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Abstract

This study compares the relationship between executive functioning, analyzed with clinical and
ecological tests, and math skills in preschoolers. The children (255 children 5 to 6 years old) were
evaluated using neuropsychological tests of inhibition, and working memory and the TEDI-MATH
to estimate basic mathematical skills. The ecological evaluation of the executive functioning by the
parents and teachers was carried out with the Behavioral Rating Inventory of Executive Function
(BRIEF). Compared to the ecological ratings, the neuropsychological measures show more correlations
with math skills and a greater predictive capacity. The teachers’ BRIEF results were superior to those
of the parents. In all cases, working memory is the process that shows the greatest predictive power.
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Resumen

Este estudio compara la relacion entre el funcionamiento ejecutivo, analizado a través de pruebas cli-
nicas y ecoldgicas, y la competencia matemdtica en preescolares. La evaluacion de los nifios (255 de
5 y 6 afios) inclufa pruebas neuropsicoldgicas de inhibicién y memoria de trabajo, y el TEDI-MATH
para estimar las habilidades matemadticas bdsicas. La valoracién ecoldgica del funcionamiento ejecu-
tivo a través de los padres y maestros se realiz6 mediante el Behavioral Rating Inventory of Executive
Function (BRIEF). En comparacién con las estimaciones ecoldgicas, las medidas neuropsicolégicas
muestran mds correlaciones con las competencias matemdticas y una mayor capacidad predictiva. Los
resultados del BRIEF de los profesores han demostrado ser superiores a los de los padres. En todos los
casos, la memoria de trabajo es el proceso que mayor poder predictivo manifiesta.

Palabras clave: Funcionamiento ejecutivo, preescolar, competencias matemdticas bdsicas, memo-
ria de trabajo, inhibicién.
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Introduction

Mathematical achievement is
a basic instrumental competence
throughout the educational sys-
tem. However, in modern societies,
between 6 and 7% of the school
population experience mathemat-
ics learning difficulties. A disorder
characterized by being resistant to
instruction, appearing early in life,
and remaining in later development
stages (Chu, Van Marle, & Geary,
2013; Stock, Desoete, & Roeyers,
2009).

To identify the factors associ-
ated with this early deficit is es-
sential for its prevention. Low
math skills are generally the result
of poor initial arithmetic compe-
tence (Geary, Hoard, Nugent, &
Bailey, 2013), even though recent
research has also pointed to the
important role Executive Function-
ing (EF) can play in early math-
ematical learning (Clark, Shef-
field, Wiebe, & Espy, 2013; Fuhs,
Nesbitt, Farran, & Dong, 2014;
Monette, Bigras, & Guay, 2011).
Clark, Pritchard, and Woodward
(2010), for instance, found that a
composite measure of EF at age 4
correctly classified 80% of chil-
dren with low math performance
at age 6. The relationship between
both constructs may be reciprocal,
in the sense that further concep-
tual and procedural knowledge of
mathematics EF releases resources
that are used to perform the tasks
(Welsh, Nix, Blair, Bierman, &
Nelson, 2010).

Studies that have analyzed the
relationship of EF with math meas-
ures in preschool highlight the im-
portance of some components. Toll,
Van der Ven, Kroesbergen, and Van
Luit (2011) carried out a longitudi-
nal study with a sample of 227 chil-
dren aged 4-7 years with low and
medium math achievement levels,
in order to analyze the predictive
power of different executive func-
tions on math skills. They found that
both verbal and visuospatial work-
ing memory (WM) tasks predicted
belonging to the math learning dis-
abilities group, even to a greater de-
gree than basic math skills. Regard-
ing to other analyzed functions, they
found that only one inhibition task
showed the same predictive power.

