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ABSTRACT— Interventions targeting cognitive control
processes, such as Executive Functions (EF) have recently
been experimented to enhance early math skills. This
pilot study explored the feasibility and effectiveness of an
intervention integrating EF activities into the mathemat-
ical domain among second-grade students. One hundred
and four typically-developing-children were assigned to
either a group that underwent the intervention (Trained
Group; n= 58) or a group that continued with daily didac-
tic activities (Control Group; n= 46). The training lasted
for 8 weeks and included both home-based digital and
school-based paper activities. According to teachers’ feed-
back, the intervention was highly appreciated by children
and compatible with classical school curricula. The Trained
Group improved in behavioral self-regulation, math abilities
and problem-solving in comparison to the Control Group.
Notably, within the Trained Group, benefits of the training
were higher in children with high working memory. This
training offers a model to support math learning in primary
school, considering inter-individual differences in EF.
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Numeracy encompasses the ability to master math facts,
concepts, and procedures in all aspects of daily life. It
involves understanding and reasoning with data and pro-
cesses, solving problems, evaluating situations and mak-
ing decisions (Baker, Street, & Tomlin, 2003; Brooks &
Pui, 2010). The acquisition of mathematical skills must be
supported and empowered, especially during primary school
ages, when the fundamental foundations of arithmetic and
problem solving are established (Fischer, Moeller, Cress, &
Nuerk, 2013).

Despite humans, like many other living beings, being pre-
disposed to perceive approximate quantities, they need to
develop a complex multi component brain circuit for math
(Dehaene, 2011). This circuit underpins a series of processes,
some domain-specific, and others domain-general (Vogel &
De Smedt, 2021). Domain-specific functions pertain to cog-
nitive functions specifically related to a given disciplinary
competence to be acquired. Thus, in the context of mathe-
matics, these functions include the representation of large
numerical quantities and ordinal relationships, the acqui-
sition of counting skills up to infinite numbers, and the
ability to carry out operations. Conversely, domain-general
functions are transversal and reflect mental operations cru-
cial for information processing across different learning
domains (e.g., emotional regulation, math, language, read-
ing, and writing etc.) and input/output modalities (e.g.,
verbal, visuo-spatial etc.). Executive Functions (EF) are con-
sidered one of the most important domain-general processes
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underpinning math acquisition (Cragg & Gilmore, 2014;
Vogel & De Smedt, 2021).

Given the complementary role that math-specific skills
and EF play in math, it is acknowledged that, in order
to support math learning, both domain-general and
domain-specific functions must be taken into account.

Executive Functions
EF refers to a set of skills that regulate and control thoughts,
actions, and emotions to achieve a defined goal. EF are
involved in new or complex situations where impulsive
responses are inadequate, and behavioral control and action
planning are necessary. They are also implicated in behaviors
requiring the initiation of a new sequence of actions, situ-
ations where habitual responses need interruption in favor
of non-automatic actions and tasks demanding constant
behavioral monitoring (Diamond, 2013; Miyake & Fried-
man, 2012).

While several EF dimensions have been described in
children by different studies (Lee, Bull, & Ho, 2013;
Miller, Giesbrecht, Müller, McInerney, & Kerns, 2012;
Scionti & Marzocchi, 2021; Usai, Viterbori, Traverso, &
De Franchis, 2014), the most widely accepted theoretical
model of EF in children defined three basic EF components
(Diamond, 2013). In Diamond’s model (2013), the three
main basic components are inhibition, working memory,
and cognitive flexibility. Inhibition can be divided into two
subcomponents: the ability to focus attention on relevant
data while ignoring distractors (interference control) and
the ability to inhibit inadequate or impulsive responses
(response inhibition) (Gandolfi, Viterbori, Traverso, &
Usai, 2014; Traverso, Viterbori, Gandolfi, Zanobini, &
Usai, 2022). Working memory is the ability to maintain
and work on thoughts, plans, and other mental contents
temporarily held in verbal or visuo-spatial memory, includ-
ing the crucial process of updating old mental contents
with newer ones. Cognitive flexibility involves flexibly
switching attention and processing between different task
requirements, mental rules, or strategies according to the
context.

EF development occurs progressively from early child-
hood to adolescence. In preschool age, where the greatest
development is recorded, a two-factor structure emerges,
with the two main executive components, inhibition and
working memory, distinct but interrelated (Lee et al., 2013;
Monette, Bigras, & Lafrenière, 2015; Usai et al., 2014). The
third basic EF, cognitive flexibility, becomes more prominent
in later school age (Buttelmann & Karbach, 2017). Inhibition,
working memory and cognitive flexibility form the bases for
more complex EF components such as abstract reasoning,
problem-solving, and planning (Diamond, 2013).

EF development is characterized by high inter-subject
variability and can be influenced by both risk and protective

environmental factors through complex and probabilistic
interactions. Factors, such as individual developmental his-
tory (Zelazo, 2020), parenting style (Fay-Stammbach, Hawes,
& Meredith, 2014), socio-economic status (Farah et al., 2006;
Noble, McCandliss, & Farah, 2007; Noble, Norman,
& Farah, 2005), and school curricula (Diamond, 2012)
contribute to differences in EF development. Thus, to
equip individuals with strong EF, early interventions have
been proposed to promote EF development and conse-
quently support long-term cascade effects on learning and
adaptation (Diamond & Lee, 2011). Despite being cog-
nitive functions that cut across various domains, recent
evidence suggests that EF interventions may face chal-
lenges in transferring improvements to skills not directly
trained (meta-analyses: Bombonato et al., 2023; Kassai,
Futo, Demetrovics, & Takacs, 2019; Scionti, Cavallero,
Zogmaister, & Marzocchi, 2020; Takacs & Kassai, 2019).

The Involvement of Executive Functions in Math
Development
Due to their domain-general nature, EF are involved in
and support learning, potentially influencing acquisitions,
behaviors, and competences across several specific domains,
from infancy to adulthood (Korzeniowski, Ison, & Difabio
de Anglat, 2021). EF play a crucial role in school adjustment
and are predictive of academic achievement and success,
supporting learning prerequisites (Ruffini, Marzocchi, &
Pecini, 2021; Traverso, Viterbori, & Usai, 2019). They are
essential for learning math, as well as reading and writing
(De Franchis, Usai, Viterbori, & Traverso, 2017; Miller,
Müller, Giesbrecht, Carpendale, & Kerns, 2013; Moffitt
et al., 2011; Ruffini, Osmani, Martini, Giera, & Pecini, 2023;
Usai, Viterbori, & Traverso, 2018; Viterbori, Usai, Traverso,
& De Franchis, 2015). The highest rate of EF development
occurs between preschool and the first years of primary
school, concurrent with the acquisition of basic learning
skills and school adjustment, when learning and behavior
require cognitive control processes due to new tasks and
challenges. Indeed, the pre-literacy and pre-math tasks in
the preschool context, along with school activities related
to reading, writing and arithmetic skills acquisition, are
new and complex tasks for children, potentially requiring
several cognitive control processes (Blair & Raver, 2015;
Miyake & Friedman, 2012). All EF basic components are
involved in math skills (Bull & Lee, 2014; Kolkman, Hoijtink,
Kroesbergen, & Leseman, 2013; Yeniad, Malda, Mesman,
Van IJzendoorn, & Pieper, 2013) with roles that vary based
on children’s age and math competences. Inhibition sup-
ports general math achievement and arithmetic skills
among 5th–7th graders (Gómez, Jiménez, Bobadilla, Reyes,
& Dartnell, 2015). Its importance in math tasks may vary
depending on the age of the students. Younger children
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may rely more heavily on inhibition when engaged in math
procedural tasks as they struggle with the suppression of
learned strategies to adopt more advanced or sophisticated
ones that are not yet automatized (Cragg & Gilmore, 2014).
Working memory is crucial in supporting calculation, arith-
metic and math problem solving in primary-school children
(meta-analysis: Friso-Van den Bos, Van der Ven, Kroes-
bergen, & Van Luit, 2013). Cognitive flexibility is related
to general, conceptual, and procedural math as well, with
a greater influence in younger children compared to older
ones (for a review: de Santana, Roazzi, & Nobre, 2022).

