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Knowledge of the relations among learners’ socio-emotional characteristics and
competencies as they engage in mathematics and reading is limited, especially for
children with academic difficulties. This study examined the relations between anxiety,
motivation, and competence in mathematics and reading, within and across domains, in
an academically-diverse set of 8-13-year-old learners (n = 146). To measure anxiety
and motivation across domains, we paired existing measures of math anxiety and
reading motivation with researcher-developed analogs for reading anxiety and math
motivation. Participants completed standardized assessments of mathematics and
reading, anxiety and motivation surveys for math and reading, and a measure of
nonverbal cognitive ability. Results showed high internal consistency for all anxiety and
motivation scales (Cronbach’s alpha = 0.76-0.91). Pearson correlations showed that
within and across domains, participants with higher competence had lower anxiety and
higher motivation. Higher anxiety was also associated with lower motivation. Regression
analyses showed that for both math and reading, within-domain motivation was a
stronger predictor of competence than anxiety. There was a unidirectional across-domain
relation: socio-emotional characteristics for reading predicted math competence, after
accounting for nonverbal cognitive ability, age, gender, and within-domain anxiety and
motivation. Results contribute to knowledge of the socio-emotional characteristics of
children with and without learning difficulties in association with reading and math
activities. Implications of a unidirectional socio-emotional link between the two domains
can advance research and theory of the relations among socio-emotional characteristics
and competence for academically-diverse learners.
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INTRODUCTION

Socio-emotional characteristics, such as anxiety and motivation,
are important for schooling and beyond. As examples, learners
with high levels of math anxiety may avoid math during
schooling (Hembree, 1990), postsecondary education, and career
selection (e.g., Ashcraft, 2002). Learners with higher motivation
to read tend to have higher reading performance in middle
grades and secondary school (Retelsdorf et al., 2011; Froiland
and Oros, 2014). Whether socio-emotional characteristics affect
skill development across domains is also important, given that
academic domains, such as math and reading, are interrelated
(e.g., Duncan et al., 2007; Vanbinst et al., 2020b). Knowledge
of the relations between anxiety, motivation, and competence
in math and reading within and across domains is limited,
especially for children who struggle in math, reading, or both.
Such knowledge can illuminate important contextual factors for
learners across domains, to help reduce barriers to learning, and
to identify potential mechanisms of resilience. In this study, we
examine elementary school children’s anxiety, motivation, and
competence within and across math and reading for those with
and without learning disabilities.

The most well-studied socio-emotional construct in math
is anxiety. Math anxiety is domain-specific apprehension, fear,
or worry when engaging with math content (e.g., Ashcraft,
2002; Dowker, 2019a). Math anxiety manifests physiologically
(Dowker et al., 2016; Suarez-Pellicioni et al., 2016; Ramirez
et al.,, 2018), can be transmitted intergenerationally (Vanbinst
et al., 2020a) and in the classroom (Beilock et al., 2010), and is
higher in girls than in boys, on average, in as early as primary
school (Dowker et al., 2016; Hill et al., 2016). There is a well-
established link between higher levels of math anxiety and lower
math competence across childhood, adolescence, and adulthood
(Dowker et al,, 2016; Foley et al., 2017; Dowker, 2019a) that
begins in the early grades (Ma, 1999; Wu et al,, 2012; Barroso
et al., 2021; Szczygiel and Pieronkiewicz, 2021). This relation
between math anxiety and math competence also holds for
children with math disability, which is a difficulty in arithmetic
and numerosity processing (Rubinsten and Tannock, 2010).
While children with math disability may be more likely to have
high math anxiety, most math anxious individuals are typically-
or high-achieving (Devine et al., 2018), which underscores
the importance of understanding math anxiety across a range
of learners.

Compared to math anxiety, other socio-emotional
characteristics of math, like motivation, have received less
attention (see Dowker, 2019a). One reason may be that people
may be more anxious about math than other subjects (Punaro
and Reeve, 2012; Dowker et al., 2016; Dowker, 2019b). Math
motivation has been operationalized in myriad and partially-
overlapping ways, such as interest, engagement, enjoyment,
self-perceived abilities, and self-efficacy (Kriegbaum et al,
2015; Baten et al., 2019). Generally, higher math motivation or
attitudes toward math have been associated with lower math
anxiety (Hembree, 1990; Zakaria and Nordin, 2008; Jain and
Dowson, 2009; Jameson, 2014; Luttenberger et al., 2018). Math
anxiety and positive attitudes may show an inverse relation

generally, but they are not opposite ends of the same spectrum.
One framework offers that math attitudes can be considered
a cognitive factor, while math anxiety can be considered an
emotional factor (Dowker et al., 2016). In other words, positive
attitudes are not the mere absence of anxiety. For instance,
research has shown positive relations between math attitudes
and math achievement that persist when controlling for anxiety
(Villavicencio and Bernardo, as cited in Dowker, 2019b). Higher
math motivation or attitudes toward math are also associated
with higher math competence (Zakaria and Nordin, 2008;
Krinzinger et al,, 2009; Seaton et al., 2014; Kriegbaum et al.,
2015; Arens et al., 2017; Lohbeck, 2018) in adults and children
(but see Wang et al., 2015). Math motivation may mediate the
relation between math anxiety and competence (Justicia-Galiano
et al., 2017). Math anxiety and motivation may be reciprocally
related across time (e.g., Gunderson et al., 2018). Additional
research is needed to inform how math anxiety and motivation
relate to math competence across children with and without
learning disabilities.