Several studies report that WM
seems to be related to children’s
math learning and the emergence
of disabilities (Li & Geary, 2013;
Swanson & Jerman, 2006). Never-
theless, this relationship is not al-
ways easy to interpret. When the
specific weight of each component
of WM is investigated (verbal or
visuospatial), the results are mixed.
The visuospatial component could
be important to mentally visualize
and represent quantities on the men-
tal number line (Gunderson, Rami-
rez, Beilock, & Levine, 2012). For
example, Geary, Hoard, Nugent,
and Byrd-Craven (2008) highlight
its influence on the recognition of
number sets, and performing simple
arithmetic calculations. Also Bull,
Espy, and Wiebe (2008) found that
visuospatial WM in preschoolers,
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specifically predicts the develop-
ment of arithmetic problem-solving,
counting and graphical representa-
tions three years later. Some studies
have investigated the possible influ-
ence of visuospatial WM-type task
on math performance. In a study
with adolescents, Kyttdld and Lehto
(2008) found that the static tasks
(focused on the form, size, color or
location of the stimuli) were more
related to arithmetic learning, while
the dynamic tasks (movement, di-
rection or sequence of stimuli) were
more related to geometry.

The relationship between verbal
WM and mathematical learning has
also proved to be important. In their
meta-analysis, Swanson and Jerman
(2006) conclude that a deficient ver-
bal WM characterizes children with
disabilities. This relationship seems
to be more evident on tasks with
numerical content (Passolunghi &
Cornoldi, 2008). The task modality
also plays a decisive role. Counting
tests, for example, have a greater ca-
pacity to discriminate between chil-
dren with and without math learning
disabilities than the more traditional
digit span tasks (Wu et al., 2008).
The verbal WM also seems to play
a special role in some mathemati-
cal contents. It is related to encod-
ing and processing of mathematical
concepts like counting procedure,
used for simple calculation tasks or
retrieving number facts (Anders-
son, 2010; Krajewski & Schneider,
2009). Holmes and Adams (2006)
found that the verbal WM was as-
sociated with simpler mathematical

tasks and visuospatial WM tasks to
more complex ones.

For some authors, inhibition has
even greater predictive power in the
area of mathematics than WM (Espy
et al., 2004). In older children, inhi-
bition has been specifically related
to problem-solving (Marzocchi, Lu-
cangeli, De Meo, Fini, & Cornoldi,
2002), but in small children its role
could be more significant. Blair
and Razza (2007) found that the in-
hibitory control at age 5, predicted
math performance one year later.
Bull and Scerif (2001) also high-
lighted Stroop’s differential predic-
tive power according to the char-
acteristics of the stimulus (color or
number). They also found that only
the numerical version predicted the
math skills of 6 to 8-year-old chil-
dren.

The assessment of EF has tra-
ditionally been carried out with
clinical tests in laboratory situa-
tions that are not always easy to
apply in young children (Isquith,
Roth, Kenworthy, & Gioia, 2014).
A more ecological alternative is us-
ing questionnaires based on behav-
ioral observations by people close
to the child. The Behavior Rating
Inventory of Executive Function
(BRIEF; Gioia, Isquith, Guy, &
Kenworthy, 2000) is an instrument
that has to be filled out by parents
and teachers. The items are organ-
ized in scales and evaluate a broad
range of executive functions, ob-
taining two general indexes (be-
havioral-regulation and metacog-
nition) and a global one. Some
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studies have analyzed the relation-
ship between the BRIEF indexes
and mathematics measures in chil-
dren and adolescents. In children
from 5 to 16 years old, McAuley,
Chen, Goos, Schachar, and Cros-
bie (2010), found significant cor-
relations between mathematical
achievement and the BRIEF in-
dexes completed by the parents,
especially metacognition. Mahone
et al. (2002) found similar results
in a clinical setting, as did Waber,
Gerber, Turcios, Forbes, and Wag-
ner (2006) with the teacher’s ver-
sion. Nevertheless, both ways of
assessing EF entail different lev-
els of analysis. As evidenced from
the review of Toplak, West, and
Stanovich (2013), where only 24%
of the correlations between the two
modes of assessment were signifi-
cant.

