, 1990; Ma, 1999; Chiu and Henry,
1990) and suggests that a high prevalence of anxiety for math
exists in older elementary school-aged children (Chiu and Henry,
1990). Research also found that math anxiety tends to increase in
severity in 5th through 12th graders over time (Ma, 1999), fur-
ther underscoring the importance of early identification of math
anxiety.

MATH ANXIETY MEASURES FOR CHILDREN IN EARLY ELEMENTARY
SCHoOL

Measures such as MARS-E and the MASC have been useful for
measuring math anxiety for middle school and upper elemen-
tary school-aged children. However, neither of these measures is
appropriate for use in children in the second and third grades, the
level at which children begin learning multiple math concepts and
operations. An adequate measure of math anxiety for these chil-
dren would need to assess anxiety specifically related to addition,
subtraction, number patterns, and spatial reasoning in a problem
solving context appropriate for second and third graders, based on
the curriculum recommended by the National Council of Teachers
of Mathematics (2012).

To date, we know of only two measures of math anxiety that
are appropriate for use with children in second and third grade.
As previously mentioned, the MAQ, was constructed by Thomas
and Dowker (2000) to assess math anxiety in 6- to 9-year-old chil-
dren. The other measure appropriate for use with third graders is
the Mathematics Anxiety Survey (MAXS), which was developed
by Gierl and Bisanz (1995). The MAXS was written to assess the
two constructs of math anxiety that were first identified by Suinn
et al. (MARS-E; 1988) in older elementary school students: test
and problem solving anxiety (Suinn et al., 1988). Unfortunately,
the MAXS only extends the age range of the MARS-E by 1 year;
the MARS-E was designed for use in children grades 4 through 6,
whereas the MAXS is intended for children in grades 3 through 6.
Given that children begin learning more complex math in the sec-
ond grade, more appropriate measures are needed to assess math
anxiety in relation to math proficiency in both the second grade
and third grades.

We developed the SEMA with several objectives in mind. Our
first objective was to create a math anxiety measure that was appro-
priate and valid for use in second and third graders. Our second
objective was to base our measure on the MARS and the MARS-
E, because both measures have robust psychometric properties
and have been widely used. In order to ensure that the SEMA’s
assessment of anxiety was not being confounded by differences in
exposure between the two grades, the content of the questions was
equally representative of second and third grade math curriculum.
We followed the format and content of the MARS and MARS-E by
including questions that assessed (1) anxiety related to completing
math-related work and problems, and (2) anxiety stemming from
social and testing situations that require the use of math. The third

objective was to explore and clarify the effect of math anxiety on
math achievement as measured by a well-validated standardized
measure, the WIAT-II (Wechsler, 2005). Given the contradictory
nature of past findings with regards to math anxiety both within
the developmental literature and between adult and child stud-
ies, we examined its impact on two different types of math skills.
Specifically, we characterize the relationship between math anxi-
ety and math abilities as assessed using two standardized measures
of the WIAT-II measures — Mathematical Reasoning and Numer-
ical Operations (see Materials and Methods below). In contrast
to Numerical Operations, which assesses the ability to solve sym-
bolically presented problems, Mathematical Reasoning examines a
child’s ability to reason about complex word problems. We there-
fore predicted that math anxiety would not only impact overall
math abilities but would also differentially impact Mathemati-
cal Reasoning since it places greater load on working memory
processes that are known to be impacted by anxiety (Beilock,
2008). Critically, we examine the effects of trait anxiety on both
math anxiety and math ability. We hypothesized that math anxiety
would significantly predict math achievement above and beyond
trait anxiety. Our final objective is to disseminate SEMA to the
wider research community to further research on math anxiety in
young children (Wu and Menon, 2012).

MATERIALS AND METHODS

PARTICIPANTS

Participants were 162 children from the greater San Francisco Bay
Area. Children were recruited via flyers sent to public and pri-
vate elementary schools, as well as advertisements in magazines,
websites, and learning disability groups. The average age of the
children was 8.08 years (SD = 0.64), and the group consisted of 86
second graders (M =7.61 years, SD = 0.41) and 76 third graders
(M =8.61 years, SD =0.39). Ninety participants were boys, and
72 were girls. A Pearson’s Chi-Square indicated that there was no
difference in the distribution of boys and girls between the two
grades, x%(1) = 1.79, p =ns. Of all of the participants, only one
met criteria for a mathematical disability (MD; math achievement
score at 10th percentile or below).

