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Mathematical skills are essential to mastering everyday activities, making professional choices, and exercising citi-
zenship in a numerate society. There is extensive evidence of the relationship betweenmath anxiety (MA) andwork-
ing memory (WM) influencing math attainment. Studies have mainly considered adult samples, however, leaving
primary school children almost unexplored. This study is a first attempt to examine how the complex interplay
between MA and WM affects math achievement from a developmental perspective. A total of 148 third graders
were assessed with WM, general anxiety (GA), MA, and math tasks. Anxiety and WM were assessed at the begin-
ning of the school year when children started attending grade 3, while math achievement was tested twice at the
start of grades 3 and 4. The findings seem to confirm that GA has both a direct and an indirect effect (mediated by
WM) on math performance in third and fourth graders. MA has a direct effect on math performance in grade 4,
but only an indirect effect in grade 3, suggesting MA has a developmental trajectory, becoming stronger over time.
The implications in the educational setting are discussed, pointing to the importance of a combined intervention
on MA andWM.
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Introduction

Numbers are an essential part of our lives and daily
activities (in cooking, shopping, managing money,
and reading the clock). Numerical abilities assessed
at an early age predict crucial life factors, such
as academic success,1 employment opportunities,2,3
salary size,4 socioeconomic status,5,6 and personal
and social well-being,6,7 and they are fundamental
to an informed and active citizenship.
Given the importance of numerical abilities, it is

crucial to elucidate the factors that can promote or
hinder the process involved in learning this school
subject. The literature on the topic has extensively
investigated the general cognitive abilities required,
with working memory (WM) emerging as one of
the most important factors for academic success.8,9
In addition to such general cognitive abilities, emo-
tional factors also seem to have a role inmath attain-

ment, and math anxiety (MA) has been the object
of in-depth studies over the last 60 years.10–12 Being
aware of the importance of cognitive and other fac-
tors to math attainment, researchers are now focus-
ing on their ability to predictmath achievement13–15
and the influence of their complex interaction on
learning.16–18 That said, only a few contributions to
date have focused on how WM and emotional fac-
tors mutually affect math proficiency, especially in
younger students.19–22

This study is thus one of the first attempts to con-
duct a longitudinal study on the interplay between
one ofmost robust cognitivemath precursors (WM)
and relevant emotional factors (general anxiety
(GA) andMA) and to examine their specific contri-
bution to math achievement with reliable tools. The
aim is to extend the knowledge gained from previ-
ous work on this theme.19
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Working memory and math abilities
WM is a limited-capacity system that enables
information to be stored temporarily and
manipulated.23,24 Multiple learning processes
rely on WM. One of the best-known theorizations
of WM is the tripartite model in which there
is a central executive responsible for data stor-
age, processing, and monitoring, and two other
modality-dependent systems devoted to processing
verbal or visuospatial information.25 Although
researchers have proposed alternative models to
explain how WM functions (such as modality-
independent26 or -dependent27 models), studies
in developmental psychology indicate that the
tripartite model can explain it best.8,28
WM has a well-established effect on a variety of

math domains, such as geometry,29,30 mental addi-
tion and subtraction,31,32 and problem solving.18,33
It is well-known that children with a poor WM
are also weak in mathematics.34–37 Recent stud-
ies have shown that the relative contributions of
memory components (verbal linguistic and non-
verbal visuospatial) to general mathematic learn-
ing change as children grow older.38 When learning
and remembering arithmetic, preschoolers seem to
rely on visuospatial memory more than on ver-
bal memory.39,40 Later, in primary school, learning
depends more on verbal rehearsal to store informa-
tion in memory and, therefore, engages the phono-
logical loop.41,42 This change seems to be due to ver-
ballymediated strategies: children start to use verbal
code to label symbols andnumbers.43,44 On the basis
of the study on primary school children by Soltan-
lou et al.,45 and preliminary correlational analysis
of our data, we decided to focus specifically on ver-
bal WM, which seems to be used more extensively
when third and fourth graders experience and prac-
tice with math tasks.