However, there is agreement that the nature of math-EF
relationship is reciprocal (Ellis et al., 2021; Raghubar, Barnes,
& Hecht, 2010) with dynamics that may change according to
children’s age (Cragg & Gilmore, 2014; Peng & Kievit, 2020;
Van der Ven, Kroesbergen, Boom, & Leseman, 2012). For
instance, engaging in a high-quality mathematics education
contributes to the development of EF processes (Clements,
Sarama, & Germeroth, 2016). Moreover, EF seem to predict
math acquisition with a directional path, meaning that vari-
ations in EF impact the acquisition of mathematical skills
(Schmitt, Geldhof, Purpura, Duncan, & McClelland, 2017).

Interventions on Math Skills
Children’s underachievement in math represents a signifi-
cant problem (Suan, 2014), prompting the development of
various interventions (Dowker, 2009). Interventions aim-
ing to promote math skills should target diverse math abil-
ities, recognizing the multi componential nature of the
math domain (Burns, Kanive, & DeGrande, 2012; Kilpatrick,
Swafford, & Findell, 2002). However, the majority of inter-
ventions involve isolated educational strategies focusing on
specific math skills, such as the use of schemes and tables
for categorization, identifying relevant information in prob-
lems, and promoting self-regulation strategies for prob-
lem solving (Kaufman & von Aster, 2012; Meltzer, 2018a;
Steinberg & Roditi, 2018).

To support math development, interventions that pro-
mote underlying general-domain processes, such as EF,
have been recently proposed. Consistently, several stud-
ies have shown significant effects of EF interventions on
the development of mathematical skills in preschool and
school-age children (Dong et al., 2022; Rosas, Espinoza,
Porflitt, & Ceric, 2019; Sánchez-Pérez et al., 2018; Traverso
et al., 2019), with positive effects observed across children
with low, medium and high abilities (Dong et al., 2022).
However, recent meta-analyses have indicated the diffi-
culty in achieving far-transfer effects of EF interventions:
trainings that target EF promote improvement in the exec-
utive domain but struggle to generalize effects to other
domains (Bombonato et al., 2023; Kassai et al., 2019; Scionti
et al., 2020). Embedding an intervention within a specific

learning context is crucial for promoting children’s school
performances, linking EF exercises to the math domain
through different types of activities could enhance math
skills (Meltzer, 2018b). Consistently, embedding EF within
the math domain is more likely to result in improvements
in mathematics compared to interventions solely focusing
on EF (for a review: Scerif et al., 2023). However, to our
knowledge, only a recent study (Sánchez-Pérez et al., 2018)
conducted a computer-based training combining work-
ing memory and mathematics activities as part of the
school routines and found positive significant results in
both domains. Furthermore, most studies investigating the
effects of EF interventions on math competency focused
on one individual EF component, often working memory,
demonstrating improvement in math across different grades
(Bergman-Nutley & Klingberg, 2014; Holmes & Gather-
cole, 2014; Söderqvist & Bergman Nutley, 2015). However,
there is a gap in the literature regarding interventions that
simultaneously train all basic EF components, which could
be highly effective in promoting mathematics given each
EF component’s involvement in different mathematical
processes (Bull & Lee, 2014; Kolkman et al., 2013; Yeniad
et al., 2013). Moreover, EF trainings were mainly conducted
at home (Klingberg et al., 2005), while conducting the train-
ing in the school context, where the learning of instrumental
skills is primarily accomplished, could favor the general-
ization of the training effects (Carretti, Borella, Elosúa,
Gómez-Veiga, & García-Madruga, 2017; Kadosh, Dowker,
Heine, Kaufmann, & Kucian, 2013; Kucian et al., 2011).

Additionally, interventions on math learning skills tended
to use either computerized or paper-and-pencil activities,
adopting one isolated methodological approach (De Witte,
Haelermans, & Rogge, 2015; Sánchez-Pérez et al., 2018).
However, using computerized and paper-and-pencil
activities together could merge the appeal of the new
technologies with the possibility to work in groups on paper
materials, thus being more powerful (Ruffini et al., 2021;
Shaw & Lewis, 2005).

Furthermore, the previously mentioned studies focused
exclusively on the efficacy of the implemented training, ana-
lyzing changes in measures collected before and after the
training. However, it is equally important to consider the
feasibility of the training, namely the assessment of the possi-
bility and practicability of successfully conducting a program
to identify significant obstacles that could make it difficult
or impossible. The assessment of feasibility could provide
information about the suitability of the intervention, flexibil-
ity, available time, and any potential adverse events (Bowen
et al., 2009; Soneson et al., 2020). This aspect appears partic-
ularly relevant for school and school-home integrated inter-
ventions, according to which the activities of the training
must be compatible with the traditional school curricula or
the family’s routine.

Volume 18—Number 1 87

 1751228x, 2024, 1, D
ow

nloaded from
 https://onlinelibrary.w

iley.com
/doi/10.1111/m

be.12404 by C
ochraneItalia, W

iley O
nline L

ibrary on [25/04/2024]. See the T
erm

s and C
onditions (https://onlinelibrary.w

iley.com
/term

s-and-conditions) on W
iley O

nline L
ibrary for rules of use; O

A
 articles are governed by the applicable C

reative C
om

m
ons L

icense



Training Executive Functions Within the Math Domain

In conclusion, further studies are needed in order to verify
whether interventions that embed different EF components
within the math domain in both school and home settings
can be effective and feasible in promoting math skills.

The Present Study
The present study attempted to overcome the method-
ological limitations of previous studies, with the goal of
enhancing the generalizability of the training’s effects. To
achieve this, an intervention was developed with specific fea-
tures: (1) integration of EF activities in the math domain;
(2) incorporation of computerized and paper-and-pencil
activities; (3) implementation of the intervention both at
home and at school. The selection of activities adhered
to principles of intensity, novelty, challenge, and usability
(Blair, 2017; Diamond & Lee, 2011). This design aligned
with the idea that intervention demands should be intensive
(Klingberg et al., 2005) and escalate in tandem with progres-
sive improvements in children’s executive skills (Bergman
Nutley et al., 2011; Klingberg et al., 2005). Moreover, this
study focused on a specific population, second graders. This
age group was chosen because it is during the second year
that children begin to tackle complex numbers and quan-
tities, constructing mathematical skills that heavily rely on
cognitive control processes such as EF (MIUR, 2012).