PROCEDURE

SEMA questionnaire

As previously discussed, the MARS-E and MARS, which were cre-
ated by Suinn et al. (1972, 1988), served as the primary model
for the SEMA. The content of the items was based on a content
analysis of the second and third grade curricula obtained from the
Offices of Education of the following school districts within the
Northern California Bay Area: San Francisco, San Jose, Santa Clara,
and San Mateo. We also conducted an analysis of the standardized
curriculum of the California Department of Education. Across
the various school districts and the Department of Education, the
five most commonly cited concepts for second and third graders
were number sense, basic mathematical functions, measurement,
geometry, and mathematical reasoning.

The SEMAs first 10 items were based on second and third grade
mathematics curriculum and were worded to assess the anxiety
related to solving problems that involved these five concepts. The
last 10 questions were designed to assess the anxiety related to
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social and testing situations that second and third graders often
encounter while learning the aforementioned five concepts. These
situations were modeled after those included in the MARS and
MARS-E. Scale for Early Math Anxiety in Appendix shows the 20
questions that comprise the SEMA.

Although the format of the MARS-E and MARS was easily
adopted for use with second and third graders, the task of cre-
ating grade-appropriate questions involved several choices. First,
we wanted a measure that would mirror a two-factor structure
similar to those of the MARS and MARS-E, but one that would
also be appropriate for children who were in the early stages of
math learning. In addition, the measure had to account for a wide
range of math experiences and aptitudes such that the questions
did not elicit high levels of anxiety by virtue of being too difficult
for second graders. For example, an item related to solving 23 + 97
would inevitably cause more anxiety than 2 + 3. Thus, we based
the content of the SEMA questions on math concepts that were
consistently used in second and third grade math curricula across
a variety of school districts. We were careful to note content of
the math curriculums and included only basic single-digit two-
addend addition problems, for example, instead of more complex
three-addend or double-digit addition problems.

Administration of the SEMA

Children were administered the measure individually in a one-
on-one setting with an assessor. In addition to the actual test
items, practice problems (see Appendix) were included in order
to ensure that the children understood the instructions. Each of
the 20 questions on the SEMA was presented on a piece of paper
and also simultaneously read aloud by the examiner. After each
question, the children were asked to rate how anxious they felt.
As in the MARS-E, ratings were made on a five-point response.
Ratings were shown with graded anxious and non-anxious faces
in order to assist the children in identifying their anxiety levels.
Children responded by selecting one of the faces or by verbally
replying how anxious or non-anxious they felt. The tester recorded
the child’s response, making sure to ask for clarification if there
was any ambiguity. An individual’s SEMA score was computed by
summing the 20 items’ ratings.

Assessment of trait anxiety

We used the Child Behavior Checklist (CBCL/6-18; Achenbach,
1991; Achenbach et al.,, 2003), a widely used and well-validated
standardized measure that rates social and behavioral problems
in children between the ages of 6 and 18. Parents, close relatives,
or guardians were asked to rate 113 items describing whether the
child was currently exhibiting or had exhibited within the last
6 months specific behavioral and emotional problems or traits.
Items were rated on a scale of 0 (not true), 1 (somewhat true), or 2
(verytrue). The CBCL yields several subscales: aggressive Behavior,
Anxious/Depressed, Attention Problems, Rule-Breaking Behavior,
Social Problems, Somatic Complaints, Thought Problems, With-
drawn/Depressed, Affective Problems, Anxiety Problems, Somatic
Problems, Attention Deficit/Hyperactivity Problems, Opposi-
tional Defiant Problems, and Conduct Problems. In the present
study, we used the Anxiety Problems subscale in order to control
for trait anxiety in the children.

Assessment of math, reading, and cognitive abilities

Several measures were used in order to assess the children’s math,
reading, and cognitive abilities. The WASI is a nationally stan-
dardized IQ test that produces three scores: verbal, performance,
and full scale IQ (FSIQ; Wechsler, 1999). Verbal 1Q is a mea-
sure of the ability to use language to explain vocabulary and
concepts. Performance IQ is a measure of an individual’s abil-
ity to complete non-verbal tasks such as puzzles and patterns. The
FSIQ is a composite measure derived from both Verbal IQ and
Performance 1Q.

