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Abstract

This study aimed to ascertain the contribution of children’s effortful control (EC) to math
achievement by testing the mediational involvement of math anxiety. Participants were 704
children (367 girls) aged between 7 and 12 years (M = 9.43, SD = 1.23). Children’s EC was
measured by parent’s report, math anxiety was assessed through self-report, whereas math
achievement was evaluated by performance on standard math tests. The models tested involved
EC higher-order factor or specific EC components (activation control, attentional focusing,
and inhibitory control). The results showed that activation control, attentional focusing, and
EC higher-order factor contributed to math performance directly and through the mediation
of math anxiety. Inhibitory control did not yield a significant effect on math performance. The
findings suggest that children with higher dispositional effortful self-regulation tend to experi-
ence lower levels of math anxiety, with positive effects on math performance.

Keywords Math anxiety - Mathematics - Effortful control - Childhood - Temperament

Introduction

Mathematics constitutes a key discipline in current knowledge societies in that students
with high levels of math achievement tend to enjoy several positive outcomes, such as high
educational aspirations (Widlund et al., 2018), adult socioeconomic status (Ritchie & Bates,
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2013), and well-being (Zhou et al., 2022). Moreover, such students are more prone to enroll
and later take Science, Technology, Engineering, and Mathematics (STEM) occupations
(Wang et al., 2017), which involve high social recognition and financial rewards. Given its
importance, research has been devoted to determining which factors could promote or hinder
math achievement. In this respect, a traditional line of research stressed the contribution
of cognitive abilities, such as intelligence or executive functions (see Cortés Pascual et al.,
2019; Peng et al., 2016 for respective meta-analyses). However, in the last decades, research
has additionally focused on the emotional and motivational factors that affect the process of
learning and subsequent academic achievement (e.g., Eisenberg et al., 2010; Pekrun, 2006).
In line with this last emphasis, the present study aims to ascertain if children’s dispositional
self-regulation abilities are associated with math achievement and whether this relationship
is mediated by the actual negative emotions aroused in children throughout learning
mathematics. More specifically, the proposed model suggests that their math anxiety level
mediates the contribution of children’s effortful control on mathematics performance.

Effortful control and math performance

Effortful control (EC) reflects individual differences in the efficiency of executive attention
(Rothbart et al., 2006). It is operationally defined as “the ability to inhibit a dominant
response in order to perform a subdominant response, to detect errors, and to engage in
planning” (Rothbart, 2011, p. 57). EC covers the individual’s ability to employ top-down
control to self-regulate (Nigg, 2006; Rothbart, 2011) by deploying attentional control
processes, the inhibition of prepotent behaviors in response to instructions or social
demands, and the capacity to act when there is a strong tendency to avoid it (Rueda, 2012).
Like executive function, EC is involved in goal-directed control of cognition, emotion,
and behavior. Given their overlapping conceptualization, it is worth clarifying the
delimitation of both constructs: EC has been conceptualized within a developmental
framework of temperament (Rothbart, 1989). It is defined at the level of attentional and
behavioral control tendencies, which are influenced throughout time by heredity and
experience, and it has been chiefly measured through adult ratings of children’s behavior
observed in real-world settings such as home or school. In contrast, executive function
has been developed within cognitive neuroscience frameworks (e.g., Miyake & Friedman,
2012), is defined as the efficiency of higher-order neurocognitive processes (e.g., updating,
inhibition, and shifting), and is often measured through performance in cognitive tasks.
Nonetheless, it is apparent that both constructs overlap conceptually, and even the same brain
structures are proposed to underly the inhibitory and attentional control mechanisms involved in
EC and executive functioning (Diamond, 2013; Kim-Spoon et al., 2019). Given these common-
alities, researchers have expected EC and executive function measures to be related, but previous
efforts found weak to modest correlations (Rueda et al., 2004; Simonds & Rothbart, 2004; Ten
Eycke & Dewey, 2016). More recently, it has been pointed out that the low associations found
could be explained by differences in the measurement strategy rather than in the conceptualiza-
tion of both constructs (Nigg, 2017); in support of this idea, when both constructs have been
measured using behavioral ratings, they have been found highly correlated, suggesting that the
two rubrics represent the same underlying self-regulation construct (Tiego et al., 2020).
Concerning the contribution of EC to math achievement, it would promote self-regu-
lation of work-related impulses, permitting the child to sustain attention and effort despite
frustration, boredom, or confusion (Duckworth & Allred, 2015). Indeed, strong evidence
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shows concurrent and predictive relations between EC and mathematics achievement dur-
ing school years (Hernandez et al., 2017; Sanchez-Pérez et al., 2015; Swanson et al., 2014;
Valiente et al., 2007, 2011).