In summary, research has shown
the significant association between
EF and early mathematical develop-
ment. However, works are needed
to deepen in the relationship be-
tween basic math skills and both
measures of EF, clinical and eco-
logical, in preschoolers. Given the
limited research conducted in our
context, and its significance for pre-
vention and intervention strategies,
this study raise two specific objec-
tives: (a) to analyze the relation-
ships between clinical tests (WM
and inhibition) and ecological rat-
ings (through parents and teachers)
of EF and basic math skills; and
(b) to analyze the predictive power
of the factors derived from the neu-

ropsychological tasks and the EF
ecological evaluation indexes on
math skills.

Method
Participants

In order to cover a large number
of schools, 6 children were selected
per class using a simple random
sampling procedure. The sample
included 255 preschoolers (52.9%
boys and 47.1% girls) 5 to 6 year-
old (mean age = 70.09 months;
SD = 3.66). 87.3% of the children
were caucasian, belonging the rest
to other ethnic minorities. Equiva-
lent IQ was calculated following
Spreen and Strauss’s (1991) guide-
lines, namely: vocabulary and block
design subtests from the WPPSI-R
(Wechsler, 1967). The mean equiv-
alent 1Q was 99.62 (SD = 13.36;
range 70-129). Those subjects who
had an equivalent IQ below 70 were
excluded from the sample, as well
as the children with school reports
of serious sensory or neurobiologi-
cal abnormalities, psychological
disorders or socio-cultural depriva-
tion. 65.5% of the children attended
public schools and 34.5% charter
schools. The centers were located
in middle socioeconomic leveled
neighborhoods.

Instruments

Neuropsychological inhibition
measures. Sun-Moon Stroop Task
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(Archibald & Kerns, 1999) was
used to evaluate inhibition through
visual stimuli. This test consists of
two conditions. In the congruent
condition, the subjects are shown a
page with 30 pictures of suns and
moons placed randomly in rows
and columns. The subjects have to
respond “sun” to the images with
suns, and “moon” to the images
with moons, as quickly as possible
(for 45 seconds). In the incongru-
ent condition, the subjects are asked
to respond “sun” when the evalua-
tor points moon, and “moon” when
a sun is pointed. This task has a
high level of reliability, with test-
retest scores of .91 for the incongru-
ent condition (Archibald & Kerns,
1999). To evaluate inhibition with
auditory stimuli the Luria’s Tap-
ping Task was used (Luria, 1966).
This task also consists of two con-
ditions with 12 trials each. In the
first, the subject has to repeat the
same number of taps as the evalu-
ator makes on the table (1 or 2).
Then, the subject has to do the op-
posite. It has noted the reliability of
the task in 87 (Diamond & Taylor,
1996). In both tasks, the amount of
correct interference assays of the in-
congruent condition was used as in-
terference measure.

WM Neuropsychological meas-
ures. To evaluate visuospatial WM,
the Odd-One-Out Task (Henry &
MacLean, 2003), and the Mazes
Memory Test (Pickering, Baqués, &
Gathercole, 1999) were adminis-
tered. The first test comprises 6 lev-
els (1-6 rows), with 4 trials each.

Each row has 3 figures, and the
subject has to point out the odd one.
At the end of each trial, the subject
has to remember the location of
each different figure in the correct
order, pointing to its position (left/
center/right). In the Mazes Memory
Test, 12 mazes are presented with
pre-established routes with 3 differ-
ent difficulty levels. The subject has
to trace the same routes on identical
blank mazes. The test-retest reli-
ability was set at .81 for both tasks
(Alloway, Gathercole, & Pickering,
2006).To evaluate the verbal WM
two tasks were also introduced.
The Digit Span Task (Pickering et
al., 1999) presents series from 2
to 9 digits (4 trials each). The task
consists of repeating, in inverse
order, the sequence the evaluator
presents orally. The Working Mem-
ory-Counting Task (Siegel & Ryan,
1989) consists of 3 levels (2 to 4
cards) with 4 trials each one. Each
card contains blue and yellow dots
arranged randomly. The subject has
to state the number of blue dots on
each card and remember them in
the correct order once the series
has ended. The test-retest reliabil-
ity was set at .64 (Alloway et al.,
2006) and .62 (Gathercole, Picker-
ing, Ambridge, & Wearing, 2004)
respectively. For both tasks, the
sum of the correct trials are taken
for analysis.

