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Article

Math disability (MD) or dyscalculia is the persistent  
difficulty in the learning and mastery of number concepts 
(Geary, 2006) that results in achievement levels far below 
what would be expected given an individual’s aptitude 
(American Psychiatric Association, 2000). MD can mani-
fest early and interfere with the mastery of basic arithmetic 
concepts such as numerosity, counting, and addition facts 
(e.g., 2 + 3 = 5). Because these principles serve as the foun-
dation of mathematics, children with these early difficulties 
will often continue to struggle later in their academic career 
as they encounter more advanced math concepts. Indeed, 
the early mastery of numerosity and ordinality has been 
found to be the most significant predictor of later educa-
tional success (Duncan et al., 2007).

MD has an early and pervasive effect on math learning, 
with most studies suggesting that between 5% and 8% of 
school-aged children have sustained difficulty with mathe-
matics learning (American Psychiatric Association, 2000; 
Badian, 1983; Geary, 2006; Gross-Tsur, Manor, & Shalev, 
1993, 1996). Given the widespread and sustained effects of 
MD and the fact that children in the United States continue 
to lag globally in math learning (U.S. Department of 
Education, National Center for Education Statistics, 2007), 
research examining MD is both timely and necessary.

Learning Disorders and Comorbid Disorders

To date, numerous studies have examined the underlying 
neural, social, and cognitive correlates of math learning 
disabilities. An impressive body of research has explored 
topics ranging from the brain regions that are involved in 
basic computations to social factors such as stereotype 
threat that may influence math learning. In contrast, little is 
known about whether children with MD are also more 
likely to develop comorbid behavioral and psychosocial 
problems, which include internalizing behaviors such as 
depression, anxiety, and withdrawal or externalizing behav-
iors such as conduct or aggression problems (Achenbach & 
Edelbrock, 1978). Although few studies have examined 
these difficulties in children with MD, a number of studies 
have assessed comorbid psychopathology in children with 
reading disabilities (RD), defined by the Diagnostic and 
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Abstract

Although behavioral difficulties are well documented in reading disabilities, little is known about the relationship between 
math ability and internalizing and externalizing behaviors. Here, we use standardized measures to investigate the relation 
among early math ability, math anxiety, and internalizing and externalizing behaviors in a group of 366 second and third 
graders. Math achievement was significantly correlated with attentional difficulties and social problems but not with 
internalizing symptoms. The relation between math achievement and externalizing behavioral problems was stronger in 
girls than in boys. Math achievement was not correlated with trait anxiety but was negatively correlated with math anxiety. 
Critically, math anxiety differed significantly between children classified as math learning disabled (MLD), low achieving 
(LA), and typically developing (TD), with math anxiety significantly higher in the MLD and LA groups compared to the TD 
group. Our findings suggest that, even in nonclinical samples, math difficulties at the earliest stages of formal math learning 
are associated with attentional difficulties and domain-specific anxiety. These findings underscore the need for further 
examination of the shared cognitive, neural, and genetic influences underlying problem solving and nonverbal learning 
difficulties and accompanying internalizing and externalizing behaviors.
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Statistical Manual of Mental Disorders as reading achieve-
ment that is substantially below what would be expected 
given an individual’s chronological age, measured intelli-
gence, or age-appropriate education (American Psychiatric 
Association, 2000), and in children with general learning 
disorders in any academic domain. These studies indicate 
that children in both of these groups are at a greater risk of 
developing both types of behavioral problems, as well as 
attentional difficulties. For instance, children with RD are 
more likely to meet criteria for distinct disorders such as 
attention-deficit/hyperactivity disorder (ADHD), conduct 
disorder, oppositional defiant disorder, and anxiety (Willcutt 
& Pennington, 2000). Children with a general learning dis-
ability in an unspecified domain are more susceptible to 
developing a host of behavioral and emotional problems 
such as aggression, delinquency, hyperactivity, depression, 
and anxiety (Greenham, 1999; Vaughn, Zaragoza, Hogan, 
& Walker, 1993). The pervasive comorbidity in these other 
groups with an LD suggests that additional research is 
needed to determine if these or other similar difficulties co-
occur with MD.

Math Learning Disabilities and Comorbid 
Disorders
In contrast to the more extensive literature on RD and over-
all LD, few studies have assessed the relation between 
comorbid psychopathology and diagnoses of MD or indi-
vidual differences in math achievement. In one study using 
a random sample, Duncan and colleagues (2007) found no 
relation between math achievement at ages 8 to 9 and sub-
sequent behavioral or emotional symptoms at age 10 to 11. 
Similarly, Feshbach and Feshbach (1987) also found no 
relation between children’s math achievement and self-
ratings of depression, anxiety, aggression, or self-concept. 
However, math achievement levels were significantly and 
negatively related to teachers’ ratings of the children’s lev-
els of depression. These initial dimensional studies provide 
important insight into the relation between math achieve-
ment and behavioral symptoms, but interpretation of these 
findings is constrained by the use of unstandardized mea-
sures that have not been widely used in other studies of MD 
or psychopathology.