Most of the studies above mentioned used a broad measure of effortful self-regulation.
However, EC is constituted of a set of dimensions representing a variety of mechanisms
that, although correlated, are also dissociable and could differentially contribute to math-
ematics performance. More specifically, EC includes attention focusing, inhibitory control,
and activation control dimensions during school years. Attention focusing covers indi-
vidual differences in the ability to persist in ongoing tasks, avoiding possible distractions,
and would affect academic achievement because it is required for children’s engagement in
learning activities and completion of tasks, and facilitates (or disrupts) classroom processes
(Ladd et al., 1999; Posner & Rothbart, 2007). In support of this hypothesis, previous studies
showed that children with a higher ability to concentrate and focus on tasks achieved bet-
ter mathematics performance in kindergarten (Rudasill et al., 2010) and elementary school
(Ato et al., 2020; Sanchez-Pérez et al., 2015, 2018). Inhibitory control encloses individual
differences in the ability to suppress incorrect/inappropriate responses under instructions or
in attending to social demands (Kochanska et al., 2000; Simonds & Rothbart, 2004) and
implies the maintenance in working memory of a rule for correct responding while inhibit-
ing a prepotent response tendency. In the school routine, this ability would allow children
to suppress disruptive behaviors in the classroom and to follow the instructions given by
the teacher. In line with this interpretation, better inhibitory abilities have been associated
with higher scores in children’s mathematics performance in elementary school (Oberle &
Schonert-Reichl, 2013; Welsh et al., 2010), although other studies failed to find significant
associations (e.g., Sdnchez-Pérez et al., 2015). Finally, activation control reflects individual
differences in the ability to accomplish an action when there is a strong tendency to avoid
it. At school, this ability would help students do the homework or study for an exam, albeit
they would rather avoid these activities. Although much less explored than the other EC
scales, previous studies reported that elementary school students who scored higher in acti-
vation control tended to obtain higher math achievement (e.g., Sanchez-Pérez et al., 2018).

Given the evidence from broad and fine-grained approaches, which one should research-
ers choose to examine the contribution of EC on mathematics performance? The ‘“broad
versus narrow measures” debate about criterion validity is ongoing (see Chapman, 2007
for a review). On the one hand, the broad score usually has higher reliability than the spe-
cific scales because the broad factor contains more items than the specific ones, and the nar-
row scales are highly intercorrelated (Ones & Viswesvaran, 1996). On the other hand, the
meaning of the resulting composite score might be difficult to interpret. It might lose predic-
tive power because the association of specific scales with the criterion of interest is diluted
(Ashton, 1998). Aware of this issue, we considered the contribution of EC higher-order factor
and each EC individual subscale to better understand the different EC mechanisms’ role in
children’s math performance. In addition, we aimed to ascertain the interplay between chil-
dren’s effortful self-regulation and math anxiety in predicting math performance.

Math anxiety and math performance

Math anxiety (MA) is defined as the “feeling of tension, apprehension, or even dread that
interferes with the ordinary manipulation of numbers and the solving of mathematical
problems” (Ashcraft & Faust, 1994, p. 98). Although not incorporated as a separate
diagnostic category in the primary diagnostic systems for mental disorders, DSM-V-R
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(American Psychiatric Pub., 2013) and ICD-11 (World Health Organization, 2018), MA
expressions, such as fears about performing well at school, are included as part of the
symptoms of the Generalized Anxiety Disorder in children and adolescents (Papousek
et al., 2012). MA can work like a phobia, affecting individuals at physiological, cognitive,
and behavioral levels; previous studies found that schoolchildren (Hunt et al., 2017) and
adults (Faust, 1992) who scored high in MA exhibited a greater physiological reactivity
to mathematics, tended to experience more intrusive thoughts (Hunt et al., 2014), to
experience difficulties for controlling emotional distraction induced by math information
(Cohen & Rubinsten, 2022), to deplete their working memory resources, and to display
poorer basic number processing ability (Skagerlund et al., 2019). They also showed
behavioral disengagement bias, specifically away from mathematical stimuli (Pizzie &
Kraemer, 2017) and higher avoidance of effortful study strategies (Jenifer et al., 2022).

Not surprisingly, MA has been negatively associated with children’s math performance
(Ma, 1999; Ramirez et al., 2013, 2016; Sanchez-Pérez et al., 2021; Vukovic et al., 2013; Wu
et al., 2012; see Barroso et al., 2021 for a meta-analisis). Nonetheless, the causal direction of
this relationship as well as the mechanisms involved are still under debate (Skagerlund et al.,
2019). Some theories (referred to as deficit models) state that poor math skills and visuo-spa-
tial skills, and first experiences of failing in math, altogether with poor executive functioning,
would lead students to develop anxiety in math-related learning situations (e.g., Ashcraft &
Kirk, 2001; Maloney, 2016). In the opposite causal direction, the debilitating models (e.g.,
Ashcraft & Moore, 2009; Dowker et al., 2016; Eysenck et al., 2007) propose that MA would
affect math performance by inducing avoidance of math learning situations and through cogni-
tive interference; specifically, MA could produce intrusive thoughts, which would overload the
limited working memory capacity, hindering the necessary cognitive resources for comput-
ing math-related problems, lastly undermining math achievement. Nonetheless, the reciprocity
theory (Carey et al., 2016) integrates the previous perspectives and establishes that MA and
math performance influence each other in a bidirectional relationship.

