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Abstract
Attention is an important, multifaceted cognitive domain that includes many key cogni-
tive processes involved in learning. This study aimed to identify the predictive links
between different components of attentional skills and core calculation skills develop-
ment, using two standardized measures assessing calculation (AC-MT 6–11) and atten-
tion skills (CAS) in a sample of 143 typically developing children of age range from
7.6 years to 9.4 years. The results showed that in 2nd grade, selective visuo-spatial
attention emerged as an important predictor in the written calculation task, while the
ability to inhibit distracting information seemed to better predict accuracy in oral calcu-
lation. In 3rd grade, visuo-spatial components of attention emerged as no longer predic-
tive, whereas planning and active visuo-spatial attention abilities emerged as predictive of
accuracy in the oral calculation task. These results confirm previous findings about the
contribution that attentional skills may have in calculation skills development, supporting
evidence for progressive automation attentional components over time.
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Introduction

Attention is an important, multifaceted cognitive domain that includes many key cognitive
processes involved in learning (Jaekel et al. 2013). Indeed, a number of studies that investi-
gated the influence of attention on academic achievement outlined how being efficient in
controlling and sustaining attention may be predictive of better academic achievement and
with being proficiently engaged in learning activities later on in development (Alexander
et al. 1994; Duncan et al. 2007; Scerif 2010). In particular, with reference to the acquisition of
basic learning skills such as calculation, studies have confirmed the role of attention
(Commodari and Di Blasi 2014), and as a counterpart, impairments in attention in young
children have been associated with difficulties in consolidating learning skills (Mayes and
Calhoun 2006; Vellutino et al. 2004). Attentional skills and the ability to master them have
long-lasting development from infancy to adolescence (Wetzel 2014). Attentional efficiency
improves throughout a continuum (e.g., Suades-González et al. 2017), and different attentional
components emerge from the first years of primary school to about 9 years of age when they
reach a more stable factorial structure (Best and Miller 2010). Such a developmental trajectory
has also been documented in children with attentional disorders (Polderman et al. 2007).
Nevertheless, a large part of the existing literature in this domain is mostly focused on non-
typical populations (Barkley et al. 1990; Fergusson et al. 1997) and learning disabilities
(Commodari 2012; Johnson et al. 1999). This specific focus of the literature also extends to
studies that investigate the existing relationship between attention and learning how to
calculate, which are again mostly focused on non-typical populations (Berninger et al. 2017;
Re and Cornoldi 2010), while only a few studies examine these process developmental inter-
relations in a more typical sample (e.g., Commodari and Di Blasi 2014).

Attention skills related processes

Attention is a complex function strongly implied in supporting learning processes. Attention
processes are, in fact, greatly involved in controlling and regulating cognitive resources and
efforts in a daily life context particularly stimulating, such as school (e.g., Checa and Rueda
2011). Attentional skills and the ability to master them have prolonged development from
infancy to adolescence (Wetzel 2014). Attentional efficiency, as mentioned, improves over
time, throughout a continuum (e.g., Suades-González et al. 2017), and the same developmental
trajectory has been documented in children with attentional disorders (Polderman et al. 2007).
In this perspective, a number of studies have investigated the role of attention in the acquisition
of basic scholastic skills, in primary school children (LaBerge 1990; Muter et al. 2004;
Vellutino et al. 2004). In this regard, there is a general agreement that attention is a multi-
component function consisting of different processes, distinguishable at the functional and
anatomical levels (Mirsky et al. 1991; Posner and Fan 2008). Naglieri and Das (1997) describe
attention as “a mental process by which the individual selectively focuses on particular stimuli
while inhibiting responses to competing stimuli presented over time” (p. 3). This definition is
outlining the role of focused, selective, sustained, and effortful attentional components.
According to Naglieri’s model (Naglieri 1999), focused attention refers to concentrate directly
on a specific activity/stimulus; selective attention requires inhibiting responses to distracting
stimuli and the management of interferences; sustained attention refers to the maintenance of
concentration over time. Among these three main components, selective attention is the
process that determines what we see and act upon; it has been considered the result of the
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interaction between an observer’s current selection of goals and the salience of objects present
in the environment. Coherently with this perspective, Naglieri and Das (1997, 2005), theorize
the PASS (planning, attention, simultaneous, and successive) theory according to which
selective attention and the ability to shift the focus of attention are interconnected with more
controlled processes, such as planning and inhibition with which they work as interconnected
systems. In general, all main models of attentional control have described selective attention as
the result of the interaction between bottom-up and top-down processes (Corbetta and
Shulman 2002; Itti and Koch 2001; Theeuwes 2010). Top-down control processes can be
described as the cognitive subcomponents of a single supervisory attentional mechanism and
include inhibition and the ability to update the information maintained in working memory
(WM; Miyake et al. 2000). Inhibition comprehends abilities that include: (1) selectively
maintain the focus on a specific stimulus while suppressing attention to other stimuli (selective
attention), (2) remain on the task and completing it over time (sustained attention), and (3)
inhibit prepotent responses (response inhibition). WM entwines with attentional processes and
particularly with selective attention involving mnemonic aspects of attention (see Eriksson
et al. 2015). In particular, the ability to actively update WM refers to the ability to keep
relevant information, both new and already stored, in short-term memory, mentally manipulate
such information, and act on account of it. The cognitive processes needed to strengthen this
ability include the executive/attentional control of short-term memory, which allows the
integration, the processing, the disposal/retrieval of information, and, coherently, the executive
core of the “WM/active attention system” reflects the ability to control attention and maintain a
limited amount of information active, particularly when interference is present (Kane and
Engle 2002). In this perspective, it is important to take into consideration the complex inter-
relations that characterize attention, memory, and executive function (EF), as “Metaphorically,
memory, attention, and executive functions may be interrelated as past, present, and future are
interrelated” (Eslinger 1996, p. 392).