To date, there have only been three studies that have 
specifically examined the relation between MD and behav-
ioral and emotional problems. In one study, White, Moffitt, 
and Silva (1992) assessed the math performance and psy-
chosocial behaviors of 157 thirteen-year-old children, who 
were classified as control (i.e., having no learning disabil-
ity), having a specific arithmetic or RD, or generally learn-
ing disabled. Children who had achievement scores at or 
below the 30th percentile in arithmetic and above the 40th 
percentile in reading were classified as having a specific 
MD, whereas children with the opposite profile of reading 

and arithmetic scores were classified as having a specific 
RD. Children were classified as having a general learning 
disability if both their math and reading scores were below 
the 30th percentile.

The results indicated that children with general LD 
exhibited the most psychosocial symptoms, whereas MD- 
and RD-only children had similarly elevated levels of 
depression and anxiety, a lack of self-esteem, and peer iso-
lation symptoms. Furthermore, the results suggested that a 
greater percentage of the children with MD had scores 
greater than one standard deviation from the mean on 
measures of depression, lack of self-esteem, and peer iso-
lation than the RD group. Although none of the RD children 
in their study met criteria for an internalizing disorder, 5% 
of the MD children met the criteria. Overall, these find-
ings suggest that the MD-only children are at a greater risk 
for developing socioemotional problems than the RD-only 
children.

In another study, Shalev, Auerbach, and Gross-Tsur 
(1995) examined 140 fourth graders and found elevated 
rates of attentional problems in children with MD relative to 
typically developing children. Children were classified as 
having MD (a) if they scored below the 20th percentile on a 
mathematics achievement test and (b) if they scored below 
the mean on a second mathematics achievement test. In 
comparison to boys without MD, boys with MD exhibited 
more social problems and higher rates of externalizing 
symptoms such as aggression and delinquency, whereas no 
differences were found in the number of externalizing 
symptoms in girls with and without MD. In contrast, no  
differences were found on measures of internalizing symp-
toms such as anxiety and depression in either males or 
females.

In an extension of this study, Auerbach, Gross-Tsur, 
Manor, and Shalev (2008) explored behavioral differences 
between 140 fourth grade children with and without MD. 
Children were classified as having MD in a two-step pro-
cess: Children who scored below the 20th percentile on an 
achievement test measuring counting skills, number facts, 
and problem solving were administered a second achieve-
ment test. Children who scored below the 5th percentile on 
the second test and had full-scale IQ at or greater than 80 
were classified as having MD. The results indicated that 
there were significant differences between children with 
and without MD in Attention Problems, Delinquent 
Behavior, and Total Behavior Problems on the Child 
Behavior Checklist (CBCL; Achenbach, 1991; Achenbach, 
Dumenci, & Rescorla, 2003). Once again, no significant 
differences were found between children with and without 
MD on any of the measures of internalizing symptoms (e.g., 
anxiety, depression, withdrawn behaviors). Of interest, 
there were no gender differences on any of the externalizing 
or internalizing symptoms. Taken together, these studies 
have provided some, albeit inconsistent, evidence that 
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children with MD may be more likely to exhibit external-
izing behavioral problems and attention problems.

Math Anxiety and Math Learning
A different set of studies has examined the relation between 
math achievement and math anxiety, which is characterized 
by domain-specific internalizing symptoms associated with 
the “manipulation of numbers and use of mathematical 
concepts” (Richardson & Suinn, 1972, p. 551). Research 
has consistently shown that math anxiety is significantly 
and negatively correlated with math achievement even after 
controlling for trait anxiety (Ashcraft & Kirk, 2001). 
Moreover, the negative relationship between math anxiety 
and math achievement can be found in children as young as 
first grade (Ma, 1999; Ramirez, Gunderson, Levine, & 
Beilock, in press; Wigfield & Meece, 1988; Young, Wu, & 
Menon, 2012) and tends to persist over time into adulthood 
(Richardson & Suinn, 1972).

Given the existing data documenting an association 
between math anxiety and math achievement (Ashcraft & 
Kirk, 2001), it is plausible that children with MD may have 
higher levels of math anxiety than non-MD children. 
However, no study to date has examined math anxiety and 
its relation to distinct groups of children classified as MD 
(Mazzocco, 2008). Furthermore, no study has specifically 
examined the relation between math anxiety (Shalev et al., 
1995) and general problematic behaviors as assessed with 
standardized measures such as the CBCL. Investigating 
these relations could help clarify the nature of affective 
factors that are related to the early development of math 
skills, just as previous studies have done in the domain of 
reading.

Gender Differences
In addition to exploring the relation between math achieve-
ment and internalizing and externalizing behaviors in the 
overall population, prior research on gender differences in 
math achievement and MD suggests that it may be impor-
tant to test whether these relationships differ in males and 
females. Reigosa-Crespo and colleagues (2012) found a 
ratio of 4 boys to 1 girl with MD in a sample of children 
from second to ninth grades. Penner and Paret (2008) 
examined the math achievement of children in kindergar-
ten and found no gender differences in overall average 
scores, although the boys had a larger range of scores than 
girls and performed more poorly than girls at the bottom of 
the distribution. By third grade, however, boys began to 
outperform girls, even at the bottom of the distribution 
(Penner & Paret, 2008). In contrast to these findings, how-
ever, several studies have suggested that the prevalence of 
dyscalculia did not differ between boys and girls in fourth 
grade (Gross-Tsur et al., 1996; Lewis, Hitch, & Walker, 

1994). These inconsistencies suggest that additional 
research is necessary to clarify the possible nature of gen-
der disparities in MD.