Additionally, the causes of MA are multiple and complex; indeed, as proposed by
Rubinsten et al. (2018), MA arises from the dynamic interplay between environmental
(e.g., parenting style, teachers’ attitude, instruction strategies, and cultural norms and ste-
reotypes about mathematics performance) and intrinsic factors (e.g., brain malfunctions,
heritability, predisposition towards general anxiety, general cognition, numerical cognition,
and affective factors).

Effortful control, math anxiety, and math performance

Among the intrinsic vulnerability factors considered in the model mentioned above (Rubin-
sten et al., 2018), the neurocognitive pathways that control negative emotions are of special
interest to this study. For instance, highly math-anxious individuals were found to exhibit
increased activation of the connection between the amygdala and ventromedial prefrontal
cortex regions, and such overactivity happened concurrently with a decreased activation of
the dorsolateral prefrontal cortex (Young et al., 2012), a brain structure involved in execu-
tive control. These findings inform of a higher effort on emotion regulation to the detriment
of cognitive control in highly math-anxious individuals, which could explain poorer math
performance in those who suffer from MA.

If the low cognitive control exhibited by highly math-anxious individuals is interpreted
as a neural predisposition (Rubinsten et al., 2018), poor levels of executive and effortful
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self-regulation will constitute risk factors for the development of MA. The involvement of
executive functioning, either as an antecedent (Ashcraft & Kirk, 2001) or as an effect of
MA (see Finell et al., 2022 for a meta-analysis on the role of working memory) has been
previously explored. In the case of EC, as far as we know, its association with MA has not
been proven yet. However, there is a vast literature that identifies EC as a risk factor for
the development of general anxiety and other internalizing problems (see Hougland et al.,
2011 for a meta-analysis).

We expect EC to influence math anxiety, affecting in turn math performance. Although
this mediational pathway of EC to math performance has not been tested yet, it is justified
from a theoretical point of view. As reviewed by Zhou et al. (2010), EC is hypothesized
to positively predict children’s academic achievement through cognitive, motivational,
emotional regulation, and interpersonal pathways. In short, cognitive mechanisms would
allow children with high EC to be better at focusing, sustaining, and shifting attention as
well as inhibiting prepotent responses as needed (Gerardi-Caulton, 2000; Rothbart et al.,
2003; Rueda et al., 2005); motivational mechanisms would explain why children with
high EC tend to be better at initiating, sustaining, and regulating their motivation and
engagement in goal-directed activities, including academic learning (Kwon et al., 2018);
interpersonal mechanisms would justify that children with high EC are expected to be
better at developing and maintaining positive social relationships with peers and teachers
(Sanchez-Pérez et al., 2018), which might facilitate learning and academic success; lastly,
and relevant to our study, EC would influence children’s academic performance through
emotion regulation mechanisms. In previous research, EC was found to regulate reactivity
and stress by suppressing and activating cognitive and behavioral responses (Valiente
et al., 2009). According to this pathway, children with high EC are expected to be more
successful at regulating their negative emotions and behavioral impulses (Blair, 2002),
which might facilitate effective learning and promote academic achievement. Applied to
this study, EC would contribute to mathematics performance by reducing children’s anxiety
aroused while manipulating numbers and solving mathematical problems.

The present study

This study aimed to understand better the mechanisms through which EC can contribute to
math performance in a sample of Spanish elementary school children. More specifically,
it was proposed that the relationship of EC to math performance would be mediated by
math anxiety so that children with better EC would exhibit lower levels of MA, decreasing
the negative effect of MA on math performance. Given that EC is a broad construct of
several correlated but different mechanisms, the specific contribution of activation control,
attention focusing, and inhibitory control was explored. The models also considered the
effect of grade, non-verbal 1Q, sex, and socioeconomic status (SES) on the variance of
math performance (see Fig. 1).

The proposed models arouse from concern about the low math performance of Spanish
students. The Programme for International Student Assessment (PISA) repeatedly reported
that the Spanish students’ mathematics performance is lower than the average of the Organi-
zation for Economic Cooperation and Development (OECD, 2012, 2014, 2019), with 24.7%
of Spanish students considered low performers in math, meaning that they cannot interpret
nor recognize, without direct instructions, how a (simple) situation can be represented math-
ematically (e.g., comparing the total distance across two alternative routes, or converting
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Math anxiety

Activation control
Attentional focusing
Inhibitory control

Effortful control Math performance

Fig. 1 Hypothesized model for the relation between effortful and math performance mediated by math
anxiety

prices into a different currency; OECD, 2019). Moreover, the instructional system followed
by the schools of this study may rely on particular skills to be successful. Like most State
primary schools in Spain, it is characterized by a heavy load of individual work at school and
home and a high student—teacher ratio; in such situations, children’s differences in effortful
self-regulation might be particularly relevant for academic achievement.