Wechsler Individual Achievement Test, Second Edition (Wech-
sler, 2005) is a standardized test designed to determine grade-
specific academic skills in math and reading. The Numerical
Operations and Mathematical Reasoning subtests of the WIAT-
II, as well as the composite scores derived from these subtests,
were used to measure math abilities. As described in the WIAT-
II manual, Numerical Operations “assesses the ability to identify
and write numbers, count using 1:1 correspondence, and solve
written calculation problems and simple equations involving the
basic operations of addition, subtraction, multiplication and divi-
sion.” In contrast, Mathematical Reasoning “presents a series of
problems with both verbal and visual prompts that assess the
ability to reason mathematically.” For example, some of the ques-
tions require the participants to solve “single- and multi-step work
problems.” The Word Reading and Reading Comprehension sub-
tests of the WIAT-II, as well as the composite scores derived from
these subtests, were used to measure reading abilities. As described
in the WIAT-II manual, Word Reading “assesses early reading
(phonological awareness) and word recognition and decoding
skills.” In contrast, Reading Comprehension “assesses the type of
reading comprehension skills taught in the classroom or used in
everyday life.”

Although the WIAT-II allows for a standardized Math Compos-
ite score based on the Numerical Operations and Mathematical
Reasoning subtests, there is no analogous Reading Composite that
can be created from the two afore mentioned reading subtests. In
order to maintain consistency in how the reading and math com-
posites were calculated, we averaged the standardized scores of
the two math and reading subtests. This method yielded indis-
tinguishable results when compared against analyses that used
the normed WIAT-II Math Composite. For the purposes of the
current manuscript, the terms “Math Composite” and “Reading
Composite” will refer to the numerical average of the standard-
ized subscale scores, and not the WIAT-II normed composite
scores.

RESULTS

NORMATIVE DATA

The demographics of the sample are provided in Table 1. The
SEMA score was calculated by adding the scores across the 20
items. The mean SEMA score for all the participants was 34.35
(possible range of 20-100), with a standard deviation of 11.60. For
the second graders, the mean SEMA score was 34.65 (SD = 12.74)
and 33.79 (SD =10.22) for the third graders. Mean scores and
percentiles are presented in Table 2. No significant difference was
found between the SEMA scores for the second and third graders,
t(160) =0.585, p=ns.
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RELIABILITY

Internal consistency of the SEMA, as measured by Cronbach’s o,
was 0.870. We also examined the Cronbach’s o of the scale that
would be obtained if each item were deleted. When individual
questions were deleted, o values ranged from 0.861 to 0.872. This
suggests that each of items contribute to the scale in a stable and
consistent manner. Item-total correlations ranged from 0.170 to
0.560 with 10 of the items having item-total correlations of greater
than 0.50. Split-half reliability, as measured by Spearman—Brown
Coefficient, was 0.774.

STRUCTURAL VALIDITY

We examined the structural validity of SEMA by conducting an
exploratory factor analysis using Principal Components Analysis
with varimax rotation. The results confirmed the two-factor struc-
ture found in the MARS and the MARS-E with 29.73 and 8.56%
of the variance being accounted for by the first and second fac-
tors, respectively. Using the rotated component matrix, items were
extracted for a particular factor if they had a loading of at least
0.50 on that factor and no greater than 0.40 on the other factor.
Given this criteria, none of the items loaded on both of the factors.
The analyses indicated that seven items loaded on Factor 1, termed
Numerical Processing Anxiety, with loadings ranging from 0.52 to
0.77 (Factor Loadings for Factors 1 and 2 in Appendix). Eight items
loaded on Factor 2, termed Situational and Performance Anxiety,
with loadings ranging from 0.50 to 0.70. Items that loaded on the
first factor included the following: “Is this right?: 9+7=18" or
“Is this right?: 15 — 7 = 8?” whereas questions that loaded on the
second factor included: “You are in math class and your teacher is
about to teach something new” or “You are in class doing a math
problem on the board.” A parallel analysis further confirmed that

Table 1 | Descriptive characteristics of the sample.

M SD Range

DEMOGRAPHIC CHARACTERISTICS
Age 8.08 0.64 (6.99, 9.93)
Percentage female 0.44

Percentage second grade 0.51

ANXIETY SYMPTOMS

Math anxiety 34.36 11.61 (19.00, 66.00)
Trait anxiety 54.69 6.93 (50.00, 88.00)

GENERAL COGNITIVE ABILITY AND ACADEMIC ACHIEVEMENT

WASI full scale 1Q 116.14 15.67 (79, 1568)
WIAT-II math composite 113.20 15.562 (80.50, 157.00)
WIAT-II reading composite 111.58 11.15 (80.50, 133.00)

a two-factor structure best represented the data when eigenvalues
from the current data set were compared against eigenvalues from
a randomly generated data set: (a) Factor 1, 5.95 versus 1.76, and
(b) Factor 2, 1.71 versus 1.55. There was a correlation of 0.529
(p <0.001) between the two factors. Additionally, Cronbach’s o
was 0.802 for the Numerical Processing Anxiety factor and 0.770
for the Situational and Performance Anxiety factor. All items were
included in the total SEMA score, regardless of whether or not
they loaded on one of the two factors.

