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Abstract: A consistent amount of research has tried to study the contributions of cognitive
and emotional factors involved in math achievement. Despite this, research examining
their joint role in children is scarce. In this paper, we examined the joint role of cognitive
and math anxiety on math achievement in a sample of 135 seventh-grade children (54%
male, Mgge =12.79, SD = 0.47). Math achievement was measured using a validated paper-
and-pencil test, while higher-order cognitive abilities were assessed with a PMAs test.
Working memory was evaluated through two verbal and two visuo-spatial experimental
span tasks. Inhibitory control was measured using three computerized tasks adapted
from the classic Stroop, Flanker, and Simon tasks. Math anxiety was assessed with an
AMAS questionnaire. A series of correlation analyses and path models were conducted
to understand the complex relationships among the factors. The correlations showed a
positive relationship among our cognitive abilities and a negative correlation with math
anxiety. The results from the path analysis showed a strong effect of higher-order cognitive
abilities on math achievement (3 = 0.44, p < .001) and highlighted the mediating role
of working memory between math anxiety and math performance (3 = —0.04, 95%CI
[-0.11; —0.00]). Conversely, inhibitory control did not seem to play a crucial role in this
relationship ( = —0.03, 95%CI [—0.08; 0.00]). These findings are discussed in relation to
current theoretical frameworks. Interventions aimed at reducing math anxiety could help
improve math achievement.

Keywords: math; higher-order cognitive abilities; working memory; inhibitory control;
executive functions; math anxiety; children

1. Introduction

Learning to count, acquiring number skills, performing arithmetical operations, and
solving complex math problems constitute an important part of children’s daily activities
and remain important throughout adulthood. Research on mechanisms underlying math
learning has a long history, and according to the most recent developmental theories,
the acquisition of mathematical abilities depends on both domain-specific and domain-
general factors (Caviola et al. 2020; Hornung et al. 2014; Passolunghi and Lanfranchi 2012).
Among the math-specific factors, we can list several skills, such as comparing sets of objects
and counting abilities, preceding the acquisition of numerals knowledge (Krajewski and
Schneider 2009; Purpura et al. 2013). Also, math, like any other complex achievement, relies
on higher cognitive abilities, such as intelligence (Giofre et al. 2013a, 2017) and reasoning
(H. L. Johnson 2015; Nunes et al. 2015). Among those, working memory (Caviola et al. 2014;
Giofre et al. 2014) and executive functions (Borella and de Ribaupierre 2014; Cragg and
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Gilmore 2014; Simanowski and Krajewski 2019; Usai et al. 2018; Viterbori et al. 2017) have
consistently been associated with math. Emotional factors seem to play a role in math as
well, and one of the most significant is math anxiety (Ashcraft and Moore 2009; Caviola
et al. 2022; Donolato et al. 2020).

1.1. Higher-Order Cognitive Abilities

According to several studies, academic achievement is related to some cognitive func-
tions, such as verbal, non-verbal, and quantitative abilities, that are used as indicators of
higher-level cognitive functions (Demetriou et al. 2013; W. Johnson et al. 2008). Consis-
tently, several studies that analyzed international data found a strong relationship between
academic achievement and higher-order abilities, such as abstract reasoning (Frey and Det-
terman 2004; Pokropek et al. 2022). Recent research has suggested that these higher-level
cognitive functions might mediate the relationship between lower-order cognitive abilities
(e.g., working memory) and math performance, such as general math achievement (Giofre
et al. 2017) and math reasoning (Qi et al. 2024). According to this framework, lower-level
functions (e.g., working memory, inhibitory control) are integrated into higher-level intel-
lective functions (e.g., fluid intelligence, analogical reasoning) in a cascading fashion during
development (Demetriou et al. 2013, 2014; Giofre et al. 2017; Qi et al. 2024). In other words,
the age-related development of lower-order abilities is necessary for the development of
higher-order abilities (Demetriou and Spanoudis 2017; Tourva and Spanoudis 2020).

