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MIND, BRAIN, AND EDUCATION

Going Beyond Mathematics
Anxiety in Primary and Middle

School Students: The Role of
Ego-Resiliency in Mathematics

Enrica Donolato!2®, Enrico Toffalini?, David Giofré?, Sara Caviola®, and Irene C. Mammarella 2

ABSTRACT— Previous research examined the influence of
math anxiety (MA) on performance in mathematics, but few
studies compared the contribution of MA to other forms
of anxiety, such as test and general anxiety (GA). Unlike
MA, ego-resiliency promotes the management of challenges,
and has been positively associated with mathematics perfor-
mance. In this study, we investigated the specific influence
of MA, test- and GA, and ego-resiliency on mathematics
performance after controlling for intelligence. Children from
grades 5 to 8 (N'=274) were assessed with self-report tools
measuring MA, test and GA, and ego-resiliency, and com-
pleted intelligence and mathematical tasks. The results of
structural equation models showed that MA had a main neg-
ative effect on mathematics performance, over and above the
effect of test- and GA. Ego-resiliency had a positive effect
on mathematics performance, and was negatively associated
with GA. Our findings are discussed in terms of the implica-
tions for intervention programs to reduce anxiety and sus-
tain ego-resiliency.

Mathematics is often considered one of the most dif-
ficult and demanding school subjects from early on, not
only because of the complex skills required, but also due to
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negative attitudes often associated with its learning (Mam-
marella, Caviola, & Dowker, 2019). Such negative attitudes
are often described as math anxiety (MA), and involve feel-
ings of tension, worry, and apprehension regarding current
or prospective situations involving mathematics (Ashcraft
& Moore, 2009; Richardson & Suinn, 1972). The concern-
ing phenomenon of MA has been considered in one of the
most important international surveys of 15-year-old stu-
dents’ school achievement conducted in numerous countries
all over the world—the Programme for International Student
Assessment (PISA). The results of the 2012 PISA survey indi-
cated that 30% of students felt powerless or nervous when
faced with mathematical problems, and also performed less
well than expected in mathematics (Organization for Eco-
nomic Cooperation and Development [OECD], 2013).

Mathematical performance (Hembree, 1990; Ma, 1999;
Nambkung, Peng, & Lin, 2019), and is associated with other
forms of anxiety, such as test- and general anxiety (GA)
(Hembree, 1988, 1990). Recent studies indicate that all these
forms of anxiety can contribute to a sense of fear and dis-
comfort regarding mathematics (Devine, Fawcett, Sz(ics, &
Dowker, 2012; Hill et al., 2016). What is still not clear, how-
ever, is the degree to which MA specifically affects mathe-
matics achievement, once any other forms of anxiety (i.e.,
test- and GA) have been taken into account (Carey, Devine,
Hill, & Szlcs, 2017; Mammarella, Donolato, Caviola, &
Giofre, 2018).

On the other hand, children are equipped with such
personal assets or individual resources as resilience,
self-concept, and self-efficacy, that act as protective factors
when they face difficulties or stressful situations (Garmezy,
1991; Windle, 2011). Among these positive attitudes, chil-
dren’s ego-resiliency has a key role because it facilitates
the management of various challenges in their academic
live, with a positive effect on the outcome (e.g., Eisenberg
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et al., 1997; Swanson, Valiente, Lemery-Chalfant, & Caitlin
O’Brien, 2011). Some studies have looked at the positive
interplay between school-related emotions, resilience, and
academic achievement, but few have assessed children’s
ego-resiliency or its interplay with different forms of anxiety
(Pekrun, Lichtenfeld, Marsh, Murayama, & Goetz, 2017;
Putwain & Daly, 2013; Struthers, Perry, & Menec, 2000).
The present study aimed to shed more light on this topic.
We argue that mathematics is a subject in which children
face several difficulties (Ashcraft & Moore, 2009), but more
ego-resilient children might cope better with these chal-
lenges (Alessandri, Zuffiano, Eisenberg, & Pastorelli, 2017;
Kwok, Hughes, & Luo, 2007).