General anxiety and math anxiety
Anxiety is defined as a “dispositional and dys-
functional response to a situation perceived as
threatening.”46 At school, 10% of children experi-
ence this condition, which can be seen already in
kindergarten.47 High levels of anxiety have been
observed in children with learning difficulties or
disabilities, who are typically described as more
anxious than their classmates.48 While the detri-
mental effect of emotional factors, such as anx-
iety, on children has been acknowledged, their

influence on children’s academic performance has
been underexplored, in particular, if compared
with the literature that focused on the cognitive
abilities.9,49,50

How to measure GA in young children remains a
critical issue. Self-assessments are scarcely reliable,
probably due to the complexity of the construct.
Teachers’ assessments have proved a better indica-
tor of children’s emotional states (e.g., Refs. 51–53)
and could also predict their math achievement (e.g.,
Ref. 19). Teachers’ ratings can, therefore, be taken as
a useful measure of children’s anxiety.54
If this dysfunctional response is aroused by a par-

ticular stimulus, then we can speak of a particular
type of anxiety. MA is “a feeling of tension and anx-
iety that interferes with the manipulation of num-
bers and the solving of mathematical problems in
ordinary life and academic situations.”55 At school,
the prevalence of MA is in the range of 2–17%,55,56
depending on the student population considered
and the criteria used to define the condition.
Recent meta-analytic investigations confirm a

significant negative correlation between MA and
mathematics performance (range: −0.30 < r <

−0.34), and this connection starts to take root early
in a child’s school career.57–59 A crucial question
in the debate on the emergence of MA concerns
whether it is a cause or a consequence of math dif-
ficulties. In 77% of cases, children with severe MA
have a typical or better mathematics performance,16
suggesting that the cognitive and emotional prob-
lems relating tomathematics are largely dissociated.
However, the mechanisms underlying this relation-
ship between cognitive and emotional factors shap-
ing children’s math achievements remain to be clar-
ified.

The link between WM and MA
As mentioned earlier, there is extensive evidence
of the relationship between MA and WM influ-
encing math attainment. A recent meta-analysis
found a moderate negative association between
anxiety and WM.60 To date, WM has been the
factor most often studied with a view to explaining
the relationship between MA and math perfor-
mance. One of the theories advanced to do so is
called the processing efficiency theory (PET),61
developed from Baddeley’s model of WM, which
suggests that anxious thoughts (e.g., worries)
influence WM by reducing its capacity. Several
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studies demonstrated that MA had a detrimental
effect on math achievement because it reduced
the individual’s WM resources.62–64 There are two
different hypotheses regarding the type of person
who would be more exposed to this effect. Ashcraft
and Kirk62 claimed that adults more gifted in
relation to WM could manage both math tasks
and anxiety-driven thoughts more successfully and
would seem to be unaffected by such a connection.
An alternative view is that people with a better
WM are more likely to experience math difficulties
caused by MA, especially when coping with math
tasks in more stressful situations (“choking under
pressure”).63
In undergraduate students experiencing severe

MA, a recent fMRI experiment65 showed an exag-
gerated response even to easy math problems across
series of trials, and their reaction times were longer.
This increase in processing time could be the sign
of a greater WM load across all levels of task
difficulty,66 supporting the PET.
From a developmental perspective, the literature

indicate thatMA interferes with differentWMcom-
ponents. In a sample of 11- to 15-year-old students,
Passolunghi et al.67 found that children with a bet-
ter verbal WM exhibited less MA. The relation-
ship between MA and math performance seems
to exist even in very young children on applied
problems21 and mathematical application.22 Fur-
thermore, a recent meta-analysis57 found that WM
mediated the relationship between MA and mathe-
matics. Particularly, the authors found that this rela-
tionship did not change according to the WM type
or the degree of cognitive control required by the
WM task. Some studies examined the role ofWM in
the relationship between trait anxiety (notMA) and
math performance using amediation approach.68–71
Justicia-Galiano et al.20 recently investigated the
role of verbal WM and math self-concept as possi-
ble mechanisms mediating between MA and math
performance in 8- to 12-year olds. They found that
verbal WMmediated the relationship between MA
and various math outcomes. This pattern emerged
for both teacher-assessed trait anxiety and children’s
self-assessed MA.