The elements of calculation

Calculation and mathematical performance rely on a number of components, such as basic
knowledge of numbers, retrieval of arithmetical facts, understanding of mathematical concepts,
and the ability to follow procedures (Dowker, 1998; Gersten et al., 2005; Tobia et al., 2016).
Early numerical abilities emerge and manifest very early on in development, already in the first
months of life in humans, and this evidence is confirmed in populations from various cultural
backgrounds (e.g., Gordon 2004; Wynn 1992; Xu et al. 2005). This early sense of numerical
magnitudes includes the ability to efficiently understand, approximate, and manipulate numer-
ical quantities (Dehaene 1997) and is hypothesized to be part of an innate non-symbolic
system of numerical representation. Through education, this non-symbolic system is gradually
supported by a culturally determined linguistic and symbolic (Piazza et al. 2013). This
component is involved in all mathematical tasks that require the retrieval of arithmetic facts
and exact calculations (Dehaene et al. 1999; Levine et al. 1992). McCloskey et al. (1985)
differentiated the ability to understand and produce numbers from the ability to calculate In
particular, the ability to perform operations and calculus evolve over time throughout primary
school, and being a complex task, it requires the activation of several cognitive skills.
According to McCloskey et al.’s model, the number processing system involves distinct
mechanisms for number comprehension and number production. Within the comprehension
and production subsystems, the components for processing Arabic numbers are separate from
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the components for processing verbal numbers. The calculation system includes three major
components in addition to number processing mechanisms: processing of operational symbols
or words that identify the operation, retrieval of basic arithmetic facts, and execution of the
calculation procedure. These components are diversely involved in mental and written calcu-
lations. Furthermore, any calculation task requires some sort of number production and/or
comprehension abilities. Research that has been performed to understand how children
develop these specific abilities suggests that before schooling, children possess an elementary
understanding of arithmetic concepts (Canobi et al., 2002). Cornoldi and Lucangeli (2004), on
the basis of this model, identified three main dimensions of calculation competence: numerical
knowledge, calculation accuracy, and calculation speed. Numerical knowledge is described as
the combination of expertise and skills that enable a child to understand numerical quantities
and their transformations (Dehaene et al. 1990), whereas calculation accuracy and speed would
define and determine a child’s capacity to solve rapidly and accurately arithmetic calculations
(Cornoldi and Lucangeli 2004; Jordan and Montani 1997).

Primary education is structured to develop this early conceptual knowledge, in order to
allow children to select the adequate mathematical procedures to transfer understanding to new
mathematical situations (Rittle-Johnson and Siegler 1998), for this reason, the first years of
elementary school are crucial to understanding the evolution of this components also in
relation to other important cognitive domains.

Attention and calculation: which contribution?

The ability to perform arithmetical operations, as mentioned above, evolves throughout a
prolonged developmental period and requires the activation of several cognitive and attention-
al skills. Attention, in this perspective, acts as a filter to select and maintain relevant
information while suppressing irrelevant distracters, improving the efficiency with which
information arriving from the environment is acquired and processed and then memorized
and learned (Posner and Rothbart 2005). In this regard, the existing literature concerning
calculation and mathematical learning, stresses how different features of attention, and related
controlled processes, such as planning and inhibition, are crucial for decision making,
supporting the ability to perform written operations, particularly in maths problem solving,
performance monitoring, in recalling and applying specific maths facts, and in evaluating
one’s answer (Das et al., 1994; Naglieri and Das 1997b). Literature, in fact, documents how
attention fosters number processing, e.g., in the case of subitizing which has been documented
to be attention-dependent (Anobile et al., 2012a, b; Burr et al., 2010), and specifically, active
attention has been implicated in the early acquisition of arithmetic, supporting the conceptions
of how numbers map onto space develop, during school years (Booth & Siegler, 2006; Siegler
& Booth, 2004).

