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a b s t r a c t
Executive attention is involved in the regulation of thoughts, emotions and responses. This
function experiences major development during preschool years and is associated to a
neural network involving the anterior cingulate cortex and prefrontal structures. Recently,
there have been some attempts to improve attention and other executive functions through
training. In the current study, a group of 5 years old children (n = 37) were assigned to either
a training-group who performed ten sessions of computerized training of attention or a nontrained control group. Assessment of performance in a range of tasks, targeting attention,
intelligence and regulation of affect was carried out in three occasions: (1) before, (2) after,
and (3) two months after completion of training. Also, brain function was examined with a
high-density electroencephalogram system. Results demonstrate that trained children activate the executive attention network faster and more efﬁciently than untrained children,
an effect that was still observed two months after without further training. Also, evidence
of transfer of attention training to ﬂuid intelligence and, to a lesser degree, to regulation
of affect was observed. Results show that efﬁciency of the brain system underlying selfregulation can be enhanced by experience during development, providing opportunities
for curricular improvement.
© 2011 Elsevier Ltd. All rights reserved.

1. Introduction
One of the major changes that take place over the
course of human development occurs in the domain of
executive control. With age, children go from external
regulation of their behavior, often provided by caregivers
and/or changes in stimulation, to an increased ability to
self-regulate emotions and actions. Mechanisms of attention have been implicated in action-regulation from early
theoretical models (James, 1890; Norman and Shallice,
1986). According to Posner’s neurocognitive model, attention is related to the function of three brain networks
involved in (1) reaching and/or maintaining the alerting

∗ Corresponding author at: Dept. Psicología Experimental, Universidad
de Granada, Campus de Cartuja s/n, 18071 Granada, Spain.
Tel.: +34 958 249609.
E-mail address: rorueda@ugr.es (M.R. Rueda).
1878-9293/$ – see front matter © 2011 Elsevier Ltd. All rights reserved.
doi:10.1016/j.dcn.2011.09.004