MATH ANXIETY AND ITS RELATION TO TRAIT ANXIETY

We first examined whether math anxiety was related to trait anxi-
ety. SEMA scores were not significantly correlated with trait anx-
iety, as measured by the Anxiety Problems subscale of the CBCL
(r=0.08, p=0.37, R”? =0.01).

MATH ANXIETY AND ITS RELATION TO MATH ACHIEVEMENT

We then examined the relationship between math anxiety and
math achievement by controlling for trait anxiety (CBCL) and
FSIQ (WASI FSIQ). We controlled for FSIQ in order to remove
the effects of differences in underlying aptitude. When controlling
for these two variables, math anxiety was still significantly and neg-
atively correlated with math achievement [Math Composite score;
B=—0.26, t(126) = —2.62, p=0.01, R? = 0.43; Figure 1]. Addi-
tionally, a hierarchical regression indicated that trait anxiety did
not explain a significant amount of variance in math achievement
over SEMA and FSIQ (AR? =0.002, p = 0.49).

MATH ANXIETY AND ITS RELATION TO NUMERICAL OPERATIONS AND

MATHEMATICAL REASONING SUBTESTS

We further examined the relationship between math anxiety
and the two WIAT-II Math subtests (Figure 2). When we con-
trolled for trait anxiety and FSIQ using hierarchical regression
analysis, we found the same results — math anxiety was sig-
nificantly and negatively correlated with Mathematical Reason-
ing [B=—0.34, t(127) = —3.66, p <0.001, R?>=0.57] but not
with Numerical Operations [ = —0.18, #(127) = —1.37, p=0.17,
R? =0.23]. Comparison of slopes indicated that this interaction
was not significant (z=—1.10, p=0.13). In order to account
for the fact that fewer of the children tended rated themselves
as “Very Very Nervous,” we conducted additional analyses by
collapsing the “Very Nervous” and “Very Very Nervous” rating
categories and recalculated the SEMA scores. This analyses indi-
cated that SEMA was significantly correlated with both Mathe-
matical Reasoning (p=—0.48, p <0.001) and Numerical Oper-
ations p=—0.26, p <0.01), even after controlling for FSIQ and
trait anxiety. A difference of slopes test, however suggested that

Table 2 | Means, Standard Deviations, and Percentiles Means of the SEMA.

Group 11 SD Percentile and mean

5% 10% 25% 50% 75% 90% 95%
Second and third graders 34.36 11.6 20 21 25 315 41 55.7 58
Second graders 34.65 12.74 20 20.7 25 30.5 43 57 60.3
Third graders 33.79 10.22 20.9 21.7 25 33 40 46.9 56.2
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WIAT-II Math Composite Score versus SEMA Score

160

[e]e}

WIAT-II Math Composite Score

20 30 40 50 60

SEMA Score

FIGURE 1 | Math anxiety was significantly and negatively correlated
with Math Achievement, as measured by WIAT-Il Math Composite
scores (R?=0.43).

math anxiety has a significantly stronger effect on Mathematical
Reasoning (z = —3.65, p < 0.0001).

MATH ANXIETY SUBSCALES AND THEIR RELATION TO MATH
ACHIEVEMENT

Finally, we examined whether the two SEMA subscales were differ-
entially related to the WIAT-II Math Composite score (Figure 3).
After controlling for FSIQ, the Numerical Processing Anxiety sub-
scale of SEMA was significantly and negatively correlated with
WIAT-II Math Composite scores (p=—0.21, p <0.05) as was
the Situational and Performance Anxiety subscale (p=—0.19,
p < 0.05). Additional analyses revealed that Numerical Processing
Anxiety and Situational and Performance Anxiety were correlated
with Mathematical Reasoning (p=—0.27, p <0.01; p=—0.28,
p < 0.01, respectively) but not Numerical Operations (p = —0.13,
p=0.15; p=—0.09, p = 0.32, respectively).