In particular, a more recent study by Commodari and Di Blasi (2014), aimed to investigate
the contribution of the main components of attention on calculation skills development,
showed how specific attentive components such as immediate span of attention and rapidity
in shifting attentive focus play a pivotal role in the acquisition of the set of skills and
knowledge that enable a child to understand the numerical quantities and their transformations,
during the first year of the formal learning of arithmetic. Whereas in the successive grades of
primary school, when children’s basic arithmetic abilities are established, attention skills
influence more extensively the calculation competence. The authors, in fact, point out how,
in 3rd grade, of primary school, rapidity in the selection and recognition of visual or auditory
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targets influenced specifically numerical knowledge, calculation accuracy, and calculation
speed. The role of visuo-spatial components of attention and memory is documented to persist
to maintain an important role also in older children (Anobile et al., 2013; Hubbard et al., 2005).
Indeed, abilities such as number inversions and reversal, alignment/ misalignment of digits,
and difficulties such as ignoring signs, and acquiring concepts of borrowing/carrying over, are
strongly linked to visuo-spatial abilities (Bull et al., 2008). The visual-spatial system also
supports as well a number of aspects of non-verbal numerical processing such as number
magnitude, estimation, and representing information in a spatial form (e.g., in the case of the
mental number line; Dehaene, 1997; Dehaene et al. 1999; Zorzi et al. 2002). With regard to
calculation, a specific role of phonological WM seems to be played in both in terms of
integration of direct retrieval of arithmetic facts from long-term memory and more complex
procedural knowledge (Baroody & Wilkins, 1999; Dowker, 2003; Geary et al., 2000) as the
one implied in more elaborate operation such as multiplication (Imbo and Vandierendonck
2007). The role of mnemonic components of active attention has also been supported in
studies that investigate the cognitive characteristics of children that show difficulties in
mathematics (Bull & Scerif; 2001). In accordance with this hypothesis, Cragg and Gilmore
(2014), in their review, suggested that executive function co-related skills, which include
active attention, inhibition, and flexible thinking, might be pivotal for mathematics
competence development; in particular, they address the fact that the role of these processes
in arithmetic performance may vary along time. This specific result is also coherent with other
studies performed in childhood. Szucs et al. (2013) examining developmental dyscalculia in 9-
and 10-year-old primary school children outlined how impairments in inhibition resulted as
connected to the disruption of active attention functions, leading to hypothesize how difficul-
ties in visuo-spatial processing and attentional may rely on short-term memory/working
memory and inhibition impairments. These results provided by different studies, accounting
for different components of attention and related processes, which consider also different
populations, contribute on one hand to outline the complexity of the existing relationship
between attention and related cognitive processes, and specific calculation skills development,
while on the other hand outline the importance to add knowledge on this topic and
to understand more clearly this existing link also in the typical development.

The present study

The main aim of this study is to identify the contribution of different components of attention-
related skills over calculation skills development between 2nd and 4th grade of elementary
school. Coherently with this aim, we chose not to include in this study children attending 1st
grade, as the first year of elementary school is dedicated to teaching basic math skills, such as
number system knowledge, the ability to relate a quantity to the numerical symbol that
represents it, and to manipulate quantities which are pivotal abilities to learn how to calculate,
while in 2nd grade these skills are already acquired. Attentional skills and the ability to master
them, as mentioned above, have a prolonged development over time (Wetzel 2014). Atten-
tional efficiency, in fact, improves throughout a continuum (e.g., Suades-González et al. 2017),
and different attentional components emerge from the beginning of primary school to about
9 years of age (Best & Miller 2010). Due to the beginning of formal learning, in correspon-
dence with a time of developmental changes, in a bi-directional relationship with environmen-
tal stimulation (Rinaldi and Karmiloff-Smith 2017), we expect that specific attentive
components, namely, selective attention, focused attention, shifting focus, planning, inhibition,
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and visuo-spatial WM, may be particularly elicited in the early years of learning. Moreover,
due to the evolution of important cognitive features that support attentional skills, such as WM
and inhibition, between 6 and 9 years of age (Cowan, 2016; Pureza et al., 2013), and given the
documented role of primary education in developing children’s early conceptual numerical
knowledge, allowing children to select the adequate mathematical procedures which enable
them to transfer understanding to new mathematical situations (Rittle-Johnson and Siegler,
1998), we expect that the contribution of selective attention, focused attention, shifting focus,
planning, inhibition, and visuo-spatial WM to accuracy in computation, in particular written
calculation, numerical knowledge, accuracy, and speed in calculation (Cornoldi & Lucangeli;
2004), would change across this time lapse, with a more prominent role early on. Even if, as
mentioned, only few investigations have been performed about this topic (Commodari & Di
Blasi, 2014)considering a typical population, to the best of our knowledge, a study
that investigated the contribution of attentional skills over the ability to calculate between
2nd and 4th grade using a non-computerized battery, more similar to the tasks that children
tend to perform in school and more comparable, ecologically, is still missing.