state, (2) orienting attention and selecting the source of
stimulation, and (3) regulating thoughts, emotions and
action. The third function is carried out by the so-called
executive attention network, which involves the anterior cingulate cortex (ACC) and prefrontal regions of the
brain (Posner and Petersen, 1990; Posner et al., 2007).
Functions associated with the executive attention network
overlap to some extent with the more general domain of
executive functions (EFs), which encompass a set of interrelated processes involved in planning and carrying out
goal-directed actions, including working memory (WM),
mental-set switching or attentional ﬂexibility, inhibitory
control, and conﬂict monitoring (Blair and Ursache, 2011;
Welch, 2001; Welsh and Pennington, 1988). These cognitive abilities are required when it is necessary to hold
information in mind, manage and integrate information
and resolve conﬂict between sources of stimulation or
response options.
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Developmental studies have suggested that the three
attention networks considered in Posner’s model follow
different maturational courses (Posner and Rueda, in press;
Rueda et al., 2004a). The alerting and orienting networks
appear to mature largely during infancy and early childhood, although both networks continue developing up to
late childhood, showing improvements in the endogenous
control of processes related to preparation and selectivity. The executive attention network appears to undergo
a more progressive maturation, emerging at about the
end of the ﬁrst year of life and continuing during childhood into adolescence. However, despite the progressive
improvement throughout childhood, executive attention
shows a major period of development from about the
end of the ﬁrst year of life up to about 7 years of age
(Rueda et al., 2004a, 2005a). Maturation of this function is likely related to structural changes in brain areas
that are part of the executive attention network and
their connectivity patterns with other brain structures,
in particular, the emergence of greater fronto-parietal
functional connectivity over development (Power et al.,
2010).
A widely used strategy to study executive attention
in cognitive research is to utilize conﬂict tasks (Posner
and DiGirolamo, 1998). These involve suppressing either
processing or responding to information that elicits an
incorrect or inappropriate response. One of these is the
ﬂanker task (Eriksen and Eriksen, 1974). In this task, a target stimulus is surrounded by stimulation that suggests
either the same (congruent) or a different (incongruent)
response than the one associated to the target. Suppressing
the processing of the distracting information in the incongruent condition requires attentional control and activates
the executive attention network to a greater extent than
when there is no conﬂict between target and ﬂankers (Fan
et al., 2003).
The ability to regulate behavior in a ﬂexible and controlled mode has proven to be central to many aspects
of children development. Individual differences in efﬁciency of executive attention appear to play an important
role in school competence and socialization (Checa et al.,
2008; Eisenberg et al., 2010, 2011; Rueda et al., 2010).
Several studies have shown that children with greater
executive attention efﬁciency (i.e. smaller conﬂict scores)
show higher levels of competence at school, understanding competence as a combination of school achievement
and adequate socio-emotional adjustment in the classroom
(Blair and Razza, 2007; Bull and Scerif, 2001; Checa et al.,
2008; Rueda et al., 2010). Recently, we have shown that the
brain reaction to conﬂict, as measured with event-related
potentials, also predict children’s grades in math above
and beyond general intelligence (Checa and Rueda, 2011).
Moreover, higher level of attentional and effortful control
helps on the prevention of developing psychopathologies, such as externalizing behavioral problems and ADHD
(Eisenberg et al., 2005; Rothbart and Posner, 2006). All
these data show the prospect for a potential beneﬁt of
promoting children’s attention regulation skills through
educational interventions.
In recent years, several studies have reported positive effects of training different aspects of attention in
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children. Most of the studies have used computer-based
tasks or sets of exercises targeting particular abilities.
Kerns et al. (1999) showed improvement in a number of
attention measures in ADHD children after applying an
intervention program combining vigilance, selective and
executive attention requirements. Also, normally developing preschool children have been shown to beneﬁt from
a training program targeting executive attention (Rueda
et al., 2005b). Other studies have also shown improvements
in attentional ﬂexibility after task-switching training in
both children and adults (Karbach and Kray, 2009; Minear
and Shah, 2008). Besides, an increasing number of studies have examined susceptibility of other EFs components
to be enhanced by training. Training of WM has proven
to have beneﬁcial effects on WM abilities in normally
developing children (Thorell et al., 2009), children with
ADHD (Klingberg et al., 2005), and adults (Jaeggi et al.,
2008).
Interestingly, most of the studies described above have
also reported transfer effects of training to ﬂuid intelligence. For instance, gains in reasoning skills have been
found after training of WM (Jaeggi et al., 2008; Klingberg
et al., 2005), task-switching (Karbach and Kray, 2009), and
executive attention (Rueda et al., 2005a,b). This evidence
speaks against the idea of ﬂuid intelligence as a ﬁxed trait
(Horn and Cattell, 1966). Instead, it suggests that ﬂuid intelligence skills can be changed, although it could be the case
that reasoning skills are less subject to education than crystallized intelligence. Transfer to intelligence after training
of executive functions is relatively unsurprising given the
interrelated nature of EFs processes and the fact that many
common regions of the frontal lobe are recruited by cognitive demands involved in general intelligence and the
various processes under the umbrella of EFs (Duncan and
Owen, 2000; Duncan et al., 2000).
Several studies have also examined the effect of training on brain function. Information on the neural effects
of attention training mostly comes from research using
rehabilitation programs with patients. Sustained attention training with neglect patients was found to produce
increased activation in the superior parietal cortex, right
and left frontal areas and ACC, areas known to be associated with all three attention networks (Sturm et al., 2006;
Thimm et al., 2006). Evidence is also available for other
EFs components. For instance, using fMRI, Olesen et al.
(2004) reported increased activation in areas involved in
WM processing (i.e. the superior and inferior parietal cortices as well as in the middle frontal gyrus) after WM
training in adults. Moreover, changes in brain mechanisms
affecting dopamine neurotransmission have also being
reported after WM training in normal adults (McNab et al.,
2009).
More limited evidence is available on the effect that EFs
training produces in children’s brain function. In a study
carried by our group (Rueda et al., 2005b), the effect of
training attention was characterized with event-related
potentials. We found that 5 sessions of attention training
in preschool children produced a pattern of brain activation that was more adult-like compared to the untrained
group. Brain activation was registered while children performed a child-friendly ﬂanker task, and changes in the
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brain reaction to conﬂict was characterized in two dimensions: (1) timing of the conﬂict effect, which showed a
shorter latency after training, and (2) topography of the
conﬂict effect, which moved to posterior leads in the frontal
midline with training, the distribution that the ﬂanker
conﬂict effect shows in adults and that has been associated with a source of activation in the ACC (van Veen
and Carter, 2002). Also, using ERPs with a selective attention paradigm, Stevens et al. (2008) reported an increased
differentiation between attended and unattended processing in the brain signal (i.e. greater ability to ﬁlter-out
irrelevant information) of children who underwent an
intensive training program designed to improve language
skills.
The aim of the present study was to further examine the effect of training attention on brain function in
a group of preschool-aged children. Training focused on
executive attention, although also included exercises targeting sustained and selective attention. To examine brain
function, a high-density electroencephalogram system was
used while children performed a ﬂanker task before and
after training. Moreover, in order to study durability of the
training effect, a short-range follow-up session was carried
out two months after completion of the training program.
Finally, we were interested on examining possible transfer effects to untrained abilities that have been related to
individual differences on executive attention efﬁciency. In
particular, we assessed children’s performance on tasks
involving regulation of affect and intelligence in all sessions
(PRE, POST1 and POST2).
Training was expected to result in increased executive
attention efﬁciency both in performance of the conﬂict
task and the underpinning brain activation. In terms of
brain activation, increases in efﬁciency due to maturation
appear to result in a reduction of the latency and duration of the conﬂict effect (Jonkman, 2006; Ridderinkhof
and van der Molen, 1995). Also, prior imaging studies have
shown that brain activations related to executive control
become more focused and reﬁned with maturation (Bunge
et al., 2002; Casey et al., 1997). Therefore we expected that
training would result in shortening the latency, amplitude
and duration of the brain reaction to conﬂict. Besides, we
predicted that the source of activations related to the ERP
effects would also show more focused frontal activation
after training.
Given previous evidence on the transfer of training EFs
abilities to reasoning, we also expected our training to
increase ﬂuid intelligence. Finally, we hypothesized that
increasing executive attention efﬁciency would generalize
to tasks requiring regulation of responses involving rejection of immediate rewards in exchange for delayed but
more favorable consequences. This hypothesis was based
on evidence coming from both developmental and imaging studies. Developmental studies have pointed to the
idea that children who show better attention control (i.e.
smaller conﬂict interference in the ﬂanker task) appear to
be more able to regulate affect (Simonds et al., 2007). In
addition, imaging studies have provided evidence for a role
of the ACC, a major node of the executive attention network, in the regulation of affect (Bush et al., 2000; Ochsner
et al., 2002; Ochsner and Gross, 2007).