EF Ecological assessment.
The Behavior Rating Inventory
of Executive Function-Preschool
(BRIEF; Gioia et al., 2000) eval-
uates the EF of children and ad-
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olescents (5-8 years-old) through
the behavioral observations by par-
ents and teachers. It comprises 86
items that punctuate through a Lik-
ert scale (1 = never, 2 = sometimes,
3 = often), grouped in 8 scales: inhi-
bition, shifting, emotional control,
initiative, WM, planning/organiza-
tion, organization of materials and
monitoring. These scales, in turn,
are grouped in two indexes: behav-
ioral regulation (BR), and metacog-
nition (MC). Their combined scores
are included in a global score’s
scale. High scores indicate risk of
executive disfunction. Its reliability
and validity has been widely con-
firmed in English language (Clark
et al., 2010). In the present study
the Cronbach’s Alpha was .86 for
parent’s version, and .99 for teach-
er’s version. To complete the analy-
sis, inhibition and WM scales, and
indexes were used.

Basic mathematical skills. Pre-
school subtests of TEDI-MATH
(Grégoire, Noél, & Van Nieuwen-
hoven, 2005) were applied to assess
the following math skills: counting
(counting as high as possible, with
a lower and upper limit, backwards,
and by steps), numbering (count-
ing linear sets, random sets, isola-
tion counted objects and knowledge
of cardinal numbers), knowledge
of the Arabic and oral numerical
systems (numerical decision and
numbers comparisons), logical op-
erations (seriation, concatenation,
classification, conservation, and in-
clusion), arithmetical operations
supported by images, with arithmet-

ical and verbal format, and subitiz-
ing. The test has a level of internal
consistency ranging from .84 and
.99 depending on each subtest and
ascertained validity indexes (Gé-
goire et al., 2005). The correct an-
swers in each domain were used as
reference.

Procedure

Once the schools dismissed the
children who met the exclusion cri-
teria, the informed consent from
the families to participate in the re-
search was obtained. The assess-
ment was conducted in classrooms
enabled by the schools, which met
optimal lighting, insulation and
ventilation conditions. The evalu-
ation process was conducted by
psychologists familiarized with the
use of the tasks. It comprised two
45-minute individualized sessions.
The questionnaires were delivered
in sealed envelopes to parents and
teachers, and returned to the ex-
perimenters. A report of the child’s
performance in the different do-
mains was handed over to the cent-
ers.

Statistical analysis

The analysis were performed
with the Statistical Package for
the Social Sciences, version 19.0
(IBM SPSS, 2010). At first, follow-
ing the normality analysis, the rela-
tionship between the EF measures
(clinical and ecological), and the
mathematical competence results
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was analyzed using Pearson’s bi-
variate correlation. For the second
objective, a factorial analysis with
neuropsychological tasks through
the method of principal compo-
nents was performed. The final so-
lution was obtained through the var-
imax orthogonal rotation method
(saturation = .45) with three fac-
tors: (a) WM, grouping Digits Span,
Counting Task, Odd-One-Out and
Mazes; (b) visual-inhibition, with
Stroop; and (c) auditory-inhibition,
with Tapping Task. The predictive
role of these factors and the indexes
of behavioral regulation and meta-
cognition (BRIEF) on mathematical
competence was examined, using
multiple linear regression analysis,
by the stepwise method, introduc-
ing the factors and the indexes in

Table 1

separate analysis. In all cases, raw
scores analysis were used.