In order to test these hypotheses, the aim of the present study is two-folded:

1 To investigate the predictive role of attention, specifically selective attention, focused
attention, shifting focus, planning, inhibition, and visuo-spatial WM, on specific calcula-
tion skills development, in particular written calculation, numerical knowledge, accuracy
in calculation, and speed, in 2nd and 3rd grade

2 To investigate the predictive role of 2nd and 3rd graders’ attention and WM skills on
calculation skills development 1 year later. In particular, investigating the predictive role of
attention and WM measured in 2nd grade over calculation skills development measured in
3rd grade, and the role of attention and WM measured in 3rd grade over calculation skills
development measured in 4th grade

Method

Participants

A total of 143 (66 males) of age range from 7.6 years to 9.4 years participated in the
study. The participants were excluded from the analysis if they did not speak Italian
as their first language or had been diagnosed with any disability (e.g., learning
disabilities) or that received a diagnosis for any developmental disorders from the
national public or private health system. Nineteen participants were excluded as they
did not speak Italian as their first language, and twelve participants were excluded due
to a pre-existing diagnosis from the national health system. The sample, at time 1,
during the first data collection, included 59 TD children (28 males) attending 2nd
grade and 53 children (24 males) attending 3rd grade.

At T2 during the 2nd evaluation, it was not possible to collect data from nineteen children
that had participated in the study in the previous year. For this reason, the final sample, at time
2, included a total of 93 participants: 59 children (28 males) attending 3rd grade and 34
children (17 males) attending 4th grade. None of the children that participated in the study
skipped/anticipated years, and all of them were on time with respect to the school program.
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The children all attended the same school, located in the suburbs of a large city in the center
of Italy of a predominantly middle-class area. The assessments were administered in accordance
with privacy requirements and the informed consent policy required by Italian law (Legislative
Decree DL-196/2003). Ethical standards for research were guaranteed by referring to the latest
version of the Declaration of Helsinki by the World Medical Association in building up the
research. The study was also approved by the Ethics Committee of the University of Florence.

Materials and procedures

The families were previously informed about the aims of the study and about the activities in
which the participants were involved. A written informed consent form was completed by the
parents, and the children were also informed of the purposes of the research before testing
began. Trained experts in Psychology of Education carried out data collection in two sessions:
a group one that lasted 1 h, and a second 40-min individual one.

Testing was performed between May and June of each year. The data illustrated in this
paper are part of a larger study investigating attention processes and learning in early
development ( Bigozzi et al. 2016; Bigozzi et al. 2018): Children were tested at time 1 while
they were attending 2nd grade and 3rd grade, and the same children were tested at time 2 when
they were attending 3rd grade and 4th grade, respectively, in a longitudinal cross-sectional
design. The Cognitive assessment system (CAS) subtests (matching numbers, planned codes,
expressive attention, number detection, and receptive attention) plus two BVS-Corsi Battery
subtests, Path and Corsi’s backward digit span, were administered at time 1 (T1), during the
first data collection, and the same tasks except for Path and Corsi’s backward digit span, were
administered at time 2 (T2) during the second data collection 1 year later. At T2, in fact, the
school asked us to reduce the children’s time schedule, and, for this reason, it was not possible
to administer the last two tasks.

General cognitive functioning measures

The similarities and block design tasks from the Wechsler Intelligence Scale (WISC-
III; Wechsler 2003; Orsini and Picone 2006) were used as control variables. The assessment
of IQ, as a control factor, is considered a reasonable strategy in research studies where
intellectual functioning is not the main focus of the assessment (Sattler and Dumont 2004)
but it may be important to control for the level of function in order to avoid misinterpreting the
results in case of a lower level of functioning that may impact on learning.

Calculation tasks AC MT 6–11 (Cornoldi et al. 2002) This standardized battery is meant to
assess different components of calculation abilities, and provides four scores, respectively:
written calculation, numerical knowledge, calculation accuracy, and calculation speed, that
together determine the global calculation efficiency. The administration procedure provides
tasks to be administered both in class (or group) and individually. The written calculation task
score determines the ability to perform written operations, and it comprehends the global
number of correct responses (class or group administration). The numerical knowledge
dimension exerts the set of abilities that are crucial to allow the child to understand the
concept of numerical quantity, the “size” of a number, and its changes. The score is the
number of correct responses obtained in the size discrimination, word-number transcoding,
and number ordering tasks respectively.
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The accuracy score is obtained by considering the child’s ability to correctly process information
during a calculation task, in this case considering performance in an individual session only that
comprehends both written and mental calculation tasks. In this case, the dependent variable is the
score obtained from the total number of errors committed. Errors committed in the written
calculation task were scored 3, while errors committed in all other tasks in this session were scored
1.

Speed score is obtained accounting for children’s response times in performing calculation
tasks. This calculation speed measure is considered a measure of the automation of the
calculation process. This score is obtained summing up response times in the written calcu-
lation, mental calculation, and enumeration tasks.