MATH ANXIETY AND ITS RELATION TO READING ACHIEVEMENT

We then examined whether math anxiety was significantly cor-
related with reading achievement, as measured by the Reading
Composite score of the WIAT-II. After controlling for trait anxiety
and FSIQ, math anxiety was not significantly correlated with the
Reading Composite score [ =—0.09, £(126) = —1.45, p=0.16,
R? =0.14]. Additional analyses were conducted using the Reading
Comprehension and Word Reading subtests of the WIAT-II. After
controlling for trait anxiety and FSIQ, math anxiety was not signif-
icantly correlated with either Reading Comprehension [ = —0.08,
t(127) = —1.21,p = 0.23,R* = 0.13] or Word Reading [ = —0.11,
t(127) = —1.22, p=0.22, R* =0.10]. After controlling for FSIQ,
neither of the SEMA subscales was significantly correlated with the
Reading Composite, Word Reading, or Reading Comprehension
subtests of the WIAT-IL

WIAT-II Math Subscale Scores versus SEMA Score

60
I

—6— Mathematical Reasoning
-x-  Numerical Operations

WIAT-II Math Subscale Scores

20 30 40 50 60

SEMA Score

FIGURE 2 | Math anxiety was significantly and negatively correlated
with WIAT-Il Mathematical Reasoning subtest (R?=0.57), but not the
Numerical Operations subtest (R?=0.23). The figure above shows
corrected means after controlling for FSIQ and trait anxiety.

WIAT-II Math Composite Score versus SEMA Subscale Scores

—e— Numerical Processing Anxiety
3 4 -x- Situational and Performance Anxiety

WIAT-II Math Composite Score
120
|

80
|

SEMA Subscale Scores

FIGURE 3 | Math achievement (WIAT-Il Math Composite) was
significantly correlated with both SEMA subscales.

DISCUSSION

The goal of our study was to examine the relationship between
math anxiety and math achievement in the early stages of math
learning. As previously discussed, prior studies have been incon-
clusive with respect to how math anxiety impacts children in early
elementary school, with some studies suggested that it exists but
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does not have an impact and others suggesting that it differen-
tially affects children. In order to achieve this goal, we created a
measure of math anxiety that is appropriate for children in the
early stages of formal math learning. We first discuss the structure,
validity, and reliability of the SEMA and then discuss how this
measure provides insights into the relation between math anxiety
and math performance in young children.

RELIABILITY OF SEMA

The reliability estimates of SEMA were robust and showed both
internal consistency and split-half reliability. Specifically, the inter-
nal consistency of SEMA was 0.870 (Cronbach’s a), similar to the
reliability estimates found using MARS-E in older children (0.88).
The high Cronbach’s a value ensures that SEMA items are a reliable
measure of construct validity of math anxiety as a whole (Cron-
bach, 1951; Streiner, 2003). It also suggests that SEMA is able
to achieve an internal consistency similar to those achieved with
older children in MARS-E. The SEMA showed moderately high
split-half reliability (0.774), but it cannot be compared against the
split-half reliability of the MARS or the MARS-E, as neither study
reported such measures (Richardson and Suinn, 1972; Suinn et al.,
1988). Despite the fact that the SEMA has relatively fewer items
as compared with the 98 items on the MARS, a split-half relia-
bility of 0.774 is still robust, and suggests that the items are still
strongly correlated with each other, even when randomly divided
into halves.

FACTOR STRUCTURE OF THE SEMA

We established the structural validity of the SEMA using a fac-
tor analysis. Principal components factor analyses revealed that
the SEMA has a two-factor structure, which replicated the struc-
ture found in both the MARS and the MARS-E. One factor was
related to numerical concepts (Numerical Processing Anxiety),
and the other was related to situations involving the execution
of math (Situational and Performance Anxiety). Additionally, the
two factors were shown to have internal consistency, and also
were independently negatively and significantly correlated with
math achievement. Future studies should explore the possibility
of including additional items related to test, as opposed to per-
formance, anxiety in third and possibly second graders as well.
Nonetheless, taken together, these data suggest that the SEMA
achieves a reliability and validity similar to that of the MARS and
MARS-E and is an appropriate measure to use to assess math
anxiety in second and third graders.

MATH ANXIETY AND MATH ACHIEVEMENT IN 7- TO 9-YEAR-OLD
CHILDREN

The main objective of our study was to evaluate if math anxiety
impacted early math learning performance. Critically, in contrast
with the prior studies involving some children in this age group
(Thomas and Dowker, 2000; Krinzinger et al., 2009) we found
that math anxiety was significantly and negatively correlated with
math proficiency, even in children who were at or above grade level
in math. Specifically, children with higher levels of math anxiety
on the SEMA had lower performance on standardized measures
of math achievement. Our findings are, however, consistent with
several previous reports in adults and older children.