Material and methods
Participants

The participants were children recruited from schools collaborating in a broader project
to identify individual and environmental factors associated with math performance. The
schools were located in rural and urban areas of the Region of Murcia (SE, Spain). Initially,
the sample was composed of 1120 children, but 416 cases (37.14%) were excluded from
this study for several reasons: 143 children had been diagnosed with learning disability
or clinical problems; 270 cases in that parents did not complete the temperament
questionnaire, and 3 cases as their families withdrew from the study. The final sample was
composed of 704 children (367 girls, 337 boys) aged 7 to 12 years (M =9.43, SD=1.23)
who were enrolled in 3rd to 6th grade (additional demographic information is provided in
Table 1).

Measurements
Effortful control

Parents completed the Temperament in Middle Childhood Questionnaire (TMCQ;
Simonds & Rothbart, 2004), validated in a previous study in the Spanish population
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Table 1 Demographic

- - Final sample
characteristics of participants

Gender
Girls 367
Boys 337
Grade
3rd 157
4th 183
Sth 188
6th 176
Background
European background 95.3%
Latin American background 2.1%
African background 7%
Asian background 9%
Other backgrounds 1%
Mothers’ education*
Elementary school level 31.5%
High school 25.1%
University level 43.4%
Fathers’ education™
Elementary school level 38.3%
High school 27.3%
University level 34.4%
Monthly family income*
Less than 750€ 3.6%
751-1200€ 12.9%
1201-1600€ 13%
1601-2000€ 16.1%
2001-3000€ 28.9%
More than 3000€ 25.5%

“Demographic information reported by 95.17% of the sample

(Gonzalez-Salinas et al., 2012). Parents assessed how each item accurately described
their child’s behavior within the previous 6 months. Each statement was scored using a
5-Likert type scale (1 =almost always untrue to 5 =almost always true, with an additional
option of “Not applicable” if parents did not observe their child in the specified situation).
In this study, TMCQ was primarily informed by the children’s mothers (68.3%). Effortful
control was composed of the following scales: activation control (ability to act when there
is a strong tendency to avoid it; e.g., “ (my child) has a hard time speaking when scared to
answer a question”—reversed; 15 items, @=0.73, item-test correlation ranging from 0.20
to 0.43); attention focusing (tendency to maintain one’s attentional focus on task-related
channels, e.g., “When working on an activity, has a hard time keeping her/his mind on
it"—reversed; 7 items, @=0.88, item-test correlation ranging from 0.48 to 0.78); and
inhibitory control (ability to plan and suppress inappropriate approach responses under
instructions or attending to social demands, e.g., “Can stop him/herself when s/he is told
to stop”; 10 items, a=0.69, item-test correlation ranging from 0.21 to 0.43). The internal

@ Springer



N. Sdnchez-Pérez et al.

consistency of broad EC including all scale items was 0.87, item-test correlation ranging
from 0.21 to 0.62 (n=32 items). The score of each scale was computed by dividing the
total by the number of items receiving a numerical response.

Math anxiety

Children completed the Spanish version (Sadnchez-Pérez et al., 2021) of the Scale for Early
Mathematics Anxiety—SEMA—(Wu et al., 2012). They reported how anxious they felt if
they were confronted with either a situation that required solving math questions (numerical
processing factor, ten items, e.g., “Is this right? 15—-7=8,” ¢=0.71) or coping with social
and testing situations involving mathematics (situational and performance factor, ten items,
e.g., “You are about to take a math test,” a=0.78). Following authors’ instructions, a five-
point scale was used (from O=not nervous at all to 4=very very nervous); ratings were
shown with graded anxious faces to help children identify their anxiety levels. Children
responded by selecting one of the faces. The total MA score was computed by summing
the items’ ratings (a=0.84), with higher scores meaning higher MA.

Math performance

Children completed the Calculation and Math Fluency subtests of the Woodcock-Johnson
II (WJ-III) Achievement battery (Woodcock et al., 2001; Spanish validation developed
by Diamantopoulou et al., 2012). The Calculation subtest (unlimited time task) assesses
the student’s ability to perform simple mathematical computations, including addition,
subtraction, multiplication, and division. In contrast, Math Fluency measures the ability to
quickly solve simple calculations (limited time task: 3 min). Mathematics performance was
calculated by adding the standardized scores of both scales.