As regards schooling, research suggests that MA and test
anxiety (TA) are both negatively associated with academic
success (Ma, 1999; Namkung et al., 2019; von der Embse,
Jester, Roy, & Post, 2018). MA involves feelings of tension,
worry and apprehension regarding current or prospective
situations involving mathematics (Ashcraft & Moore, 2009;
Carey, Hill, Devine, & Sziics, 2016; Mammarella et al., 2019;
Richardson & Suinn, 1972). Students who experience MA
are more likely to perform poorly in mathematics (Ma, 1999;
Nambkung et al., 2019; Vukovic, Kieffer, Bailey, & Harari,
2013; Wu, Barth, Amin, Malcarne, & Menon, 2012). TA is
a form of anxiety in which feelings of apprehension and
distress are prompted by test/assessment situations (Zeid-
ner, 2007). Students who suffer from TA perform less well
than they might in all sorts of academic subject, including
English, science, mathematics, and social science (McDon-
ald, 2001; von der Embse et al., 2018). While MA and TA
differ in some respects, a key issue to consider when study-
ing them concerns their relationship with GA (Carey et al.,
2017; Hill et al., 2016). GA differs from MA and TA in that it
is not related to any specific situation, but rather to an indi-
vidual’s tendency to worry about events, their behavior, and
their abilities (Eysenck & Calvo, 1992). Some studies have
made the point that MA, TA, and GA are distinct, but related
aspects. Meta-analyses of studies conducted on high-school
and college students identified a closer association between
MA and TA, while GA emerged as more clearly distinct from
either MA or TA (Dew, Galassi, & Galassi, 1984; Hembree,
1988, 1990; see also Lauer, Esposito, & Bauer, 2018). That
said, not much research has been done on the relationship
between MA, TA and/or GA and mathematics performance
(Carey et al., 2017; Devine et al., 2012; Hill et al., 2016; Xie,
Xin, Chen, & Zhang, 2019). Further studies will be essential
to better clarify the nature of these constructs and confirm
the specific influence of MA on achievement in mathematics
(Ashcraft, Krause, & Hopko, 2007; Carey et al., 2017; Mam-
marella et al., 2019).

Unlike anxiety, several personal assets—such as
self-efficacy and resilience—have been found to sustain
positive life outcomes and academic success (Bandura,
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1993; Eisenberg etal., 1997; Masten, 2001). Self-efficacy
represents individuals’ expectations and convictions about
their own abilities, and what they can accomplish in a given
situation (Tsang, Hui, & Law, 2012). Resilience (often called
ego-resiliency) is a pattern of individual features such as
general resourcefulness, strength of character, and flexibility
of functioning, that enables people to recover quickly from
difficulties and day-to-day challenges (Block & Block, 1980;
Fletcher & Sarkar, 2013). At school, ego-resiliency helps chil-
dren to cope with potentially stressful situations by fostering
their competence and enabling them to focus their efforts
when under evaluation (Martin & Marsh, 2006; Smith &
Carlson, 1997; Swanson et al., 2011). Children who are more
ego-resilient adapt more quickly; they are more flexible in
using problem-solving strategies; and they are more per-
sistent in achieving their academic goals (Alessandri et al.,
2017; Kwok et al., 2007).

Although no previous research directly addressed the
relationship between ego-resiliency and different forms of
anxiety (MA, TA, and GA), some studies did lay the ground-
work for hypotheses on how these constructs may variously
relate to mathematics performance. For a start, ego-resilient
individuals reported better adjustment and fewer internal-
izing problems, including anxiety (Block & Gjerde, 1990;
Chuang, Lamb, & Hwang, 2006; Huey & Weisz, 1997).
Earlier research revealed a negative association between
ego-resiliency and anxiety, with ego-resiliency protecting
against anxiety from early childhood (Chuanget al., 2006). In
contrast, scarcely ego-resilient individuals have poor adap-
tive abilities and limited flexibility, predisposing them to
more severe internalizing problems (Milioni, Alessandri,
Eisenberg, Vecchione, & Caprara, 2015; Wolfson, Fields,
& Rose, 1987). A similar mechanism may be involved in
other specific forms of anxiety, such as MA and TA. In fact,
resilience was found negatively associated with TA in sup-
porting academic performance (Putwain, Nicholson, Con-
nors, & Woods, 2013). Taken together, these findings suggest
that ego-resiliency might correlate negatively not only with
GA, but also with MA or TA. It might therefore be an impor-
tant resource for managing school challenges and emotional
difficulties, especially in the context of math-related achieve-
ment (Alessandri et al., 2017; Kwok et al., 2007), since math-
ematics is a complex subject, and often reported as one of the
most demanding and stressful to learn (Ashcraft et al., 2007).
Being related to mental flexibility, ego-resiliency might have
akey role in coping with potential difficulties in mathematics
(Dreke, 2009; Kwok et al., 2007).