Cronbach’s alpha for our sample was .74 for competence in calculation and .55 for
numerical knowledge.

Attention tasks

Cognitive assessment system (CAS) (Naglieri and Das 1997, Italian version by Taddei and
Naglieri 2005) CAS is a multidimensional measure of cognitive processing based on the
PASS (planning, attention, simultaneous, and successive) theory of intelligence adapted for
children from 5 to 17 years of age. For the purpose of this study, we used the tasks of the
planning and attention scales. The internal reliability coefficients are high: .88 for planning and
.88 for attention, respectively.

Planning subtests

Matching numbers task (planning, selective attention)

The task requires the identification, as quickly as possible, of identical pairs of numbers on a
worksheet, where numbers are arranged in an ordered matrix in which also distracters are present.
Children need to remember the target numbers. The child is asked to find the two numbers in each
row that are the same and use an appropriate strategy to distinguish them from the distracters. The
time needed to complete the task and the number of correct responses are recorded.

Planned codes task (planning, inhibition)

The task requires children to copy sequences of symbols (e.g., OXXXOO) arranged in a matrix of
seven rows and eight columns. Each child has to complete the cells left empty with the correct code
based on the example provided. On each item, a code associates Xs and Os with A, B, C, or D; for
example, OX is associated with A on item 1. The child is asked to write the correct two-letter code
for each letter. For each item, the sequence changes so that the child is also required to shift from
item to item inhibiting interferences as well. Accuracy and speed are recorded for each item.

Attention subtests

Expressive attention task (inhibition of automatic responses, interference control)

This is a Stroop task (Stroop 1935). For ages up to 7 years, the child has to inhibit the
dimension of the figures and identify the real size of the corresponding animal from 8 years
old; the child has to inhibit the word’s meaning and say the color of each word’s ink. The
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words are in fact names of colors that are printed in different colors (e.g., the word red might
be printed in blue ink). Stimuli are arranged in an ordered matrix style sheet. Accuracy and
speed are recorded for each matrix.

Number detection task (selective attention, shifting focus)

Children are instructed to find and underline the target numbers (as reported in the example)
among several distractors. Stimuli are always arranged in columns and rows in matrix style
sheets, and target numbers change among sheets.

Receptive attention task (focused attention)

The child is instructed to find, among distracting stimuli, pairs of items matching on the basis
of the graphic similarity or, subsequently, on the basis of the category (name). Stimuli are
arranged in matrix style sheets. For children from 5 to 7 years of age, each item consists of ten
rows of five pairs of drawings. For test-takers who are 8 or older, the stimuli are letters. The
test measures the ability to switch the attentional focus.

For all CAS subtests, final scores combine speed and accuracy measures.

Visuo-spatial working memory tasks Visuo-spatial WM abilities were assessed with the
Paths and Corsi’s backward digit span from the BVS-Corsi Battery (Mammarella et al. 2008).

Paths (sequential-spatial working memory)

This task requires the child to follow verbal instructions and indicate, by imaging the
corresponding path without any iconic support, the arrival on a grid. Level complexity
increases from 2 × 2 to 6 × 6 grids. Accuracy is measured as the highest level a child performs.
Test reliability is .85.

Corsi’s backward digit span (visuo-spatial working memory)

The child must recall backward a clustered sequence of positions indicated by the psychologist
on a nine-block board. The span, that is, the longest sequence a child recalls correctly, is
measured. The internal reliability coefficient is .74.

More details on these procedures and materials are provided in Section 1 of the Supple-
mentary Material (SM).

Data analysis

Descriptive statistics of all the metric variables (mean, standard deviation, skewness and
kurtosis coefficients, minimum and maximum values) were carried out distinctively for each
grade of primary school. The normality assumptions were verified for all variables, and in
those cases in which the distribution was not normal, the appropriate monotone increasing
transformations were applied (Fox, 2015). Pearson’s correlation coefficients were carried out
to check the statistical association among written calculation, numerical knowledge, accuracy
(errors), speed, attention, and visuo-spatial working memory measures, both in 2nd and in 3rd
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grades. In line with the aims of the study, in order to determine which attention and visuo-
spatial working memory variables could predict calculation skills for each group considered
(2nd to 3rd-grade group and 3rd to 4th-grade group), a series of linear multiple regression
analyses were performed. For each analysis implemented, the different attention and
visuo-spatial working memory variables were inserted as independent variables,
whereas calculation tasks scores were inserted as dependent variables (stepwise
method).

Each analysis was implemented respectively first, investigating the contribution of atten-
tional skills measured at T1 over calculation task score measured at T1, then crossing variables
and investigating whether performance at the attentional tasks at T1 could predict an increased
performance in calculation tasks at T2, and then re-test if any change in the pattern occurred at
T2 testing the contribution of attentional skill over calculation skills at T2.

Before the implementation of the multiple linear regression analyses, the variance inflation
factor (VIF) coefficient was calculated for all the independent variables to exclude the possible
presence of multi-collinearity (Field 2005). For each independent variable included in the
regression models, the effect size coefficient partial eta-squared (η2) was also calculated.