2. Method
2.1. Participants and procedure
A total of 37 children (20 males; mean age: 64.7
months; SD: 3.2) recruited at an urban Primary School
in Granada (Spain) participated in the study. Caregivers
of all the children gave written consent to be involved
in the study after being informed of its general purpose.
All participants were Caucasian/European and had a similar social background. Prerequisites for participation were
having normal or corrected-to-normal sensory capacities
and no history of chronic illness and/or psychopathologies.
All participants carried out a ﬁrst assessment session
(PRE) at the Cognitive Neuroscience Lab of the Psychology
Dept., University of Granada. During this session children
were administered a set of pen and paper tasks including the Delay of Gratiﬁcation and Children Gambling tasks
and the Kaufman Brief Intelligence Test (K-BIT). After
conclusion of these tasks, children were ﬁtted with the 128channels Geodesic Sensor Net (www.egi.com) and were
asked to perform the child version of the Attention Network Task (ANT) while EEG was recorded. The duration
of the session was 1 h approximately, including time for
instructions and breaks between tasks. During this session,
parents were also asked to ﬁll out a temperament questionnaire.
After completion of the ﬁrst session, children were
pseudo-randomly assigned to either the experimental
(to-be-trained) or the control (untrained) group. The
assignment was made so children in each group would be
matched by gender, average intelligence and ﬂanker interference in the ANT. A total of 19 children (10 males; mean
age: 65.1; SD: 3.73) were assigned to the experimental
group, and 18 (10 males; mean age: 64.3; SD: 2.56) to the
control group. Participants in the two groups did not differ in age (F > 1) or parental educational level, and they all
attended the same school. Also, there were not signiﬁcant
differences (all t < 1; except t(35) = 1.7; p = .09 for orienting and t(35) = −1.12; p = .26 overall commission errors)
between the groups in the scores of the assessment tasks
obtained in the PRE session.
Children in the trained group went through intervention
with a set of computerized exercises for a total of ten 45min sessions that were carried out over a period of 5 weeks
(2 sessions per week). Those sessions were conducted individually for each participant in a quiet room at the school.
Participants assigned to the control group underwent the
same number of sessions in similar conditions (individually with the experimenter and in a quiet room at school)
but watched cartoon videos instead.
Once the intervention period was completed, children
in both groups were invited to the lab in two more
occasions. The ﬁrst post-intervention (POST1) session was
carried out within a period of one week after completion
of the intervention. The second post-intervention (POST2)
session was conducted two months after completion of the
POST1 session. The tasks completed in these sessions and
the procedure followed was identical to that of the PRE
session.
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3. Materials
3.1. Assessment tasks
3.1.1. Delay of gratiﬁcation (DoG)
The DoG task administered in this study was a modiﬁed version of the task designed by Thompson et al. (1997).
Children were instructed to choose between getting a prize
immediately or waiting until the end of the task in order
to (a) get two prizes instead of one (DoGself ), or (b) have
someone else (the experimenter) get a prize too (DoGother ).
Three different types of reward were used: stickers, 5-cents
of euro coins, and candies. An example of a DoGself trial is
“You can choose between having one sticker right now or
getting two of them when we ﬁnish the game”. An example of the DoGother trial is “You can choose between having
one coin for you right now or having one for you and one
for me at the end of the game”. Two practice trials were
used to explain the task. Experimental trials began only
when it was clear that the child understood the instructions. Then, each participant completed 12 trials, 6 of each
condition (DoGself /DoGother ), four with each type of reward.
The immediate-choice was presented in the ﬁrst part of the
statement in half of the trials and the delay-choice was presented ﬁrst in the other half. The experimenter provided
no feedback other than supplying the rewards immediately or putting them in an envelope that the child would
get at completion of the task, depending on the child’s
choice. Percentage of delay choices in each condition was
the dependent measure in this task.
3.1.2. Children gambling task
The gambling task administered in this study was a
simpliﬁed version of the Iowa Gambling Task by Kerr and
Zelazo (2004). Children had to pick one card at a time from
one of two sets of cards in order to win candies. Each card
could have smiling and sad faces printed on it. Children
were told and shown that happy faces on the cards indicate the number of candies won, whereas sad faces indicate
the number of candies lost. One of the sets provided a constant reward of one smiling face and either no sad faces
or only one (Advantageous Set; ADV), consisting of a lowimmediate-reward/low-win rate in the long run. The other
set (Disadvantageous Set; DIS) provided a constant reward
of two smiling faces and could have either zero, two, four or
six sad faces, consisting of a high-immediate-reward/highlost rate in the long run. The two sets of cards were placed
in front of the child facing down so the child would have to
ﬁgure the contingencies of each deck out progressively. In
the beginning of the task, children were given a stake of 10
candies in order to start playing. There were 4 demonstration trials in which the experimenter sampled two cards
from each deck. When a card was turned over, only the
happy faces were visible while the sad faces were covered
with a note. After the number of won candies was revealed
to the child and the candies were supplied, the note was
removed revealing the number of candies lost. Rewards
were deposited into, and removed from (according to the
number of happy and sad faces obtained in each trial), a
transparent container situated in front of the child at an
equal distance from each of the two decks. A total of 50
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trials were administrated. The dependent variable was the