The present study
To date, WM has been the most often studied
potential mediator accounting for the relation-
ship between MA and math performance, but data

referring to younger students are still particularly
scant. We consequently deemed it crucial to further
address these themes to (1) investigate both MA
and GA (the latter using both self and teacher rat-
ings) using tools with a good reliability index, and to
identify their specific contribution to math achieve-
ment; (2) examine the developmental link between
math performance, cognitive ability (WM), and GA
andMA from a longitudinal perspective, in an effort
to shed some light on the origins of the link between
these factors; and (3) identify a specific develop-
mental trajectory that could connectmathwith anx-
iety in a crucial period of a child’s schooling. To
achieve these goals, we tested primary school chil-
dren in third and fourth grade—school years that
are fundamental both to their math acquisition and
to the development of an awareness of their own
inner emotional state.19

We aimed to extend the results of previous studies
in several ways:

1. By further examining MA. Given the impor-
tance of how children are assessed on this com-
plex factor,11 we used the “Abbreviated Math
Anxiety Scale” (AMAS)72 in this study. This is
a self-report questionnaire onMA that focuses
especially on the emotional aspect of this con-
dition, with good reliability. We wanted to
reinforce previous findings21 obtained when
MA was assessed with a less reliable scale.
The AMAS also differs from the scale used
by Cargnelutti et al.,19 so it enabled us to
explore the generalizability of previous find-
ings by adopting different assessment tools.

2. By further examiningGA.Using both self- and
teacher-report questionnaires, and thereby
extending previous studies (e.g., Refs. 20 and
22), we investigated whether math perfor-
mance is influenced by anxiety specific to
math, over and above the effect of GA. Unlike
Justitia-Galiano et al.,20 we compared stu-
dents’ self-assessments on GA with teachers’
assessments, considering complex psycho-
logical factors. Here again, we used a highly
reliable questionnaire for self-assessed GA
that differs from the one chosen by Cargne-
lutti et al.19 to see whether their finding of no
significant influence of self-rated anxiety on
math achievement was confirmed.
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3. By investigating the developmental link
between MA and math ability. We consid-
ered it crucial to focus on a specific period
in children’s academic careers, from third
to fourth grade. This is when mathematical
tasks become more demanding, and any prior
negative experiences withmath canmake chil-
dren feel anxious about the subject.54 Many
studies have underscored the importance of
considering the association between math
performance and anxiety from a developmen-
tal perspective.73–75 Some reports suggest that
this association can emerge at some point
during primary school and possibly around
third grade (e.g., Ref. 54). We consequently
followed our students longitudinally up to
grade 4.

4. By exploring the interplay between WM and
MA, and how it affects math attainment, again
from a developmental perspective. This topic
has been partially studied in children, draw-
ing on the literature regarding adults and in
connection with math acquisition.21,22,62 The
findings are limited and often contradictory
in adult samples (see Refs. 62 and 63), how-
ever, making further investigation necessary.
To this end, we tested two main assumptions:
(1) that WM acts as a mediator between anx-
iety and math (in order words, anxiety affects
WM, which, in turn, affects mathematics); or
(2) that anxiety acts as a mediator between
WM and math attainment, meaning that the
level of WM influences the amount of anxi-
ety, which, in turn, affects math performance.
In testing these two alternative hypotheses,
we also examined whether these variables can
each have a direct effect on math as well.

To reach these goals, children were assessed in
twophases.During the first, at the start of their third
primary school year, children’s cognitive and affec-
tive factors were tested, together with their math
ability. In the second phase, at the beginning of their
fourth year, their math ability was tested again. We
used path analysis models to explore the relation-
ships between the variables of interest (i.e., anxiety,
WM, and math achievement).
We hypothesized that both GA and MA could

have a significant negative effect on math perfor-
mance. Concerning our two alternative assump-

tions, we expected the one identifying WM as a
mediator between anxiety and math to be the more
likely. We also predicted that anxiety would have a
direct effect as well as the one mediated by WM.
We envisaged a robust relationship betweenGA and
both WM and math performance already at the
beginning of grade 3, while we expected the involve-
ment of MA to become stronger over time.