Researchers have consistently found gender differences 
in the prevalence of psychopathology. Externalizing behav-
iors such as ADHD and conduct disorder are more common 
among boys (Polanczyk, de Lima, Horta, Biederman, & 
Rohde, 2007; Willcutt et al., in press), whereas internalizing 
behaviors such as depression and anxiety (Lewinsohn, 
Gotlib, Lewinsohn, Seeley, & Allen, 1998) are more com-
mon among girls (Leadbeater, Kuperminc, Blatt, & Hertzog, 
1999). Similarly, previous research has found that girls tend 
to endorse higher levels of math anxiety than boys as young 
as the sixth grade (Wigfield & Meece, 1988).

Therefore, given the gender disparity in externalizing 
and internalizing behaviors and the possible gender dispar-
ity in math anxiety and math achievement, further research 
is needed to clarify whether gender may influence the rela-
tions among math achievement, math learning disabilities, 
and internalizing and externalizing behaviors. Although 
Shalev and colleagues’ (1995) study found within-gender 
differences on externalizing and internalizing measures, 
they did not contrast or investigate differences between 
boys and girls. Here, we extend previous findings by using 
standardized measures of math achievement and by also 
examining gender differences in the relation among math 
anxiety, math achievement, and internalizing and external-
izing behavioral correlates.

Classification of MD
One difficulty in interpreting and comparing the findings of 
past studies on MD is the differing criteria that were used for 
classification (Mazzocco, 2008). For example, some studies 
have used an inclusion criterion based on the magnitude of 
the difference between the full-scale IQ and math achieve-
ment scores (Auerbach et al., 2008), whereas other studies 
have used percentile cutoffs on tests of math achievement 
(Shalev et al., 1995; White et al., 1992). Furthermore, even 
among the studies that have relied on percentile cutoffs, dif-
ferent thresholds have been used; for example, Shalev and 
colleagues used a cutoff 20th percentile, whereas White and 
colleagues (1992) used a 30th percentile cutoff.

However, previous research has suggested that children 
with math learning disability (MLD) who scored below 
the 11th percentile (Geary, 1993; Mazzocco & Myers, 
2003) differ significantly from those who are low achiev-
ing (LA) in math (11th to 25th percentile). In particular, 
Mazzocco and Myers (2003) found that LA and MLD  
children identified using these cutoffs have different 
developmental trajectories and distinct cognitive profiles 
(Geary, Hoard, Byrd-Craven, & Nugent, 2008; Murphy, 
Mazzocco, Hanich, & Early, 2007). Based on these find-
ings, Mazzocco (2008) has recommended separating 
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children into groups with MLD and LA to avoid diluting 
any effects that may be more pronounced in one of these 
subgroups. We use this approach to classify children into 
distinct LA and MLD group and thereby overcome weak-
nesses of prior studies.

Current Study
In this study, we used standardized and widely used mea-
sures to investigate the relations between mathematics 
achievement and comorbid psychopathology in children 
between the ages of 7 and 9, at one of the earliest stages of 
formal math learning. A series of analyses were conducted 
to address four major questions:

1. A series of initial dimensional analyses were used to 
test whether individual differences in math achieve-
ment are associated with emotional and behavioral 
problems across the entire distribution of math 
achievement. We hypothesized that math achieve-
ment would be negatively and significantly corre-
lated with attention problems and aggressive and 
delinquent behaviors, whereas correlations between 
math achievement and internalizing symptoms 
would be lower and nonsignificant.

2. Categorical analyses were then used to test the 
hypothesis that the prevalence of problematic 
behaviors would differ in groups of children defined 
as typically developing (TD), LA, or MLD based 
on achievement score cutoffs that have been widely 
used and recommended in the literature (Geary, 
Hamson, & Hoard, 2000; Mazzocco, 2008; Wu et 
al., 2008) to classify children as MLD, LA, and TD. 
We anticipated that the LA and MLD groups would 
exhibit higher rates of externalizing and internaliz-
ing behaviors than the TD group.

3. Because past research has primarily examined the 
relation between domain-general internalizing dis-
orders and math achievement, a third set of analy-
ses were completed to test for group differences 
on a newly developed domain-specific measure 
of math anxiety that is specifically appropriate 
for children in second and third grade (Wu, Barth, 
Amin, Malcarne, & Menon, 2012; Young et al., 
2012). We hypothesized that math-specific anxiety 
would be negatively correlated with math achieve-
ment and would differ between the math groups, 
even after controlling for levels of overall trait 
anxiety symptoms.

4. Last, in light of the significant gender differences in 
the prevalence of internalizing and externalizing dis-
orders and the mixed results regarding gender differ-
ences in math achievement, a series of exploratory 
analyses were conducted to test whether the results 
of each analysis differed between males and females.