number of picks from the ADV set minus the number of
picks from the DIS set made in the last 40 trials. The location of the two decks and the design at the back of the decks
were counterbalanced across participants.
3.1.3. K-BIT
The Kaufman Brief Intelligence Test (K-BIT; Kaufman
and Kaufman, 1990) was used to measure general intelligence. The test provides a measure of crystallized (Verbal)
intelligence and a measure of ﬂuid reasoning (Matrices) as
well as a composite intelligence (IQ) score. Administration
of the test takes approximately 15 min with children aged
4–5 years.
3.1.4. Child ANT
We used the children version of the ANT task (Rueda
et al., 2004a) to measure attention. In each trial of this task
a row of ﬁve ﬁsh appearing either above or below a ﬁxation point is presented. Children are told to press either the
right or the left key on a panel depending on the direction
in which the ﬁsh in the middle is pointing while ignoring
the ﬂanker ﬁsh, which point in either the same (congruent) or opposite (incongruent) direction as to the middle
ﬁsh. Before the ﬁsh appear, visual signals are presented
that inform either about the upcoming of the target (alerting cue) only or about the upcoming of the target as well as
its location (orienting cue). Completion of the task allows
calculation of three scores related to the efﬁciency of the
attention networks by means of measuring how response
times are inﬂuenced by alerting cues, orienting cues and
congruency of the ﬂankers. The alerting score is obtained
by subtracting mean (or median) RT of trials with alerting signal from that of trials with no cue. The orienting
score is obtained by subtracting RT from trials with orienting cue from trials in which the visual cue was presented
at the location of the ﬁxation point. Finally, the executive
attention score is calculated by subtracting RT from trials
with congruent ﬂankers from that of trials with incongruent ﬂankers. This is considered an index of the interference
experienced by the participant when incongruous information is presented in the display along with the target.
Larger interference scores indicate less efﬁciency of executive attention.
3.1.5. EEG recording and data processing
EEG was recorded using a high-density array of 128
Ag/AgCl electrodes arranged into a net (Geodesic Sensor
Net, EGI Inc., Eugene, OR) while children performed the
Child ANT during the pre- and post-training evaluation
sessions. All 37 participants agreed to wear the sensor
net. Impedances for each channel remained at or below
80 k during testing. During acquisition, EEG recording
was vertex-referenced and the signal was digitalized at
250 Hz. A time constant value of 0.01 Hz was used. Offline data were ﬁltered using a 0.3–12 Hz ﬁnite impulse
response (FIR) band-pass ﬁlter and segmented into 200 ms
pre-target and 1200 ms post-target epochs. Segmented
ﬁles were scanned for eye and/or movement artifacts. One
child (belonging to the control group) who had less than
12 clean segments per congruency condition was excluded
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from further processing. Segments were averaged across
congruency conditions and re-referenced to the averaged
(across channels) activation.
3.2. Training program
The training program was the same as the one used
by Rueda et al. (2005b; also described in Rueda et al.,
2007). The program consists of several computerized exercises divided in 4 categories: (1) Tracking/Anticipatory;
(2) Attention Focusing/Discrimination; (3) Conﬂict Resolution; and (4) Inhibitory Control Exercises. In the
current study the program was extended with three
more exercises, one in the category of Attention Focusing/Discrimination, one in the Conﬂict Resolution category
and another in a new category of Sustained Attention.
Therefore, the new program consisted of a total of 11 exercises divided in 5 general categories. The exercises were
programmed to be child-friendly and involved playing with
a joystick or a mouse. All exercises required completion of a
number of trials organized in increasing levels of difﬁculty.
Most of the exercises had 7 levels of difﬁculty and in order
to go from one level to the next the child must complete a
minimum of correctly responded trials in a row (3, in most
exercises).
Exercises in the Tracking/Anticipation category were
designed to teach the children to track a cartoon cat on
the computer screen by using the mouse, and monitor the
position of other cartoons in the screen. In the Side exercise
the child is asked to take the cat to the grass while avoiding going into the mud. As the child achieves higher levels,
the mud area gets progressively bigger and the grass area
gets smaller, increasing the difﬁculty to control the movement of the cat. In the Maze exercise, children help the cat
to get food by navigating it through a maze to where the
food is. Finally, in the Chase exercise children must anticipate the location where a duck that swims across a pond
in a straight line will come across in order to chasing it. In
a second version of the exercise (Chase Invisible), the duck
becomes invisible when it goes into the pond, as if diving,
so that its trajectory remains invisible.
The exercises in the Focusing/Discrimination category
are of two types. The ﬁrst type consists on matching-tosample games, in which children have to click on the one
of two pictures that looked exactly the same as a sample picture. Similarities between the two options increased
progressively, requiring the child to pay closer attention.
There are two versions of the exercise. In this ﬁrst version
(Portraits), the sample picture remains on the screen while
the child selects the matching item. In the second version
(Portraits Delay), the sample picture disappears forcing the
child to keep in mind the attributes of the sample picture.
The second type of exercise (Shapes) consists of the presentation of a number of overlapping ﬁgures and the child is to
determine which are the ones presented by clicking on the
appropriate buttons displayed on the sides of the screen.
Difﬁculty is augmented in successive levels by increasing
the number of overlapping shapes and the complexity of
the patterns.
The Conﬂict exercises consisted on Stroop-like games
with numbers. In the ﬁrst one (Number of Numbers),