Non-verbal IQ

Children responded to the non-verbal IQ subtest of the Spanish version of the Kaufman
Brief Intelligence Test (Kaufman & Kaufman, 1990). This measure covers children’s non-
verbal reasoning and flexible problem-solving skills (for our sample, a=0.83).
Socioeconomic status (SES)

An index of SES was obtained for each child, taking into account three variables: (1) the moth-
er’s education level in years, (2) the father’s education level in years, and (3) monthly family
incomes. Each variable was standardized and then averaged to form a composite score of SES.
Procedure

The study was approved by the Ethics Committee of the University of Murcia and conducted in

accordance with the Declaration of Helsinki. In collaboration with the regional government, the
headteachers of the schools in the area of Murcia were invited to participate. For the schools that
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agreed to take part in the study, we sent letters to the families describing the research project,
consent forms, and questionnaires to gather demographic information. Once the parents com-
pleted the forms, they returned them to school. We sent a second letter containing the TMCQ
to parents who agreed to participate so they could complete the questionnaire at home and later
return it to school. A research team member was available at school to answer any questions
or concerns raised by the parents. All the measures were taken in the 2018-19 academic year
by research group members. Children completed SEMA and another unpublished MA-related
questionnaire in an individual session in the first term. In the second term, children completed
the non-verbal IQ and the math abilities subtests in a group session (range=6-24 children).
Verbal assent was obtained from each child prior to each session.

Results
Correlational, t-test, and ANOVA analyses

Descriptive statistics, including specific samples, kurtosis, skewness, means, and
standard deviations for all variables under study, are presented in Table 2.

Firstly, zero-order correlations, f-tests, and ANOVA analyses were computed to
evaluate the potential variables to be controlled (non-verbal 1Q, SES, sex, and grade).
Zero-order correlations revealed that SES was positively associated with Fluency,
Calculation, and math grades, whereas non-verbal 1Q was negatively related to scores in
MA and positively to mathematics performance (see Table 3).

Sex differences were tested through independent z-test analyses, which yielded signifi-
cant effects on mathematics performance, ¢t [670]= —4.82, p<0.001, with boys (M =0.41,
SD=0.09) scoring higher than girls (M= —0.17, SD=0.08), while they did not bring
significant differences for MA, ¢ [702]=1.02, p=0.306. ANOVA results showed signifi-
cant grade effects in MA, F(3, 700)=4.40, p=0.004, and mathematics performance, F(3,
668)=126.99, p<0.001. Bonferroni post hoc tests showed that third-graders (M =14.90,
SD=9.35) experienced more MA than fifth- (M=12.15, SD=7.39) and sixth-graders
(M=12.05, SD=8.61), whereas mathematics performance was found to increase sig-
nificantly from 3rd to 6th grade (3rd grade: M= —1.28, SD=1.20; 4th grade: M= —0.37,
SD=1.21; 5th grade: M=0.71, SD=1.26; and 6th grade: M=1.26, SD=0.11). Therefore,
SES, non-verbal IQ, sex, and grade were included as control variables for math perfor-
mance, whereas non-verbal 1Q and grade were taken into account for children’s MA.

Zero-order correlations were run to elucidate significant associations between the
proposed independent, mediational, and dependent variables. The results indicated that
higher activation control, attention focusing, and inhibitory control were associated with
lower MA and better math performance. In contrast, higher scores in MA were associ-
ated with lower math performance (shown in Table 3).

Structural equation analyses

A total of 4 structural equation models were run. In all models, the independent variable was
children’s self-regulation abilities, either considered broadly, including EC as a latent variable,
or focused on the specific mechanisms of activation control, attentional focusing, and inhibitory
control; MA was introduced as a mediator variable; math performance as the dependent
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Table 3 Zero-order correlations

. Math anxiet Math perf
for the proposed independent, ath anxiety ath performance
mediational, dependent, and L «
. X Activation control —.11%* 20%*

potential control variables
Attentional focusing — 24%%% 3
Inhibitory control —.10%* 1 3EEE
SES —.06 B
Non-verbal 1Q — . 14%%% A9FHE

“p<.01; #Ep < 001

variable; SES, non-verbal IQ, sex, and grades were considered control variables for math
performance, while non-verbal IQ and students’ grade were taken into account to predict MA.

Broad EC predicting math performance through AM

The model including EC (see Fig. 2) yielded adequate goodness of fit, CFI=0.93, and
SRMR =0.07. The results showed a direct contribution of children’s EC to their math
performance, with higher EC predicting better scores on math performance, f=0.13,
p=0.005, 95% CI=[0.131, 0.196], even after including children’s non-verbal IQ, SES,
sex, and grade as control variables. Moreover, an indirect effect was found, in which better
EC was associated with lower levels of MA and, in turn, MA predicted poorer achievement
in math performance; f=0.025, p=0.050, 95% CI=[0.021, 0.189].