Method
Participants
A total of 366 children participated in the study. Children 
were recruited via flyers sent to public and private elemen-
tary schools as well as advertisements in parenting maga-
zines, educational websites, and learning disability groups. 
The average age of the children was 8.27 years (SD = 0.65), 
and the group consisted of 154 second and 212 third grad-
ers. The sample included 181 girls and 185 boys. All of the 
measures were administered to, and completed by, the par-
ent and child in one visit. Children who were previously 
diagnosed with an RD were excluded to be able to better 
isolate and examine the effects of math learning. For the 
entire sample, the Wechsler Individual Achievement Test, 
Second Edition (WIAT-II) Word Reading mean was 109.96 
(SD = 13.22), and Reading Comprehension scores had a 
mean of 107.54 (SD = 13.92).

Using standardized diagnostic criteria (Mazzocco, 2008; 
Wu et al., 2008), WIAT-II Math Composite scores were 
used to classify the children as MLD (10th percentile and 
below), LA (11th to 24th percentile), or TD (40th percentile 
and above), in mathematics. In the entire sample, 17 chil-
dren met criteria for MLD, 31 children were classified as 
LA, and 274 children were classified as TD.

Materials and Procedures

Assessment of math anxiety. Math anxiety was assessed using 
the Scale for Early Mathematics Anxiety (SEMA; Wu et al., 
2012; Young et al., 2012), a new questionnaire designed spe-
cifically to assess math anxiety in children who are in the 
earliest stages of formal math learning. The SEMA has been 
shown to be a reliable and valid measure of math anxiety for 
children between the ages of 7 and 9 (Wu et al., 2012). 
Briefly, children are presented with math problems and sce-
narios representative of early math learning experiences and 
asked to rate on a 1 to 5 scale how anxious the questions 
make them feel. Each child was administered the measure 
individually in a one-on-one setting with an assessor.

Assessment of psychopathology. We used the CBCL (Achen-
bach, 1991; Achenbach et al., 2003), a widely used and 
well-validated standardized measure of social and behav-
ioral problems in children between the ages of 6 and 18. 
Parents, close relatives, or legal guardians were asked to 
rate 113 items describing whether the child was currently 
exhibiting, or had exhibited within the past 6 months, spe-
cific behavioral and emotional problems or traits. Items 
were rated on a scale of 0 (not true), 1 (somewhat true), or 
2 (very true). The CBCL yields nine syndrome subscales: 
Aggressive Behavior, Anxious/Depressed, Attention Prob-
lems, Rule-Breaking Behavior, Social Problems, Somatic 
Complaints, Thought Problems, Withdrawn/Depressed, and 
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Other Problems. In the present study, all of the syndrome 
subscales were used.

Assessment of math, reading, and cognitive abilities. Standard-
ized measures were used to assess children’s math, reading 
and cognitive abilities. The Wechsler Abbreviated Scale of 
Intelligence (WASI) is a nationally standardized IQ test that 
produces three scores: Verbal, Performance, and Full-Scale 
IQ (FSIQ; Wechsler, 1999). Verbal IQ is a measure of the 
ability to use language to explain vocabulary and concepts. 
Performance IQ is a measure of an individual’s ability to 
complete nonverbal tasks such as puzzles and patterns. 
FSIQ is a composite measure derived from both Verbal IQ 
and Performance IQ. WIAT-II (Wechsler, 2005) is a stan-
dardized test designed to determine grade-specific aca-
demic skills in math and reading. The mathematical subsets 
(Numerical Operations and Math Reasoning) of the WIAT-
II scores were combined to create a standardized Math 
Composite score.

Statistical analyses. For the dimensional analyses, we first 
conducted Pearson correlations to determine the overall 
nature of the relations. We then used linear regressions con-
trolling for FSIQ to explore the relation between math 
achievement, and internalizing and externalizing behaviors. 
Regressions controlling for the FSIQ and CBCL Anxiety/
Depression subscale were also used to explore the relation 
between math achievement and math anxiety. For the cate-
gorical analyses, ANOVAs were used to explore how the 
MLD, LA, and TD groups differed on math anxiety, and 

symptoms of psychopathology. We used post hoc compari-
sons with a Scheffé alpha correction at .05 to determine 
how the three groups differed from one another. Because of 
differences in group sizes, we used a Levene statistic to test 
for the homogeneity of variance (Table 1). For the depen-
dent variables in which the homogeneity principles were 
violated, we used the Brown–Forsythe statistic and corre-
sponding degrees of freedom instead of the standard F sta-
tistic for the ANOVA. The Brown–Forsythe statistic is 
robust to violations in homogeneity of variance. As shown 
in Table 1, there were no differences in the significances 
between the ANOVAs and the Brown–Forsythe statistics.

We also used regressions to test for the difference of  
slopes between boys and girls in the relation between math 
achievement and internalizing and externalizing behaviors. 
Finally, we used a 2 × 3 ANOVA to test for interactions 
between math achievement groups and gender on measures of 
math anxiety and internalizing and externalizing behaviors.

Results
Math Achievement, Math Anxiety, and 
Psychopathology

WIAT-II Math Composite scores were significantly and nega-
tively correlated with math anxiety and CBCL Attention 
Problems and Social Problems (Table 2). After controlling for 
FSIQ, math achievement was significantly correlated with 
Attention Problems, β = –.15, t(352) = –2.33, p = .02, R2 = .06, 
and math anxiety, β = –.25, t(340) = –4.24, p < .001, R2 = .17, 

Table 1. Comparisons of Means and Variances of the Three Groups on Measures of Math Achievement, Math Anxiety, and CBCL 
Subscales.