In line with the theoretical considerations outlined above,
the present study sought to assess the feasibility and, at a
pilot level, measure the efficacy of defined intervention tasks
on both EF and math competencies in second graders. Fea-
sibility, in this context, is evaluated as the practicality and
likelihood of successful implementation of the intervention,
as assessed by the key stakeholders in the project, namely
teachers and children, in their daily routines. The interven-
tion was expected to be feasible and suitable for children in
this age group, with the anticipation that EF and math skills
show more improvement in the group receiving the inter-
vention compared to the control group.

METHODS

Participants
The study involved 123 primary school children attend-
ing the second grade in 5 primary schools located in two
Italian regions (Tuscany and Lazio). Each class was ran-
domly assigned to the trained condition (4 classes; Trained
Group, TG) and to the control condition (3 classes; Control
Group, CG). From the total sample, the following cases were
excluded from the analysis: 8 children with Neurodevelop-
mental Disorders (e.g., ADHD, autism… ), 9 children who
did not complete at least 20% of the activities and 2 chil-
dren who were absent in the post-test phase. Data of children
with atypical development were excluded from the analyses

as the training activities conducted by them were adapted
according to the special needs of each specific child; thus,
results were not comparable to those of typically developing
children.

All children included in the analysis (n= 104) had non-
verbal intelligence in the normal range (within −2 SD from
the mean of the age-matched population) as evaluated by
Raven’s Colored Progressive Matrices standardized for the
Italian school-aged population (Belacchi, Scalisi, Cannoni,
& Cornoldi, 2008). The Trained Group was composed
of 58 children (Mean age= 7.24; SD= .43; 28 males, 30
females); the Control Group consisted of 46 children (Mean
age= 7.33; SD= .45, 26 males, 20 females). The two groups
did not differ in age (F(1)= 1.26, p> .05), gender (𝜒2 = .27,
p> .05) and nonverbal fluid intelligence (F(1,103)= 0.64,
p> .05).

The research was approved by the Ethic Committee of
the University of Florence (reference number 0152940 date
26/05/2021) and it was carried out following Ethical guide-
lines of the Italian Association of Psychology and of the Dec-
laration of Helsinki.

Procedure
In September 2021, 4 schools were recruited to participate
in this project. After the authorization obtained from the
school administrators and the informed consents by the
parents, the intervention began in October 2021 and ended
in December 2021.

The teachers of the Trained Group participated in two
2-hr training sessions with the project coordinators, where
they were instructed on the objectives, purposes, structure
and methods of the intervention.

Both before and after the intervention, the teachers of the
Trained Group engaged in an interview with researchers to
assess the feasibility of the training.

To assess training’s efficacy, pre- and post-training assess-
ments with the same tasks evaluating outcome measures
were conducted in the first and last 2 weeks, respectively.
During the pre-training assessment the Raven’s Colored Pro-
gressive Matrices (Belacchi et al., 2008) were administered as
a screening of the nonverbal intelligence of children involved
in the study.

The Trained Group participated in the intervention for
2 hr a week at school and for 15 min four times a week at
home, while following the classical school curriculum for
the remainder of the week. The training activities seam-
lessly integrated traditional math lessons with innovative
approaches aimed at enhancing math and problem-solving
skills. Throughout the intervention, teachers were avail-
able to assist parents with any technical issue. Parents
were instructed to check that their children completed the
home exercises. Nevertheless, non-specific protocols were
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Fig. 1. Experimental procedure.

implemented to control for the variability in the conduction
of the home-based training. In contrast, the Control Group
engaged in the school routine as usual, without participat-
ing in any additional interventions. In this regard, a meeting
was held with the teachers of the Control Group before the
start of the project to ensure that, during the research period,
their classes were not involved in any type of training related
to EF or math.

The experimental procedure is represented in Figure 1.

Outcome Measures
Feasibility Measures. The feasibility of the training was
assessed in two stages: before the initiation of the interven-
tion and upon its conclusion.

Prior to commencing the intervention, a meeting was held
with the teachers responsible for conducting the training
in classrooms. The purpose of this meeting was to inquire
about the feasibility of the project at school, taking into
account factors such as space and time availability, the suit-
ability of the frequency and duration of the intervention,
and, notably, the practicality of the intervention at home.
Questions were posed to the teachers, addressing aspects

like the families’ access to a computer for the child and
the availability of an Internet connection at home. Teach-
ers communicated with the families to inquire about certain
aspects or address specific questions. The gathered informa-
tion from both teachers and families was documented by the
researcher.

Upon completion of the intervention, interviews were
conducted with the teachers responsible for administering
the training at school. These interviews aimed to gather
information on several aspects, including the number of dig-
ital sessions completed by each child (monitored through
the utilized apps), the number of paper sessions accom-
plished (documented by teachers after each session), and
qualitative observations regarding participation levels and
any difficulties encountered by the children during digi-
tal and classroom activities. Special attention was paid to
those who showed low participation in the training. The
researcher documented the qualitative insights provided by
the teachers.

Efficacy Measures. To assess mathematical learning, the
standardized AC-MT 6–11 battery (Cornoldi, Lucangeli,
& Perini, 2020) was used. The tests were administered by

Volume 18—Number 1 89

 1751228x, 2024, 1, D
ow

nloaded from
 https://onlinelibrary.w

iley.com
/doi/10.1111/m

be.12404 by C
ochraneItalia, W

iley O
nline L

ibrary on [25/04/2024]. See the T
erm

s and C
onditions (https://onlinelibrary.w

iley.com
/term

s-and-conditions) on W
iley O

nline L
ibrary for rules of use; O

A
 articles are governed by the applicable C

reative C
om

m
ons L

icense



Training Executive Functions Within the Math Domain

math teachers in individual mode, in oral form. The teacher
read aloud the instructions of each exercise to all children,
and they completed the tasks without time-constraints. The
assessment took place in a silent environment and required
(Cornoldi et al., 2020; Vogel & De Smedt, 2021):

1. Mental calculation (3 additions and 3 subtractions; cor-
rect answers 0 to 6). It refers to the ability to apply cal-
culation procedures and developed automations using
different strategies, such as counting all the elements
together or individually in order;

2. retrieval of arithmetic facts (correct answers 0 to 6).
It refers to the ability to do simple basic operations
without performing the calculation as the results of the
operations are already known and stored in memory;

3. Forward enumeration (from 1 to 50). It refers to the abil-
ity to place numerical symbols in an order of magnitude,
according to the ascending criteria, also known as rear-
rangement of sequences of numbers;

4. Backward enumeration (from 20 to 1). It refers to the
ability to place numerical symbols in an order of mag-
nitude, according to the descending criteria, also known
as rearrangement of sequences of numbers.