Results

The descriptive statistics about all the calculation, attention, and visuo-spatial working mem-
ory variables, in 2nd, 3rd, and 4th grade, are reported in Tables 1 and 2, respectively.
Skewness and kurtosis values refer to the original scale of measure of the variables. The
asterisks in the brackets indicate those variables that were successively normalized by increas-
ing monotonic transformations.

The analysis of correlations (see Table 3) showed a stronger and more consistent pattern of
association among AC MT 6–11 scores and attention and visuo-spatial working
memory variables in 3rd grade with respect to the pattern that emerged in 2nd grade.

In 2nd grade, written operations resulted significantly associated with selective attention,
shifting focus, and sequential-spatial working memory while accuracy in calculation emerged
as associated with selective attention, shifting focus and inhibition of automatic response/
interference control. Whereas in 3rd grade a stronger and more consistent pattern of correla-
tions emerged, among attention, visuo-spatial working memory task scores and AC MT 6–11
scores. Notably, numerical knowledge emerged as significantly related only to inhibition on
automatic response/interference control, and written operations emerged as associated with
focused attention and planning/selective attention. Accuracy in calculation emerged as signif-
icantly associated with inhibition of automatic responses/interference control and sequential-
spatial working memory; speed in calculation emerged as associated with focused attention,
inhibition on automatic response/interference control, and planning selective attention. Tests to
investigate whether the data met the assumption of collinearity indicated that multi-collinearity
was not a concern as tolerance and VIF values’ ranges were .54–.97 and 1.21–1.85
respectively.

The results of the linear regression analyses are reported in Tables 4, 5, 6, and 7. In 2nd
grade, written operations was positively predicted by selective attention processes exerted in
number detection task (measuring selective attention, shifting focus) (t = 2.73, p < .01,
η2 = .106) (Table 4). Considering the contribution of the attention and visuo-spatial working
memory variables, measured in the 2nd grade on accuracy in calculation, was significantly
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predicted by expressive attention task (measuring inhibition of automatic responses, interfer-
ence control) (t = − 2.60, p < .05, η2 = .097) (Table 5), measured in 2nd grade. Notably, no
significant predictive associations emerged between either speed or numerical knowledge and
attention variables, measured in the 2nd grade.

With regard to the contribution of the attention variables, measured in 2nd grade, on
calculation scores collected in 3rd grade, matching numbers task, measuring planning and
selective attention (t = − 2.13, p < .05, η2 = .085), and paths, measuring sequential-spatial
working memory (t = − 2.72, p < .01, η2 = .131), resulted as the two statistically significant
regressors for accuracy (errors) (Table 6), while matching numbers (t = −4.00, p < .001,
η2 = .246) emerged as a statistically significant regressor for speed (Table 7).

Attention and visuo-spatial workingmemory variables assessed in 2nd grade during the first data
collection were not a significant predictor of written calculation or numerical knowledge measured
in 3rd grade during the second evaluation. Notably, the same variables assessed in 3rd grade did not
emerge as significant predictors of calculation variables, either in 3rd or in 4th grade.

Discussion

This study investigated the contribution of different processes of attentional skills over core
calculation skills development, between 2nd and 4th grade of elementary school in a typical

Table 4 Summary of the regression model, with written operations in 2nd grade as a dependent variable and
CAS subtest and and visuo-spatial working memory scores measured in 2nd grade as independent variables:
regression parameter B, standard error of B (SEB), Student’s t test (t), p value, and partial eta-squared (partial η2)

Source B SEB t p Partial η2

Intercept 1.754 .922 1.902 .062 .054
Matching numbers −.010 .059 −.167 .868 .000
Planned codes .004 .061 .070 .945 .000
Number detection .006 .002 2.732 .008 .106
Expressive attention −.016 .044 −.363 .718 .002
Receptive attention −.096 .056 −1.711 .092 .044
Paths .286 .147 1.948 .056 .057
Corsi’s test backward .197 .149 1.325 .190 .027

R2 - adjusted = .13, p < .05

Table 5 Summary of the regression model, with accuracy (errors) in calculation in 2nd grade as a dependent
variable and CAS subtest and visuo-spatial working memory scores measured in 2nd grade as independent
variables: regression parameter B, standard error of B (SEB), Student’s t test (t), p value and partial eta-squared
(partial η2)

Source B SEB t p Partial η2

Intercept 2.188 .661 3.311 .002 .148
Matching numbers −.071 .042 − 1.681 .098 .043
Planned codes −.023 .044 −.535 .595 .005
Expressive attention −.082 .032 − 2.596 .012 .097
Number detection −.003 .002 − 1.647 .105 .041
Receptive attention .064 .040 1.581 .119 .038
Paths −.131 .105 − 1.247 .217 .024
Corsi’s test backward −.155 .107 − 1.456 .150 .033