MLD (n = 15) LA (n = 28) TD (n = 256)  

Measure M SD M SD M SD F df Levene Statistic

SEMA 46.88
b

17.38 41.45
b

14.07 34.34
a

10.90 13.29*** 2, 317 8.12***
WIAT-II Math Composite 75.18

c
9.06 85.39

b
2.17 117.46

a
15.43 127.72*** 2, 327 23.25***

FSIQ 91.53
b

11.91 97.77
b

9.44 115.92
a

15.98 37.09*** 2, 322 6.24**
CBCL Anxiety/Depression 0.33

a
0.26 0.29

a
0.31 0.28

a
0.31 0.20 2, 310 0.21

CBCL Withdrawal/Depression 0.27
a

0.44 0.20
a

0.22 0.18
a

0.29 0.64 2, 310 0.71
CBCL Somatic Problems 0.17

a
0.20 0.15

a
0.17 0.13

a
0.23 0.48 2, 310 0.01

CBCL Social Problems 0.52
b

0.42 0.29
a

0.31 0.24
a

0.31 7.55** 2, 310 2.11
CBCL Thought Problems 0.16

a
0.19 0.16

a
0.14 0.18

a
0.20 0.13 2, 310 0.72

CBCL Attention Problems 0.80
b

0.67 0.67
a

0.47 0.46
a

0.43 6.05** 2, 310 3.52*
CBCL Rule Breaking 0.16

a
0.20 0.13

a
0.16 0.10

a
0.14 1.431 2, 310 1.84

CBCL Aggression 0.38
a

0.37 0.27
a

0.29 0.26
a

0.30 1.071 2, 310 1.46
CBCL Other Problems 0.26

a
0.27 0.25

a
0.23 0.25

a
0.21 0.01 2, 310 0.26

Note. CBCL = Child Behavior Checklist; FSIQ = full-scale IQ; LA = low achieving; MLD = math learning disabled; SEMA = Scale for Early Mathematics Anxiety; 
TD = typically developing; WIAT-II = Wechsler Individual Achievement Test, Second Edition. Means with no common subscripts are significantly different  
(p < .05). F values with a superscript of 1 approached significance at p = .07 level. Significant Levene statistic indicates significant differences in group 
variances. For the dependent variables with significant Levene statistics, the Brown–Forsythe statistic and degrees of freedom are as follows: SEMA, 
Brown–Forsythe = 7.43**, df = 2, 37.21; WIAT-II Math Composite, Brown–Forsythe = 457.00***, df = 2, 35.50; FSIQ, Brown–Forsythe = 68.77***, df = 2, 
47.30; CBCL Attention Problems, Brown–Forsythe = 3.88*, df = 2, 29.4.
*p < .05. **p < .01. ***p < .001.
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but not any of the other CBCL subscales. Math anxiety was 
significantly correlated with math achievement after control-
ling for the Anxiety/Depression CBCL subscale, β = –.37, 
t(335) = –7.14, p < .001, R2 = .14 (Figure 1), indicating that the 
association between math achievement and math anxiety is not 
simply the result of higher levels of trait anxiety.

To account for the heterogeneity in variances across mea-
sures, we also conducted the regressions after standardizing 
the variables. The analyses yielded the same results; after con-
trolling for FSIQ, math achievement predicted Attention 
Problems, β = –.13, t(301) = –1.94, p = .05, R2 = .05, and math 
anxiety, β = –.24, t(352) = –4.01, p < .001, R2 = .16. In addi-
tion, math anxiety was significantly correlated with math 
achievement after controlling for CBCL Anxiety/Depression 
subscale, β = –.35, t(335) = –6.87, p < .001, R2 = .13.

Psychopathology in MLD, LA, and TD Groups
Next, we used ANOVAs to investigate whether the three 
math groups (MLD, LA, and TD) differed on measures of 
psychopathology (Table 1). Initial omnibus tests indicated 
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Figure 1. Math achievement (WIAT-II Math Composite) was significantly correlated with math anxiety, β = –.38, t(357) = –7.73,  
p < .001, R2 = .14, even after controlling for CBCL Anxiety/Depression subscale, β = –.37, t(335) = –7.14, p < .001, R2 = .14.
Note. CBCL = Child Behavior Checklist; SEMA = Scale for Early Mathematics Anxiety; WIAT-II = Wechsler Individual Achievement Test, Second Edition.

Table 2. Relation Among Math Achievement, Math Anxiety, and 
CBCL Internalizing and Externalizing Behaviors.