Specific EC components predicting math performance through AM

The respective models involving activation control, attention focusing, and inhibitory
control as independent variables (see Figs. 3, 4, and 5, respectively) showed adequate
goodness of fit (see Table 4). The analyses indicated that activation control and attention

Math anxiety

-14 R

L15Eer

Activation control
Attentional focusing [~
Inhibitory control

13#%

Effortful control Math performance

CFI=.93, SRMR = .068. Indirect effects: =025, p =005, [.021, .189] * = p < 05 ** = p < .01; *** = p < 001

Fig. 2 Effortful control as partially mediated by math anxiety in predicting math performance
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Math anxiety

_10% L 19%Ex

gk

Activation control Math performance

CFI = 1, SRMR = .008. Indirect effects: p =018, p = 037, [.005, .102]; * = p < .05; ** = p < .01; ¥** = p < 001

Fig.3 Activation control as partially mediated by math anxiety in predicting math performance

Math anxiety

-20%* ~1gnE

7R

Attention focusing Math performance

CFI =.95, SRMR = .047. Indirect effects:  =.038, p <.001, IC [.030, .106]; * = p < .05; ** =p < .01

Fig.4 Attention focusing as partially mediated by math anxiety in predicting math performance

focusing contributed directly to children’s math performance, so higher scores in these
scales predicted better math performance, even when children’s non-verbal 1Q, SES, sex,
and grade were introduced in the model. However, a direct contribution of inhibitory
control to math performance was not proved (see Table 4 and Figs. 3, 4, and 5 for more det
ails).
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Math anxiety

-.09* B

Math performance

CFI = .98, SRMR = .043. Indirect effects: =018, p = 058, IC [.004, .110]; * =p < .05; ** = p < 01, ¥* = p < 01, ** = p < .01, ** = p < 001

Fig.5 Mediational model testing the contribution of inhibitory control on math performance through math
anxiety

The mediational analyses confirmed that higher activation control and attention focus-
ing were related to lower MA and, in turn, higher MA predicted lower scores on math per-
formance. However, inhibitory control was found to exert neither direct nor indirect contri-
bution to children’s math performance (see Table 4 and Figs. 3, 4, and 5 for more details).

Discussion

The present study aimed to understand better how children’s effortful self-regulation
abilities affect their academic achievement. Our findings suggest that individual differences
in children’s effortful control contribute to mathematics performance and that children’s
levels of mathematics anxiety partially mediate this contribution.

Broad EC predicting math performance through MA

As hypothesized, our study confirmed that children’s effortful control—as a broad
factor—contributed to math performance directly and through the mediation of MA, even
controlling by children’s non-verbal 1Q, SES, sex, and grade. Focusing first on the direct
contribution, we found a positive association of EC with academic achievement, a recurrent
result found previously (Hernandez et al., 2017; Sanchez-Pérez et al., 2015; Swanson et al.,
2014; Valiente et al., 2007, 2011). It informed that children with higher effortful self-
regulation abilities obtained better performance in mathematics, as they were more ready to
adequately undertake the different school tasks by paying attention to teachers’ instructions
and concentrating on tasks, avoiding possible distractions, suppressing possible disrupting
behaviors, and putting their effort on goal-oriented activities. Similarly, executive functions
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The contribution of children’s effortful control to math...

have been positively associated with mathematics achievement in primary school (see
Cortés Pascual et al., 2019, for a meta-analysis). Altogether, these results highlight the
importance of children’s efficiency in goal-directed control of cognition, emotion, and
behavior for successful academic achievement.

Most interesting, we found that MA partially mediated the contribution of EC. It
means that children with higher EC exhibited better performance in timed and un-timed
mathematics tasks by successfully regulating their negative emotions aroused in various
mathematics-related situations. To our knowledge, this is the first study addressing the
mediational role of schoolchildren’s MA in the relation of EC to mathematics performance,
extending the limited evidence that supports the emotion regulation pathway between EC
and academic achievement. The involvement of self-regulation and other temperament
characteristics in math negative emotions and performance has been scarcely studied.
Nevertheless, Liew et al. (2014) found a mediational pathway in that highly fearful
and inhibited college students suffered higher social-evaluative threats (fear of failure
and being judged as unintelligent), negatively affecting their math performance. The
paucity of studies involving effortful control is surprising, taking in mind the extensive
research that has addressed the interactions of executive control and MA to predict math
performance (e.g., Cohen & Rubinsten, 2022; Cuder et al., 2023; Hartwright et al., 2018;
Orbach et al., 2020; Zivkovié et al., 2023; see Finell et al., 2022, for a meta-analysis). In
line with our results, such studies showed negative relations between executive control and
MA, and higher levels of tension or apprehension in coping with math information were
negatively associated with math performance. The negative association of MA with math
performance has often been replicated (e.g., Ramirez et al., 2013, 2016; Sanchez-Pérez et
al., 2021; Vukovic et al., 2013; Wu et al., 2012; see Barroso et al., 2021; Ma, 1999, for
meta-analyses), but the interpretation of effects involving executive control has varied with
the perspective adopted. From risk-factor models of MA (e.g., Rubinsten et al., 2018),
poor executive functioning underlies a lower math performance and induces higher math
anxiety, whereas from “debilitating models” (e.g., Eysenck et al., 2007; Suérez-Pellicioni
et al., 2016; Suérez-Pellicioni et al., 2016), MA would produce intrusive thoughts, which
would overload the limited working memory capacity, hindering the necessary cognitive
resources for computing math-related problems. These opposite views have been integrated
into the reciprocity theory (Carey et al., 2016), as both might explain different aspects of
the same phenomenon.