1.2. Executive Functions

Executive functions (EFs) appear to be particularly important for math learning (Pur-
pura et al. 2017; Simanowski and Krajewski 2019). EFs are a set of cognitive processes that
support goal-directed behavior and are involved in planning, controlling, and supervising
cognition and behavior, especially in new or cognitively demanding situations (Miyake et al.
2000; Miyake and Friedman 2012). According to Miyake’s model, there are three separated,
but interrelated, functions: inhibitory control, updating, and shifting. EFs develop over
time and seem to be a relatively undifferentiated construct in young children (Wiebe et al.
2010). EFs start to differentiate from 5 to 7 years of age (Lerner and Lonigan 2014; M. R.
Miller et al. 2012; Usai et al. 2014) and reach the typical adult three-component structure
starting from 8 to 13 years of age (Lee et al. 2013). The relationship between EFs and math
is well documented (Cragg et al. 2017; Cragg and Gilmore 2014; Emslander and Scherer
2022; Viterbori et al. 2017). EFs are involved in complex cognitive tasks such as arithmetic
and algebraic reasoning (Agostino et al. 2010; Andersson 2007; Lee et al. 2004), calculations
(Andersson 2008; Berg 2008), early numeracy (Bull and Scerif 2001; Campos et al. 2013),
and general math achievement (Kroesbergen et al. 2009; Navarro et al. 2011).

However, multiple studies have found no correlation between shifting abilities and
academic achievement. For example, no relationship between shifting abilities and perfor-
mance on math achievement exams in adolescents has been consistently found (Cragg et al.
2017; Friso-Van Den Bos et al. 2013). It is plausible that younger children may rely more on
these abilities, but their importance decreases as procedural skills become more automatic
with age (Cragg and Gilmore 2014). Critically, two meta-analyses have shown a weak
association between shifting abilities and math achievement (Jacob and Parkinson 2015;
Yeniad et al. 2013). It is worth noting that discrepancies in the literature can be attributed to
several factors, including differences in age groups and heterogeneity among tasks that
assess shifting abilities (Li et al. 2020). These factors highlight the complexity of linking
shifting abilities to math performance and suggest that its impact might be dependent
on context.
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Inhibitory control (IC) seems to be particularly important in math learning due to its
specific role in suppressing irrelevant or interfering information. Math learning is not just
about acquiring new information; it also requires updating existing conceptual frameworks
and forming new concepts (Rochat 2023). IC may influence math achievement directly
or by aiding other cognitive abilities (e.g., working memory) by discarding irrelevant
information, thus leading to better performances (Bull and Lee 2014; Lee and Lee 2019;
Miyake et al. 2000). Specifically, there is evidence that IC is related to math, in which it
is necessary to prevent prior knowledge, intuitive ideas, and even erroneous perceptual
cues from interfering with learning paradoxical notions (Stavy and Tirosh 2000). A classic
example of this phenomenon is in fraction comparison, where children tend to be slower
and less accurate in selecting the larger fraction when the correct answer conflicts with their
knowledge of whole numbers (e.g., 1/3 is larger than 1/10, but 3 is smaller than 10) (Bonato
et al. 2007). In this framework, several studies suggest that children and adolescents with
better IC perform better on apparently paradoxical and counterintuitive math problems
(Borst et al. 2013; Brookman-Byrne et al. 2018; Lubin et al. 2013; Wilkinson et al. 2020).

1.3. Working Memory

Working memory (WM) refers to a processing resource of limited capacity that is
involved in the temporaneous storing of information while simultaneously processing the
same or other information (Baddeley 2000). WM is involved in complex tasks, such as
arithmetical problem-solving, mental calculations (Chen and Bailey 2021; Zhang et al. 2023),
symbolic and non-symbolic comparison (Caviola et al. 2020; Nelwan et al. 2022; van Dijck
and Fias 2011), geometrical problem-solving (Giofre et al. 2013b, 2014; Rivella et al. 2021),
and general math achievement (Friso-Van Den Bos et al. 2013). Many studies have used
the multi-componential WM model, initially developed by Baddeley and Hitch (Baddeley
2000), as the preferred framework when studying the role of WM and its relations with
math. A recent meta-analysis found that the overall association between WM and math is
r=0.35, and is moderated by the specific math skill analyzed (e.g., computation r = 0.35,
geometry r = 0.23; Peng et al. 2016).