Measure
1. WIAT-II Math 

Composite 2. SEMA 3. WASI FSIQ

 1. WIAT-II Math Composite —  
 2. SEMA –.38*** —  
 3. WASI FSIQ .60*** –.37*** —
 4.  CBCL Anxiety/

Depression
–.05 .12* –0.08

 5.  CBCL Withdraw/
Depression

–.03 .23*** –0.05

 6. CBCL Somatic Problems –.10 .10 –.18**
 7. CBCL Social Problems –.17*** .23*** –.23***
 8. CBCL Thought Problems –.02 .08 –0.03
 9.  CBCL Attention 

Problems
–.22*** .19*** –.20***

10. CBCL Rule Breaking –.11 .08 –.19***
11. CBCL Aggression –.10 .16** –.17**
12. CBCL Other Problems –.01 .13* .10

Note. CBCL = Child Behavior Checklist; FSIQ = full-scale IQ; SEMA = Scale for Early 
Mathematics Anxiety; WASI = Wechsler Abbreviated Scale of Intelligence; WIAT-II = 
Wechsler Individual Achievement Test, Second Edition.
*p < .05. **p < .01. ***p < .001.
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that the three groups differed significantly only on the 
Social Problems, F(2, 310) = 7.255, p = .003, η2 = .04, and 
Attention Problems, F(2, 310) = 6.05, p = .001, η2 = .04, 
subscales. Post hoc analyses indicated a differential profile 
of between-group differences; the MLD group differed 
significantly from both the TD and LA groups (p < .05) on 
Social Problems and on Attention Problems, whereas the 
latter two groups were not significantly different. Given the 
differences in the group sizes, we used the Levene statistic 
to determine whether there were differences in the group 
variances. As shown in Table 1, several of the dependent 
variables (WIAT-II Math Composite, FSIQ, and CBCL 
Attention Problems) did indeed violate homogeneity of the 
variances. For those variables, we also conducted between-
group analyses using the Brown–Forsythe statistic, which 
is more robust to differences in variance. These analyses 
did not yield any significant differences.

Math Anxiety in MLD, LA, and TD Groups
The MLD, LA, and TD groups differed significantly on 
math anxiety, F(2, 317) = 13.29, p < .001, η2 = .08 (Figure 2a, 
Table 1), but not trait anxiety, F(2, 310) = 0.20, p = .82, 
η2 = .001 (Figure 2b). Specifically, the TD group had sig-
nificantly lower levels of math anxiety relative to both the 
MLD and LA groups (p < .05), but the latter two groups 
were not significantly different from one another. As shown 
in Table 1, we also used the Brown–Forsythe statistic to 
determine whether there were group differences in SEMA 
despite the heterogeneity of variances. The analyses indi-
cated that there were still significant differences when 
accounting for variance differences (Brown–Forsythe = 
7.43, p < .01, df = 2, 37.21).

Gender Differences in Relation to Math 
Achievement and Psychopathology
We then examined whether the relation between symptoms 
of psychopathology and math achievement differed in boys 
and girls. Regression analyses for the difference of slopes 
indicated that there were no significant gender differences 
in the relationship between math achievement and Anxiety/
Depression, β = .18, t(344) = 0.56, ns, Somatic Complaints, 
β = .11, t(344) = 0.34, ns, Thought Problems, β = –.14, 
t(344) = –0.42, ns, Social Problems, β = –.32, t(344) = 
–0.98, ns, Withdrawal/Depression, β = .04, t(344) = 0.13, 
ns, or Other Problems, β = –.32, t(344) = –0.98, ns.

However, the interaction term in the regression analysis 
approached significance for Attention Problems, β = –.59, 
t(344) = –1.86, p < .05, R2 = .06, and was significant for 
Rule Breaking, β = –.82, t(344) = –2.54, p < .05, R2 = .04, 
and Aggression, β = –.68, t(344) = –2.08, p < .05, R2 = .04. 
More specifically, math achievement was more strongly 
correlated with Attention, Rule Breaking, and Aggression in 
girls than boys (girls: Attention Problems, r = –.31, p < .001; 

Rule Breaking, r = –.24, p < .01; Aggression, r = –.21,  
p < .01; boys: Attention Problems, r = –.17, p < .001; Rule 
Breaking, r = –.01, ns; Aggression, r = –.01, ns).

To account for group differences in variance, we also 
conducted the interaction analyses with standardized vari-
ables. The analyses indicated significant gender differences 
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Figure 2. (a) Math anxiety was significantly different among the 
three math achievement groups, F(2, 296) = 13.29, p < .001. Post 
hoc Tukey analyses indicated that the MLD and LA groups had 
significantly higher levels of math anxiety than the TD group. (b) 
CBCL Anxiety and Depression did not differ significantly among 
the three math achievement groups, F(2, 296) = 0.20, ns.
Note. CBCL = Child Behavior Checklist; LA = low achieving; MLD = math 
learning disabled; TD = typically developing.
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in Rule Breaking, β = –4.44, t(344) = –2.43, p < .05, R2 = .07, 
and Aggression, β = –3.65, t(293) = –2.35, p < .05, R2 = .03, 
but was nonsignificant for Attention Problems, β = –1.24, 
t(304) = –0.83, ns.

Math Group × Gender Differences in Math 
Anxiety and Psychopathology
Next, we examined gender differences in the relation 
between math group and levels of math anxiety or symp-
toms of psychopathology. ANOVAs with the factors of 
gender (boys, girls) and math group (MLD, LA and TD) 
indicated no significant interactions between gender and 
math achievement group across all of the CBCL subscales 
(p > .07). Similarly, there were no gender differences in the 
relation between math group and math anxiety, F(2, 294) = 
2.35, p = .10.