The reading domain has an opposite story: a growing but
limited body of literature on reading anxiety and a more
developed body of literature on reading motivation. Reading
anxiety—negative emotional, cognitive, and physiological
reactions to reading (Jalongo and Hirsh, 2010; Piccolo et al.,
2017)—has received little attention (Piccolo et al., 2017). Prior
research has mostly focused on relations between reading and
general or trait anxiety, with higher levels of anxiety among
adults and children with reading disabilities compared to
typical readers (Casey et al., 1992; Carroll et al., 2005; Carroll
and Iles, 2006; Grills-Taquechel et al., 2012; Grills et al., 2014;
Elgendi et al,, 2021; Hossain et al., 2021). Other socio-emotional
characteristics of reading, including motivation, have received
comparatively more attention. Reading motivation has been
conceptualized in various ways such as self-concept; beliefs
about reading, reading attitudes, or interest (see Conradi et al.,
2014); or engagement and persistence (Urdan and Schoenfelder,
2006). Generally, higher reading motivation has been associated
with better reading competence (e.g., Chapman and Tunmer,
2003). Reading attitudes and perceptions have been positively
associated with reading skills in adolescents (Conlon et al., 2006)
and higher self-concept has been associated with higher reading
competence for children (Chapman and Tunmer, 1995).

With so few studies on reading anxiety, knowledge of the
relations among reading anxiety, motivation, and competence is
limited, but emerging. Katzir et al. (2018) examined the relations
among reading anxiety, reading self-concept, and reading
competence in 7-9-year-old Israeli children. The authors found
that higher reading anxiety was associated with lower reading
self-concept. They also found differences by gender, in which girls
had higher reading anxiety and lower reading self-concept than
boys, despite having higher reading accuracy. In another study,
Ramirez et al. (2019) examined the relations among reading
anxiety, reading affect (i.e., enjoyment), and reading competence
for first and second grade U.S. children (roughly ages 6-8). They
found that higher levels of reading anxiety were associated with
lower reading competence, on average, and that reading anxiety
was more strongly related to reading competence than positive
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reading affect. In contrast to Katzir et al. (2018), Ramirez et al.
(2019) found that boys were more susceptible to the effects of
reading anxiety compared to girls. Scale, construct, and cross-
cultural differences may contribute to a lack of convergence
of findings across studies. Together, these studies illustrate that
relations among reading anxiety, motivation, and competence in
children need further examination.

Beyond further clarification of the relations between socio-
emotional characteristics and competence within domain, the
interrelation of math and reading suggests the need for
research across domains. Math and reading skills are already
interrelated for young children. Vanbinst et al. (2020b) found
that phonological awareness and numeral recognition correlated
with both early arithmetic and early reading skills in 5-year-
old children. The authors concluded that phonological awareness
and numeral recognition were shared cognitive correlates of
math and reading. Cui et al. (2019) found that visual form
perception of geometric shapes related to both reading and
arithmetic skills in elementary school children. Neuroimaging
research suggests shared functional neural correlates for
arithmetic and phonological processing in children (Pollack
and Ashby, 2018; Kersey et al, 2019). This cross-domain
relation between math and reading also holds for children
with learning disabilities. Children with reading disabilities (e.g.,
dyslexia) struggle with aspects of math, especially arithmetic
fact fluency (Simmons and Singleton, 2008; Boets and De
Smedt, 2010; De Smedt and Boets, 2010; Vukovic et al., 2010;
Evans et al, 2014; Koerte et al., 2016). Even with a normal
range of math performance, children with dyslexia are less
accurate and slower with fact retrieval than their typically-
developing peers (Boets and De Smedt, 2010). Added to these
interrelations is a substantial comorbidity of math and reading
learning disabilities (Barbaresi et al., 2005; Kovas et al., 2007;
Dirks et al., 2008; Landerl and Moll, 2010). These interrelations
suggest that socio-emotional characteristics in one domain may
relate to competence in another, especially across academically-
diverse learners.

The mechanisms through which domain-specific anxiety,
motivation, and competence affect each other are not fully
understood. Experiences doing math may affect socio-emotional
characteristics toward math, which in turn may affect subsequent
math experiences (e.g., Jansen et al., 2013; Dowker et al., 2016).
Alternatively, higher anxiety in math may lead to math avoidance
or reduced working memory, either of which may lead to
lower math performance (for reviews see Carey et al, 2016;
Dowker et al., 2016; Dowker, 2019b). Or, these relations may
be bidirectional over time (e.g., Carey et al., 2016). The same
potential mechanisms may operate in the reading domain (e.g.,
Katzir et al.,, 2018). We speculate that these mechanisms may also
apply across math and reading for academically-diverse learners
due to the relation of skills across domains. For instance, children
who struggle with reading may have higher math anxiety and/or
lower math motivation, which could be because phonological
processing is related to math fact retrieval and because reading
skills are used in other areas of math, like reading word problems.

In sum, within-domain relations among anxiety, motivation,
and competence in math and in reading are already present

for children in elementary (or primary) school. Yet, there
are substantial differences in knowledge of the within-
domain relations between socio-emotional characteristics
and competence in math and reading across a range of
learners. These differences make it difficult to understand their
interrelation, particularly in young learners who may have
math or reading disabilities, or both. Further, to the best of our
knowledge, there are no existing studies focused on the relations
among these socio-emotional characteristics and competencies
across domains in academically-diverse learners.

We address these gaps by examining the relations among
anxiety, motivation, and competence across math and reading for
children with and without learning disabilities in math, reading,
or both. To evaluate comparable factors in both reading and math
in the same sample, we developed analogs to existing scales to
create pairs of parallel measures for anxiety and motivation in
math and reading. We then administered standardized measures
of math and reading and the anxiety and motivation scales to
an academically-diverse sample of children. We used multiple
regression to examine whether socio-emotional characteristics
within and across domain predicted academic competence and
whether these relations persisted when controlling for nonverbal
cognitive ability, age, and gender. We hypothesized that there
would be relations among anxiety, motivation, and competence
within each domain that would persist after controlling for
nonverbal cognitive ability, age, and gender. Based on the
interrelation of math and reading skills, we hypothesized that
anxiety and motivation would relate to competence across
domains, though within-domain relations would be stronger.