The present study aimed to examine the specific con-
tributions of MA, TA, GA, and ego-resiliency to mathe-
matics performance in primary-school and middle-school
children. We examined the contribution of these constructs
in terms of their main effect on mathematics performance
once the role of fluid intelligence had been taken into
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account. We expected MA to have a greater negative effect
on mathematics performance than TA or GA, in line with
other studies (e.g., Carey etal., 2017; Hill et al., 2016; Wu
etal., 2012). We also expected to find a positive relation-
ship between ego-resiliency and mathematics performance,
consistently with previous research (Alessandri et al., 2017;
Kwok etal., 2007). We hypothesized a negative relation-
ship between ego-resiliency and both MA and TA, given
that it is negatively related to GA (Chuang et al., 2006;
Huey & Weisz, 1997), and that GA, TA, and MA are
related constructs (Hembree, 1988, 1990). We assumed that
ego-resiliency—being related to flexibility, problem-solving
strategies and maintaining effort—provides children with
more resources for coping with mathematics, which is one
of the most difficult and stressful subjects taught at school
(Devine, Hill, Carey, & Szfics, 2018).

METHOD

Participants

The present study was conducted on 264 children (47% girls,
M,g. = 11.27years, SD=1.32; range=9.00-15.00 years)
attending grades from 5 to 8, at state schools in urban areas
of north-east Italy. The children and their parents came from
working-class and middle-class families. Around 90% of the
children were native Italian speakers, while the remainder
were fluent in the language, and had received at least 3 years
of formal education in Italy. Only typically developing chil-
dren were included in the sample. The study was approved
by the Ethics Committee on Psychology Research at the
University of Padova. After each school’s approval, written
informed parental consent was obtained before testing the
children.

Materials

For all self-report scales, the internal consistency (Cron-
bach’s a) was calculated on the matrices of polychoric corre-
lations. This approach was chosen because it is more appro-
priate for items on a binomial (e.g., “yes”/“no”) or ordinal
(e.g., Likert) scale (Zumbo, Gadermann, & Zeisser, 2007).
The final measures for the subscales were obtained as the
sum of the scores, however.

General Anxiety. The Revised Children’s Manifest Anxiety
Scale, Second Edition (RCMAS-2; Reynolds & Richmond,
2012) is a self-report questionnaire for detecting GA in
children and adolescents. It comprises 49 items with a
yes/no response format, with higher scores indicating
greater anxiety. The questionnaire provides scores on dif-
ferent subscales concerning worries (e.g., “I am worried
that my classmates could make fun of me”), physiological
anxiety (e.g., “I often have stomachache”), and social anxiety
(e.g., “I feel nervous when things don’t go as I want”). As
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responses are given on a binomial scale (“yes”/“no”), the
internal consistency was calculated using a method for ordi-
nal data, i.e., on the matrix of the tetrachoric correlations.
The internal consistency of the scale in the present sample
was good for all three subscales: worries (polychoric Cron-
bach’s a = .77); physiological anxiety (polychoric Cronbach’s
a =.77); and social anxiety (polychoric Cronbach’s o = .86).

Test Anxiety. The Test Anxiety Questionnaire for Chil-
dren (TAQ-C; Donolato, Marci, Altoé, & Mammarella,
2019) is a self-report tool for assessing TA in primary- and
middle-school children. Children read 24 items and rate
each item using a 4-point Likert scale from 1 = “never” to
4 =“always”. The questionnaire provides scores on four
different subscales about thoughts (e.g., “I think I'm going
to get a bad grade”), oft-task behavior (e.g., “I play with
my pencil”), autonomic reactions (e.g., “My heart beats
fast”), and social derogation (e.g., “I'm worried that all my
friends will get high scores in the test and only I will get low
ones”). The internal consistency in the present sample was
good for all four subscales: thoughts (polychoric Cronbach’s
a = .87); oft-task behavior (polychoric Cronbach’s o = .81);
autonomic reactions (polychoric Cronbach’s a =.85); and
social derogation (ordinal Cronbach’s o = .88).