Both accuracy and response time were recorded, with the
help of a digital stopwatch. The following indexes were then
computed:

1. Enumeration errors: number of errors in the forward
and backward enumeration;

2. Enumeration time: sum of the response times in the
forward and backward enumeration;

3. Arithmetical fact errors: number of errors in the arith-
metic facts’ retrieval;

4. Mental calculation errors: number of errors in mental
calculations;

5. Mental calculation time: response times in mental
calculations.

The math battery used shows good test–retest reliability
(r: 0.63–0.77) according to standardization data (Cornoldi
et al., 2020).

The three basic EF were assessed by three tests (GoNoGo
task: response inhibition; Flanker task: interference control
and cognitive flexibility; NBack task: updating in working
memory) and a questionnaire selected from a battery for
the tele-assessments of Executive Functions in school-age
children (TeleFE web platform, Anastasis Cooperativa
and Hogrefe Eds. 2023). Using both direct (e.g., tasks)
and indirect (e.g., questionnaires) measures to assess EF
allows to detect both the cognitive and behavioral dimen-
sions obtaining a complete view of the executive domain
(Rivella, Bombonato, & Viterbori, 2022; Toplak, West, &
Stanovich, 2013). TeleFE was previously developed and
standardized for the Italian population and normative data

and reliability indexes (internal consistency: 0.68–0.93;
test–retest reliability: p< .01) are provided for 6 to 13 aged
children (Rivella et al., 2023). Moreover, results from the
normative study show absence of differences between in
person and remote administration of the tests (Rivella
et al., 2023).

The tests were individually and remotely administered
through a PC by trained psychologists in a session of about
50–60 min. Following guidelines for a correct procedure
of tele-assessment in children (Ruffini, Tarchi, Morini,
Giuliano, & Pecini, 2022), a psychologist was connected via
Skype with a child located within a school class, under a
teacher’s supervision who had the role to ensure children’s
physical safety and to check for any technological problems.
In each class, there was a maximum of 3 workstations
simultaneously. The three tests were carried out without
interruption and were administered by the operators fol-
lowing three possible orders (Latin square procedure). The
TeleFE tests were selected in order to directly measure the
three main EF components.

The Go/No-Go test is a response inhibitory control task
which measures child’s response inhibition. Fifty repeated
stimuli (3 cm yellow or blue circles or triangles) for 4 blocks
were presented individually in the center of the screen and
the child had to press the spacebar as soon as possible when a
given target (Go stimulus) appeared and not respond when
a second given target (No-Go stimulus) appeared. In each
block, Go stimulus were 35 and No-Go stimulus were 15
for a proportion of 70/30. A maximum response time was
set at 1000 ms. The 4 blocks changed for the target stimuli:
yellow stimuli (1st block), blue stimuli (2nd block), triangles
(3rd block), circles (4th block). For each block, the number of
correct responses (CR) at Go stimuli (from 0 to 35), number
of CR at No-Go stimuli (from 0 to 15), and reaction time (RT)
at Go CR (from 0 to 1,000 ms) were measured. The mean of
the CR to the No-Go stimuli in the 4 blocks (No-Go CR) was
used for the analyses.

In the Flanker test, measuring the ability to control inter-
ference (first and second block: single rule) and cognitive
flexibility (third block: mixed rules), a string of five arrows
(long 8.93 mm, distancing 3.84 mm) was presented in the
center of the screen. The child had to focus the attention on
the direction of the one central arrow (first block) or on those
of the four side arrows (second block). In the third block, if
the arrows were blue, the child had to answer according to
the direction of the arrow in the center, while if the arrows
were orange, he/she had to answer according to the direc-
tion of the arrows on the side. The center and the side arrows
could be directed toward the same direction (congruent con-
dition) or rather to the opposite direction (incongruent con-
dition). The child was asked to press on the keyboard the
letter S if the arrow (arrows) was directed to left or the letter
(L) if it was directed to right. The first and second blocks were
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Fig. 2. A problem-solving activity from Di Martino and Zan (2020).

composed of 40 trials (20 congruent stimuli; 20 incongruent
stimuli); the third block was composed of 64 trials (32 con-
gruent stimuli; 32 incongruent stimuli). For each block, the
number of CR at congruent condition (from 0 to 20 for the
first and second blocks, from 0 to 32 for the third block),
number of CR at incongruent condition (from 0 to 20 for
the first and second blocks, from 0 to 32 for the third block),
RT at congruent condition (from 200 ms to 1,500 ms), RT at
incongruent condition (from 200 ms to 1,500 ms) were mea-
sured. The following indexes were computed:

1. Single rule incongruent CR=mean number of correct
responses in the incongruent conditions of the blocks
1–2

2. Single rule incongruent RT=mean of the reaction times
in the incongruent conditions of the blocks 1–2

3. Mixed rules incongruent CR=number of correct
responses in the incongruent conditions of the block 3.

4. Mixed rules incongruent RT=mean of the reaction
times in the incongruent conditions of the block 3.

The N-Back test measures updating in working memory.
Fifty stimuli (3 cm colored circles, green shapes or black
letters) were serially presented in the center of the screen for
1,550 ms (ISI= 1,000 ms). The task was divided into 6 blocks,
differentiated according to the characteristic of the stimuli:
in the first and second blocks the child was instructed to
focus on the color of the stimulus, in the third and fourth
blocks on the shape, in the last two blocks on the letter
(written alternatively in upper and lowercase). The child was
required to respond by pressing the spacebar if the stimulus
was of the same color (or shape or letter) of the previous
stimulus (1-Back) or of the stimulus two back (2-Back). Each
block has 16 target stimuli and 36 non target stimuli. For each
block, the number of CR at target stimuli (from 0 to 16), the

number of CR at non-target stimuli (from 0 to 36), the RT
of the CR to the target (from 0 to 2,500 ms) were measured.
The mean number of CR in the 6 blocks (N-Back CR) was
computed.

A questionnaire (QUFE) was completed, by parents and
teachers separately, to assess the child’s executive function-
ing within the two main life contexts, specifically home and
school. The questionnaires were filled online or in paper
and pencil form, according to their preferences. They con-
sisted of 32 items on a five Likert scale, concerning 3
areas of investigation (cognitive self-regulation, behavioral
self-regulation and material management) for teachers and
5 areas of investigation (cognitive self-regulation, behavioral
self-regulation, material management, flexibility of adapta-
tion and spirit of initiative) for parents.

Training
The intervention consisted of paper and pencil activities
carried out in the classroom (School-based) and digital
activities carried out individually by the child at home
(Home-based).

The School-based training was conducted once a week for
8 weeks involving the full class. The intervention was based
on 8 problem-solving activities, chosen from the operative
manual “Problemi al centro. Matematica senza paura.” by Di
Martino and Zan (2020) and from the Invalsi tests (INVALSI,
2018) for second grade children (https://invalsi-areaprove
.cineca.it/docs/file/QdR_MATEMATICA.pdf). An example
of a problem-solving activity is presented in Figure 2. A
manual with the description and the instructions of the
week’s activities was delivered to the teachers. Children were
provided with the written text of the problem and were
instructed to write the solution process in a blank under the
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Training Executive Functions Within the Math Domain

text. The activity was divided into four phases: teachers read
aloud the problem, children reasoned individually on it for
some minutes and subsequently they discussed with a pair
mate the proposed solution and wrote it down on the blank
sheet given to each pair, finally the discussion involved all the
class. Children’s reasoning behind their problems’ solutions
were collected through both written and graphic transcripts.
The comparison and discussion activities were enhanced and
enforced by the teacher as the emphasis was never directed
to the problem’s result.