MATERIALS AND METHODS

Participants
Participants were 146 academically-diverse children 8-13 years
old (M = 10.8, SD = 1.1; 47% male) who in the U.S were
part of a larger study on math and reading disabilities. As
part of the larger study, we used purposeful recruiting to
seek an overrepresentation of children with learning disabilities
compared to the general population (see section Group
Characterizations). We wanted to examine the relations among
anxiety, motivation, and competence within and across domains
for the full range of learners. That is, we were interested
in whether relations would apply across a large performance
spectrum, with children who are lower performers, average
performers, and higher performers across math and reading.
With a sample of about 145, a representative sample of 15%
with learning disabilities would result in only about 20 children,
which seemed to us to be too small to examine the full range
of achievement across both math and reading. Participants’
racial and ethnic identities, based on the U.S. Census categories,
were 73% White, 6% Asian, 4% Black/African American, 1%
Hispanic/Latino, 13% more than one race, and 3% undisclosed.
To the best of our knowledge, there is a dearth of studies that
simultaneously examine the relations of anxiety and motivation
with competence across domain, which precluded an a priori
power analysis based on existing effect sizes. Related studies
on the relations between socio-emotional characteristics and
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competence within math and reading domains had sample sizes
ranging from 115 to 167 (Krinzinger et al., 2009; Justicia-Galiano
etal., 2017; Katzir et al., 2018), suggesting that the sample size of
the present study was generally in line with prior research.

Participants were recruited through flyers in the community,
online posting, a database of participants from prior studies,
and through cross-promotion with other studies. The Committee
on the Use of Humans as Experimental Subjects (COUHES) at
the Massachusetts Institute of Technology approved the study.
Parents or guardians provided consent and children provided
assent to participate.

Measures

Participants completed a comprehensive battery of language,
reading, math, cognitive, and socio-emotional assessments
as part of the larger study. The present study includes
socio-emotional measures in math and reading, standardized
assessments of math and reading, and a measure of nonverbal
cognitive ability.

Socio-Emotional Measures

Anxiety

Participants completed the Math Anxiety Scale for Young
Children, Revised (i.e., MASYC-R; Ganley and McGraw, 2016).
The MASYC-R is a 13-item scale that measures math anxiety
overall and on three subscales: negative reactions (items 1-4),
confidence (items 5-7), and worry (items 8-13). To measure
reading anxiety, we created the Reading Anxiety Scale for Young
Children (i.e., RASYC) using Ganley and McGraw’s (2016)
MASYC-R. To create the RASYC, we modified item language to
reflect reading anxiety. As examples, we changed “Math gives me
a stomach ache” to “Reading gives me a stomach ache” and “I
like to raise my hand in math class” to “I like to raise my hand
in reading/English class.” Importantly, the math anxiety scale
did not include questions that involved reading and the reading
anxiety scale did not include questions that involved math. For
example, the math anxiety scale did not include any questions
about word problems. Scoring for the RASYC followed Ganley
and McGraw’s (2016) scoring for the MASYC-R. Scores for the
negative reactions and worry subscales were scored as Yes = 4,
Sometimes = 3, Not really = 2, No = 1. Confidence subscale
items have reverse scoring (e.g., Yes = 1), such that a higher
score is associated with lower confidence and for overall scores, a
higher score is associated with greater anxiety.

Motivation

Participants completed the Motivation to Read Profile-Revised
(i.e., MRP-R; Malloy et al., 2013). The MRP-R is a 20-item
scale that measures motivation to read. The survey contains two
subscales: self-concept (odd-numbered items) and value (even-
numbered items). Each item has four answer choices (scored 1-
4), with higher scores representing higher self-concept or value.
Prior studies have operationalized math motivation in varied
ways. In line with conceptualizations of reading motivation
(Urdan and Schoenfelder, 2006; Malloy et al., 2013), we define
math motivation as the willingness for children to engage and
persist with math, measured by children’s value of math and

self-concept in math. To measure motivation, we created the
Motivation for Math Profile (i.e., MMP) using Malloy et al’s
(2013) MRP-R. We modified item wording to reflect math instead
of reading. As an example, for the self-concept item “My friends
think I am ___” with response options of “a very good reader;
a good reader; an OK reader; a poor reader,” we changed the
answer choices to “very good at math; good at math; OK at
math; bad at math.” As an example of a value item, we changed
the stem “Reading is something I like to do” to “Doing math
problems is something I like to do.” The math motivation scale
did not include questions that involved reading and the reading
motivation scale did not include questions that involved math.
Scoring for the MMP followed Malloy et al’s (2013) scoring
guide (p. 279) for overall motivation, and subscale scores for
self-concept and value.

To standardize administration across children of different
reading levels, we administered the scales orally in a quiet
location. A researcher read each item stem and answer choices
aloud to the child, while the researcher and child both looked
at the scale on a computer screen. The researcher selected each
answer that the child chose.

Math and Reading Competence

We measured mathematical competence with two composites.
The Broad Mathematics composite of the Woodcock Johnson-
IV (Schrank et al., 2014) includes three subtests. Math Fluency
is a timed 3-min test of addition, subtraction, and multiplication
fact fluency. The Calculation subtest is an untimed written test
of calculation problems from single-digit arithmetic through
calculus. The Applied Problems subtest is an untimed test in
which participants analyze and solve math problems. The Math
Fluency composite of the Wechsler Individual Achievement Test-
I (WIAT-III, Psychological Corporation, 2009) measures fact
fluency with separate 1-min timed addition, subtraction, and
multiplication tests.

We measured reading competence with two composites.
The Total Word Reading Efficiency composite of the TOWRE-
2 (Torgesen et al., 2012) is comprised of timed measures of
sight word reading and pseudoword reading. The Basic Skills
composite of the WRMT-III (Woodcock, 2011) includes untimed
measures of word reading (Word Identification) and pseudoword
reading (Word Attack). Analyses include age-adjusted standard
scores for all competence measures (based on a mean of 100 and
a standard deviation of 15).