Methods

Participants
A total of 158 children in grade 3 were enrolled in
the study, but 12 were subsequently excluded for
various reasons: five did not obtain their parents’
permission to participate; two had been diagnosed
with a specific learning disability; three had a gen-
eral developmental delay; and two were absent on
the day of at least one of the two testing phases.
The final sample thus consisted of 146 children
(85 females). All participants were Caucasian,
came from a middle socioeconomic background
(judging from the school records), were native
speakers of Italian, and had an average intelligence
quotient (as measured with the Vocabulary and
Block Design subtests from the WISC-IV; Italian
edition).76,77 They were attending 10 different
classes at primary schools in northern Italy. At the
beginning of the study, children’s mean age was
8 years, 4 months (SD = 4). In accordance with
the Declaration of Helsinki, a written informed
consent form was signed by each child’s parents
and by the school principals. This study was con-
ducted in compliance with the ethical guidelines
of the Italian Association of Psychology and the
ethical code of the Italian Register of Professional
Psychologists.

Procedure
Children were tested at two different phases. The
first, Time 1 (at the start of grade 3) was devoted to
assessing anxiety (children’s self-rated GA and MA
and teachers’ ratings of their GA), WM, and math
attainment. Then Time 2 (at the start of grade 4)
children’s math attainment was tested again.

Tasks
WM (verbal WM). The listening span (LS) task
we administered was an Italian adaptation of the
test devised by Daneman and Carpenter78 used
in previous studies (see also Ref. 79). It was cho-
sen as the WM task to include in our model after
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Table 1. Descriptive statistics and bivariate zero-order correlation

Min Max Mean (SD) Reliability 1 2 3 4 5 6

1 MAT-3 4.00 11.00 7.82 (1.71) 0.74 –
2 MAT-4 1.00 10.00 6.19 (2.08) 0.80 0.47∗∗∗ –
3 LS 0.00 4.00 2.21 (.85) 0.86 0.33∗∗ 0.45∗∗∗ –
4 RCMAS 0.00 6.00 3.97 (1.10) 0.60 −0.20∗ −0.32∗∗ −0.20∗ –
5 AMAS 9.00 39.00 20.34 (7.40) 0.90 −0.22∗∗ −0.41∗∗∗ −0.21∗ 0.44∗∗ –
6 DAYS_T 0.00 6.00 1.73 (1.80) 0.66 −0.47∗∗∗ −0.51∗∗∗ −0.39∗∗∗ 0.33∗∗ 0.15 –
∗P ≤ 0.05, ∗∗P ≤ 0.01, ∗∗∗P ≤ 0.001.
AMAS, Abbreviated Math Anxiety Scale; DAYS_T, the Depression and Anxiety in Youth Scale, assessed by teachers; LS, listening
span; Max, maximum; Min, minimum; RCMAS, Revised Children’s Manifest Anxiety Scale; SD, standard deviation.

preliminary analysis showed that it correlated more
strongly with the math performance and anxiety
measures than other tasks assessing verbal and visu-
ospatial WM (the backward word span, backward
digit span, or backward corsi). The task included
different levels of difficulty, numbered from 2 to 5
(with Level 2 consisting of two sets of two sentences,
Level 3 consisting of two sets of three sentences, and
so on), and children were asked to judge the sen-
tences as true or false. Examples of the sentences are:
“A and B are the first two letters of the alphabet,”
or “The hen is a mammal that lives in the sea.” At
the end of each set of sentences, children were asked
to recall the last word of each sentence in the order
of presentation (“alphabet” and “sea” in the above-
mentioned examples).

Anxiety.
General anxiety. The Revised Children’s Mani-

fest Anxiety Scale–Second Edition (RCMAS-2; Ital-
ian edition)80 is a self-report questionnaire used to
identify the source and level of GA in children aged
6–19.We used the short form consisting of 10 items
with a simple yes (1 point) or no (0 points) response
format.
The teacher’s version of the anxiety subscale of

the Depression and Anxiety in Youth Scale (DAYS;
Italian edition)81 was administered as an additional
measure of children’s GA (given the previously
reported high reliability of teachers’ reports; e.g.,
Refs. 51–53 and 81). This subscale consists of seven
items with a yes (1 point) or no (0 points) response
format.
Math anxiety. The AMAS72 is a 9-item self-

report questionnaire for assessing MA. Using a 5-
point Likert-type scale (1= low anxiety to 5= high

anxiety), participants indicated how anxious they
would feel during situations involving math.