The Home-based training was built on the basis of the tri-
partite model of EF (Miyake et al., 2000) and followed the
principles suggested by Diamond for an effective interven-
tion (Diamond, 2012) such as the use of fun activities gradu-
ally increasing in difficulty. The exercises were implemented
on two platforms: Learning App (https://learningapps.org/)
and Wordwall (https://wordwall.net/it). Thirty-six activities
were developed ex novo or adapted from existing ones and
at least one level of difficulty was planned (e.g., increasing
speed or number of elements). 96 activities, correspond-
ing to the different exercises and/or difficulties, were imple-
mented: 32 for inhibition; 32 for working memory, 32 for
cognitive flexibility. Children were provided by teachers on
a weekly basis with a document where they could find the
links to three activities a day, for 4 days a week. Children
individually exercised EF components for about 15 min daily
at home after school. Before proposing the intervention, the
researchers made sure that all families had a technological
device on which their children could carry out the digital
activities.

An example of the activities proposed for each EF compo-
nent follows.

In an activity requiring inhibition at the easiest level of
difficulty, children must choose, in a given time interval,
the wrong answer to a series of questions related to math
knowledge expected for II grade (Figure 3a, “7+ 7”= 18). At
the subsequent level of difficulty (Figure 3b), the indications
are the same, but the questions are more complex (e.g., “after
the 100 there is”= 99) and the time available to answer is
less than the previous level. In this activity, even if it may
appear counterintuitive to ask children to choose the wrong
answer, it may help in increasing the cognitive control of
their own answers, that after being automatically selected
must be monitored.

In an activity requiring working memory, children must
order a series of numbers presented on the left of the screen
from the smallest to the biggest (Figure 4: 5–12–20) and sub-
sequently choose between 2 alternatives the missing number
of the sequence (12). In the subsequent levels of difficulty, the
sequences get longer and numbers to choose higher.

An example of a cognitive flexibility activity requires chil-
dren to select “true” (“vero”) for the additions and “false”
(“falso”) for the subtractions regardless of the correctness of

Fig. 3. Inhibition activity: “chose the wrong answer”; a. easiest level
of difficulty; b. highest level of difficulty.

Fig. 4. Example of the working memory activity: “order and mem-
orize the number sequence”.

Fig. 5. Cognitive flexibility activity, level 1. Correct response:
“false”.

the result. Subsequently he/she must select “false” when the
result is right and “true” when it is wrong (Figure 5).

Statistical Analysis
Statistical analyses were conducted by Statistical Package
for Social Science 2022, version 28.0.1.0 (142) (SPSS, IBM
Corporation) and Jamovi (2021), version 1.6.

Descriptive statistics and analysis of the normality of the
distribution (skewness cut-off= 2; kurtosis cut-off= 3) were
carried out on all indexes.

To identify the presence of differences between the TG
and the CG before the training in the performances at the
math and EF tests, multivariate analysis of variance was used
for the normal distributed measures, and Robust Analyses
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Costanza Ruffini et al.

of variance were used for the non-normal distributed mea-
sures.

To measure the feasibility of the intervention, a qualitative
description of data collected was conducted.

To measure the efficacy of the intervention, the following
analyses were conducted:

1. For normally distributed measures, mixed Analyses of
variance with group (Trained vs. Control) as between
factor, time (pre vs. post) as within factor and outcome
measures as dependent variable were conducted;

2. For not normally distributed measures, robust Analy-
ses of variance tests with group (Trained vs. Control) as
between factor and the differences between post train-
ing and pre-training performances (delta) as dependent
variables were conducted.

To measure the changes in problem solving skill asso-
ciated with the training, the scores of the TG in the
problem-solving skills from the first and last sessions of
the training were analyzed using planned paired t tests.
Given that it was not possible to gather this measure in 15
children and that children worked in pairs, 86 productions
(43 first session and 43 last session) were used for the
analysis.

To investigate if improvements were related to individual
differences, linear regression analyses were conducted in the
TG with pre-training EF measures as predictors and pre-post
training differences (delta) of the performances in the math
and problem-solving tasks as dependent variables.

RESULTS

Feasibility
Four teachers participated in the interview before the start
of the intervention, all demonstrating high enthusiasm and
interest in the project. They did not express any initial con-
cerns about the feasibility of implementing it in their class-
room context. Given that the training’s objectives aligned
with the national educational goals they were pursuing, the
teachers were willing to integrate this activity into their cur-
ricular math sessions. Additionally, all the teachers found
the proposed duration and frequency of the training to be
appropriate, with no doubts or critical issues raised during
the discussion. During this session, teachers were encour-
aged to ask questions about the training; they focused mainly
on the materials and aspects related to the software. In dis-
cussions with parents, where teachers explained the training
and sought consent, they investigated any potential obstacles
to carrying out the training at home. Around 5% of fami-
lies mentioned the presence of only one computer at home,
sometimes unavailable to the child, or its absence. However,
all parents had internet connections at home or could use

a Hotspot. Parents appreciated the flexibility of conducting
exercises at home, allowing free choice of times and days.
Teachers reported that all parents, considering the possibil-
ity of using mobile devices, were very willing to implement
the training. An aspect highlighted by parents as a strength
of the training was the use of digital devices for educational
purposes.

After the training, a second interview was conducted
with the four teachers. Out of 67 children eligible for
the Home-based training, one child did not perform the
post-training evaluation, and 58 children completed the
activities. Teachers reported that eight children did not
engage in home-based activities due to inaccessibility to
digital devices (n= 6) or family commitments (n= 2). Chil-
dren completed, on average, 70.71% of the proposed digital
exercises. Regarding the School-based training, all children
who participated completed all paper-and-pencil sessions
at school. Qualitative observations by teachers documented
high compliance among all children, expressing enthusiasm
and interest in completing the training activities in class.
They reported that children appreciated and enjoyed the
classroom activities, often expressing a desire to continue
the training. Teachers also noted that paper-and-pencil
activities were new and unusual for the children, who were
used to carrying out mathematical problems in a very linear
way and with a fixed procedure. Already after the second
session, the children got used to this alternative way of pos-
ing mathematical problems and demonstrated their ability
to find innovative and alternative solutions based on their
creativity and breaking away from familiar patterns. Group
work, alternating with individual work, was well-received
as it allowed children to train individually while actively
comparing ideas with their classmates. Lastly, teachers
expressed great appreciation for the meticulousness and
excellent organization that preceded and underpinned the
project on the part of the researchers. They perceived this as
a notable strength of the intervention. Some of the transcript
of teachers’ qualitative observations on the intervention are
shown in Appendix 2.

Efficacy
EF and math performances of the TG and CG are reported
in Tables 1 and 2.

Analysis of the normality of the distributions showed that
all EF indexes were normally distributed (skewness [−1.77;
0.09]; kurtosis [−.7; 2.52]) whereas only 4 out of 10 math
measures (i.e., mental calculation errors pre and post, men-
tal calculation time pre, arithmetic fact pre) were normally
distributed (skewness [1.24; 1.66]; kurtosis [1.74; 2.44]).