Mathematics Anxiety. The Abbreviated Math Anxiety
Scale (AMAS; Caviola, Primi, Chiesi, & Mammarella, 2017;
Hopko, Mahadevan, Bare, & Hunt, 2003) is a brief self-report
tool for measuring MA in children. The questionnaire com-
prises nine items scored on a 5-point Likert scale from 1
“strongly agree” to 5 “strongly disagree” Children judged
each statement describing different situations involving
mathematical activities at school in terms of how anxious
they would feel. The questionnaire provides scores on sub-
scales for math learning anxiety (e.g., “Listening to a lecture
in math class”) and math testing anxiety (e.g., “Thinking
about an upcoming math test 1 day before”). In the present
sample, a good internal consistency was observed for both
subscales (polychoric Cronbach’s a = .81 in both cases).

Ego-Resiliency. The Ego Resiliency Scale (ER; Block & Kre-
men, 1996) is a questionnaire for assessing individual fea-
tures such as general resourcefulness, strength of charac-
ter, and flexibility of functioning that can help individuals
to adapt more quickly to changing circumstances. The ques-
tionnaire comprises 14 statements (e.g., “I quickly get over
and recover from being startled”) scored on a 4-point Lik-
ert scale, from 1 “does not apply at all” to 4 “applies very
strongly” The internal consistency of the questionnaire in
the present sample was adequate (polychoric Cronbach’s
o =.76).

Mathematical Achievement. The INVALSI (Italian Insti-
tute for the Assessment of the Education System, 2011)
aims to assess academic achievement in mathematics. The
INVALSI tests provide scores in four areas: space and
figures (MATH-SF), relating to geometry problems; numbers
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(MATH-N), consisting of number fractions and other math-
ematical calculations; relations and functions (MATH-REF),
including problems with equivalences or algebraic expres-
sions; and data and prediction (MATH-DP), involving prob-
ability and statistical problems. The appropriate version of
the INVALSI test was proposed for each school grade. The
task showed a good psychometric internal consistency in the
present sample (polychoric Cronbach’s « =.92 in grade 5,
a =.93 in grade 6, and a = .87 in grade 8).

Intelligence. The Cattell Culture Fair Intelligence Test
(CFIT; Cattell & Cattell, 1981) is a test for measuring fluid
intelligence. It consists of 46 multiple-choice items divided
into four timed subtests (series completion, odd-one-out,
matrices, and topology) covering judgments and reason-
ing, with items of increasing difficulty in each subtest. As
reported in the manual, the CFIT has a good internal con-
sistency (Cronbach’s a = .76).

Procedure

Participants were tested during two group sessions: (1) one
lasting approximately 45 min, conducted during the first
semester, to administer the questionnaires and intelligence
measure; and (2) one lasting approximately 75 min, sched-
uled during the second semester, for assessing mathematical
achievement. All tasks were administered in children’s
classrooms by a trained assistant researcher using a stan-
dardized procedure and in the presence of the teacher. In
the first session, children were administered the CFIT, the
RCMAS-2, the ER, the TAQ-C, and the AMAS. In the
second session, participants sat the INVALSI mathematical
achievement test.

Statistical Analyses

Analyses were performed using the R statistical software (R
Development Core team, 2016). Item Response Theory (IRT)
scaling was used to make the results comparable for the
INVALSI task, in which different versions were used for each
grade (Cook & Eignor, 1991). Then, all observed measures
were residualized by grade to control for this confounding
variable. None of the 264 participants had any data miss-
ing for a whole subscale. The few data missing from their
responses to single items (i.e., only 0.3% of the total) were
examined and input on the basis of each child’s average score
on their valid responses in the subscale considered before
model fitting.

A two-step modeling approach was used (Kline,
2016), with confirmatory factor analyses (CFAs) and
structural equation models (SEMs). Analyses were per-
formed with the lavaan package (Rosseel, 2012). The
maximum-likelihood-based estimation method was used,
with robust standard errors and a Satorra-Bentler scaled
test statistic (Satorra & Bentler, 1994). The model’s
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goodness-of-fit was examined using several indexes,
the chi-square (y2), the comparative fit index (CFI), the
non-normed fit index (NNFI), the standardized root mean
square residual (SRMR), and the root mean square error of
approximation (RMSEA) (Hu & Bentler, 1999). The Akaike
information criterion (AIC) was used to compare the fit of
alternative models (Kline, 2016).