Results

Correlations between clinical and
ecological evaluations of EF and
math skills

The correlations between math-
ematical abilities and the EF neu-
ropsychological tests are positive
and significant in almost all cases
(see Table 1). Counting, logical and
arithmetic operations (especially
with verbal statement) are those
with higher correlations. The lower
correlations are obtained with subi-
tizing. In regard to the EF varia-
bles, the verbal WM evaluated with

Correlations Between EF Neuropsychological Tasks and Math Skills (TEDI-MATH)

Inhibition Visuospatial WM Verbal WM
Tappin Odd-one- Digit Countin

Stroop TP;II:k ¢ out Mazes Sp%m Task y
Counting A21%k** 31QRkEk DOPEEE  DAQEIK gD SEER JAQHkHk
Numerate 251%FF - OTFRFE - DPRER DAGEKEK DO FEER 34QHF*
Aragic NS 224%%% - QT*E D04%*x DOQFHEk  DSRHEE 3FDkkk
SN Oral 201%** 0 30 **Ek D5FHk* — 251F%k - DESHE*
Logical O. A404%** - DO0**F*k  FORFEF*  33LkxEk BGOFEKER  4ROFF*
Images O. 267F¥*  QRGHIE  DARFEE - DPGERIE D 4kE JP()kH*
Arithmetic Statement O.  433%%*  364%**  p58***  D3Pkkk  DRQ**k - FG(Hk*
Verbal Statement O. ATOF*F ATHRFE S FRGFEX DRPEHE ADOFFE 53GFF*
Subitizing 155% 198%*% - 187** — .145% 135%

Note. NS = Numerical System; O = Operations; WM = Working Memory.

*p< 05. *p< 0l **p< 001

Revista de Psicodidactica, 2015, 20(1), 65-82



MARIA-JESUS PRESENTACION, REBECA SIEGENTHALER, VICENTE PINTO,

72 JESSICA MERCADER, AND ANA MIRANDA

Table 2
Correlations Between the EF Rating Scale (BRIEF) and Mathematical Skills (TEDI-MATH)

Parents Teachers
IN WM BR MC Total IN WM BR MC Total

Counting —164%%  _396%FF  _ [T4¥FER _FOSFRE  _30BRHE  _ [TTHRE _4O8FEF  _DI4FEE _4PQERE _ FT R
Numerate — —274%% - S27THFRE S _D43FER - _138%  _201%ER . _150% - 280%Fk 247w
Arabic NS — —255% %k 1T1%R 222k _DDRwEE . _150%  —216%FE —172%F _DQ5kER _D]QFk
Oral NS — —246%%* — —215%%k _D02%R*  — [QQFHE _DFQEE DRk _DFeHRx DSk
Logical O. — —333%% — =342%kE - _QTSRER - _JT5FE —406FEE _Q14REF _ 443EEE - FR R
Images O. — =335k _124% 340wk _D8BFRE _D54RER _4DeFRE  _DTQREE _ 409F*E  _ 3B4HE*
Arithmetical Statement O. — —.302%** — —240%FF - _175%F  —195%%  _362%FF  _D10%FE  _333wEE_306%**
Verbal Statement O. — —A28FHE - 132% 30wk _3DRwEE _DOOFEF  —4E2FFE _DDIwEE _A3QHEE 3R] Hk
Subitizing — -.153* — — — — -.138% — -.123% —
Note. BR = Behavioral Regulation; IN = Inhibition; MC = Metacognition; NS = Numerical System; O = Operations;

WM = Working Memory.

*p < 05.

#p < 01, **%p < 001,

the Counting task, is the one with
higher correlations.

The correlations of math skills
with the BRIEF results, completed
by parents and teachers, are listed
in Table 2. In the case of the par-
ents, only counting skills correlate
with the inhibition scale. Neither do
correlations appear, or are reduced,
with the index of behavioral regu-
lation that encompasses it. Correla-
tions of math skills with WM, meta-
cognition and the global index are
higher. Correlations are higher with
the teacher’s BRIEF. All math skills
are negatively correlated with the
BRIEF results, except subitizing.
WM and metacognition are also the

variables with the most significant
results.