For example, Suinn et al. (1988) found that math anxiety scores
from the MARS-E were negatively and inversely correlated with
performance on the mathematics portion of the SAT in their
study of elementary school children in grades 4 through 6. In a
college sample, Richardson and Suinn (1972) found that MARS
scores were significantly and inversely related to performance on
the mathematics portion of the Differential Aptitude Test. In
adults, Ashcraft and Krause (2007) also found that math anxi-
ety was significantly and negatively correlated with performance
on the Wide Range Achievement Test, a standardized test of math
proficiency. Interestingly, they found that the effects of math anxi-
ety became more pronounced as problems became more difficult.
That is, individuals with high levels of anxiety performed signifi-
cantly worse than the lower-anxiety groups on the more difficult
problems, and performed similarly to the other groups on the eas-
ier problems. Furthermore, research has also suggested that math
anxiety is related to more than just performance on standardized
achievement tests. Ashcraft and Faust (1994) reported that indi-
viduals with high math anxiety were significantly slower and less
accurate on performing complex 2-added addition problems than
individuals without math anxiety. However, the same effects were
not found when individuals were completing simpler addition
and multiplication problems in an untimed and paper-and-pencil
format (Faust et al., 1996).

In a sample of 6- to 9-year-old German children, Krinzinger
et al. (2009) found that math anxiety as assessed by MAQ was
significantly correlated only with attitude toward mathematics,
but not math achievement. Whether the lack of behavioral effects
is due to the factors that are specific to the cultures and educa-
tion systems of the United States and Germany warrants further
investigation. Another possible explanation is that the SEMA is
simply a more sensitive measure of math anxiety than the measures
previous researchers used. Furthermore, our use of the WIAT-
11, a standardized measure of math performance provides greater
generalizability than findings from most previous studies. It is
therefore noteworthy that second and third grade children with
higher levels of math anxiety tend to perform worse in math.
While this finding is consistent with extant literature in adults and
adolescents, it is still surprising that differences in achievement
can be found so early in an individual’s math education.

The second major finding of this study is that SEMA scores
were significantly correlated with lower levels of Mathematical
Reasoning scores on the WIAT-II. Given that the Mathemati-
cal Reasoning section consists of complex word problems that
often involve the manipulation of several numbers and numerical
operations (e.g., both addition and subtraction), this relationship
was in the predicted direction. In contrast, although SEMA scores
were also negatively correlated with Numerical Operations scores
of the WIAT-II, this effect was not statistically significant. Simi-
lar to Mathematical Reasoning, the Numerical Operations subtest
assesses math aptitude but with a greater focus on simple calcula-
tion involving addition and subtraction. This finding may explain
why Thomas and Dowker (2000) and Krinzinger et al. (2009)
did not find a relationship between math anxiety and basic cal-
culation ability. Our findings are interesting in light of studies
which have suggested that new and novel computations tend to
be the ones most hindered by performance anxiety, whereas more
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automatized skills that are well learned tend to be less affected
(Beilock and Carr, 2001). Because simple computational skills are
still nascent and not fully mastered in second and third graders
(Geary, 2000; Jordan and Hanich, 2000; Jordan et al., 2003), one
would have expected that the Numerical Operations scores would
also be negatively impacted by math anxiety.

One potential explanation for these findings is suggested by
findings in the adult cognitive psychology literature. Previous
studies in adults have consistently shown that math anxiety
can hinder performance by limiting working memory resources
(Hopko et al., 1998; Ashcraft and Kirk, 2001; Beilock and Carr,
2001, 2005; Ashcraft and Krause, 2007). More recently, Ramirez
et al. (in press) examined the effect of math anxiety on math
achievement first and second grade children using a short-form
questionnaire based on the MARS-E. They found that children
who were high in working memory were particularly prone to
being negatively impacted by math anxiety Further studies are
needed to investigate exactly whether these children rely more on
working memory during computations and are therefore impacted
to a greater extent by math anxiety.

Because the Numerical Operations subtest of the WIAT-II
assesses simpler math concepts that can be completed using paper-
and-pencil, they may not have taxed the children’s working mem-
ory capacity as much. Furthermore, children were given unlimited
time to complete the Numerical Operations problems and were
therefore not under any time pressure. In contrast, problems in
the Mathematical Reasoning subtest required children to listen to a
problem that was being read out loud, retain the numbers, manip-
ulate the numbers, and decide on the operation to be performed
in order to produce an answer. Problems were read only twice and
not provided in written form, requiring that participants attend
carefully and retain relevant information. This format of prob-
lems places a greater load on working memory resources and may
explain why math anxiety had a more pronounced effect on perfor-
mance on both the Mathematical Reasoning but not the Numerical
Operations subtests. Because our sample did not endorse the high-
est levels of math anxiety, we conducted additional analysis in
which we collapsed across the “Very Very Nervous” and “Very Ner-
vous” categories. This analysis revealed that math anxiety had a
significant effect on performance on both the Mathematical Rea-
soning as well as the Numerical Operations subtests. However,
the effects of math anxiety was stronger on Mathematical Rea-
soning (which involves more complex verbal problem solving),
compared to Numerical Operations (which assesses basic compu-
tation skills), suggesting that math anxiety has a pronounced effect
on more demanding calculations.