1.4. Math Anxiety

In addition to cognitive factors, such as WM and EFs, other factors were found to
be linked to math (e.g., emotional aspects; Donolato et al. 2020). Extensive research has
suggested that academic anxiety, a type of anxiety experienced in educational settings,
negatively affects performance across a variety of school subjects (Caviola et al. 2022;
Zeidner 2007). In particular, math anxiety (MA) is considered a specific form of academic
anxiety, not limited to testing situations but extended to any moment a student may deal
with math content (Ashcraft and Moore 2009; H. Miller and Bichsel 2004). MA can be
defined as a feeling of fear, nervousness, or discomfort that interferes with one’s ability
to perform math tasks, thus having a detrimental effect on students” math achievement
(Ashcraft 2002). Research has shown that test anxiety and MA may negatively affect
math achievement indirectly through WM resources, although this effect is negligible in
magnitude (Caviola et al. 2022). However, it is worth noting that MA may directly affect
math achievement as well, however, the reasons seem to be unclear. It is plausible that
higher levels of MA, extended throughout school years, can eventually trigger avoidance
behavior (Choe et al. 2019). In fact, people with high MA might be afraid of performing
math tasks, so they often avoid math-oriented university courses (Daker et al. 2021).

1.5. Aim and Hypotheses

As outlined above, a consistent amount of research has tried to study the contributions
of domain-specific and domain-general cognitive and emotional factors involved in math.
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The main aim of the present study was to examine the joint role of cognitive (e.g., higher-
order cognitive abilities, WM, and IC) and emotional (e.g., MA) factors in math among
seventh graders. There is, in fact, a growing amount of research looking at the effects of
both cognitive (Giofre et al. 2014, 2017; Roth et al. 2015) and emotional factors (Beilock and
Maloney 2015; Foley et al. 2017) on math achievement. The present study aims to determine
the extent to which WM and IC contribute to math achievement and to investigate whether
higher-order cognitive abilities mediate the relationship between these cognitive functions
and math performance. In this study, we refer to higher-order cognitive abilities (HCA)
as the set of core cognitive abilities involved in math performance. Also, while previous
research has primarily focused on the interfering role of MA in cognitive functions (i.e.,
WM), recent evidence suggests that MA may also have a direct negative impact on math
performance (Caviola et al. 2022). Additionally, HCA are expected to play a key role in
shaping the relationship between cognitive abilities and math achievement, influencing
how WM and IC contribute to performance. Based on prior research, we hypothesize (1)
that better performance in WM and IC is positively correlated with better math achievement.
These factors are expected to play a critical role, with WM supporting math and IC aiding
problem-solving and cognitive control during these tasks. As outlined above, research has
suggested a potential effect of HCA on the relationship between cognitive functions and
math. Therefore, we expect the HCA to predict math achievement above WM and IC (2),
and to mediate the effects of WM and IC on math achievement (2a). Higher levels of MA
are expected to negatively affect performance in math, leading students with higher levels
of MA to show worse results in math (3). Crucially, there is an indirect effect through its
interference with WM and IC (3a), as well as a direct effect of MA on math achievement (3b).

2. Materials and Methods
2.1. Participants

The sample consisted of seventh-grade children recruited from three schools in Gen-
ova (Italy). Forty participants with intellectual disabilities, specifically learning disorders,
including educational diseases, neurological disorders, and genetic syndromes, were ex-
cluded. Seven participants were also excluded because they were found to be multivariate
outliers and possible influential cases, based on Cook’s distance. The final sample was
composed of 135 participants (73 males and 62 females), with an age range in years of
11.92-15.10; M = 12.79, SD = 0.47 (in months 143.129-181.29; M = 153.49; SD = 5.58). This
study was approved by the Ethical Committee of the University of Genova (protocol code
n. 2024.13, 20 February 2024).