QUFE questionnaires completed by the parents were not
used for the analysis of the training efficacy, due to the low
number of questionnaires returned to the examiners.
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Training Executive Functions Within the Math Domain

Table 1
Descriptive Statistics and Mixed Analysis of Variance Results at the Executive Functions Tests

Pre-training Post-training

TG Mean
(SD)

CG Mean
(SD)

TG Mean
(SD)

CG Mean
(SD)

Group effect
F(gdl), p, 𝜂p

2
Time effect

F(gdl), p, 𝜂p
2

Interaction
Time*Group
F(gdl), p, 𝜂p

2

No-Go CR 10.46
(2.18)

10.09
(2.33)

10.95
(1.97)

10.33
(1.91)

F(1,192)= 2.01,
ns, 0.02

F(1,102)= 2.77,
.099, 0.03

F(1,102)= 0.32,
ns, 0.00

Flanker Single rule
incongruent CR

8.59
(5.09)

10.13
(4.72)

12.44
(5.68)

12.51
(5.37)

F(1,98)= 1.03,
ns, 0.01

F(1,98)= 39.22,
<.001, 0.29

F(1,98)= 1.98,
ns, 0.02

Single rule
incongruent RT

982.32
(192.95)

912.96
(207.95)

959.55
(136.69)

903.98
(138.73)

F(1,93)= 3.38,
.07, 0.04

F(1,93)= 0.29,
ns, 0.00

F(1,93)= 0.00,
ns, 0.00

Mixed rules
incongruent CR

11.89
(5.61)

12.79
(6.01)

15.39
(6.19)

16.84
(5.68)

F(1,91)= 1.29,
ns, 0.01

F(1,91)= 29.99,
<.001, 0.25

F(1,91)= 0.05,
ns, 0.00

Mixed rules
incongruent RT

1,212.75
(269.73)

1,198.85
(238.47)

1,213.38
(240.94)

1,213.59
(223.16)

F(1,86)= 0.01,
ns, 0.00

F(1,86)= 0.52,
ns, 0.01

F(1,86)= 0.1,
ns, 0.00

N-Back CR 37.72 (8) 37.29
(8.24)

41.03
(6.33)

39.67
(7.55)

F(1,99)= 0.4,
ns, 0.00

F(1,99)= 25.47,
<.001, 0.21

F(1,99)= 0.65,
ns, 0.01

QUFE 121.24
(28.53)

131 (24.4) 127.76
(26.12)

121.57
(26.64)

F(1,83)= 0.13,
ns, 0.00

F(1,83)= 0.8,
ns, 0.01

F(1,83)= 14.63,
<.001, 0.15

CG= control group; CR= correct responses; RT= reaction time; TG= trained group.

Table 2
Descriptive Statistics and Mixed Analysis of Variance Results at the Math Measures

Pre-training Post-training
TG Mean (SD) CG Mean (SD) TG Mean (SD) CG Mean (SD) F, p

Mental calculations (errors) 1.28 (1.53) 1.17 (1.29) 0.45 (0.86) 0.89 (1.02) Interaction Time*Group
F = 5.49, p< .05, 0.05
Time effect
F = 22.78, <.001, 0.18
Group effect
F = 0.67, p= .41

Mental calculations (time) 62.66 (34.26) 49.29 (27.8) 39.41 (21.93) 35.06 (17.29) F = 2.92, p= .09
Arithmetic facts (errors) 1.07 (1.35) 0.76 (1.08) 0.41 (0.75) 0.67 (0.87) F = 2.98, p= .09
Enumeration (errors) 0.72 (1.52) 0.63 (1.34) 0.31 (0.63) 0.13 (0.4) F = 0.17, ns
Enumeration (time) 68.02 (37.72) 53.67 (19.32) 54.53 (25.84) 46.03 (13.86) F = 4.42, p< .05

CG= control group; TG= trained group.

Multivariate analysis of variance showed the absence
of differences in the pre-training performances between
the two groups except for the single incongruent
rule RC (F(1,85)= 4.38, p< .05, 𝜂p

2 = 0.05), the QUFE
(F(1,85)= 4.03, p< .05, 𝜂p

2 = 0.05), the time of mental cal-
culation (F(1,85)= 0.64, p< .05, 𝜂p

2 = 0.01) where the TG
was worse than the CG. The robust analysis of variance
showed the absence of differences for all not normally dis-
tributed pre-training measures except for enumeration time
(F = 5.36, p< .05).

Mixed analyses of variance on the EF measures (Table 1)
showed an effect of Time that was significant in Flanker sin-
gle and mixed rules incongruent CR and in N-Back CR and
tended to significance in No-Go CR. The Group approached
significance in the Flanker single rule RT. No significant
Time x Group interactions were found except for the teacher

QUFE as the TG had larger pre-post training improvements
than the CG.

Mixed analyses of variance on the mental calculation
errors (Table 2) showed a significant effect of Time and of
the interaction Time x Group as the TG had larger pre-post
training improvements than the CG. Robust analysis of vari-
ance on the pre-post training delta showed significant differ-
ences between groups in enumeration time and a tendency
to significant differences in arithmetic facts accuracy and
mental calculation time as the TG had larger pre-post train-
ing differences than the CG.

The scores attributed to the strategies used in the
problem-solving tasks by TG (Table 3) in the first and
last session of the training were analyzed by paired t-tests
(Bonferroni post-hoc corrections for 10 comparisons,
p< .01). Results showed significant improvement on all
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Costanza Ruffini et al.

TABLE 3
Descriptive and Inferential Statistics of the Scores Obtained by the Trained Group in the Problem-Solving Tasks

Pre-training
Mean (SD)

Post-training
Mean (SD) t (df ), p

Problem text
comprehension

Adherence of the text produced to the
request of the problem question

2.84 (.84) 3.77 (1.11) −4.77 (42), p< .001

Answer argumentation Use of connectives 2.14 (1.08) 2.89 (1.2) −3.23 (42), p< .01
Correctness and order in the exposition 2.14 (.68) 2.65 (.78) −3.8 (42), p< .001
Relevance to the solution to be achieved 2.74 (.76) 2.98 (.96) −1.66 (42), p= .053

Listening and
communication

Integration of oral and written explanation 2.86 (.68) 3.91 (.72) −14.13 (42), p< .001

Control cognitive
processes

Description of the solution processes 2.12 (.88) 3.23 (.97) −5.74 (42), p< .001

Description of the solution reasoning 1.74 (.85) 3.16 (1.15) −6.14 (42), p< .001
Decision strategies Clarification in the text of the information

about the solution of the problem
2.65 (.53) 3.28 (1.6) −3.85 (42), p< .001

Graphic representation of
the problem

How much the graphic solution produced is
functional to the solution process adopted

2.12 (.85) 2.28 (.98) ns

Integration of the graphic schemes produced
with the argumentative answer

2.16 (.87) 2.23 (1) ns

Problem-solving Total score 23.51 (4.73) 30.37 (6.38) −7.08 (42), p< .001

items except for the graphic representations of the problem
index.