Math abilities. At the beginning of grade 3, we
tested children’s math performance using the Num-
bermodule of the standardizedMAT-2 test82 devel-
oped for children in grade 2 or early in grade 3
(hereafter called MAT-3), which has a time limit of
20 minutes. The module consists of 11 tasks (e.g.,
ranking numbers from the smallest to the largest
and breaking down composite numbers), each scor-
ing 1 point, if completed correctly.
For the assessment at the beginning of grade 4,

we used the same number module in the version
developed for children in grade 3 or early in grade
4 (hereafter MAT-4). This module consists of 13
tasks (e.g., writing down numbers in the range 1–
1000 and solving problems involving the concepts
of expenses and profits) to be solved within 20 min
and each scoring 1 point for correct answers.

Results

Our data analyses were run using the IBM R©

SPSS R© Statistics 21 software and our path analy-
ses with IBMAMOS. Preliminary analyses revealed
no significant differences in math performance
across the classes at either of the assessment times:
F(9,136) = 1.22, P = 0.29, partial η2 = 0.007,
for MAT-3; F(9,136) = 1.79, P = 0.08, par-
tial η2 = 0.006, for MAT-4. Descriptive statis-
tics, including task reliability and correlation values
between all the tasks, are given in Table 1.

Models with WM as a mediator between
anxiety and math performance
We tested different path analysis models address-
ing both direct and indirect (mediating) effects by
applying a bootstrapping procedure (1000 bootstrap
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Table 2. Statistical fit parameters of the tested models

Model Description CMIN d.f. CMIN/d.f. P CFI NFI TLI RMSEA AIC BCC

WM as a mediator
1a AMAS −→ MAT-3

DAYS_T −→ MAT-3
0.95 4 00.07.00 0.99 1.00 1.00 1.07 <0.001 46.30 48.63

1b MAT-3 −→ AMAS (n.s.)
MAT-3 −→ DAYS_T

5.38 4 1.35 0.25 0.99 0.97 0.97 0.05 51.38 53.72

1c AMAS −→ MAT-3
MAT-3 −→ DAYS_T

2.35 4 0.59 0.67 1.00 0.99 1.03 <0.001 48.35 50.68

1d MAT-3 −→ AMAS (n.s.)
DAYS_T −→ MAT-3

1.13 4 0.28 0.89 1.00 1.00 1.06 <0.001 47.14 49.47

Anxiety as a mediator
2a AMAS −→ MAT-3

DAYS_T −→ MAT-3
9.29 5 1.86 0.10 0.98 0.96 0.93 0.08 53.29 55.53

2b MAT-3 −→ AMAS
MAT-3 −→ DAYS_T

12.02 5 2.40 0.04 0.96 0.94 0.89 0.10 56.02 58.25

2c AMAS −→ MAT-3
MAT-3 −→ DAYS_T

11.33 5 2.27 0.05 0.97 0.95 0.90 0.09 55.37 57.60

2d MAT-3 −→ AMAS
DAYS_T −→ MAT-3

9.22 5 1.84 0.10 0.98 0.96 0.93 0.08 53.22 55.45

AIC, Akaike information criterion; BCC, Browne-Cudeck criterion

samples). To see which relationships between the
variables of interest better explained math perfor-
mance, we first ran a series of models with the
WM measure (i.e., LS) as a mediator. In these
models, we tested the different directionality of the
link between MAT-3 and the anxiety measures, but
without changing the directionality with MAT-4 in
order to avoid retrospective models. Table 2 shows
the statistical fit parameters of these models.
Model 1a (see Fig. 1) had the best statistical fit

and a robust theoretical validity, so it was cho-
sen as the best model to compare with the models
in which anxiety was the mediator. In this model,
the directionality of the link went from anxiety to
MAT-3, as we tested for the effect of both GA and
MA on math performance. Both GA assessed by
teachers (DAYS_T, β = −0.39, P < 0.001) and
AMAS (β = −0.13, P = 0.06) were negatively asso-
ciated with math performance, although the lat-
ter association did not survive the threshold we set
for statistical significance. LS as well had a signif-
icant effect on MAT-3 (β = 0.15, P = 0.05) and
was also negatively associated with both DAYS_T
(β = −0.37, P < 0.001) and AMAS (β = −0.15,
P = 0.04). As for the remaining relationships, it is
worth noting that DAYS_T was also strongly and
negatively associated with performance in MAT-
4 (β = −0.29, P < 0.001), and so was AMAS
(β = −0.28, P < 0.001). The anxiety measures thus

predicted not only concurrent, but also future math
performance in much the same way as previous
math achievement predicted subsequent attainment
in this subject. With regard to WM, LS was also
associated with performance inMAT-4 (β = −0.21,
P < 0.01).