2.2. Design and Procedure

All the children were tested individually in a quiet room at their school. The tests
included three computerized tasks for IC, four computerized tasks for WM (two for verbal
WM and two for visuo-spatial WM), two paper-and-pencil tests to assess HCA and math,
and a questionnaire to measure MA. The seven computerized tasks were administered
in a pseudo-randomized order (Stroop Task, Flanker Task, Simon Task, dual matrices
task, back verbal task, dual verbal task, and back matrices task) to reduce the effects of
fatigue and practice. Due to time constraints, tasks were administered in separate sections:
(i) the computerized tasks, which lasted about 1 h, (ii) the HCA test, alongside the MA
questionnaire, which lasted about 30 min, and (iii) the math test, which lasted about 1 h.

2.3. Measures

The IC measures were adapted from the literature for the child population (Burgoyne
et al. 2023). Two instruments, which were already validated in the Italian sample, were
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used to assess math achievement (Amoretti et al. 1997) and MA (Caviola et al. 2017). The
WM measures were previously used in other studies with similar populations (Allen et al.
2020; Giofre et al. 2017).

2.3.1. Math

Math was assessed with a math test for basic education (Amoretti et al. 1997). It
is a standardized test that provides a year group-specific measure of math achievement,
in line with the objectives of the national curriculum. Children are required to develop
an understanding of numeracy, geometry, and basic statistics, according to the national
curriculum in Italy. The score considered in this test was computed as the sum of the correct
responses (Cronbach’s alpha, a = 0.70).

2.3.2. Higher-Order Cognitive Abilities

The Primary Mental Abilities (PMAs) tests assess different cognitive abilities (Thur-
stone 1937). The scores considered in these subtests were computed as the sum of correct
responses. As proposed by W. Johnson et al. (2008), several cognitive tests, despite focusing
on individual abilities, were shown to be closely correlated, indicating that they measure the
general intelligence factor. The three cognitive abilities tested in this study, spatial, verbal,
and reasoning abilities, are important parts of cognition and have been demonstrated to be
strongly related to general intelligence (W. Johnson et al. 2008; W. Johnson and Bouchard
2005). The scores obtained in these tests were used as a measure of HCA.

Spatial Ability Test (PMA-S)

This test required the children to identify identical figures among six rotated figures,
some of which were also mirrored. This task consisted of 20 items to be completed within
5 min, each offering multiple correct options (« = 0.86).

Verbal Ability Test (PMA-V)

This test involved selecting synonyms for given words among four options, such
as choosing “to look” as a synonym for “to watch”. This paper-and-pencil test included
50 items to be completed within 4 min (« = 0.80).

Reasoning Ability Test (PMA-R)
This test required completing letter sequences by selecting the logically correct letter,

for instance, identifying “h” as the next letter in sequences like “aab”, “ccd”, “eef”, and
“gg”. This test included 30 items to be completed within 6 min (« = 0.85).

2.3.3. Inhibitory Control

The three measures of IC were taken using the Stroop Task, Flanker Task, and Simon
Task. Importantly, these tasks have already been used on adult participants (Burgoyne et al.
2023), so an adaptation was needed for the child population. Specifically, unlike the original
ones, a cut-off of 2 minimum correct responses in the training block was added to ensure
that participants understood the instructions to perform in the test block. In addition, the
feedback was given only at the end of the training block instead of after each trial. These
tasks were designed to add an additional level of conflict to each of the traditional conflict
paradigms at the response level. The scores considered for these tasks were computed by
the sum of incorrect responses subtracted from the sum of correct responses.

Stroop Task

In this task, children are shown a target stimulus in the center of the screen with two
response options below it. The task follows the typical Stroop paradigm, where a response
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must be made to the display color and not the semantic meaning of the target stimulus
(“RED” or “BLUE” displayed in red or blue colors). The task challenges participants to
focus on the display color of the target stimulus and the semantic meaning of the response
options. At the same time, they must ignore the semantic meaning of the target stimulus
and the display color of the response options. For example, if the target stimulus is the
word “RED” appearing with a blue display color, the child must select the response option
that says the word “BLUE,” regardless of the response option display color (« = 0.96).