Further studies with math fluency measures such as those
recently introduced in WIAT-II are also needed to assess whether
math anxiety also impacts performance on basic symbolic com-
putations under time pressure. Indeed, intriguing new evidence
suggests that math anxiety may interfere at a more basic level of
mathematical information processing; Maloney etal. (2010) found
that math anxiety had a negative impact on numerical processing
(as measured by a number comparison task) in adults. Adults who
were high in math anxiety were slower on the number comparison
task relative to participants who were low in math anxiety. These
findings are surprising because they suggest that math anxiety

may compromise even basic math skills that do not require work-
ing memory. Because complex math skills are predicated on the
mastery of the more basic ones, an individual who struggles ini-
tially with math may be more prone to developing math anxiety,
which in turn may negatively impact computational processes that
dependent more on working memory.

Finally, we examined whether Numerical Processing Anxiety
and Situational and Performance Anxiety, the two SEMA subscales,
are differentially correlated with math achievement. Our findings
mirrored those that were conducted with the SEMA total; after
controlling for FSIQ, Numerical Processing Anxiety, and Situa-
tional and Performance Anxiety were both significantly correlated
with the WIAT-II Math Composite score and the Mathematical
Reasoning subscale, but not with Numerical Operations. These
findings suggest that math anxiety has an equally detrimental
impact on math achievement regardless of whether children have
an anxiety related to numbers or to the social experience of doing
mathematics. This suggests that remediation of math anxiety may
require attention to both its domain-specific (numerical infor-
mation processing) and domain-general (situational and social)
aspects.

MATH AND TRAIT ANXIETY IN 7- TO 9-YEAR-OLD CHILDREN

Our results extend previous studies by separating the influence of
math anxiety from trait anxiety. This is important because some
previous studies have suggested that the relationship between per-
formance and math anxiety is influenced by a more dispositional
form of anxiety (Dew et al., 1983; Hembree, 1990; Baloglu and
Kogak, 2005); that is, high math anxiety is potentially related to ele-
vated anxiety levels. We found that the correlation between SEMA
and WIAT-II math scores was still robust after we controlled for
trait anxiety. Trait anxiety scores did not account for a significant
amount of additional variance in the SEMA scores (only a non-
significant 0.2%) and these scores did not predict WIAT-II math
performance. Further, trait anxiety scores were not significantly
correlated with SEMA scores. In addition, math anxiety scores were
not significantly correlated with WIAT-II reading scores, suggest-
ing that SEMA is indeed measuring a math specific anxiety, and
not a more general academic or testing-related anxiety.

Our analysis eliminates trait anxiety as a primary cause of math
anxiety, raising questions about other possible causes of math anx-
iety. Meece et al. (1990) found that students’ own perceptions of
their math abilities, expectations about their performance, and
their perceptions about the value of math significantly predicted
levels of math anxiety. Other researchers (Kelly and Tombhave,
1985; Jackson and Leffingwell, 1999) have found that teacher’s
attitudes toward and their methods of teaching mathematics are
related to math anxiety levels in their students. Beilock et al. (2010)
extended these studies and found that female elementary school
teachers’ levels of math anxiety were significantly related to both
the math achievement levels of the girls in their classes, and the
beliefs the girls endorsed about their own mathematical abilities.
Interestingly, teachers’ math anxiety levels did not predict math
achievement or beliefs about abilities in boys. These results sug-
gest that stereotype threat effects can contribute to math anxiety,
with detrimental consequences for math achievement in middle
and high school (Spencer et al., 1998; Else-Quest et al., 2010).
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CONCLUSION