An a priori power analysis indicated that 258 subjects
were needed to have a 90% power for detecting a hypothe-
sized effect of —.20 between M A and mathematical achieve-
ment when employing the traditional .05 criterion of statis-
tical significance. This effect was expected considering: that
a meta-analysis reported an association between MA and
mathematical performance of r = —.27 (Ma, 1999); and that
we aimed to estimate this effect after taking the role of GA,
TA, ego-resiliency and fluid intelligence into account. Such
a sample size was also in line with the Bollen (1989) rule
of thumb that 5-10 observations are needed per estimated
parameter in SEMs (in all models presented below, there
were >5 participants per parameter).

RESULTS

Descriptive statistics (means and standard deviations) and
correlations are presented in Table 1. Analysis of the skew-
ness and kurtosis showed no major deviations from normal-
ity. For skewness, all coefficients were <1 in absolute values
(for a normal distribution, skewness = 0). For kurtosis, all
coefficients were in the [2, 5] range (for a normal distribu-
tion, kurtosis = 3).

CFA Models

A measurement model was developed, aiming to fit
the hypothesized latent variables (Kline, 2016). In the
CFA-01, we estimated six latent variables: GA, TA, MA,
ego-resiliency (RES), fluid intelligence (¢gF), and mathemati-
cal achievement (MATH). The RES error was fixed using the
1-reliability? formula (see Kline, 2016, for more details). The
model showed an adequate fit, ¥?(121) = 211.24, p <.001,
RMSEA = .05, SRMR =.05, CFI=.94, NNFI=.92, and
was therefore retained for the subsequent analyses. Factor
loadings and interfactor correlations are given in Table 2.

SEM Models

We started with a model (SEMO1) in which GA, TA, MA,
RES, and gF were exogenous and correlated with each other,
while MATH was endogenous. When compared with the
measurement model, SEMO01 maintained the same rela-
tionships among all latent variables (the only difference
being that some correlations were treated as regression
paths), and the fit was identical by definition (see Kline,
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Table 2

Factor Loadings, Interfactor and Residual Correlations for the Final Measurement Model

GA TA

MA RES gF MATH

.RCMAS-2 PA .59

.RCMAS-2 WO .79

.RCMAS-2 SO .85

. TAQ-C PA .70

. TAQ-CTHO .84

. TAQ-C OFF 43

. TAQ-C SO .84

. MLA

. MTA

10. ER

11. Cattell 1

12. Cattell 2

13. Cattell 3

14. Cattell 4

15. MATH-N

16. MATH-SF

17. MATH-DP

18. MATH-RF

Interfactor correlation matrix

GA 1

TA .631** 1
MA 436** .520%**
RES —.328%* —.094
gF —.028 —127
MATH —.209* —.236**

O CONONUL b Wi

.66
.89
75
48
.53
.68
45
.82
.64
.68
.68

1
—.031 1
—.292%* .042 1
—.349%%* .210* 711% 1

Note. All factor loadings are significant (p <.01). RCMAS-2 = general anxiety scale; -PA = physiological subscale; -WO = worries subscale; -SO = social subscale;
TAQ-C = test anxiety scale; -PA = physiological subscale; -THO = thoughts subscale; -OFF = off-task behavior; -SO = social subscale; AMAS = mathematical
anxiety scale; ER = ego-resiliency scale; Cattell = intelligence scale; MATH = mathematical literacy; -N = numbers; -SF = space and figures; -DP = data and
prediction; -RF = relations and functions; GA = general anxiety; TA = test anxiety; MA = mathematics anxiety; RES = ego-resiliency factor; gF = general

intelligence.
Interfactor correlations, *p <.05, **p < .01.