Flanker Task

In this task, children are presented with a target stimulus and two response options.
Both the target stimulus and response options consist of flanker items made up of five
arrows (e.g., > > < > >). The task requires participants to focus on the flanking arrows of the
target stimulus and the central arrow of the response options. In contrast, they must ignore
the central arrow of the target stimulus and the flanking arrows of the response options.
For example, given the following target stimulus (e.g., < < > < <), the child must select the
response option with a central arrow pointing to the left (e.g., > > < >>) («x = 0.94).

Simon Task

In this task, children are shown a target stimulus in the form of an arrow, along with
two response options: “RIGHT” and “LEFT”. The task is for participants to choose the
response option that corresponds to the direction in which the arrow is pointing. The
challenge consists of focusing on the direction of the target stimulus arrow and the meaning
of the response options. Simultaneously, participants must ignore the side of the screen
where the target stimulus arrow and response options appear. For example, if the target
stimulus is an arrow pointing left, the child must select the response option that says the
word “LEFT.” Complicating matters, the target stimulus arrow and response options can
appear on either side of the computer screen with equal probability (« = 0.99).

2.3.4. Working Memory

Four measures of WM were taken: two for verbal WM and two for visuo-spatial WM.
These tasks were derived from the previous literature (Giofre et al. 2017). The total of
correct responses is considered a reliable proxy of WM capacity.

Verbal WM

Two measures of verbal WM were considered: backward word span and a verbal dual
task. The backward word span task required the children to repeat the list of words they
had heard in backward order (« = 0.73). The lists of words had lengths spanning gradually
from 2 to 8 words, and each span included two trials (70 words in total). The dual task
required the children to listen to several word lists, all of length 4. The number of lists
spanned gradually from 2 to 6 lists, and each span included two trials (160 words presented
in total, 40 words to recall). The children were required to press the spacebar when they
heard the name of an animal, as well as retain the last word of each list. The word lists used
did not contain any mathematical or geometrical terms, such as “square” or “addition”.
Once they had heard all the lists for that trial, the children were asked to recall the last
word from each list in the correct order (« = 0.68). Both tasks presented words at a rate
of one word every 2 s. Before the test phase, each participant practiced an example with
a span of two. A score of 1 was assigned for each word recalled correctly, while a score
was 0 in cases of incorrect response The final score considered in each of these tasks was
computed as the sum of correct responses.
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Visuo-Spatial WM

Two measures of visuo-spatial WM were taken: backward matrices and a visuo-spatial
dual tasks, both using a 4 x 4 grid. The backward (x = 0.71) matrices required the children
to repeat the sequence of black squares they had seen in backward order. The sequence of
squares had lengths spanning gradually from 2 to 8 squares, and each span included two
trials (70 squares in total). The dual task presented a series of grids with several squares
colored grey. In each grid, the children saw three black dots sequentially. The children were
required to press the spacebar if they saw a dot in a grey square, as well as remember the
position of the last (3rd) dot in each grid. Once they had seen all the grids for that trial, the
children were asked to recall the positions of the last dots in the correct order (« = 0.75).
The number of grids spanned gradually from 2 to 6 grids, and each span included two
trials (120 dots presented in total, 40 dots to recall). Both tasks presented stimuli at a rate of
one dot/square per 2 s. Before the test phase, each participant practiced an example with a
span of two. A score of 1 was assigned for each word recalled correctly, while a score 0 in
cases of incorrect response. The final score considered in each of these tasks was computed
as the sum of the correct responses.

2.3.5. Math Anxiety

MA was assessed using the Italian standardized version of the Abbreviated Mathe-
matics Anxiety Scale for children (Caviola et al. 2017). This is a self-reported questionnaire
composed of 9 items related to learning new math content and the fear of being tested in
math. The participants were asked to indicate how they felt about math situations on a
scale from 1 to 5. The total score is the sum of all items; a high score indicates a higher level
of anxiety toward math (« = 0.80).