children are presented with two sets of items. Their job is to
click in the group composed by the larger amount of items.
In the ﬁrsts levels of the exercise, sets consist of pictures of
fruits and the number of items in each group differs by a
large amount (e.g., two compared to eight). As the difﬁculty
levels increase, the two sets are made of digits, and therefore trials can be congruent (when the larger set of digits is
formed by digits of higher value, for example four numbers
8 vs. two numbers 1) or incongruent (when the larger set
of digits is formed by digits of smaller value, for example
six numbers 2 vs. four numbers 9). The second Stroop-like
exercise (Value-Not-Size) also involves numbers, but in this
case the conﬂicting dimensions are value and size. In successive trials, various numbers (either two, three or four),
which differ in size, are presented and children are asked to
click on the number of higher value disregarding the size.
Again, there can be congruent (the larger number is the
one with higher value) or incongruent (the larger number
is not the one with higher value) trials. To go on from one
difﬁculty level to the next children must correctly perform
three incongruent trials in a row. Before performing these
exercises, children completed another exercise in which
their knowledge of Arabic digits was practiced.
The exercise (Farmer) included in the Inhibitory Control
category consist in a Go/No-Go game in which the child’s
job is to help a farmer taking sheep inside a fence. The
picture of a bale of hay is displayed in the middle of the
computer screen. Children click on the bale of hay to ﬁnd
out whether the animal behind it is a sheep or a wolf. If the
animal is a sheep the child is to click as quick as possible to
make it go inside the fence, whereas the response must be
hold to the wolf. In advanced levels, the wolf dresses-up as
a sheep and only after a short interval it losses its mask and
reveals its identity, making the response inhibition more
challenging.
Finally, a category of Sustained Attention was included.
This consists of one exercise (Frog) in which children are
asked to help a frog catch ﬂies that come out of a bottle
at a particular time rate. The child must press a key as fast
as possible in order to unroll the frog’s tongue and catch
the ﬂy. In some trials, the ﬂy makes a noise before coming
out of the bottle. The requirement to sustain attention is
increased across blocks of trials by enlarging the interval of
time between ﬂies.
4. Results
4.1. Effects on behavioral measures
To assess the effect of training on the various behavioral
tasks included in the study we conducted a set of repeated
measures ANOVAs with Session (PRE, POST1 and POST2)
and Group (Untrained vs. Trained) as factors and each
of the tasks scores as dependent measure. Then, changes
in the PRE vs. POST sessions (PRE vs. POST1 and PRE vs.
POST2) scores were examined with planned comparisons
given that changes were predicted after intervention. For
the measures that showed signiﬁcant differences between
groups at PRE test (i.e. orienting scores and % of commission
errors in the ANT), pre scores were included as covariates
in the ANOVAs. Results on the Group × Session interaction
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Table 1
Means and standard deviations (SD) of all the dependent variables (DV) included in the study for each group at session PRE, POST1, and POST2. The columns
on the right show results of Group × Session interactions and planned contrasts performed between PRE vs. POST1 and PRE vs. POST2 scores for each group.
Task