EC components predicting math performance through MA

The mediational models that tested the contribution of each specific EC mechanism to
explain individual differences in children’s mathematics performance via their MA level
showed different result patterns depending on the EC component analyzed.

Activation control, or the ability to voluntarily initiate behaviors to cope with
task requests, even when there is a strong tendency to avoid them, contributed to math
performance directly and indirectly through math anxiety. Focusing first on the direct
contribution to math performance, children with higher activation control obtained better
math performance, replicating previous research (Sanchez-Pérez et al., 2018). This EC
component would allow children to initiate and maintain the behaviors that contribute
to successful math learning and performance, as this ability enables the child to avoid
procrastination and instead put their effort into school tasks or homework even if they
find them boring or difficult. Moreover, the indirect link of activation control with math
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performance through MA means that children with better ability to initiate behaviors
as requested by adults or attend to social demands by overriding their own impulses
experienced lower levels of math anxiety, reducing, in turn, the harmful effects of MA on
math performance. As stated by Ashcraft and Moore (2009), MA would activate avoidance
mechanisms of mathematics-related situations, reducing math-learning experiences,
consequently causing a detriment in math performance and increasing the levels of MA
and other emotional problems. In support of this hypothesis, Skaalvik (2018) found a
positive association of MA with performance-avoidance goals in middle school students
so that those with higher MA avoided demonstrating incompetence or being negatively
perceived by others and tended to use self-protective coping strategies (oriented to maintain
self-worth and avoid negative self-perceptions), rather than problem-focused strategies,
considered as forms of adaptive coping. In our sample, children with higher activation
control could be more ready to overcome these avoidance tendencies and instead apply
effortful study strategies, stopping the pernicious circle of MA.

Attention focusing also predicted math performance directly and through the mediation
of AM. Concerning its direct and positive contribution, our results suggest that the ability
to focus attention on tasks while ignoring possible distractors facilitates learning and
performance of mathematics, in consonance with previous research (Ato et al., 2020;
Rudasill et al.,, 2010; Sanchez-Pérezet al., 2015, 2018). The relevance of attentional
processes for academic achievement was highlighted by Polderman et al. (2010) through
a meta-analysis in which attentional problems were found to be associated negatively
with academic achievement after controlling for intelligence, comorbidity, and SES.
As Trentacosta and Izard (2007) pointed out, few constructs directly impact children’s
academic achievement more than their ability to pay attention in the classroom.

The indirect link between attention focusing and math performance through MA involved
that children with a higher ability to focus their attention and avoid distractions experienced
lower MA, reducing the negative effect of MA on math performance. Children with higher
attentional control could probably use successful strategies to reduce the negative emotions
experienced when coping with difficulties in math tasks. Indeed, the use of emotion regula-
tion techniques based on attentional control, such as mindfulness or cognitive reappraisal,
has proved successful in reducing the levels of math anxiety, with positive effects on math
performance (e.g., Ahmed et al., 2017; Jamieson et al., 2021; Pizzie & Kraemer, 2021).

Regarding inhibitory control, this scale was negatively correlated to MA, in conso-
nance with previous research (Justicia-Galiano et al., 2015; Mammarella et al., 2018;
Van den Bussche et al., 2020) and supporting the relevance of executive inhibitory
mechanisms to regulate the negative emotions aroused when faced with math tasks.
However, inhibitory control in this study did not predict math performance directly nor
indirectly; although contrary to our expectations, this result did not surprise us because
we failed to find an association of inhibitory control with math performance in a sam-
ple of elementary school children formerly (Sdnchez-Pérez et al., 2015). Probably, the
processes covered by this scale and its measurement approach might not be relevant for
explaining mathematics achievement at this educational stage; TMCQ inhibitory con-
trol was defined by the authors (Simonds & Rothbart, 2004) at the behavioral and emo-
tional level, covering the ability for planning before acting, being cautious and careful,
able to stop or slow down, and capable of inhibiting the expression of emotions when
they are not appropriate; all these processes were rated by parents based on daily situ-
ations. In contrast, studies that found inhibitory control associated with math perfor-
mance defined it at the cognitive level and used direct measures by exposing children to
specific cognitive-motor conflicts such as “go-no-go tasks” or Stroop-like tasks, where
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prepotent responses should be inhibited (e.g., Agostino et al., 2010; Fuhs & McNeil,
2013; Neuenschwander et al., 2012; Oberle & Schonert-Reichl, 2013; Pina et al., 2015).
In addition, when comparing the contribution of the different EC components analyzed,
attention focusing is the most relevant mechanism for MA and math performance. Although
all EC mechanisms reflect individual differences in the executive attention network,
attention focusing involves cognitive self-regulation, whereas activation and inhibitory
control are mainly defined at the behavioral level. Moreover, as pointed out by Diamond
(2013), the operations deployed in sustain and focused attention overlap in part with
executive functions: on the one hand, working memory is necessary to hold information
in mind and work with it, and on the other, the involvement of inhibitory mechanisms are
requested to prevent intrusive thoughts or distractions. In short, our results support a higher
relevance of the cognitive (attentional and inhibitory) aspects of effortful self-regulation
over the behavioral ones to explain individual differences in MA and math performance.