2.4. Data Analysis

Analyses were performed in R (R Core Team 2024), using RStudio (version 2024.12) as
the IDE (RStudio Team 2024). The “lavaan” package was used for path analyses (Rosseel
2012). A series of correlations was performed to study the relationships among our variables.
We fitted a measurement model to check that the observed variables adequately reflected
the latent constructs, confirming the measures’ reliability. As for MA, measured by only
one indicator, its variance was fixed using the formula “1-Reliability” (Kline 2011). A series
of Confirmatory Factor Analyses (CFAs) was performed to determine the factor structure
of each measure. Subsequently, composite scores for each measure were computed as the
mean of the raw scores using the regression method, which relies on factor loadings to
weight observed variables (Distefano et al. 2008). After having established the factorial
structure of WM, IC, HCA, and math achievement, a path modelling approach was used to
explore the relationships among WM, IC, HCA, MA, and math achievement.

The goodness-of-fit criteria were evaluated according to guidelines proposed by
Hu and Bentler (1999), who suggested a CFI (Comparative Fit Index) and TLI (Tucker
Lewis Index) greater than 0.95 as a good fit, an RMSEA (Root Mean Square Error of
Approximation) lesser than 0.06 as an acceptable fit, and an SRMR (Standardized Root
Mean Square Residual) lesser than 0.08 as a good fit (Hu and Bentler 1999). Since model
comparison is not possible when models are not nested, the relative index AIC (Akaike
Information Criterion) was used, where a decrease of 2-4 units was interpreted as an
improvement of the model (Burnham and Anderson 2004). Indirect effects were estimated
via a Monte Carlo simulation at a significance level of « = 0.05, using the “semTools”
package (Jorgensen et al. 2022). The Monte Carlo simulation can be used to examine the
robustness of estimates and it is particularly useful in complex models (Enders 2020; Paxton
et al. 2001).
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3. Results
3.1. Preliminary Analyses

The measurement model (Model 0) was tested via CFAs to study the measures’ relia-
bility. The WM factor was estimated from the four WM tasks, the IC factor from the three IC
tasks, the HCA from the three PMAs tests, math from the three subtests, and MA from its
variance. Loadings on their respective factors were all statistically significant and ranged
from moderate to strong (minimum standardized loading (3 = 0.44). The results showed a
general positive relation between the factors, except for MA, which was negatively related
to the other factors. Subsequently, the composite scores were computed for each variable,
and to test the hypotheses (1) and (3), we performed a series of correlations to understand
the relationships among the variables (see Table 1). The results showed a positive cor-
relation between math achievement and both WM and IC, while a negative correlation
between MA and math achievement emerged. Additional correlations were included in the
Supplementary Materials (Table S1). Fit indices for Model 0 were all acceptable: CFI = 0.97,
TLI = 0.96, RMSEA = 0.04, SRMR = 0.07, AIC = 6240.47 (see Table 2).

Table 1. Correlations (top) and descriptive statistics (bottom).

1. 2. 3. 4. 5.
1. Math -
2. HCA 0.51 -
3. 1C 0.33 0.39 -
4. WM 0.41 0.53 0.41 -
5. MA —0.38 —-0.25 —-0.34 —-0.23 -
M 13.05 28.62 47.52 66.13 23.32
SD 5.67 10.59 14.08 12.82 6.18
Table 2. Path models.
Model XZ df CFI TLI RMSEA SRMR AIC AAIC
Measurement model
Model 0 75.94 68 0.97 0.96 0.04 0.07 6240.47
Path analysis
Model 1 0 0 1 1 <0.001 <0.001 2073.91
Model 2 3.74 2 0.97 0.91 0.11 0.06 2073.66 —0.47
Model 3 2.19 2 1.00 0.99 0.04 0.03 2064.62 —-9.04

Note. Model 0 is the measurement model; Model 1 is a “just-identified” model whose df are 0.

3.2. Path Analysis

We tested a series of path models to understand how and to what extent all variables
interact with each other. In Model 1, following Hypothesis 2, only WM, IC, HCA, and
math were included. In this model, WM, IC, and HCA were all hierarchically at the same
level and assumed to predict performance in math (Alloway and Alloway 2010). Not
surprisingly, only the HCA predicted math achievement. The fit measures for Model 1
indicated a perfect fit, CFI =1, TLI = 1, RMSEA < 0.001, SRMR < 0.001, and AIC = 2073.19.
Model 1 is a “just-identified” model whose df are equal to 0.