DV

Matrices
IQ
Vocabulary
Gambling

V-D last 40
trials
Self

DoG
Other
Overall RT

Child ANT

Overall %
commission errors
Overall % omission
errors
Alerting
Orienting
Executive

Group

Trained
Control
Trained
Control
Trained
Control

PRE

POST 1

POST 2

Mean (SD)

Mean (SD)

Mean (SD)

104 (9.6)
107 (10.6)
110 (10.8)
107 (10.2)
6.9 (20.2)
5.11 (18.5)

Group × Session
interaction F
value

Planned contrasts

PRE vs.
POST1

PRE vs.
POST2

4.9*
2.5 ns
<1
<1

2.8#
<1
<1
<1

110 (10.45)
112 (12.47)
110 (12.9)
108.5 (11.1)

109 (11.6)
107 (10.8)
110 (10.7)
106 (11.6)

<1

12.7 (18.2)
5.4 (22.8)

16 (18.9)
3 (18.2)

<1

<1
<1

4.2*
<1

2.5#

1.1 ns
4.22*
<1
4.43*

1.9 ns
<1
<1
1.15 ns

9.9**
4.1*
1.2 ns
4.2*
<1
<1
1.2
<1
1.3 ns
<1
<1
<1

33**
33**
2.9#
8.3**
<1
2.05 ns
3.4#
2.5 ns
1.1 ns
1.5 ns
<1
<1

Trained
Control
Trained
Control

77.2 (33.9)
70.6 (30.5)
63.1 (33.1)
59.3 (33.4)

82.5 (32.1)
60.2 (39.2)
61.4 (42.3)
43.5 (40.1)

84.2 (29.6)
68.5 (41.1)
61.4 (44.1)
50.9 (44.4)

Trained
Control
Trained
Control
Trained
Control
Trained
Control
Trained
Control
Trained
Control