R2 - adjusted = .19, p < .05
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sample. The results showed that different components of attention affected different features of
calculation abilities over time between 2nd and 3rd grade and between 3rd and 4th grade. The
results also showed that different factors of attention affected different features of calculation
abilities over a 1-year time-lapse and that attentional skills appear to be less involved as the
learning process progresses and specific core processes consolidate, becoming automatic, and
these results are coherent with those documented in the same age range by previous studies
(Commodari and Di Blasi 2014). Regression analysis results showed that specific attentional
skills may contribute to calculation skills development between 2nd and 3rd grade and 3rd and
4th grade. Indeed, in 2nd grade, the analysis performed considering variables measured at T1,
during the first data collection; analysis showed that at T1 specifically, selective visuo-spatial
attention (measured throughout the number detection task; see Table 4) emerged as a signif-
icant predictor of written calculation. This finding is consistent with results documented in the
literature concerning the importance that the ability to visually organize the procedures has in
performing written operations, for example, when putting numbers into the right
columns, when handling spatial orientation of the operation and when positioning accordingly
the sign of the operation (Cornoldi et al. 2002). With regard to the accuracy score, the ability to
inhibit distracting information, measured through the expressive attention task, resulted as
associated with being proficient in both written and oral calculation. This result is coherent
with the existing literature that addresses the importance of inhibitory processes in

Table 6 Summary of the regression model, with accuracy (errors) in calculation in 3rd grade as a dependent
variable and CAS subtest and visuo-spatial working memory scores measured in 2nd grade as independent
variables: regression parameter B, standard error of B (SEB), Student’s t test (t), p value, and partial eta-squared
(partial η2)

Source B SEB t p Partial η2

Intercept 18.018 5.613 3.210 .002 .174
Matching numbers −.799 .375 − 2.130 .038 .085
Planned codes .526 .405 1.298 .200 .033
Expressive attention .183 .286 .641 .524 .008
Number detection −.022 .016 − 1.325 .191 .035
Receptive attention .295 .387 .764 .448 .012
Paths − 2.500 .920 − 2.718 .009 .131
Corsi’s test backward −.478 .968 −.494 .624 .005

R2 - adjusted = .25, p < .01

Table 7 Summary of the regression model for, with speed in calculation in 3rd grade as a dependent variable and
CAS subtest and visuo-spatial working memory scores measured in 2nd grade as independent variables:
regression parameter B, standard error of B (SEB), Student’s t test (t), p value, and partial eta-squared (partial η2)

Source B SEB t p Partial η2

Intercept 438.538 59.019 7.430 < .001 .530
Matching numbers − 15.778 3.942 − 4.002 < .001 .246
Planned codes 3.307 4.263 .776 .442 .012
Expressive attention − 1.267 3.007 −.421 .675 .004
Number detection −.152 .172 −.886 .380 .016
Receptive attention −.470 4.065 −.116 .908 .000
Paths − 17.987 9.669 − 1.860 .069 .066
Corsi’s test backward − 19.942 10.180 − 1.959 .056 .073

R2 - adjusted = .45, p < .001

979The contribution of attentional processes to calculation skills in...



mathematical ability development (D'Amico and Passolunghi 2009; Lan et al. 2011). Indeed,
this task particularly elicits the ability to control interference and inhibit distracting informa-
tion, two core abilities of the cognitive system, very much implied in calculation task
performance. Children at this learning and developmental stage, in fact, are still engaged in
learning how to automate computing strategies, being meta-cognitively aware while actively
and voluntarily directing cognitive processes in order to inhibit irrelevant or interfering
information in order to perform the task properly (Fernandez-Duque et al. 2000; Tiego
et al. 2018). These abilities, in fact, allow the focus of attention over specific information,
e.g., the sign of the operation, important to select the correct set of rules that is necessary to
perform a specific operation. This ability is very important both in written and oral calculation
for different reasons: In written calculation, this ability is particularly important as it allows
children not to be distracted by the presence of multiple operations with multiple operators or
to inhibit interference when performing multiplications or subtractions with complex numbers
that need complex procedures such as borrowing or carrying over while transcribing numbers
handling spatial orientation, without losing track of the steps they need to perform in order to
solve them. When performing these operations, in fact, the ability to manage interferences and
to inhibit distracting information allows one to stay focus on the procedure keeping the rules
actively in mind. Considering oral calculation, these abilities continue to play a crucial role,
although for different reasons with respect to the written calculation : oral calculation, in fact,
to be performed proficiently, needs the application of different strategies. In oral calculation, in
fact, children are not required to handle number transcription yet to strategically handle
numerical information already stored in mind, for example supporting the process with the
use of numerical facts (Passolunghi and Cornoldi 2008).