Predictive capacity of the EF
measures on math skills

Table 3 shows the results of
the regression analysis with the EF
factors (WM, visual-inhibition and
auditory-inhibition) that best pre-
dict the TEDI-MATH subtests. The
three factors explain 28.3% of the
variance of counting, 34.4% of logi-
cal operations, 24.4% of arithme-
tic statement operations and 39.9%
of verbal statement operations. In
all of these cases, WM is the fac-
tor that provides greater explana-
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Table 3
Regression Analysis of EF Factors on Mathematical Skills (TEDI-MATH)

Processes/Predictors F R? AR? Beta

Counting

WM 167 409

Visual-Inhibition 061 247

Auditory-Inhibition 32.96%** 283 055 294
Numerate

WM 110 331

Visual-Inhibition 19,993 137 027 .165
Arabic NS

WM 24 T 7F** 089 089 299
Oral NS

Auditory-Inhibition 086 293

WM 16.54%%* 116 030 173
Logical O.

WM 289 538

Visual-Inhibition 036 .190

Auditory-Inhibition 45 36%** 344 026 161
Images O.

WM 125 354

Auditory-Inhibition 25.76%** 170 044 210
Arithmetic Statement O.

WM .105 324

Auditory-Inhibition 101 317

Visual-Inhibition 27 .00%** 244 038 .196
Verbal Statement O.

WM 231 481

Auditory-Inhibition 097 312

Visual-Inhibition 55 .46%** .399 070 265
Subitizing

Auditory-Inhibition 7.31%* 028 028 .168

Note. NS = Numerical System; O = Operations; WM = Working Memory.
*p< 05 *p=<.01. **¥p< 001.
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Table 4

Regression Analysis of BRIEF Indexes on Mathematical Skills (TEDI-MATH)

JESSICA MERCADER, AND ANA MIRANDA

Parents Teachers
Processes/ F R2 AR Beta F R2 AR Beta
Predictors

Counting

MC 38.40%** 133 133 -.365 183 -592

BR n.s. 32.46%%% 206 023 223
Numerate

MC 20.75%** 077 077 =237 2145%* (078 078 -.280
Arabic NS

MC 12.97*** 049 049 -222 1343*%** (051 051 -225
Oral NS

MC 12.14%** 046 046 -215 14.92%%* (056 056 -.236
Logical O.

MC 117 -418 196 -.625

BR 18.72%** 131 014 140 36.16*%** 224 028 247
Images O.

MC 35.59*** 115 115 =340 50.67** 167 .167 -409
Arithmetic Statement O.

MC 062 -347 3232%** 111 .111 =333

BR 11.51%** 085 .023 .180 n.s.
Verbal Statement O.

MC 4529*%**% 153 153 -392 193 -.607

BR n.s. 34.65%** 216 023 227
Subitizing

MC n.s. 3.82% 015 015 -.123

Note. BR = Behavioral Regulation; MC = Metacognition; NS = Numerical System; O = Operations;
WM = Working Memory.

*p<.05. *p<.01. ***¥p<001.

tory value (AR? = .167, p < .001;
AR? = 289, p < 001; AR? = .105,
p < .001; AR?>= 231, p < 001, re-

spectively). WM and visual-inhibi-
tion explain 13.7% of the variance
in numbering, whereas auditory-in-
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hibition predicts 17% of images op-
erations, and 11.6% of knowledge
of the oral number system. Finally,
two skills are predicted by a single
factor. This is the case of knowl-
edge of the Arabic number system,
which predicts the WM 8.9% of the
variance, and subitizing, where au-
ditory-inhibition explains only 2.8%
of the variance.