Nonverbal Cognitive Ability

We measured nonverbal cognitive ability using the Kaufman
Brief Intelligence Test (KBIT-2; Kaufman and Kaufman, 2004)
Matrices subtest, in which participants select which image fits
into a matrix. We used a measure of nonverbal cognitive ability
because scores on measures of verbal cognitive ability may be
artificially lower for children with reading disability due to
differences in exposure and background knowledge related to
reading. To be included in the study, participants had to have a
standard score of 80 or greater. Analyses include standard scores.
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Analyses

Group Characterizations

To examine whether the sample was academically diverse with a
relatively high prevalence of children with learning disabilities,
we screened participants for having math and/or reading
disability using the standard math and reading competence
measures. Participants in the math disability only group had a
history or diagnosis of math disability, scored below 90 on at least
two of the math subtests, and scored at or above 90 on all reading
subtests. Participants in the reading disability only group had a
history or diagnosis of reading disability, scored below 90 on at
least two of the reading subtests, and scored at or about 90 on
all math subtests. Participants in the comorbid math and reading
disability group had some history of math and reading disability,
and scored below 90 on at least two math subtests and at least two
reading subtests.

We also characterized participants without learning
disabilities. These participants had no personal or family
history of math or reading disability. They had standard scores
at or above 90 on all math and reading subtests. Participants who
did not fit any set of criteria did not belong to a group. As we
show in section Group Characterizations: Incidence of Learning
Disabilities below, group characterizations revealed sample
sizes that were too small for group comparisons. Therefore,
all analyses used a multiple regression approach with the full
sample as we describe in section Socio-Emotional Measures and
Competence Within and Across Domains.

Socio-Emotional Measures and Competence Within
and Across Domains
To examine reliability of the new and existing scales, we
calculated Cronbach’s alpha for each full scale and all subscales.

We used multiple regression to examine whether socio-
emotional measures predicted competence within and across
domain, while accounting for nonverbal cognitive ability, age,
and gender. Because our research questions focus on anxiety and
motivation, rather than specific aspects like value or worry, and
due to the number of subscales across the four outcomes and four
measures, analyses include full scale scores for socio-emotional
and competence measures.

Equation (1) describes the model:

Yi = Bo + B1A1i + BrAzi + B3Mi; + BaMa; + BsXi + e (1)

In Equation (1), Y; refers to each outcome (i.e., Broad
Mathematics, Math Fluency, Total Word Reading Efficiency,
Basic Skills) for each participant i. A;; refers to the within-
domain anxiety scale associated with Y;. Ay; refers to the across-
domain anxiety scale for outcome Y; for participant i. M; refers
to the within-domain motivation scale associated with Y; and
M,; refers to the across-domain motivation scale. X; refers to a
set of three covariates that include nonverbal cognitive ability,
age, and gender for each participant i. We individually include
standard scores for nonverbal cognitive ability, age in years,
and a dichotomous variable (1 = Boy) for gender. For each
outcome, we fit a taxonomy of models in which we sequentially
add predictors as Equation (1) specifies.

TABLE 1 | Descriptive statistics for reading and mathematics competence, and
reading and mathematics motivation and anxiety (n = 146).

Measure Mean SD Minimum Maximum
Math competence

Broad mathematics 101.15 16.82 58 139
Math fluency 98.92 16.61 62 142
Reading competence

Total Word Reading Efficiency 97.47 16.39 58 130
Basic Skills 97.86 17.00 55 136
Anxiety and motivation

Math anxiety 23.60 7.74 13 49
Math motivation 57.83 9.97 29 77
Reading anxiety 2215 6.67 13 44
Reading motivation 58.64 9.16 29 76
Nonverbal cognitive ability 112.30 14.09 82 143

RESULTS

Group Characterizations: Incidence of
Learning Disabilities

Group characterizations show that the sample was academically
diverse, with 34% (49/146) of participants having a learning
disability. Three participants met the criteria for math-only
disability. Thirteen participants met the criteria for reading-only
disability and 33 participants met the criteria for comorbid math
and reading disability. Sixty-eight participants met criteria for
having no learning disability and the remaining 29 did not have a
group. These participants had heterogeneous score patterns and
may have, for example, scored below the cutoft for only one of the
measures in one or both domains and may or may not have had
a history of learning disabilities. Supplementary Table 1 shows
age and performance on the competence and socio-emotional
measures by group, excluding the math disability only group due
to small sample size. Due to the small sample sizes by group, we
are unable to conduct group comparisons. Instead, we provide
descriptive statistics to illustrate the academically-diverse nature
of the sample.

Preliminary Analyses

Table 1 presents descriptive statistics for competence and socio-
emotional measures for each domain, for the full sample (n =
146). Table 2 presents Cronbach’s alpha for each full scale and
subscale for the four socio-emotional measures. Scales showed
good to high internal consistency (o = 0.76-0.91).

In Table 3, we present bivariate correlations and significance
levels among competence, anxiety, and motivation measures
for math and reading, nonverbal cognitive ability, and age.
As the table shows, competence measures had strong, positive,
statistically significant correlations within domain and across
domains. Competence was correlated with socio-emotional
measures within and across domains. Higher math competence
was associated with lower math anxiety and higher math
motivation; both correlations were statistically significant
and moderate. Across domains, higher math competence
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TABLE 2 | Cronbach'’s alpha for each full scale and subscale (0 = 146).

Construct
Math Anxiety? Reading Anxiety?
(MASYC-R) (RASYC)
Full scale 0.88 0.84
Negative reactions 0.69 0.73
Confidence 0.85 0.83
Worry 0.83 0.76

Motivation for Math? Motivation to Read®

(MMP) (MRP-R)
Full scale 0.91 0.89
Self-confidence 0.89 0.82
Value 0.87 0.84

aNew scale; PExisting scale.

was associated with higher reading motivation and lower
reading anxiety; all correlations were statistically significant
and were small-to-moderate. Similarly, reading competence
had a moderate positive correlation with reading motivation
and moderate negative association with reading anxiety, and
both were statistically significant. Across domains, higher
reading competence was associated with lower math anxiety
and higher math motivation. Correlations were small and
statistically significant.

As Table3 shows, all socio-emotional measures were
statistically ~ significantly ~correlated with one another.
Correlations were strong and negative between anxiety and
motivation within domain. Across domain, higher math anxiety
was associated with higher reading anxiety and higher math
motivation was associated with higher reading motivation.
Higher nonverbal cognitive ability was associated with higher
competence in both domains, higher motivation in both
domains, lower anxiety in both domains, and younger age.
Finally, older children had lower math and reading competence,
greater math and reading anxiety, and lower reading motivation.
All of these correlations were statistically significant. The
correlation between age and math motivation was not statistically
significant at the 0.05 level.