The linear regression analyses showed that EF (all mea-
sures included) at the pre-training significantly predicted
the pre–post training delta in the mental calculations errors
(R2 = 0.32, F(7,48)= 2.74, p< .05) and time (R2 = 0.27,
F(7,48)= 2.18, p= .056) and in the enumeration time
(R2 = 0.21, F(7,48)= 4.2, p= .001) with N-Back CR as the
unique significant predictor in all cases (𝛽 = 0.35, p< .05;
𝛽 = 0.34, p< .05; 𝛽 = 0.54, p< .001).

Pre-training EF measures did not significantly predict
pre-post training delta in the arithmetic facts (R2 = 0.11,
F(7,48)= 0.72, ns), in enumeration errors (R2 = 0.21,
F(7,48)= 1.54, ns) nor in problem-solving (R2 = 0.12,
F(7,33)= 0.50, ns).

DISCUSSION

The aim of this pilot study was to verify the feasibility and
the efficacy of a training program designed to enhance math
and problem-solving skills in second-grade children. Rec-
ognizing the significant role of EF in mathematical abili-
ties and considering the limited generalizability of EF train-
ing to math learning, this study employed an integrated
training approach. The training comprised school-based
problem-solving group activities and home-based individ-
ual digital exercises targeting EF within the math domain.
Furthermore, adhering to the fractionated model and the
principles proposed by Diamond and Lee (2011) for effec-
tive EF interventions, the training was developed to address

all EF components. It was designed to be intensive, challeng-
ing, and user-friendly.

Aligned with the development trajectories of EF and
mathematical skills, this study focused on second-grade chil-
dren. During this phase, fundamental math skills become
automatized, and problem-solving abilities undergo signif-
icant development. Thus, second grade represents a critical
age, as it precedes the potential emergence of specific learn-
ing disorders that can be diagnosed.

Based on the qualitative analysis of the teachers’ reports
on the children’s behavior, the training proposed in the
present study appeared to be highly feasible. Teachers ver-
bally expressed that all children participated with a posi-
tive and thoughtful attitude, displaying great commitment
throughout the entire training period. This enthusiasm was
evident both in the computerized activities conducted at
home and in the classroom paper-and-pencil activities.
Teachers highlighted their perception of children’s eager-
ness and appreciation for the problem-solving activities and
considered them an enrichment of the traditional didactic
approach. Consequently, all teachers perceived the interven-
tion as fully integrable into daily routines without impos-
ing an extra burden. Referring to the home-based training,
87.88% of eligible children completed an average of about
71% of the 96 exercises. These findings affirm the feasi-
bility of interventions aiming to address individual differ-
ences in learning by integrating classroom activities aligned
with the curriculum (in the present study math) with per-
sonalized and digitalized home-based exercises focusing
on the cognitive processes underpinning learning, such
as EF (Carretti et al., 2017; García-Madruga et al., 2013;
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Training Executive Functions Within the Math Domain

Sánchez-Pérez et al., 2018). Nevertheless, despite utilizing
free online platforms, eight children did not complete the
training due to difficulties arising from the inaccessibility
of digital devices or family commitments. This outcome
aligns with previous literature emphasizing the need to con-
trol for socio-economic disparities when proposing digital
home-based training, ensuring accessibility to digital devices
and the availability of time by the families (Van Dijk, 2020).

Regarding efficacy results, the Trained Group exhib-
ited significantly greater improvements in behavioral
self-regulation and several math skills compared to the
Control Group.

The pre–post training assessment conducted by teach-
ers, using structured observational questionnaires (QUFE),
indicated a significantly higher improvement in the over-
all score of behavioral self-regulation in the Trained Group
in comparison to the Control Group. This result suggests
that the impact of the training in this study, though specif-
ically focused on EF and math, extends to the behavior of
children in other classroom and school activities. Indeed,
teachers noted that, by the end of the study, the trained chil-
dren were more inclined to assist each other, listen to oth-
ers’ ideas, and collaborate more effectively with their peers.
This observation indicates higher levels of self-regulation
and organizational strategies during group activities. This
result contributes to the existing literature as it represents
the first study to measure the effect of an EF-math train-
ing on behavioral self-regulation in children. It underscores
the importance of incorporating tools for the indirect assess-
ment of child self-regulation behaviors in protocols designed
to detect the effects of EF training (Bombonato et al., 2020).
However, it is important to note that this result requires fur-
ther confirmation, as it may have been influenced by teach-
ers’ expectations and the presence of lower scores on the
questionnaire in the Trained Group compared to the Control
Group.

Furtherly, the improvement highlighted by teachers was
not corroborated by direct measures of EF. Although, on
average, the Trained Group displayed larger pre-post train-
ing differences than the Control Group, no significant dis-
tinctions emerged between the two groups in the direct mea-
sures of inhibition, updating or shifting. This outcome was
unexpected and deviates from prior studies that identified
substantial improvement in children’s executive functioning
after EF training (for meta-analysis see Kassai et al., 2019;
Takacs & Kassai, 2019). However, it is crucial to acknowl-
edge that results from the literature are not uniform, as
the efficacy of EF training may hinge on the nature of the
training and the characteristics of the population involved
(Takacs & Kassai, 2019). Given that the present study exclu-
sively included typical children with consistent functional
profiles and employed a short-term training regimen, more
pronounced effects on direct measures of EF might be

observed with larger and more diverse samples, extended
training durations, incorporation of more self-adaptive and
challenging exercises, and heightened remote monitoring of
the child’s activity and compliance (Diamond & Lee, 2011;
Pecini, Spoglianti, Bonetti, & Di Lieto, 2019). Additionally,
the significant effect of Time observed in several EF mea-
sures, irrespective of the group, could be attributed to a
learning effect, a common occurrence when using EF tasks
(Quattropani, 2008). Since EF tasks typically entail unfa-
miliar instructions and necessitate the development of new
strategies for resolution, subjects are likely to improve upon
re-evaluation, thus potentially diminishing the power of the
comparison between the trained and the non-trained sub-
jects. Finally, the limited correlation between direct (i.e.,
tasks) and indirect (i.e., questionnaire) measures of EF, as
observed in the literature (Krivitzky, Bosenbark, Ichord, Jas-
trzab, & Billinghurst, 2019; Silver, 2014), underscores the
necessity of employing both assessment modalities.

A more pronounced effect of the training was observed
in the math domain, particularly in the areas of number
skills, calculation and problem-solving. The Trained Group
exhibited greater improvement than the Control Group in
accuracy and speed of mental calculations, as well as speed
of enumeration and access to arithmetic facts. Notably,
there was a discernible trend toward a statistical significance
in mental calculation time and arithmetic facts accuracy.
The lack of significant training effects on enumeration
accuracy may be indicative of a ceiling effect, given the
high performances achieved by the majority of the children.
These results suggest that the training implemented in the
present study had a positive impact on mentally manipu-
lating numbers and counts, automating the number line,
and accessing stored arithmetic facts in long-term memory.
This aligns with the findings of Sánchez-Pérez et al. (2018),
who employed a computer-based training program that
integrated working memory and math activities into school
routines. In contrast to other studies that solely focused on
EF training and did not observed significant far-reaching
effects on math skills (Alloway, Bibile, & Lau, 2013; Ang,
Lee, Cheam, Poon, & Koh, 2015; Dunning, Holmes, &
Gathercole, 2013; Elliott, Gathercole, Alloway, Holmes,
& Kirkwood, 2010; Rode, Robson, Purviance, Geary, &
Mayr, 2014), our study, along with that of Sánchez-Pérez
et al. (2018), supports the effectiveness of interventions that
combine activities in both the EF and math domains.