2016). We therefore assessed the full model. We dropped
small and statistically insignificant correlations and path
coefficients, one at a time, until we obtained a final model
that would only include all relevant paths and correla-
tions). First we removed the nonsignificant correlations
between the exogenous variables, starting with those with
the smallest standardized coefficients. Then we removed the
nonsignificant paths from the exogenous variables to the
endogenous one, again starting from those with the smallest
coefficients. The final model only had statistically significant
paths. Notably, the result was exactly the same when we
started by removing paths rather than correlations. The final
model (SEMO02) showed an adequate fit, y?(128) = 218.03,
p <.001, RMSEA = .05, SRMR = .06, CFI = .94, NNFI = .93
(see Figure 1). Although the chi-square value was statisti-
cally significant, the ratio between this value and its degrees
of freedom indicated a good fit of the model. The AIC
showed that the SEMO02 had a better fit than the SEMO1,
AAIC = —7.20. In the final model, MA and RES revealed
opposite but similarly-sized effects on MATH (p = —.21,
p<.01 and p = .20, p <.01, respectively). These results are
robust and remained even after controlling for gF.
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In the Appendix, we report further results: (1) a sensitivity
analysis for multivariate outliers; (2) a sensitivity analysis to
test whether the paths were affected by gender differences;
(3) the moderating effect of ER on the relationship between
MA and MATH; and (4) a variance partitioning analysis to
examine the unique and shared portion of variance explained
by MA, TA, and GA on MATH.

DISCUSSION

The present study aimed to help fill the research gap on the

role of ego-resiliency, MA, TA, and GA in the learning of
mathematics, focusing on primary- and middle-school stu-
dents. We assumed that MA would make a unique (nega-
tive) contribution to mathematical performance when com-
pared with TA and GA (Carey et al., 2017). We also expected
ego-resiliency to have a positive effect on mathematics per-
formance (Alessandri et al., 2017; Kwok et al., 2007), and
negative associations with MA, TA, and GA (Chuang et al.,
2006; Huey Jr. & Weisz, 1997).
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Fig 1. Final model (SEM-02) with standardized coefficients. All reported paths are statistically significant (p <.05). RCMAS-2 = general
anxiety scale; -PA = physiological subscale; -WO =worries subscale; -SO =social subscale; TAQ-C =test anxiety scale;
-PA = physiological subscale; -THO = thoughts subscale; -OFF = off-task behavior; -SO =social subscale; MLA = math learn-
ing anxiety; MTA = math testing anxiety; ER = ego-resiliency scale; Cattell = intelligence scale; MATH = mathematics literacy;
-N = numbers; -SF = space and figures; -DP = data and prediction; -RF = relations and functions; GA = general anxiety; TA = test

anxiety; MA = mathematics anxiety; RES = ego-resiliency factor; gF = fluid intelligence.

Our findings support our initial hypotheses. As regards
MA, the results show a negative effect of MA on mathemat-
ics performance, strengthening the previously reported evi-
dence of a specific association between these variables after
accounting for TA and GA (Carey et al., 2017; Devine et al.,
2012; Hill et al., 2016). The results of our variance decom-
position analysis (see Appendix) show that MA explained a
larger portion of the unique variance in mathematics per-
formance. In other words, although MA and TA overlap to
some extent, MA is more strongly associated with mathe-
matics performance. Thus, it may be that GA and TA (ie.,
being generally anxious, or worried about academic perfor-
mance and academic difficulties) are risk factors that may
contribute to the development of a more specific form of
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anxiety—MA—and therefore be indirectly related to mathe-
matical performance (Carey et al., 2017; Mammarella et al.,
2018).