Within- and Across-Domain
Socio-Emotional Characteristics Predict

Math Competence

Predictors of Broad Mathematics

Socio-emotional characteristics in both math and reading predict
math competence across both math measures. In Table 4, we
present a taxonomy of models including parameter estimates,
standard errors, and significance levels that illustrate the relation
between Broad Mathematics, socio-emotional characteristics,
and nonverbal cognitive ability. Model B1 shows the statistically
significant, negative relation between Broad Mathematics and
math anxiety, in which a one-point increment in math anxiety

is associated with a 0.92-point decrement in Broad Mathematics
score, on average. As Model B2 shows, both math anxiety
and reading anxiety have statistically significant relations with
Broad Mathematics, controlling for each other, in which higher
anxiety predicts lower math competence, on average. Model
B3 shows that when math motivation is a predictor, the
relation between reading anxiety and Broad Mathematics is
essentially unchanged, while the relation between math anxiety
and Broad Mathematics is no longer statistically significant. In
this model, math motivation has a statistically significant relation
with Broad Mathematics, in which a one-point increment in
math motivation predicts a 0.81-point increment in Broad
Mathematics score, on average. Because math anxiety does
not predict math competence when controlling for math
motivation, we removed math anxiety from subsequent models
in this taxonomy.

We next examined whether the relation between Broad
Mathematics and reading anxiety and math motivation would
remain when controlling for reading motivation. As Model B4
shows, reading motivation does not have a statistically significant
relation with Broad Mathematics, and when controlling for
reading motivation, the relation between reading anxiety and
Broad Mathematics is no longer statistically significant. Due to
the correlation between reading anxiety and reading motivation
(Table 3), we examined whether they have a joint effect on
Broad Mathematics. Using a general linear hypothesis test, we
tested the null hypothesis that reading anxiety and reading
motivation jointly have no effect on Broad Mathematics. We
rejected the null hypothesis [F 142 = 7.68, p = 0.0007],
concluding that reading anxiety and reading motivation jointly
predict Broad Mathematics.

Model B5 in Table4 shows that relations between Broad
Mathematics and socio-emotional characteristics within and
across domain remain essentially unchanged when controlling
for nonverbal cognitive ability. The statistically significant joint
effect of reading anxiety and reading motivation was also
unchanged [F(; 141) = 4.59, p = 0.012]. This joint effect persisted
in all subsequent models for Broad Mathematics.

In subsequent models, we did not find statistically significant
interactions between nonverbal cognitive ability and math
motivation [ = —0.003, SE = 0.007, and p = 0.678] or nonverbal
cognitive ability and reading anxiety (8 = 0.009, SE = 0.011,
and p = 0.395). There were also no statistically significant main
effects of age (8 = —0.640, SE = 0.966, and p = 0.509) or
gender (B = 3.937, SE = 2.067, and p = 0.059), controlling for
socio-emotional characteristics and nonverbal cognitive ability.
For the final model Model B5, we used a Shapiro-Wilk W-test
to test the null hypothesis that the residuals from Model B5 are
normally distributed in the population. We did not reject the null
hypothesis (W = 0.989, p = 0.293) and concluded that there was
not a violation of normality.

In sum, math motivation, the joint effect of reading anxiety
and reading motivation, and nonverbal cognitive ability predict
Broad Mathematics, controlling for the other predictors in the
model. In Supplementary Figure 1A, we illustrate the relation
between predicted Broad Mathematics and math motivation for
children of lower (25th percentile) and higher (75th percentile)
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TABLE 3 | Bivariate correlations among competence (1-4), socio-emotional characteristics (5-8), KBIT scores, and age (n = 146).

(1) (2 ()] 4) (5) (6) (7) ®) (9) (10)
(1) Broad Math 1.000
(2) Math Fluency 0.916™* 1.000
(3) Total Word Reading Efficiency 0.711%* 0.682*** 1.000
(4) Basic Skills 0.648*** 0.620"** 0.890*** 1.000
(5) Math anxiety —0.423"*  -0.408"*  -0.211* —-0.216™ 1.000
(6) Math motivation 0.533** 0.490*** 0.285"** 0.252** —0.711* 1.000
(7) Reading anxiety —-0.387"*  —0.357**  —0.495™* = —0.452*** 0.439"*  —0.297*** 1.000
(8) Reading motivation 0.392*** 0.326*** 0.608*** 0.546™*  —0.184* 0.316™*  —0.652"* 1.000
(9) Nonverbal cognitive ability 0.606*** 0.500*** 0.498*** 0.497**  —0.271* 0.310"*  —-0.251* 0.301** 1.000
(10) Age —-0.330"*  -0.351***  —0.397**  —0.459*** 0.178* —0.156~ 0.259** —0.295"*  —0.406"** 1.000

~p = 0.06, *p < 0.05, **p < 0.01, and **p < 0.001.

TABLE 4 | Taxonomy of models showing the relation between Broad Mathematics skills and within and across domain anxiety and motivation, and nonverbal cognitive

ability (n = 146).
B1 B2 B3 B4 B5
Intercept 122.805"** 131.118 67.329"* 51.127 8.347
(4.072) (4.807) (13.659) (14.676) (13.840)
Math anxiety —0.918** —0.680*** 0.067
(0.164) (0.178) (0.224)
Reading anxiety —0.628** —0.651*** —0.401% —0.330"
(0.206) (0.191) (0.226) (0.193)
Math motivation 0.807*** 0.740"** 0.542***
(0.163) (0.121) (0.107)
Reading motivation 0.275" 0.138"
(0.166) (0.143)
Nonverbal cognitive ability 0.541*
(0.074)
R? 0.179 0.229 0.342 0.354 0.532

*p < 0.05, **p < 0.01, and ***p < 0.001. T Reading anxiety and reading motivation jointly predict Broad Mathematics. Standard errors in parentheses.

reading anxiety who have average nonverbal cognitive ability
and reading motivation. The difference between the two lines
in Supplementary Figure 1A is not statistically significant, since
the joint effect of reading anxiety and reading motivation
predicts Broad Mathematics. However, we illustrate this relation
at higher and lower levels of math anxiety to facilitate
visual comparison with the statistically significant relation in
Supplementary Figure 1B.