1071.4 (241.6)
1064.1 (233)
5.9 (4.84)
9 (10.8)
4.11 (4.87)
4.36 (6.57)
12.8 (148.5)
14.3 (95.6)
24.2 (125.5)
−61.4 (179)
66.5 (168.6)
84.5 (161.5)

934.5 (195.8)
973.2 (303)
4.6 (5.8)
6.4 (10.9)
3.54 (6.16)
3.9 (5.74)
56.5 (111.8)
17.9 (111.8)
−21.6 (95.7)
−20.0 (130)
53.5 (154.1)
72.1 (183.6)

823.8 (129.6)
809.47 (227)
3.6 (2.7)
4.9 (4.9)
4.11 (4.8)
4.28 (6.57)
63.3 (56.03)
59.5 (54.9)
9.9 (105.7)
6.5 (82.01)
51.4 (63.3)
80.1 (178.6)

<1

<1
<1
<1
<1
<1
2 ns
<1

Signiﬁcance level: ns: p < .10.
*
p < .05.
**
p < .01.
#
p < .10.

and planned contrast for each measure and group are summarized in Table 1.

4.1.1. Child ANT
Attention network scores for Alerting, Orienting and
Executive Attention were obtained. Also, general performance indexes such as overall RT and percentage of
commission and omission errors were examined. Alerting scores were calculated by subtracting median RT to
Double-Cue trials from median RT to No-Cue trials. The
Orienting score was calculated by subtracting median RT
in Spatial-Cue trials from median RT in Central-Cue trials. Finally, Executive Attention scores (ﬂanker interference
effect) were calculated by subtracting median RT for congruent trials from median RT for incongruent trials for each
participant and session (see Table 1).
ANOVAs contrasting sessions PRE and POST1 revealed
a signiﬁcant main effect of Session for overall RT
(F(1,35) = 13.34; p < .001) and for overall percentage of
commission errors (F(1,35) = 4.97; p < .05). Planned contrasts showed a reduction in overall RT for both trained
(F(1,35) = 9.9; p < .001) and control (F(1,35) = 4.1; p < .05)
groups at POST1 compared to PRE. Also, we found a reduction between session PRE and POST1 in overall commission
errors for the control group (F(1,35) = 4.17; p < .05) which
was not present for the trained group (F(1,35) = 1.2; p = .27).
No other contrast showed signiﬁcant results.

The PRE vs. POST2 ANOVAs revealed a signiﬁcant main
effect of Session for overall RT (F(1,35) = 67; p < .001),
overall percentage of commission errors (F(1,35) = 10.68;
p < .01), and alerting scores (F(1,35) = 5.9; p < .05). No signiﬁcant Group × Session interactions were obtained for
any of the scores. However, contrasts showed signiﬁcant reductions at POST2 compared to PRE for overall RT
for both trained (F(1,35) = 33.5; p < .001) and untrained
(F(1,35) = 33.5; p < .001) children. Also, the reduction in
overall commission errors at session POST2 was signiﬁcant
for the control group (F(1,35) = 8.3; p < .01) and marginal
for the trained group (F(1,35) = 2.94; p = .09). Finally, a
marginal increase in alerting was observed for the trained
group (F(1,35) = 3.4; p = .07).

4.1.2. K-BIT
When including Matrices scores as DV, only the
main effect of Session for PRE vs. POST1 was significant (F(1,35) = 7.4; p < .01). No signiﬁcant effects for
PRE vs. POST2 were found. Despite the non-signiﬁcant
Group × Session interactions, planned contrasts showed a
signiﬁcant increase in the Matrices score following intervention only for the trained group (F(1,35) = 4.9; p < .05;
F(1,35) = 2.6; p = .12 for the untrained group). The increase
in Matrices was marginal for the trained group when comparing PRE to POST2 scores (F(1,35) = 2.8; p = .10) but did
not approach signiﬁcance (F < 1) for the control group.

198

M.R. Rueda et al. / Developmental Cognitive Neuroscience 2S (2012) S192–S204

Fig. 1. Plots of grand averaged ERPs waveforms to congruent and incongruent trials for all children at session PRE, and children assigned to the trained
and non-trained groups at sessions POST1 and POST2. The top row shows ERPs at channels located in anterior frontal (AF) positions and the bottom row
shows EPRs at channels in fronto-posterior (Fcz/Cz) leads. Shadowed areas between conditions show areas of signiﬁcant amplitude differences between
congruency conditions (dark grey: p < .01; light grey: p < .05). Arrow heads point to post-target times (in ms) for which topographic maps of t-tests differences
were created (shown in Figs. 2 and 3).