As mentioned previously, we also considered the role
of ego-resiliency. As expected, our findings show that
ego-resiliency had a positive effect on mathematics per-
formance. This is in line with previous studies reporting
a positive association between ego-resiliency and aca-
demic achievement, and supports the conviction that
ego-resiliency can be an important personal asset in relation
to children’s mathematical achievement (Alessandri et al.,
2017; Kwok et al., 2007). Our study also aimed to see whether
ego-resiliency correlated with MA and TA, and whether
the associations between these variables contributed to
explaining the relationship between ego-resiliency and
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mathematics. We found ego-resiliency negatively associ-
ated with GA, but not with TA or MA. This is in line with
reports of a negative relationship between ego-resiliency
and GA, pointing to it potentially protecting against general
internalizing issues (Block & Gjerde, 1990; Chuang et al.,
2006; Huey Jr. & Weisz, 1997; Milioni et al., 2015; Wolfson
etal., 1987). Our findings suggest that ego-resiliency helps
to balance individuals’ adaptive capacities on an emotional
level in stressful situations: higher levels of ego-resiliency
would boost students’ ability to manage any GA, thereby
reducing any TA and MA. In short, children may face
various emotional difficulties in learning mathematics, but
they can also rely on ego-resilient strategies to support
their achievement in this field. Ego-resiliency is consid-
ered a measure of emotional effectiveness related to high
flexibility, good problem-solving capacities, persistence
in challenging situations, and good emotional regulation
(Eisenberg & Morris, 2002). From this perspective, the role
of ego-resiliency in supporting mathematical success at
school fits well with its definition as an adaptive response
to demanding and high-stress situations (Block & Block,
1980; Block & Kremen, 1996). That said, our findings are not
enough to confirm a moderating effect of ego-resiliency on
the relationship between MA and mathematics performance
(see Appendix). Further research will be needed to study
this relationship in depth. In addition, the present study
was cross-sectional, whereas longitudinal research will be
needed to establish whether ego-resiliency can prevent the
onset of GA, and to what extent these variables can support
or hinder mathematical achievement over time.

The present research offers some new insight, but more
research is needed, especially from a longitudinal perspec-
tive. First, future investigations should evaluate and com-
pare the contribution of ego-resiliency together with other
personal assets that may contribute to success in mathe-
matics, such as self-efficacy and motivation (Grigg, Perera,
Mcllveen, & Svetleff, 2018; Hodis, 2018; Weber, Lu, Shi, &
Spinath, 2013). Second, studies should adopt a longitudinal
design to examine whether ego-resiliency can prevent the
development of MA, and to what extent these factors could
support or hinder mathematical achievement over time.
Third, research is needed on environmental factors, such
as teachers’ and parents’ expectations regarding children’s
academic achievement, which are known to be related to
children’s anxiety (Gunderson, Ramirez, Levine, & Beilock,
2012; Fennema, Peterson, Carpenter, & Lubinski, 1990; see
also Chang & Beilock, 2016).

Our findings prompt some considerations regarding the
promotion of children’s well-being and learning of math-
ematics, pointing to the importance of introducing mea-
sures to manage the stress and worry sometimes associated
with this school subject, and to sustain children’s mathemat-
ical achievement (Caviola, Gerotto, & Mammarella, 2016).
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Since the direction of the relationship between MA and
mathematics performance is not yet clear, it may be that
children develop MA—associated with poor ego-resilient
strategies—as a consequence of experiencing a poor perfor-
mance in mathematical tasks. That is why future interven-
tion studies should also include activities designed to sup-
port children’s abilities in mathematics, fostering their com-
petence in this area (Caviola et al., 2016), and examining
whether improving their mathematics performance reduces
the unpleasant feelings and tension they experience in situ-
ations where their performance is inadequate.

Our results also suggest the importance of developing
novel interventions to contain or prevent stress and worry
about mathematics at school, bearing in mind that TA and
GA might be important precursors of MA (Carey et al., 2017;
Mammarella et al., 2018). Early intervention and prevention
programs designed to deal with TA and GA could prove
very important in reducing the risk of MA. This approach
would be consistent with evidence of cognitive-behavioral
practice for the treatment of TA or GA proving effective
in reducing MA and enhancing mathematics performance
(Hembree, 1990; Supekar, Iuculano, Chen, & Menon, 2015;
von der Embse, Barterian, & Segool, 2013). A possible
implication of this finding is that training aimed at improv-
ing skills related to ego-resiliency might also reduce MA
symptoms and sustain mathematics performance. Specific
activities should be promoted directly in schools to help
children develop new skills in areas such as problem solving,
communication and meta-cognition (Caviola, Mammarella,
Cornoldi, & Lucangeli, 2009; Elias et al., 1986; Kramarski
& Mevarech, 2003; Middlemiss, 2005). Previous research
found that evidence-based strategies enhanced emotional
regulation—a construct related to ego-resiliency partic-
ularly important in children (Webster-Stratton, Jamila
Reid, & Stoolmiller, 2008). Therefore, specific intervention
programs designed to boost children’s emotional regu-
lation could be helpful, especially for children at risk of
internalizing problems (Haggerty & Mrazek, 1994).