Predictors of Math Fluency

In Table 5, we show a taxonomy of models of the relation of Math
Fluency with socio-emotional measures of math and reading,
and nonverbal cognitive ability. Model F1 shows the statistically
significant negative relation with Math Fluency, in which a
one-point increment in math anxiety is associated with a 0.88-
point decrement in Math Fluency, on average. Model F2 shows
Math Fluency has statistically significant relations with math
anxiety and reading anxiety, controlling for the other. Model F3
shows a positive, statistically significant relation between Math

Fluency and math motivation, controlling for math and reading
anxiety. However, with the addition of math motivation, math
anxiety no longer has a statistically significant relation with
Math Fluency. In a subsequent model, we tested whether these
relations would remain when controlling for reading motivation.
Reading motivation did not predict Math Fluency (8 = 0.136,
SE = 0.171, and p = 0.430) and its inclusion in the model did
not substantively change results from Model F3. In Model F4,
we added nonverbal cognitive ability as a predictor. Relations
between Math Fluency and reading anxiety, math motivation,
and nonverbal cognitive ability were each statistically significant,
controlling for the other predictors in the model. Subsequent
models did not show statistically significant interactions between
reading anxiety and math motivation (8 = 0.0005, SE = 0.014,
and p = 0.973), or relations between Math Fluency and age (8 =
—1.940, SE = 1.056, and p = 0.068) or Math Fluency and gender
(B =12.732, SE =2.239, and p = 0.225), all else equal. A Shapiro-
Wilk test of the residuals from Model F4 showed no violation of
normality (W = 0.988, p = 0.225). In Supplementary Figure 1B,
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TABLE 5 | Taxonomy of models examining the relation between Math Fluency,
math and reading anxiety, math motivation, and nonverbal cognitive ability (n =
146).

TABLE 6 | Taxonomy of models examining the relation between Total Word
Reading Efficiency, reading anxiety, reading motivation, and nonverbal cognitive
ability (n = 146).

F1 F2 F3 F4 T1 T2 T3 T4
Intercept 119.592***  126.859*  72.867**  30.274* Intercept 124.423*** 54.679* 17.082 —0.657
(4.052) (4.819) (14.024) (11.619) (4.115) (12.685) (13.595) (8.986)
Math anxiety —0.876*** —0.668*** —0.036 Reading anxiety —1.217* —0.421* —0.337
(0.163) (0.178) (0.230) (0.178) (0.212) (0.195)
Reading anxiety —0.549** —0.569"  —0.434* Reading motivation 0.889"** 0.758** 0.914*
(0.207) (0.196) 0.172) (0.155) (0.144) 0.113)
Math motivation 0.683"** 0.533*** Nonverbal cognitive ability 0.387*** 0.397***
(0.168) (0.118) (0.073) (0.073)
Nonverbal cognitive ability 0.423** R? 0.245 0.387 0.489 0.478
(0.082) *p < 0.05, *p < 0.01, and ***p < 0.001. Standard errors in parentheses.
R? 0.167 0.206 0.289 0.402

*p < 0.05, **p < 0.01, and ***p < 0.001. Standard errors in parentheses.

we illustrate the relation between predicted Math Fluency and
math motivation for children of lower (25th percentile) and
higher (75th percentile) reading anxiety and of average nonverbal
cognitive ability. The figure shows that children with lower
reading anxiety have higher Math Fluency at every level of math
motivation, on average.

Taken together, analyses show that, controlling for nonverbal
cognitive ability, both within- and across-domain socio-
emotional characteristics predict math competence, on average.

Within-Domain Socio-Emotional
Characteristics Predict Reading

Competence

Predictors of Total Word Reading Efficiency

Table 6 shows a taxonomy of models of the relation between
Total Word Reading Efficiency (i.e., timed word and pseudoword
reading) and reading anxiety, motivation to read, and nonverbal
cognitive ability. Model T1 shows the statistically significant
relation between Total Word Reading Efficiency and reading
anxiety, in which a one-point increment in reading anxiety is
associated with a 1.2-point decrement in Total Word Reading
Efficiency, on average. The addition of math anxiety to the
model did not yield a statistically significant relation (8 =
0.015, SE = 0.171, and p = 0.929). In Model T2, we show
that reading anxiety and reading motivation each predict Total
Word Reading Efficiency, on average, controlling for the other.
In a subsequent model, we found that math motivation did
not have a statistically significant relation with Total Word
Reading Efficiency, controlling for reading anxiety and reading
motivation (8 = 0.144, SE = 0.114, and p = 0.209). These
results suggest that when considered together, within-domain
anxiety and motivation predict reading competence, while
across-domain anxiety and motivation do not.

Model T3 in Table6 shows that nonverbal cognitive
ability has a statistically significant relation with Total Word
Reading Efficiency, controlling for reading anxiety and reading
motivation. Further, this model shows that when controlling

for nonverbal cognitive ability, the relation between Total
Word Reading Efficiency and reading anxiety is no longer
statistically significant. We refit the model, removing reading
anxiety (Model T4). In subsequent models, we did not find a
statistically significant interaction between reading motivation
and nonverbal cognitive ability (8 = —0.0004, SE = 0.009,
and p = 0.958), or main effects of age (8 = —1.890, SE =
0.973, and p = 0.054) or gender (B = 2.961, SE = 2.016995,
and p = 0.144). A Shapiro-Wilk test of the residuals from
Model T4 showed no violation of normality (W = 0.993, p =
0.682). Supplementary Figure 1C displays predicted Total Word
Reading Efficiency by reading motivation for children of average
nonverbal cognitive ability.