Contribution of the control variables in the models tested

Although non-verbal IQ was not the main focus of this study, it is worth mentioning
that it negatively predicted both MA and math performance, suggesting that children
with higher abstract reasoning tend to experience fewer negative reactions to
mathematics and obtain higher math achievement. In our study, non-verbal IQ was
obtained through the Matrices subtest of the K-bit (Kaufman & Kaufman, 1990); it
is a measure of figural IQ that demands the participant to analyze a series of pictures/
patterns and point to the response that corresponds with that picture/pattern and for
which visuospatial reasoning is required. The relation of figural IQ to math anxiety
and math performance was reported previously (Ferguson et al., 2015; Schillinger
et al., 2018). As interpreted by Schillinger et al. (2018), those individuals with poorer
viso-spatial abilities face more challenges in learning new mathematical concepts,
especially those related to geometry, putting them at risk of developing MA.

Among the other control variables, age was a prominent influence on math performance,
indicating that children acquire better mathematical skills as they get older and with increas-
ing instruction. Concerning sex, in line with the last PISA report (OECD, 2022), boys in
our sample outperformed girls in math performance. However, in a meta-analysis, Lindberg
et al. (2010) found inconsistent results among the studies reviewed, with an insignificant
average effect. We should keep track of these differences and the possible explanatory fac-
tors. Among them, socialization influences related to math-gender stereotypes are good
candidates (e.g., Justicia-Galiano et al., 2023). Finally, family SES, a robust predictor of
academic achievement (see Selvitopu & Kaya, 2023, for a meta-analysis), was positively
associated with math performance. This relationship suggests that wealthier and more edu-
cated families would provide their children with more opportunities for learning in a more
intellectually challenging environment (Davis-Kean, 2005; Pina et al., 2014).

Limitations and future research

This study has shown that children’s effortful self-regulation abilities contribute to math
performance directly and through the mediation of math anxiety. The fine-grained anal-
ysis highlighted cognitive over behavioral self-regulation’s relevance in explaining indi-
vidual differences in MA and math performance.
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Nonetheless, the scope of our results is limited in several ways. The first limitation
concerns the measurement strategy adopted, as EC was measured through questionnaires
based on parents’ observations of their children in daily situations. Although it is admit-
ted that parents can be proper observers of their children’s behaviors (Rothbart, 2011),
they could also introduce subjective biases. Alternatively, direct observations of children
in laboratory tasks when asked to follow instructions to suppress/initiate behaviors, hav-
ing to wait, or while performing cognitive-motor conflict tasks are well established (see
Spinrad et al., 2007 for a review), but given that these methods are not equivalent forms of
measurement, a multi-method approach would provide more robust results.

A second limitation has to do with the effect size. Although significant, the size of
effects found in this study was small, which means that an important part of the vari-
ance of the interactions between risk factors, MA, and math performance is yet to be
explained. Following Rubinsten et al. (2018), given that MA can be considered as a
dynamic interplay between intrinsic and environmental factors, a comprehensive model
should include additional factors, such as genetic and neural predispositions, with par-
ticular attention to the generalized anxiety disorder; cognitive aspects, such as executive
control or numerical cognition; and affective factors such as motivation or self-efficacy.
Environmental aspects should include interactions with parents, family members, teach-
ers, and peers, which are influenced by the educational curriculum and broad cultural
values.

Conclusions

In addressing the contribution of EC to academic achievement, previous research had
scarcely explored a pathway involving the negative emotions aroused during learning
processes. In this study, we have proved that children’s EC contributes to their math per-
formance directly and through the mediation of MA. Children with higher attentional
control and more able to refrain from their impulses to cope with task or social demands
experienced lower levels of MA and obtained better math performance. Moreover, the
fine-grain approach allowed us to test the specific contribution of each EC component,
whose results support a higher relevance of the cognitive (attentional and inhibitory)
aspects of effortful self-regulation over the behavioral ones to explain individual differ-
ences in MA and math performance. In sum, the findings highlight the relevance of top-
down control of cognition, emotion, and behavior for successful academic achievement.

The practical implications of this study suggest the importance of focusing on
self-regulation, managing math anxiety, and emotional and cognitive mechanisms to
enhance students’ performance in mathematics. These findings can have applications in
the educational field and the development of specific interventions to address students’
mathematical difficulties.
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