Models with anxiety as a mediator between
WM and math performance
In the second series of models, we tested the like-
lihood of WM (LS) influencing anxiety levels and,
as a consequence, the relationship between the lat-
ter and math performance (which was only direct
in this case). Here again, we examined the different
directionality of the relationship between the anxi-
ety measures and MAT-3, but the link AMAS −→
LS was weak and not significant in any of the mod-
els (β = −0.11, P = 0.09), so it was omitted. Table 2
shows the statistical fit indices for the model.
These models generally had a poor statistical fit,

the strongest being Model 2a (see Fig. 2), which
was used for a comparison withModel 1a. InModel
2a, DAYS_T had a strong negative association with
MAT-3 (β = −0.38, P < 0.001), while the negative
association with AMAS did not survive the thresh-
old we set for statistical significance (β = −0.13,
P = 0.06). LS had a significant association with
MAT-3 (β = 0.15, P = 0.05), and it was also neg-
atively associated with GA (β = −0.35, P < 0.001).
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Figure 1. Standardized Model 1a. The dotted line represents a link not surviving the threshold we set for statistical significance
(P = 0.05).

Comparison between the two series of
models and description of the model selected
Fit indices for the two series of models that we ran
show that themodels with anxiety as amediator had
a poor fit, whereas the fit for the models with WM
as a mediator ranged from good (Model 1b) to very
good (Models 1a, 1c, and 1d). In particular, lower
values for AIC, BCC, and RMSEA for the latter
more than the former models suggest that it is more
reasonable, in statistical terms, too, for anxiety to
negatively affect WM than vice versa. The percent-
age of explained variance of the MAT measures is
also slightly higher for Model 1a (r2 = 0.26 versus
r2 = 0.24 for MAT-3; r2 = 0.45 versus r2 = 0.42
for MAT-4), indicating an optimal pattern of
relationships between the variables tested in this
model for the purpose of explaining math perfor-
mance. Additional details of Model 1a are given in
Table 3.

Discussion

In a numerate and high-technology world, math-
ematics rules are fundamental to an individual’s
personal, educational, and economic success. That
is why it is so important to better investigate the
complex interplay between emotional and cognitive
factors influencing math abilities, both in a preven-
tion and a promotion perspective.83 In this study,
we aimed to (1) assess MA and GA (from children’s

and their teachers’ perspective) using tools with a
good reliability index, and identify their specific
contribution to math performance; (2) investigate
the interplay between WM and anxiety (both GA
and MA) on math achievement; and (3) follow the
developmental trajectory that could connect math
performance with GA and MA, in the third and
fourth years of primary school.
We first evaluated, across the primary school

classes sampled, both statistical significance and
effect size of all the possible links between MA
and math performance. We concurrently took the
impact of GA into account to see whether MA
could have a specific role beyond that of GA. We
also explored whether anxiety significantly affected
math performance directly, even after taking such
a strong cognitive math precursor as WM into
account. Anxiety and WM were tested at the start
of grade 3, whereas math ability was assessed twice,
at the start of grades 3 and 4.
We tested several models that differed in the

relationship between anxiety and WM, and in
their association with math achievement. In the
first type of model, WM mediated the relation-
ship between math achievement and anxiety; in the
second, anxiety mediated the relationship between
math achievement and WM. On comparing the
best models (from the statistical and theoretical
standpoints) of these two alternative hypotheses, the
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Figure 2. Standardized Model 2a. The dotted line represents a link not surviving the threshold we set for statistical significance
(P = 0.05).