Concurrently, children who underwent training exhibited
multiple improvements in problem-solving tasks, particu-
larly in problem text comprehension, answer argumentation,
integration of oral and written responses, as well as control
cognitive processes and decision strategies. This outcome
was anticipated and can be deemed a proximate effect of the
training, given that the exercises for problem-solving tasks
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conducted in class were specifically designed to enhance rea-
soning strategies and math metacognition (Di Martino &
Zan, 2020).

Collectively, the results of the present study suggest
that while the proposed training integrates EF and math
exercises, the effect on the two domains may be partially
dissociated, particularly when EF are measured by direct
tasks. Nevertheless, as previously mentioned, the absence
of training effects on EF measures can be attributed to
several factors, including the sensitivity of EF tasks to the
test–retest procedure. Supporting this interpretation, a
regression analysis revealed a significant model when using
EF individual profiles as predictors of improvements in
the math domain. Children with higher EF demonstrated
greater gains from the training than those with lower EF,
particularly in measures of mental calculation accuracy and
speed, as well as enumeration speed. This result aligns with
previous literature (Bull, Espy, & Wiebe, 2008; Simanowski
& Krajewski, 2019; Viterbori et al., 2015), reinforcing the
relationship between EF and math and emphasizing the
importance of considering individual EF profiles to person-
alize and optimize math learning interventions. Notably, the
significant EF predictor was updating in working memory,
measured by the N-back task. This finding supports prior
literature suggesting that possessing strong working mem-
ory skills serves as a protective factor in learning math, while
children with lower working memory may be at risk of math
difficulties (David, 2012; Passolunghi & Mammarella, 2012;
Schuchardt, Maehler, & Hasselhorn, 2008). An educational
implication of this finding is that enhancing working mem-
ory may be a prerequisite for math training, especially in
children with special educational needs or neurodevelop-
mental disorders who typically exhibit lower EF (Bandettini,
Salterini, Panesi, & Ferlino, 2020; Wiley, Ghanim, Taylor, &
Murias, 2021).

Limitations and Future Directions
The present study was designed as a pilot study and has
some limitations that need to be acknowledged. Firstly, the
small number of children involved in the training and the
specific school grade selected necessitate further research
on larger samples and across various primary school grades.
Consequently, the results of the study cannot be generalized
to all primary school populations, and the proposed activity
should be adapted based on the developmental trajectories
of EF and math during school age.

A second limitation of the study is that the train-
ing integrated EF and math exercises using a combined
digital-paper-and-pencil approach. While this characteris-
tic represents a strength of the training, probably enhancing
the ecological nature of the exercise and facilitating efficacy
transferability, it precludes the separate measurement of the
specific contribution of EF and problem-solving exercises,

as well as the impact of digital and paper and pencil activi-
ties, on the observed improvements. Further studies should
compare the effects of integrated interventions, like the one
used in the present study, with those achieved by addressing
EF and math separately. Moreover, further investigations are
needed to untangle the roles of different factors in training
effectiveness, including EF versus math components, digital
versus paper, and home versus school settings.

Additionally, as the training in this study adopts an inclu-
sive approach by adapting activities to children with atypi-
cal development, future studies should assess the feasibility
and effectiveness of adapted training in children with spe-
cial needs. Another limitation of the present study was the
inability to control possible interfering factors in the home
context during the training, such as the exercises’ frequency
or the environment where children performed activities.

A further limitation involves the partial return of QUFE
by families, which was not utilized for data analysis. In
the future studies, experimenters should strive to enhance
awareness among families from the outset about completing
the questionnaires, underscoring the importance of active
collaboration in collecting this type of data. Consistently,
such data are crucial for obtaining a comprehensive under-
standing of children’s EF in a home environment.

CONCLUSIONS

The intervention demonstrated feasibility in terms of time
and resources, as perceived by both teachers and chil-
dren. It presented a novel model for integrating traditional
paper-and-pencil school tasks with digital home-based
activities, aimed at enhancing math skills and the underly-
ing cognitive processes in second-grade children. While the
effectiveness of the training and the relationship between
EF and math improvements require further studies and
verifications, the intervention employed in the present study
has proven to be effective in improving several math and
problem-solving skills, along with behavioral self-regulation.
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APPENDIX 1: GRID FOR THE ASSESSMENT OF PROBLEM-SOLVING SKILLS

Indexes Questions

Language skills Problem text comprehension Is the text produced adherent to the request of the problem
question?

Answer argumentation 1. Is the text written using logical connectors such
as “why” and “therefore”?

2. Is the text correct and ordered in the exposition
of the argument?

3. Is the text relevant to the solution to be achieved?

Listening and communication Is the written answer integrated by an oral explanation?

Problem-solving
skills

Use of metacognitive
strategies

Control cognitive
processes

1. Does the text adequately describe the process
used to arrive at the solution?

2. Does the text describe the causes of the reasoning
that led to the solution?

Decision strategies 3. Does the text clearly contain information about
the solution of the problem?

Graphic representation
of the problem

4 Is the graphic solution produced functional to
the solution process adopted?

APPENDIX 2: TRANSCRIPTS OF SOME OF THE
TEACHERS’ QUALITATIVE OBSERVATIONS (ENGLISH

TRANSLATION)

“An important aspect of this project was the connection
to the university world, which gave a new value to our
classroom work. It is as if the project has ‘elevated’ the level of
our teaching, creating a unique blend of academic and school
experience.”

“Children were highly engaged in problem-solving activi-
ties in groups. They carried out their activities with enthusi-
asm and motivation. They look forward to the weekly meet-
ing in order to carry out the problem solving exercises, which
is not very common.”

“It was a pleasure to see children working with a new
method which provided significant value to the learning
experience.”

“Children were initially bewildered at not using the classic
problem-solving approach. After a few times, they were
already able to find innovative solutions to the problems
presented by actively collaborating with each other in a
productive and creative discussion.”

“Innovative ways, such as the use of digital technology
and close collaboration between school and families, have
proven to be clear strengths in this project. The positive
reception by families and active collaboration were key ele-
ments that contributed to the success of this project.”

“There is a great need for children to work on prob-
lem solving, especially in a collaborative mode and in small
groups. The approach we used with this training provided
a stimulating challenge for students, helping them to adapt
and overcome the restrictions related to the pandemic.”

“Rigor and careful control of the frequency were central
elements in ensuring the success of this project. The care-
ful management of this variable was challenging, but the
constant monitoring contributed significantly to the overall
quality of our work.”

“The meticulous planning of activities is evident, show-
casing the significant organizational effort and time
invested. The benefits of this approach are clearly seen
in the high-quality teaching and the overall positive student
experience.”
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