Discussion
Although several studies have consistently shown that RD 
is associated with a host of problematic behaviors (Willcutt 
& Pennington, 2000), it is currently unclear whether chil-
dren with MD experience similar difficulties. The current 
study extends previous research by examining the relation 
between math achievement and internalizing and external-
izing behaviors in second and third graders who are at the 
earliest stages of math learning. In addition to analyses of 
overall symptoms of domain-general psychopathology, we 
investigated whether domain-specific anxiety was associ-
ated with math achievement. We also examined the relation 
among math achievement, math anxiety, and internalizing 
and externalizing behaviors in two distinct groups of chil-
dren with math difficulties.

Externalizing Symptoms and Math 
Achievement
The results of the dimensional analyses supported our 
hypothesis that math achievement is negatively and signifi-
cantly correlated with some aspects of externalizing behav-
iors. Children in second and third grade who have 
difficulties in math tend to exhibit higher levels of attention 
problems (Cohen’s d = 0.56) and concurrent social difficul-
ties (Cohen’s d = 0.85). Between-group comparisons also 
indicated that children with MLD exhibited more social and 
attention problems than children in the TD group. Moreover, 
group differences approached significance for rule-breaking 
and aggressive behaviors, suggesting that future studies 
should continue to examine whether children with math 
difficulties may also be at risk for these more severe exter-
nalizing behavioral problems. Overall, these results suggest 
that children who are at the lowest levels of math achieve-
ment may also be at greater risk the development of ADHD 

and social problems and potentially conduct disorder or 
oppositional defiant disorder.

Many theoretical models have been proposed to attempt 
to account for the high comorbidity among childhood devel-
opmental disorders (Neale & Kendler, 1995). Some possible 
explanations include shared underlying liabilities, causality 
(wherein having one disorder may cause another), or that the 
disorders are independent and co-occur by chance. With 
respect to RD, for example, Willcutt and Pennington (2000) 
suggest that genetic vulnerabilities may be responsible for 
the comorbidity between RD and externalizing disorders. 
Research has also suggested that there are links between the 
core symptoms of ADHD and math difficulties (Zentall & 
Ferkis, 1993). Zentall and Ferkis (1993) found that hyperac-
tive adolescents also tended to have poor organizational 
skills, leading to lower math and general classroom achieve-
ment (Zentall, Harper, & Stormont-Spurgin, 1993). Also, 
middle-school children with specific cognitive styles of inat-
tention and disorganization characteristic of ADD and 
ADHD exhibited slower performance during math problem 
solving (Zentall & Ferkis, 1993). Additional research is nec-
essary to further examine the underlying causes of comor-
bidity between MD and externalizing disorders.

Internalizing Symptoms and Math 
Achievement
There were no significant associations between math 
achievement and any of the domain-general measures of 
internalizing behaviors, which included trait anxiety, 
depression, withdrawal, and somatic complaints. These 
findings are consistent with previous reports by Auerbach 
and colleagues (2008) and Shalev and colleagues (1995). 
Consequently, the data did not support our hypotheses that 
levels of internalizing symptoms would differ as a function 
of math achievement group.

Math Anxiety in MLD, LA, and TD Groups
In contrast to results for the measures of domain-general 
internalizing symptoms, the data supported our hypothesis 
that math-specific anxiety would be negatively and signifi-
cantly related to math achievement. The MLD and LA 
groups showed significantly higher levels of math anxiety 
than the TD group, and the negative relation between math 
anxiety and math achievement remained significant when 
FSIQ and overall anxiety and depression were controlled.

To our knowledge, this is the first study to show that  
math anxiety differs significantly between math achievement 
groups, with TD children having significantly less math anx-
iety than MLD and LA children. The finding that LA chil-
dren do not differ from MLD children on math anxiety has 
several implications. First, below-average levels of math 
achievement are associated with higher levels of math 
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anxiety even among individuals who do not meet criteria for 
MLD. Second, the fact that math anxiety can interfere with 
one’s ability to undertake and perform basic computational 
processes through adulthood (Ashcraft, 1995) suggests that 
math anxiety may adversely affect the development of math 
skills in second and third grade children with math disabili-
ties. It is striking that both groups showed math anxiety, 
although neither group had “clinically” elevated CBCL anx-
iety scores.

Gender Differences in Relation to Math 
Achievement and Psychopathology
We also examined whether rates of externalizing and inter-
nalizing behaviors in the math achievement groups differ as 
a function of gender. Although prior research on gender dif-
ferences in math have focused on factors such as stereotype 
threat (Spencer, Steele, & Quinn, 1998) and teacher’s math 
anxiety (Beilock, Gunderson, Ramirez, & Levine, 2010), we 
found that gender differences approached significance in the 
relation between math anxiety and math achievement. 
However, the relation between math achievement and  
multiple CBCL measures was different in boys and girls. It 
is surprising that our data indicated that girls who are strug-
gling in math may tend to have higher levels of externaliz-
ing behavioral problems, notably inattention, rule breaking, 
and aggression, than boys who struggle in math.