former—Model 1, with WM as a mediator—was
stronger and is discussed below.
It emerged from this model that anxiety had a

strong overall impact on math performance at both
assessment times, but with important differences.
The most relevant measure was children’s GA as
assessed by their teachers: it negatively affected their
concurrent math performance but also predicted
that of that assessed a year later, even after account-
ing for the indirect contribution of previous scores
for math achievement. This finding confirms the
crucial role of GA in this setting, as already seen in
older children (e.g., Ref. 70).
On the other hand, the effect of MA on concur-

rent math performance in grade 3 did not reach the
threshold we set for statistical significance, but MA
affected directly and significantly subsequent math
performance in early grade 4. This finding seems to
confirm, while using different assessment tools, the
results of previous studies tracking the onset of a
significant link betweenMA andmath performance
between grades 3 and 4 (e.g., Refs. 19 and 84). This
period could be crucial because (1) the demands of
math learning increase and children have to make
an effort to keep up; and (2) any prior negative expe-
riences with math learning and achievement may
have accumulated enough to undermine their fur-
ther learning. In short, a vicious cycle can develop,
with consequent mutually negative effects on anxi-
ety and performance. Rated at the start of grade 3,
MAdid not significantly relate to our children’s con-
current math performance, but it did predict their
performance early in grade 4.

We hypothesize that this earlier lack of a signif-
icant relationship between MA and math achieve-
ment is attributable not to children’s inability to rate
their own MA, but to other factors having a more
important role at the time. For instance, results of a
previous study using latent profile analysis85 found
that younger students’MA could be driven by a gen-
eral tendency toward anxiety, and only older stu-
dents seem to exhibit more specific forms of anxi-
ety. Similarly, in a study of Mammarella et al.86 on
children attending grades 3–6, the authors found
no clear difference between general and academic
forms of anxiety. For this reason, it is unlikely
that results are influenced by children’s inability
to assess their own MA, rather results seem to
suggest a developmental stage where the bound-
aries between general and specific anxiety are still
vague.
The situation could be different for GA. Our

study showed that teachers’ ratings of this variable
had a relevant role, whereas children’s self-ratings
were not directly related to math achievement at
either of the assessment times. Unlike MA, which
develops in very specific situations and children can
be aware of it from a very early age (e.g., Refs. 21 and
87–89), GA and its manifestations are less clearly
defined and could, therefore, be harder for young
children to detect andmeasure (e.g., Ref. 90). Teach-
ers’ ratings of GA have already proved reliable and
useful even for identifying clinically relevant con-
ditions (e.g., Refs. 51, 52, and 91). In line with the
above considerations, and even administering a dif-
ferent questionnaire,72 children’s self-rated GA was
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Table 3. Standardized values of Model 1a

Outcome variables
Predictor
variables Direct effects

Scalar
estimates Indirect effects Total effects R2

MAT-3 LS
RCMAS
AMAS
DAYS_T

0.15∗

−0.13
−0.39∗∗∗

0.076

0.072
0.078

−0.22∗∗

−0.02∗

−0.06∗

0.15∗

−0.22∗∗

−0.15∗

−0.44∗∗

0.26

MAT-4 MAT-3
LS
RCMAS
AMAS
DAYS_T

0.20∗∗

0.21∗∗

−0.28∗∗∗

−0.29∗∗∗

0.150
0.143

0.132
0.152

0.03∗

−0.30∗∗

−0.07∗∗

−0.17∗

0.20∗

0.24∗

−0.30∗∗

−0.35∗∗

−0.46∗∗

0.45

LS RCMAS
AMAS
DAYS_T

−0.15∗

−0.37∗∗∗
0.076
0.076

-0.19∗∗ −0.19∗∗

−0.15∗

−0.37∗∗

0.54

AMAS RCMAS 0.44∗∗∗ 0.074 0.44∗∗ 0.20
DAYS_T RCMAS 0.33∗∗∗ 0.078 0.33∗∗ 0.11

∗P≤ 0.05, ∗∗P≤ 0.01, and ∗∗∗P≤ 0.001. Significance levels for indirect and total effects correspond to the two-tailed P values derived
from the bias-corrected percentile bootstrapping at 95% CI.