In Model 2, following Hypothesis 2a, we assumed the covariance between WM and
IC, and the effect of WM and IC to be fully mediated by the HCA. In this model, WM
significantly predicted the HCA, which in turn predicted math achievement. Conversely,
IC was not associated with HCA. The fit measures for Model 2 were slightly lower than
the previous models, with CFI = 0.97, TLI = 0.91, RMSEA = 0.11, SRMR = 0.06, and
AIC = 2073.66, showing a slight improvement compared to Model 1 (AAIC = —0.47). The
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indirect effect of WM on math through HCA was significant, with a coefficient of 3 = 0.23,
95%CI[0.11; 0.37].

In Model 3, we added the MA path on all the other variables. The fit measures
were CFI =1, TLI = 0.99, RMSEA = 0.04, SRMR = 0.03, and AIC = 2064.62, showing an
improvement compared to Model 2 (AAIC = —9.04). Regarding Hypothesis 3a, the indirect
effect of MA on math through WM and HCA reached a significance of 3 = —0.04, 95%CI
[-0.105; —0.00]. On the contrary, the indirect effect via IC did not result statistically
significant, with = —0.03, 95%CI [—-0.08; 0.00] (see Figure 1). The model also showed a
direct effect of MA on math achievement (3 = —0.27, p < .01), supporting Hypothesis 3b.
Additional figures were included in the Supplementary Materials (Figures S1 and S2).

- WM Wj*

-009___--+  HCA
__________ A 0.44%**
MA === 7 77 K \
[ —————— 0 N
4 Math

0.37** ’

,0.18
-0.34% K
IC

Figure 1. Standardized solution for Model 3. Note. * p < .05, ** p <.01, and *** p < .001.

4. Discussion

The main aim of this study was to investigate how cognitive and emotional factors
influence math in seventh graders, with an emphasis on WM, IC, HCA, and MA. Our
preliminary analyses clearly show a positive relationship among our cognitive variables
and a negative relationship with MA. In line with the literature, math showed a weak
correlation with WM and IC, corroborating the idea that WM and IC may aid math and
confirming our first Hypothesis 1. Specifically, WM may contribute to math achievement
by retaining and elaborating information necessary for the resolution of math problems
(Baddeley 2000; Peng et al. 2016), while IC may contribute by discarding and preventing
the processing of irrelevant information (Bull and Lee 2014; Emslander and Scherer 2022).
Further, a positive relationship emerged between WM and IC, suggesting that these two
functions might be strictly and reciprocally related (Diamond 2013; Miyake and Friedman
2012). HCA showed a moderate correlation with math, which is consistent with a large body
of evidence that found that these two factors are strongly related but still distinguishable
(Deary et al. 2007; Giofre et al. 2017).

Our findings showed that WM, IC, and HCA are different and distinguishable con-
structs, and importantly, HCA were a substantial predictor of math achievement, even
above other functions, such as WM and IC, confirming our Hypothesis 2 and aligning with
previous research (Giofre et al. 2017). Additionally, we partially confirmed Hypothesis 2a,
as we found that HCA mediated the association between math achievement and WM,
which is not surprising because WM seems more strongly related to math in younger chil-
dren (Alloway and Alloway 2010; Giofre et al. 2014), while in older children, intelligence
plays a larger role (Demetriou et al. 2013). It is possible that WM alone is not sufficient
to explain math achievement because the latter may require additional abilities, such as
knowledge, thinking, and problem-solving. Likewise, while our first findings showed that
math was moderately related to IC, subsequent analyses showed that this relationship was
no longer significant.
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In regard to our Hypothesis 3, a negative correlation emerged between MA and
math achievement, as these two factors were consistently negatively related (Ashcraft and
Moore 2009; Caviola et al. 2022). Regarding our hypotheses, we found partial support for
Hypothesis 3a, as our results showed that MA had a negative impact on WM, resulting
in lower performance in math. This is consistent with prior research, suggesting that
higher levels of MA might impair cognitive functions, such as WM, resulting in lower
math performance (Ashcraft and Moore 2009). Our findings are partially consistent with
the Attentional Control Theory developed by Eysenck et al. (2007). According to this
theory, anxiety impairs cognitive abilities, such as attentional systems, thus resulting in
an impairment in general performance (Eysenck et al. 2007). On the one hand, our results
showed an indirect effect of MA on math achievement via WM and HCA. MA may have
interfered with WM resources, thus leading to reduced efficiency and effectiveness in the
math tasks. On the other hand, even though we found a significant negative relationship
between MA and IC, we did not find an indirect effect of MA via IC on math achievement.
This last result does not align with the Attentional Control Theory, which would expect
negative effects to disrupt attentional resources while performing complex tasks. In other
words, the WM and IC are strongly related constructs, so when both factors are included in
the same model, the factor with the stronger effect (WM) tends to suppress the influence of
the factor with the weaker effect, specifically IC. In relation to our study, math was assessed
using a standardized battery without time constraints. As a result, participants may have
spent more time on challenging items, which suggests that IC might play a less significant
role in such tasks (Van den Bussche et al. 2020).