Finally, it is important to consider that mathematics is a
domain where the emotional difficulties children often face
can be due to weak self-management skills when coping
with frustrations or setbacks (Covington, 1992). Some chil-
dren may experience a lack of subjective control (i.e., a low
ego-resiliency) when learning mathematics due to the char-
acteristics of this particular subject, which demands skills
and effort to achieve a good performance (Devine et al.,
2018). A good subjective control over achievement could act
as an important factor in containing anxiety (Pekrun, 2006;
Pekrun & Perry, 2014). Teachers could therefore focus on
strengthening their children’s control appraisals instead of
stressing the importance of the learning domain, especially
in the case of mathematics. Teachers could be encouraged
to develop classroom environments that reinforce children’s
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internal control, by supporting their autonomy, and giving
them clear goals and expectations, for instance, to facilitate
their anxiety-free learning (Hulleman, Barron, Kosovich, &
Lazowski, 2016; Pekrun, 2006). These aspects are particu-
larly important to help children face difficulties at school,
and support their academic success in primary and middle
school (Martin & Marsh, 2006).

To sum up, two conclusions can be drawn from our study:
our results confirm the specific link between mathematics
and MA; and this association is countered by the positive
effect of ego-resiliency in enhancing mathematical learning.
As extensively discussed, these results have important impli-
cations for improving the learning of mathematics. Imple-
menting specific intervention programs to target anxiety,
and informing parents and teachers about useful strategies
for sustaining ego-resiliency could help to reduce children’s
MA at school, thereby improving their well-being and math-
ematical success.
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APPENDIX 1: ADDITIONAL ANALYSES
SENSITIVITY ANALYSIS TO MULTIVARIATE OUTLIERS

A sensitivity analysis was conducted to see whether our
results were affected by multivariate outliers. The Maha-
lanobis distance calculated on the 18 variables observed
in the sample ranged between 5.37 and 38.71 (M = 17.93,
SD = 6.34). The final model (SEM02) was fitted again on a
subsample of participants after removing observations with
a Mahalanobis distance over 28 (i.e., up to 20 participants
were removed). The results showed that the standardized
paths changed very little (they never varied by more than
+.02), and the correlations remained relatively stable (with
a variation of +.07). All coefficients, including paths, corre-
lations, and loadings, remained statistically significant, con-
firming that our results were robust and stable.

SENSITIVITY ANALYSIS ON GENDER

A sensitivity analysis was also conducted to see whether
the paths were affected by gender. After partializing all 18
observed variables for gender, all standardized paths and
correlations in our final model (SEMO02) were much the same
(they varied by less than .03), and still significant. The fit
indices of the final model remained unaltered. These results
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Fig 2. Venn diagram indicating the shared and unique variance
explained in mathematics by GA (general anxiety), TA (test anxi-
ety), and MA (mathematics anxiety).

confirm that our findings are robust even after controlling
for the effect of gender.

MODERATION ANALYSIS

Based on theoretical considerations, we tested for a possible
moderating effect of ER on the relationship between MA
and MATH. We added an interaction term between ER and
MA on MATH to the final SEM model shown in Figure 1.
As the “lavaan” package of R does not currently allow for
the fitting of interaction effects between latent variables, the
same model was fitted in Mplus. The results suggested that
the interaction term reduced the model’s fit, AAIC = +1.36,
and it was far from significance, though it pointed in the
expected direction (a higher RES corresponded to a slightly
lower effect of MA on MATH) B =.02, p =.27. In other
words, there was no evidence to suggest such a moderating
effect. That said, there was no evidence against it either,
because the present study was not designed to have the
power needed to reveal such a subtle effect as an interaction.

VARIANCE BREAKDOWN

We used a variance partitioning analysis to examine the
unique and shared portions of variance explained by MA,
TA, and GA on MATH. We conducted a series of regression
analyses to obtain R? values from different combinations
of predictor variables to partition the variance of our out-
come (i.e., MATH). Interfactor correlations were used for
each variable entering the regression (Chuah & Maybery,
1999). As shown in Figure 2, MA explained a larger portion
(i.e., 12%) of the unique variance on MATH. Interestingly,
the larger portion of the variance is shared between these
variables.
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