The regression analysis of the
BRIEF results are shown in Table 4.
In the case of parents, only meta-
cognition predicts counting math-
ematical competence (R? = .133,
p < .001), numbering (R> = .077,
p < .001), Arabic numerical sys-
tem (R?> = .049, p < .001) and oral
(R?> = .046, p = .001), images op-
erations (R? = .115, p < .001) and
with verbal statement (R = .153,
p < .001). The two indexes predict
13.1% of logical operations (met-
acognition, AR? = .117, p < .001;
behavioral regulation, AR?> = 014,
p = .048), and 8.5% of arithme-
tic statement operations (metacog-
nition, AR?> = .062, p < .001; be-
havioral regulation, AR?> = .023,
p = .013). There were no shown
significant results for subitizing.
The teachers’ results are gener-
ally higher. Metacognition alone
predicts the subtests numbering
(R*= 078, p < .001), Arabic numer-
ical system (R*>= .051,p < .001) and
oral (R* = .056, p < .001), images
operations (R*> = .167, p < .001),
with arithmetical statement
(R? = 111, p < .001) and subitiz-
ing (R? = 015, p = .050). Metacog-
nition (AR? = .183, p < .001) with

behavioral regulation (AR? = .023,
p = .008) predict 20% of the vari-
ance on the counting subtest. As
well as 22.4% of the variance in
logical operations (metacognition,
AR? = 196, p < .001; behavioral
regulation, AR? = .028, p = .003),
and 21.6% of verbal statement oper-
ations (metacognition, AR? = .193,
p < .001; behavioral regulation,
AR? = 023, p = .007). In all cases,
the predictive power highlights met-
acognition index.

Discussion

The first aim of this study was
to analyze the relationships between
different mathematical skills and EF
assessed by traditional neuropsy-
chological tests and rating scales for
parents and teachers. In the former
case positive and significant corre-
lations were obtained. The results
highlight the relationship between
math skills and inhibition (assessed
with Stroop), especially with ver-
bal WM (Counting span), which are
consistent with those reported by
Swanson and Jerman (2006), and
Wu et al. (2008). We also agree
with Raghubar, Barnes, and Hecht
(2010) that the demands and nature
of the tasks are difficult to interpret.
This can explain why the results are
not always as coincident as what
would be desirable. Regarding to
inhibition, Stroop higher correlation
might be due to its spatial and vis-
ual presentation, remaining until the
child responds. However, the tap-
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ping-task has an auditory stimulus
displayed in a time sequence and
subsequently disappears. It is also
likely that the outperforming in ver-
bal WM may be influenced by the
numerical nature of the tasks (Pas-
solunghi & Cornoldi, 2008). The
lower result obtained with mazes
could also be related to the dynamic
nature of the test (Kyttdld & Lehto,
2008).

The age of the children is an-
other factor to consider. In this
sense, the results are consistent with
previous research concluding that
the weight of the different compo-
nents of WM in mathematical per-
formance may differ over time, re-
porting a greater relationship with
verbal WM in the early years
(Swanson & Jerman, 2006). Deep-
ening into this question, a recent
study carried out by Li and Geary
(2013) analyzed the relationship be-
tween verbal and visuospatial WM
and mathematical performance be-
tween 1%t and 5™ grades, finding
only associations with the verbal
component. Nevertheless, when ex-
amining the gains between both
grades in the two forms of WM,
they found that the gains in the vis-
uospatial modality are the best pre-
dictors of subsequent mathematical
achievement. Development seems
to be critical in the relationship be-
tween the visuospatial component
of WM and mathematical perform-
ance.

The relationship between math-
ematical competence and execu-
tive functions of inhibition and

WM evaluated through ecological
questionnaires is lower. Regard-
ing BRIEF indexes, the results are
consistent with those obtained by
McAuley et al. (2010) and Mahone
et al. (2002), in the sense of a higher
correlation with metacognition. It is
important to note the variation in re-
sults depending on the informant.
Thus, the higher estimates of teach-
ers could be due to their greater
knowledge and experience on nor-
mative development.