Our findings suggest that math and reading may have a 
differential relation to behavior in boys and girls. Within the 
extant RD literature, Willcutt and Pennington (2000) found 
significant differences between boys and girls in external-
izing and internalizing behaviors; externalizing behaviors 
were more closely tied to reading in boys than girls whereas 
the opposite was true for internalizing behaviors. In combi-
nation with our current results, these findings suggest that 
low reading achievement is more strongly associated with 
problematic behavior in boys, whereas low math scores are 
more highly associated with these behaviors in girls. It is 
unclear whether this differential relationship is the result of 
the content of the academic materials themselves, differ-
ences in underlying cognitive and genetic vulnerabilities 
between the genders, or some other factor. Additional 
research is needed to replicate and examine the cause of 
these differential relations.

Comparison With Previous Studies of RD
Consistent with previous studies of RD (Hinshaw, 1992; 
Willcutt & Pennington, 2000), our results indicate that children 
with lower math achievement are more likely to exhibit a 
range of problematic externalizing behaviors. Previous 
studies have shown that RD is often comorbid with ADHD 
(Willcutt & Pennington, 2000), oppositional defiant disor-
der and conduct disorder (Martin, Levy, Pieka, & Hay, 

2006), in part because these disorders have common genetic 
influences (Martin et al., 2006) and shared underlying  
neuropsychological deficits (Hinshaw, 1992; Willcutt, 
Pennington, Olson, Chhabildas, & Hulslander, 2005). 
Because of high levels of comorbidity between MD and RD, 
one possibility is that the association among MD, social and 
attention problems, and math anxiety is being driven by low 
reading ability. However, given that our sample had a mean 
reading score of half a standard deviation above average, we 
can infer that our results are at least partially independent 
from the effects of low reading scores. Nonetheless, this is 
an area of particular interest, and future research should 
examine the relation between comorbid reading and math 
disabilities and psychopathology.

In contrast to the convergent findings for the relation 
between externalizing disorders and RD and MD, our data 
indicate no such parallels for domain-general internalizing 
behaviors. Although children with MD and low math 
achievement in our study did not show elevated levels of 
internalizing behaviors, several previous studies of RD 
have reported higher levels of internalizing behaviors, 
including depression and anxiety (Maag & Reid, 2006). 
Several explanations have been offered as to why children 
with learning disabilities, including RD, tend to develop 
depression or anxiety. Willcutt and Pennington (2000) sug-
gest that the children who are struggling with reading may 
experience elevated levels of stress when faced with aca-
demic work. In addition, according to Tomblin and Zhang 
(2000), children with RD are more likely to have language 
and social skills deficits, which may in turn have a negative 
impact on their socioemotional well-being. Given the heavy 
emphasis schools and teachers place on reading and its nec-
essary role in school (Hinshaw, 1992), children who have 
difficulty specifically with reading may be especially prone 
to social pressures. In contrast, we may speculate that the 
impact of difficulties in math may be more circumscribed, 
particularly in younger age groups when reading develop-
ment is emphasized so strongly. This may help to explain 
why math difficulties are only weakly related to general 
internalizing symptoms but are significantly associated 
with elevated levels of math-specific anxiety.

Limitations and Future Directions
Because of the cross-sectional design of the study, we were 
unable to examine the causal relationship among math 
achievement, externalizing behaviors, and math anxiety. 
Ongoing longitudinal studies can help clarify the direc-
tional and causal nature of math anxiety, math achievement, 
and behavioral problems (e.g., Hart et al., 2010) as well as 
cognitive and behavioral factors that contribute to risk for 
the development of MD. Similar to other previous studies, 
our study relied on a mixture of parent-report and child 
self-report measures (i.e., the CBCL for anxiety and SEMA 
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for math anxiety). Future research may want to examine 
how multiple sources of report may affect findings, or 
repeat the study through the use of only child reports.

Although our sample had a prevalence rate of MD simi-
lar to those reported in the literature (American Psychiatric 
Association, 2000; Badian, 1983; Geary, 2006; Gross-Tsur 
et al., 1993, 1996), our MLD group consisted of only 15 
children. We addressed the effects of potential differences 
in variance between the groups by using analyses that were 
robust to violations in homogeneity of variance. All of the 
findings remained unchanged. Only one finding—gender 
differences in the relationship between math achievement 
and attention problems—became nonsignificant. Furthermore, 
the fact that the sample was drawn from the general popula-
tion avoids potential bias toward more severe cases when 
participants are recruited from a sample that has been 
referred for clinical evaluation. Therefore, our results are 
likely to be generalizable to the overall population of indi-
viduals with MD.

The current results suggest several important directions 
for future research. First, it is important to investigate the 
differential role of attention and math anxiety in MD and 
how they contribute independently to math learning. 
Additional research is also needed to examine gender  
differences in the relation between externalizing and inter-
nalizing behaviors on one hand and math and reading 
achievement on the other.

Conclusion
The current study extends previous research by examining 
domain-general internalizing and externalizing behavioral 
problems and domain-specific math anxiety in three dis-
tinct groups of children in the second and third grades, an 
important period for the development of foundational 
mathematical abilities. Our results suggest that children 
with math difficulties exhibit higher rates of externalizing 
behavioral problems as well as math anxiety at these earli-
est stages of math learning. These findings suggest that 
educators and clinicians assessing MD and other learning 
disorders should also carefully screen for comorbid psy-
chopathology. These findings also underscore the need for 
additional research on the effects of math anxiety and atten-
tional problems on math performance and skill acquisition 
in young children with MD.
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