not related to their math performance at the start of
grades 3 or 4.
Although previous studies showed that MA has

a stronger impact on math performance compared
with GA (e.g., Refs. 20, 57, and 86), our results sug-
gest that GA has concurrent (grade 3) and future
(early in grade 4) effects on mathematical perfor-
mance. The results anyway indicate that the most
relevant measure was children’s GA as assessed by
their teachers, whereas children’s self-ratings were
not directly related to math achievement at either
of the assessment times, confirming previous stud-
ies. We believe that, as observed in other studies,19
the teacher’s rate could synthesize a risk factor that
may contribute to the development of a more spe-
cific form of anxiety, MA, and, therefore, be indi-
rectly related to mathematical performance that, at
this developmental stage, is not captured by self-
evaluation in younger students.
The second aimof our studywas to clarify aspects

of the role of WM in predicting math performance,
and especially its link to anxiety. A singlemeasure of
verbal WM capacity (LS) was found positively and
directly related to math learning at the beginning of
grades 3 and 4. This result confirms the fundamen-
tal role of verbalWMas amath precursor (seemeta-
analysis in Ref. 92). On the other hand, it came as
a surprise when our preliminary analyses revealed
no significant impact of the visuospatial component

of WM (not included in our path model), as this
contradicts previous robust findings (e.g., Refs. 33,
93, and 94). A possible explanation may lie in the
type of the math test we used, which is comprehen-
sive of various math skills, but could demand little
visuospatial WM processes. Our findings can also
be interpreted from a developmental perspective, in
that the contribution of the various WM compo-
nents may differ at different ages, depending on the
skills learned in a given developmental stage (see
meta-analysis in Ref. 95).
Our third aim focused on the relationship

between WM and anxiety. Here again, it was the
teachers’ ratings of GA that showed an association
with WM. GA was found to undermine perfor-
mance in a WM task, in line with previous reports
of a detrimental effect of anxiety on WM. It also
emerged that WM mediated the indirect associa-
tion between teachers’ ratings ofGA and concurrent
and future math performance; in other words, math
attainmentwas also negatively affected by a decrease
inWM resources caused by anxiety (e.g., Ref. 66). It
is noteworthy that WM also mediated the indirect
relationship between MA and both concurrent and
future math achievement.
This study has some limitations. First of all, it is

necessary to underline that, in path analyses, the
definition of the effect directionality can be ques-
tionable, and it should be theoretically established

140 Ann. N.Y. Acad. Sci. 1510 (2022) 132–144 © 2021 The Authors. Annals of the New York Academy of Sciences
published by Wiley Periodicals LLC on behalf of New York Academy of Sciences



Pellizzoni et al. Cognitive and emotional interplay and math ability

rather than statistically provided. Furthermore, the
small sample size prevented us from testing more
complex models that included additional variables.
Second, it is crucial to note that reliability for

DAYS_T, specifically referred to the anxiety scale
observed in the students, is not particularly high.
Future studies are necessary to replicate our find-
ings with more reliable tools.
Third, a broader evaluation on different forms

of negative attitudes to learning (anxiety or depres-
sion) and personal assets, such as self-evaluation
and ego resilience,96,97 are needed to better under-
stand how the co-occurrence of a negative attitude
and a positive approachmay shape the learning pro-
cess. Linked to this aspect, different questionnaires
to measure GA, test anxiety, and MA are needed in
an effort to shedmore light on the reliability of both
self and observer ratings on younger students.
Furthermore, in order to overcome the limits

associated with self-report questionnaires on the
developmental sample, future studies should use
neurophysiological measures and implicit tasks.
Such a comprehensive approach would be needed
across all school years to look for any developmen-
tal changes in the predictive power of the relation-
ship between anxiety and both cognitive precur-
sors and math performance. Longitudinal models
should also be used to investigate a possible feed-
back effect, with a worse math performance causing
more anxiety in a vicious cycle (e.g., Ref. 98).

Conclusion

The interest of the findings of the present longitudi-
nal study lies in that they show a combined effect of
emotional and cognitive factors in predicting both
concurrent and futuremath achievement. They sug-
gest a crucial influence of anxiety as a variable that
can consistently impair math attainment. GA was
found to have an impact from a very early age, when
it also undermined WM, whereas the role of MA
appeared to emerge later on.
The findings of this study have important impli-

cations in the educational setting. They underscore
the teacher’s essential role in assessing the emo-
tional complexities of the learning process. The data
suggest that children withmath difficulties can ben-
efit from early intervention to help them contain
and cope with their related anxiety. Such interven-
tion can be run in parallel with more specific math
training, as rehabilitation programs that focus only

on improving math skills and their cognitive pre-
cursors might be ineffective if children do not learn
how to handle their negative emotional states at the
same time.99
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