The results suggest that both,
inhibition as WM, seem to be
closely related to math skills at
early ages. Inhibition seems to be
more correlated with math skills
when it has been assessed by tra-
ditional neuropsychological tests.
By contrast, the correlation of math
skills with WM is noteworthy with
the neuropsychological tasks and
the BRIEF, with large differences
between the type of mathematical
skill tested. The results highlight an
important correlation between logi-
cal operations (critical from the Pi-
agetian model), and WM and inter-
ference control. The same applies
to the counting ability, which is re-
lated to procedural knowledge of
counting (Geary & Hoard, 2005).
The relationship between EF and
subitizing is much lower. Subitizing
should not be especially critical be-
cause it’s considered an automatic
ability (Butterworth & Yeo, 2004).
Moreover, the different measures
of mathematical operations used
(especially verbal statement opera-
tions) were significantly related to
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inhibition, and especially to WM
assessed with both types of meas-
ures. Clinical assessment may re-
flect a higher involvement of verbal
numerical processing in these op-
erations.

The second goal aimed to ana-
lyze the predictive power of neu-
ropsychological tests of EF grouped
into three factors and BRIEF’s in-
dexes of behavioral regulation and
metacognition on mathematics sub-
tests. The regression analysis show
different results depending on the
measures employed, with a greater
predictive power of clinical tasks
over rating scales. In this case,
the three factors (WM, inhibition
and visual-auditory-inhibition) ex-
plained part of the variance of dif-
ferent math skills, emphasizing the
explanatory power of WM. These
results are consistent with those ob-
tained by Bull et al. (2008), and
Toll et al. (2011). With regard to
ecological assessment, the predic-
tive power of teacher’s version was
superior. Finally, consistent with
the results of McAuley et al. (2010),
and Waber et al. (2006), a higher
predictive power of metacognition
over behavioral regulation was ob-
served.

In summary, our results high-
light the important role of WM in
mathematical learning and suggest
that its deficit interferes with the de-
velopment of basic math skills, es-
pecially with counting and logical
operations. To a lesser extent, inhi-
bition (assessed by clinical trials)
was another executive function in

our study that evidences a signifi-
cant role in predicting mathematical
processes, suggesting an intercon-
nection within inhibition problems
and processing overhead. However,
although this study confirms the in-
volvement of these executive func-
tions in mathematical development,
it is also true that these variables ex-
plain a moderate percentage of the
variance. It is necessary to analyze
the role of these and other executive
functions such as planning and cog-
nitive flexibility, in these and other
mathematical domains and deepen
into the tests. Among the limitations
of this study, the absence of other
explanatory variables of mathemati-
cal competence, such as verbal abil-
ity, education level or motivational
factors (attributions, beliefs or atti-
tudes) is highlighted.

One of the practical implica-
tions of this research is that the neu-
ropsychological tests of inhibition
and WM (especially verbal WM),
of easy and fast application, are
those which have shown higher re-
lationships with mathematical com-
petence. Its usefulness seems clear
to detect EF deficits and to prevent
possible mathematical learning dis-
abilities. Likewise, the ecological
assessment of EF through rating
scales (especially the WM scale and
metacognition index) is another in-
teresting procedure to detect these
problems Parents and teachers have
a unique knowledge about the be-
havior of children in natural envi-
ronments in detecting difficulties
related to math performance. Never-
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theless, while recognizing the value
of both types of assessment, it is not
advisable to use them interchangea-
bly. They provide differentiated and
complementary information.
Another interesting finding of
this study, related to ecological as-
sessment, is that the information
provided by teachers showed a
greater relationship with children’s
math skills than parent’s reports.
This contrasts with the fact that
most studies have used the parents
as informants. This work reflects
that the teachers can help further

understanding of the difficulties in
learning mathematics in the school
context, as well as to design indi-
vidualized educational responses.
Thus, it would be interesting that
educational interventions include,
along with the specific math in-
struction, training in cognitive skills
(mainly WM and inhibition). In
this sense, Tools of the Mind (Bo-
drova & Leong, 2007; Diamond &
Lee, 2011) is a program for pre-
schoolers that contemplates training
in EF through a Vygotskian-based
educational curriculum.
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