Predictors of Basic Skills

Lastly, Table7 shows a selection of models of the relation
between Basic Skills and reading anxiety, reading motivation,
nonverbal cognitive ability, age, and gender. Model S1 shows
the negative, statistically significant relation between reading
anxiety and Basic Skills. In a subsequent model, we did not
find a statistically significant relation between math anxiety
and Basic Skills (8 = —0.048, SE = 0.182, and p = 0.792)
and therefore we excluded math anxiety from subsequent
models. Model S2 shows the statistically significant relation
between reading motivation and Basic Skills, controlling for
reading anxiety. However, controlling for reading motivation,
the relation between Basic Skills and reading anxiety was no
longer statistically significant. Similar to math anxiety, math
motivation did not have a statistically significant relation with
Basic Skills (8 = 0.150, SE = 0.125, and p = 0.233). Model
S3 shows that the statistically significant relation between
reading motivation and Basic Skills persists when controlling for
nonverbal cognitive ability. In Models S4 and S5, respectively, we
add the effects of age and gender, which both have statistically
significant relations with Basic Skills, all else equal. Model S5 also
shows that, controlling for age, gender, and nonverbal cognitive
ability, reading motivation maintains a statistically significant
relation with Basic Skills. There were no statistically significant
interactions (all ps > 0.35). A Shapiro-Wilk test of the residuals
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TABLE 7 | Taxonomy of models examining the relation between Basic Skills,
reading anxiety, reading motivation, nonverbal cognitive ability, age, and gender (n
= 146).

S1 S2 S3 S4 S5
Intercept 128.359** 59.558** —0.352 50.147** 48.818*
(4.383)  (13.915) (9.768) (18.540) (18.328)
Reading anxiety —1.151"  —0.424
(0.190) (0.233)
Reading motivation 0.813** 0.817** 0.738"* 0.789"**
(0.170) (0.123) (0.121)  (0.122)
Nonverbal cognitive ability 0.449** 0.354™* 0.341™*
(0.079) (0.082)  (0.082)
Age —3.281* —3.491"*
(1.036)  (1.028)
Boy 4.483*
(2.119)
R? 0.204 0.314 0.427  0.465 0.481

*kk

*p < 0.05, *p < 0.01, and ***p < 0.001. Standard errors in parentheses.

from Model S5 showed no violation of normality (W = 0.989, p
= 0.307). Supplementary Figure 1D shows the relation between
predicted Basic Skills and reading motivation, on average. The
graph shows the 4.5-point predicted difference in Basic Skills
between boys and girls of average nonverbal cognitive ability and
average age.

In sum, reading motivation predicted Basic Skills, controlling
for nonverbal cognitive ability, age, and gender. There were no
across-domain relations between Basic Skills and math socio-
emotional characteristics.

DISCUSSION

In this study, we provide an examination of the within
and across-domain relations among anxiety, motivation, and
competence for math and reading for an academically-diverse
group of children. We leveraged existing math anxiety and
reading motivation scales to create novel parallel measures
of reading anxiety and math motivation to measure socio-
emotional characteristics across domains. We found within
domain relations among anxiety, motivation, and competence for
both math and reading. We also found a unidirectional across-
domain relation between reading socio-emotional characteristics
and math competence, which persisted when accounting for
math motivation, nonverbal cognitive ability, age, and gender.
This study contributes to burgeoning research focused on
an individual differences approach to studying children with
and without learning disabilities across domains. The multiple
regression approach we use facilitates the inclusion of children
who do not fit into group criteria. This provides a sample that
more accurately represents a continuum of learners. As Peters
and Ansari (2019) discuss, an individual differences approach
avoids several challenges inherent to group comparisons. Group
comparisons may include arbitrary score cut-offs, which does
not produce groups with “specific and separable deficits,” (p.

5). Group comparisons may also mask variation within groups
and may lead to an inadequate examination of comorbidities
across domains, such as math and reading. Indeed, the notion
that characteristics of math and reading disabilities are related
dimensions along a continuum may better describe struggling
learners (Branum-Martin et al, 2013) and thus can better
illuminate relations among cognitive and socio-emotional factors
within and across domains.

Socio-Emotional Predictors of Math
Competence Are Within and Across

Domain

We found that math anxiety correlated with both measures
of math competence. However, this relation was no longer
statistically significant controlling for math motivation. Rather,
math motivation was a stronger predictor of math competence
than math anxiety. Together with prior studies showing a
reciprocal link between math anxiety and math motivation
across time (Ahmed et al., 2012; Seaton et al., 2014; Gunderson
et al, 2018) and math self-concept as a mediator between
math anxiety and achievement (Justicia-Galiano et al., 2017),
results underscore the need to attend to math motivation as
an important socio-emotional predictor of mathematics skills.
This in turn raises questions about how math motivation may
have factored into the robust negative correlations between math
anxiety and math achievement found in prior studies (for meta-
analyses, see Hembree, 1990; Ma, 1999; and Barroso et al., 2021).
Given the disproportionate research focus on math anxiety,
results suggest the need for greater emphasis on math motivation
and its interplay with math anxiety as they relate to math
competence. In line with studies that have included measures
of math anxiety and motivation (e.g., Lai et al., 2015; Justicia-
Galiano et al., 2017), future studies should likewise include
measures of both math anxiety and math motivation to more
comprehensively illuminate socio-emotional factors that impact
math achievement.

In line with our hypotheses, reading anxiety and reading
motivation each were correlated with math competence.
These socio-emotional characteristics jointly  predicted
math competence controlling for math motivation and
nonverbal cognitive ability. This finding suggests that
interrelations among math and reading domains include
dimensions, in addition to cognitive,
neural, and genetic ones (e.g., Kovas et al, 2007; Pollack
and Ashby, 2018; Vanbinst et al., 2020b). Indeed, just as good
reading skills may facilitate math skills, but not necessarily
the reverse (Erbeli et al, 2021), how learners feel about
reading may not just facilitate reading skills, but math skills
as well.