These skills that emerged as important in 2nd grade at T1, in fact, are strongly related, but
the cognitive load may change on one or the other depending on whether the calculation is
asked to be performed mentally/orally or in a written form (Cornoldi et al. 2002). In this
perspective, our data confirm previous studies about the calculation competence of children
with visuo-spatial learning disabilities (VLD). With regard to these children, difficulties have
been documented whenever they are required to complete written operations but not when they
are asked to perform the same operations orally; in particular, they present specific difficulties
when operations require borrowing or carrying over (Venneri et al. 2003).

Analysis performed to investigate the role of attentional features measured during the first
evaluation over calculation skills measured during the 2nd evaluation, 1 year later, outlined
that planning, selective attention, and sequential-spatial working memory measured in 2nd
grade emerged as the most central cognitive features that seemed to contribute to accuracy in
calculation measured in 3rd grade. Accordingly, planning and selective attention measured at
T1, in 2nd grade resulted as predictive of speed in calculation measured at T2 in 3rd grade. This
result documents the role that strategic attention-related abilities may have in predicting a
better outcome in calculation skills later on in development. Planning is in fact a complex
cognitive ability that involves both inhibition and WM (Diamond 2013), two core cognitive
abilities, as mentioned, very much implied in the matching numbers task, and that register a
prolonged development over time (Malagoli and Usai 2018) and support several high-level
processes in addition to planning, such as reasoning and problem-solving (Diamond, 2013).

With regard to the passage from 3rd (T1) to 4th grade (T2), the analysis did not show any
significant association between the attention and calculation skills investigated in this study.
Considering these results, it is thus possible to hypothesize that the procedures needed to
perform a specific calculation task may already be automated at this stage of development,
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implying that children’s cognitive skills progress over time and structure, possibly, throughout
the contribution of a specific environmental stimulation (Guarnera and D'Amico 2014), e.g.,
the one that happens in school in a regulated environmental learning setting, which is able to
foster the automation-related procedures/strategies (Guarnera and D'Amico 2014, Rinaldi and
Karmiloff-Smith 2017).

With regard to the numerical knowledge dimension, none of the investigated attentional
features emerged as predictive of this calculation skill-related component either at T1 or at T2.
This data is not surprising as the first year of elementary school is specifically dedicated to
teaching pivotal basic math skills, in order to strenghten the number system knowledge
(see Bigozzi et al. 2016) working on the ability to relate a quantity to the numerical
symbol that represents it, and, in general, on the ability to manipulate quantities the
numerical knowledge AC-MT dimension is meant to specifically measure these skills,
which in 2nd grade, are considered already acquired as constitute the basis on which
learning more complex calculation procedures rely on.

In conclusion, this study contributes to the existing literature adding knowledge about the
evolving role of attentional-related processes, such as interference control, planning, and
maintaining information in an active state, in learning how to calculate in the first years of
elementary school through a longitudinal cross-sectional design, using a reasonably wide
battery of tasks in order to investigate different aspects of attention and cognitive functioning.

Despite these strengths, a few limitations to this work warrant mention. The first limitation
is that we did not measure the role of attentional processes over calculation skills development
up to 5th grade which, in the Italian system, would represent the end of primary school, which
may be interesting, as 3rd and 4th-grade programs imply the use of core basic cognitive
procedures that children automate, whereas in 5th grade, task complexity increases again in
preparation for transitioning to algebra in middle school. A second limitation to this study may
concern the use of the Cognitive Assessment System, although it’s an interesting tool to
measures attention and planning, it provides tasks that exert also more general cognitive
features, in some cases, and this feature may lead to task impurity, in particular with regard
to basic cognitive skills such as inhibition and WM implied in planning. Future research will
also have to involve a wider range of classes again in a longitudinal perspective but extending
data collection for the entire duration of elementary school, enrolling more classes per age
range in order to contain the effects of the sample mortality, possibly also taking into account
the variable of environmental noise that may play an important role in influencing attentional
skills in the classrooms (Dockrell and Shield, 2006). Despite the above-cited limitations, this
preliminary study allows the broadening of the existing literature, which is still quite scarce,
about the influence of attentional processes over calculation related skills development in a
typically developed sample, using a longitudinal approach and a paper-pencil cognitive battery
to investigate core attentional processes that support learning. The illustrated findings evidence
the potential usefulness in measuring children’s attention skills during primary school,
before children learn more complex aspects of mathematics processing, in order not
only to strengthen core cognitive features that may support the stabilization of basic
skills and strategies connected to calculation, but also to allow an easier transition to
more complex and abstract aspects of mathematical reasoning later on in education.
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Conclusions

In conclusion, the current study supports evidence for a specific role of specific attentional processes
over math learning in early elementary school. During 2nd grade, selective visuo-spatial attention
emerged as an important predictor in the written calculation, while the ability to inhibit distracting
information seems to better predict accuracy in calculation. Instead, at T2, planning, interference
control, and spatial-sequential working memory abilities emerged as predictive in terms of accuracy
in calculation. These results support evidence for a progressive decreasing role of attentional
processes together with the ability to automate specific learning skills.
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