Finally, our findings showed a direct effect of MA on math achievement, supporting
Hypothesis 3b. This is not surprising, as, in fact, in line with this result, recent meta-analytic
work has shown a consistent direct effect of MA, over and above WV, in influencing math
achievement (Caviola et al. 2022). This last result raises an important question about the
mechanisms that might drive this relationship. On the one hand, the direct association
between MA and math achievement could be attributed to longitudinal changes that
might occur in early schooling and then consolidate later, such as habitual avoidance and
decreased involvement in math-related tasks (Sorvo et al. 2022; Suarez-Pellicioni et al. 2016).
Since our sample consisted of middle school children, it is likely that these behaviors were
already firmly in place by this stage. On the other hand, it is likely that other factors may
play a mediating role in this relationship (Carey et al. 2016). In fact, research indicates
that protective factors, such as academic self-esteem (Giofre et al. 2017) and ego-resiliency
(Donolato et al. 2020), can moderate the association between anxiety and math achievement.

Some limits should be recognized. We only had a limited sample which may restrict
the generalizability of the findings. Also, one potential disadvantage of our sample is the
wide age range. In the Italian education system, it is possible to find students whose age
does not align with the typical range for their grade, likely due to immigration-related
school placement adjustments or individual educational needs. As a result, some children
might not be the appropriate age for their grade level. While this scenario represents actual
classroom composition, it might introduce variability, which should be considered when
evaluating the results. Another potential problem is the use of only self-reported measures
to assess MA. Furthermore, research suggests that diverse forms of anxiety might interfere
with performance in math (Carey et al. 2017; Hill et al. 2016). Future research should focus
on these aspects by combining all these measures into a single model and investigating both
direct and indirect links between negative and positive emotions. Future research should
strive to replicate these findings across different populations to improve external validity.
Including more objective measurements of anxiety, such as physiological measures, may
result in a more accurate assessment. Future research should also investigate the long-term
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effects of these factors. A longitudinal design would offer greater insights into how these
characteristics develop over time and how early interventions could mitigate MA and
improve math achievement.

Despite these limitations, the results of the present study have important implications
for educational practice and intervention. Since HCA and WM play such an important role
in predicting math achievement, cognitive training programs aiming at strengthening these
abilities may result in better math education outcomes. Also, interventions that target EFs
may also help students with complicated problem-solving tasks. Moreover, educators and
psychologists should tackle MA and negative experiences in general. Because MA impairs
cognitive functioning, interventions intended at lowering anxiety, such as mindfulness
training or cognitive-behavioral approaches, may enhance both emotional well-being and
math achievement.

5. Conclusions

This study emphasizes the importance of cognitive abilities, particularly HCA, and
emotional elements, such as MA in influencing math. HCA mediated the effect of WM,
whereas MA had an influence on performance, both directly and indirectly, through WM.
These findings highlight the need for interventions to reduce anxiety in order to improve
math outcomes.
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