We found that reading anxiety and reading motivation
related to math competence differently across math outcomes.
The joint effect of reading anxiety and reading motivation
predicted Broad Mathematics, while reading anxiety (but
not reading motivation) predicted Math Fluency, all else
equal. What might account for this difference? We speculate
that relations between socio-emotional characteristics of

socio-emotional
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reading and math skills may be dependent on the ways
in which math tasks involve reading or reading-related
skills. Broad Mathematics is a measure of fact retrieval,
procedural knowledge, and applications and problem solving
that involve written language (Schrank et al., 2014). This
broader conceptualization of math may therefore engage
both reading anxiety and motivation, through the connection
between written language and math problems (e.g., Lewis and
Mayer, 1987; Hegarty et al., 1995; van der Schoot et al., 2009).
In contrast, Math Fluency narrowly focuses on timed math
fact retrieval across addition, subtraction, and multiplication
(Schrank et al, 2014), and so may engage socio-emotional
characteristics of reading differently. Reading anxiety, but
not reading motivation, predicted Math Fluency controlling
for socio-emotional characteristics for math. One potential
explanation may be shared underlying mechanisms for
arithmetic fact fluency and reading skills, such as retrieval
fluency (Willburger et al., 2008; Koponen et al., 2020). Difficulty
with retrieval fluency that may contribute to higher levels
of reading anxiety may likewise relate to performance on
math tasks that heavily engage retrieval, such as fact fluency,
even when accounting for socio-emotional characteristics for
math. Together, results suggest that across-domain relations
between math competence and reading anxiety and reading
motivation may vary by math task, according to associated
cognitive mechanisms.

Socio-Emotional Predictors of Reading

Competence Are Within Domain

The present study adds to a nascent body of literature on
the relations among reading anxiety, reading motivation, and
reading competence. Across both reading outcomes, reading
anxiety correlated with reading competence, but did not
predict reading competence controlling for reading motivation.
Rather, reading motivation predicted reading competence,
controlling for nonverbal cognitive ability, age, and gender.
These results align with Katzir et al. (2018), who reported
more consistent relations between reading skills and reading
self-concept than between reading skills and reading anxiety
in children without learning disabilities. However, our results
are in contrast to Ramirez et al. (2019), who found a stronger
relation between reading competence and reading anxiety than
reading competence and positive reading affect in children
without learning disabilities. One potential reason for these
differences may be that both our study and Katzir et al. (2018)
included measures of reading self-concept, whereas Ramirez
et al. (2019) measured positive reading affect. Additionally,
we found a main effect of gender, such that boys had
higher untimed reading skills than girls on average, but
found no interaction between gender and reading motivation.
This contrasts with related studies that have shown higher
reading accuracy for girls, on average (Katzir et al., 2018)
and an interaction between gender and reading anxiety and
motivation (Katzir et al., 2018; Ramirez et al., 2019). Differences
between samples, motivational and affective constructs, and
analytic approach may account for the lack of convergence

among studies. With so few studies of reading anxiety (and
thus reading anxiety, motivation, and competence), additional
research is needed to clarify these relations and discrepancies
across studies.

Partially in line with our hypothesis, reading competence
was negatively correlated with math anxiety and positively
correlated with math motivation. However, these relations
were not robust; neither math anxiety nor math motivation
predicted reading competence when controlling for socio-
emotional characteristics in reading. The correlation between
math anxiety and reading competence may have been
driven by the correlation of each with reading anxiety,
with an analogous pattern for motivation. Similar to
our speculation above, one possibility may be that timed
and untimed word and pseudoword reading does not
sufficiently engage math-related content to trigger math
anxiety. Rather, feelings of anxiety that are associated with
cognitive processes like automaticity may impact math and
reading domains, and may be accounted for by reading anxiety
when reading.

Limitations and Next Steps

The correlational analyses in this study do not support causal
interpretations of within or across-domain relations between
socio-emotional characteristics and competence. Similarly, prior
research on relations among socio-emotional characteristics and
between those characteristics and competence suggests reciprocal
relations (e.g., Foley et al., 2017; Gunderson et al., 2018; Ramirez
et al., 2019). With one wave of data, we are unable to speak
to how relations may change over time or impact students
differently in other age bands. Future studies can build on
the cross-sectional analyses in the present study to examine
how socio-emotional characteristics may reciprocally relate to
each other and interact with math and reading performance,
within and across domains. In addition, future studies can
test these relations cross-sectionally and longitudinally by also
incorporating measures of general anxiety and motivation.
Additionally, younger children in our sample had higher math
and reading competence, on average, than older children, as
evidenced by the zero-order correlations between competence
and age. However, results show that for most outcomes, age was
not a statistically significant predictor of competence and in all
sets of models, the inclusion of age did not substantially change
results, suggesting this relation did not drive the results.

Our results raise several considerations for future research. As
one example, approaches to alleviate math anxiety have spanned
cognitive therapy, task reappraisal, pre-task expressive writing,
noninvasive brain stimulation, and skill improvement (for a
review, see Dowker, 2019b). The stronger relation of within-
domain motivation for both math and reading raises the question
of whether efforts to reduce anxiety and raise competence should
also incorporate the improvement of motivational factors that
include self-concept and value for math or reading. As anxiety
and motivation are not opposite ends of the same spectrum
(Dowker et al., 2016; Dowker, 2019b), interventions that combine
strategies to reduce anxiety and encourage motivation may be an
avenue for future research.
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The unidirectional link from reading anxiety and reading
motivation to math competence may likewise have implications
for interventions that target socio-emotional characteristics
related to math and reading. Future research should further
probe the mechanisms that underlie across-domain relations
between socio-emotional characteristics for reading and math
competence. In turn, such research could open the door to testing
whether efforts to boost reading motivation and reduce reading
anxiety may have primary effects on reading competence and
secondary effects on math competence.

CONCLUSION

The present study suggests that the ways in which socio-
emotional factors relate to competence within and across domain
vary between math and reading. There is a need for greater
attention to the roles that socio-emotional factors may play
across math and reading for children with and without learning
disabilities. Researchers and practitioners alike know that socio-
emotional characteristics like anxiety and motivation matter
for learning. This study contributes to an expanded view
of these relations, suggesting that connections across domain
may also be important to support children with and without
learning disabilities.
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