We have developed SEMA, a reliable and valid measure for assess-
ing math anxiety in second and third graders. SEMA’s content is
based on math curriculum and problem solving situations that
are common to second and third graders, as previously avail-
able measures of math anxiety such as the MARS, MARS-E, or
MAS are not appropriate for use with children in this age group.
Using SEMA we show that the effects of math anxiety on math
achievement can be detected in the earliest stages of formal math
learning in school, even in children who are at or above grade
level in math. Our findings may have implications for children
who are at the lower extremes of math achievement. That is, chil-
dren who underperform at math may be more prone to having
even higher levels of math anxiety than those reported here. In
addition, our study shows that math anxiety has a more pro-
nounced effect on math problems that require complex verbal
reasoning and problem solving, as opposed to numerical oper-
ations that require basic symbolic processing and fact retrieval.
Additional research is necessary to clarify the behavioral and neural

mechanisms by which math anxiety influences math learning in
second and third grades. Developing and validating math anx-
iety measures in younger children using age-appropriate items
remains an important question for future research. Critically, our
findings underscore the need to remediate early math anxiety and
its deleterious effects on math achievement in young children.
Continued development and evaluation with larger samples is
needed to further validate and standardize SEMA, and to facili-
tate its more general use in identifying math anxiety during the
earliest stages of math skill development. Toward this goal, we
are making SEMA freely available to researchers (Wu and Menon,
2012).
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APPENDIX

SCALE FOR EARLY MATH ANXIETY

Instructions: “Now I'm going to show you some math questions. I
want you to read each question and pretend that you are going to
answer it. Then I want you to tell me how nervous answering that
question makes you feel. So remember, you do not actually have
to answer the questions, but I just want you to pretend you are
going to answer them and see how it makes you feel. It could make
you feel not nervous AT ALL, a little nervous, somewhat nervous,
very nervous, or VERY, VERY nervous. Do you understand? Let’s
do one together:” Practice Item: Who's the President of the United
States?

1. George bought two pizzas that had six slices each. How many
total slices did George have to share with his friends?

2. Is this right? 9+ 7=18.

3. How much money does Annie have if she has two dimes and
four pennies?

. How do you write the number four hundred and eighty two?

. Draw an hour and minute hand on a clock so that it would
read 3:15 PM.

. Draw a triangle and a square on the board.

. Count aloud by 5s from 10 to 55.

. What time will it be in 20 min?

. Is this right? 15 -7 =82

10. Daisy has more money than Ernie. Ernie has more money

than Francesca. Who has more money — Daisy or Francesca?

v

O 0 NN

Instructions: “Now I'm going to read you some sentences about
situations that have to do with math. Try to pretend each situation
is happening and think about how nervous it makes you feel. It
could make you feel not nervous AT ALL, a little nervous, some-
what nervous, very nervous, or VERY, VERY nervous. Do you
understand? Let’s try one. Pretend. . .” Practice Item: You're about
to ride a roller coaster.

11. You are in math class and your teacher is about to teach
something new.

12. You have to sit down to start your math homework.

13. You are adding up all the money in your piggy bank.

14. Someone asked you to cut up an apple pie into four equal
parts.

15. You are about to take a math test.

16. You are in math class and you do not understand something.
You ask your teacher to help you.

17. Your teacher gives you a bunch of addition problems to work
on.

18. Your teacher gives you a bunch of subtraction problems to
work on.

19. You are in class doing a math problem on the board.
20. You are listening as your teacher explains to you how to do a
math problem.

FACTOR LOADINGS FOR FACTORS 1 AND 2

Item Factor 1 Factor 2
George bought two pizzas that had six slices 0.30 0.44
each. How many total slices did George have

to share with his friends?

Is this right? 9+7=18 0.77 0.08
How much money does Annie have if she 0.63 0.26
has two dimes and four pennies?

How do you write the number four hundred 0.52 0.17
and eighty two?

Draw an hour and minute hand on a clock so 0.39 0.27
that it would read 3:15 PM

Draw a triangle and a square on the board 0.65 0.16
Count aloud by 5s from 10 to 55 0.34 0.43
What time will it be in 20 min? 0.24 0.43
Is this right? 15— 7=87 0.71 0.07
Daisy has more money than Ernie. Ernie has 0.65 0.18
more money than Francesca. Who has more

money — Daisy or Francesca?

You are in math class and your teacher is 0.14 0.70
about to teach something new

You have to sit down to start your math 0.57 0.18
homework

You are adding up all the money in your piggy -0.27 0.59
bank

Someone asked you to cut up an apple pie 0.01 0.53
into four equal parts

You are about to take a math test 0.38 0.50
You are in math class and you do not 0.28 0.56
understand something. You ask your teacher

to help you

Your teacher gives you a bunch of addition 0.33 0.54
problems to work on

Your teacher gives you a bunch of subtraction 0.29 0.56
problems to work on

You are in class doing a math problem on the 0.30 0.58
board

You are listening as your teacher explains to 0.38 0.32

you how to do a math problem

Bolded numbers refer to items that load on that factor.
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