For the Vocabulary subscale, no signiﬁcant effects were
obtained in the ANOVAs or with planned comparisons.
4.1.3. Gambling task
None of the main effects or the Group × Session interaction was found signiﬁcant when including the PRE and
POST1 data in the ANOVA. However, the Group × Session
interaction was marginally signiﬁcant (F(1,35) = 3.07;
p = .08) in the ANOVA including PRE vs. POST2 scores.
Planned contrasts showed that children in the training
group selected more advantageous choices than those in
the control group (F(1,35) = 4.5; p < .05), and that trained
children increased the percentage of total choices from
the advantageous deck between sessions PRE and POST2
(F(1,35) = 4.17; p < .05).
4.1.4. Delay of gratiﬁcation
ANOVAs were conducted separately for the scores (percentage of delay choices) obtained at the DoGself and the
DoGother versions of the task. For the DoGself , main effects
of Session or Group were not observed in any of the
ANOVAs (PRE vs. POST1 or PRE vs. POST2). For the ANOVA
with PRE vs. POST1 scores, the Group × Session interaction was signiﬁcant in the DoGself task (F(1,35) = 4.91;
p < .05). Planned contracts showed that untrained children
decreased the percentage of delay choices between PRE and
POST1 sessions (F(1,35) = 4.22; p < .05) and that the trained
group had the tendency to delay more than the control
group following intervention (F(1,35) = 3.58; p = .07). For
the DoGother version of the task, the pattern of results was
similar. The only signiﬁcant difference observed occurred
between percentage of delay choices from session PRE to
POST1 for children in the control group (F(1,35) = 4.43;
p < .05).

4.2. Effects on brain electrophysiology
4.2.1. ERPs
Target-locked ERPs per congruency condition are presented in Fig. 1 for the entire sample at session PRE and for
children at the trained and non-trained groups at sessions
POST1 and POST2. ERPs pertaining to the PRE intervention
session showed amplitude differences between congruency conditions (i.e. larger negative amplitudes for
incongruent trials) in leads situated in the frontal midline,
as previously reported in the literature with the same
(Rueda et al., 2004b) or similar tasks (Jonkman, 2006; van
Veen and Carter, 2002). To asess possible differeces in this
effect between groups at the PRE-intervention session,
amplitude and latency effects of congruency at frontal
midline channels in the time window ranging from 300
to 700 ms were tested with ANOVAs including Group (to
be trained and control), Channel (AF, Fz, Fcz and Cz) and
Condition (Congruent vs. Incongruent) for both amplitude
(using both minimum amplitude within the time window
and adaptive mean1 values) and latency measures. In any
of these analyses the main effect of Group or any of its
interactions with other factors approached signiﬁcance
(F < 1 in all cases except for the Channel × Cond × Group
interaction for latency which reached an non-signiﬁcant,
p = .24, F value of 1.41). Given the absence of differences
between groups the waveforms are presented for the
entire sample at session PRE. The top row shows ERPs
at prefrontal sites (AF/Fz) and the row at the bottom at
fronto-parietal (Fcz/Cz) positions. Dependent-samples t

1
The adaptive mean consists of the mean amplitude of a new time window created including 10 samples (40 ms) around the peak of minimum
amplitude found within the larger time window of 300–700 ms.
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Fig. 2. Topographic maps of signiﬁcant amplitude differences between congruency conditions (a) and corresponding source solutions (b) for each group
at session POST1. Arrowheads show the particular time points (in ms) between the presentation of the target and the averaged time of the response to
which each topo map corresponds. Dark blue areas in the topographic maps indicate sites in which amplitude of the ERPs was signiﬁcantly more negative
for incongruent, compared to congruent, trials. The top part of the topo maps corresponds to the front of the head.

tests of the differences in amplitude between congruent
and incongruent conditions were carried out (using the
t-test tool incorporated in the Net Station software, EGI,
Eugene, OR) for each sample along the entire ERP segment.
Areas of signiﬁcant differences among conditions are
shadowed in the waveforms presented in Fig. 1. Only
differences in amplitude that were found signiﬁcant in

at least 10 consecutive samples (40 ms) were marked as
signiﬁcant in the waveforms. Also, topographic maps of the
scalp distribution of signiﬁcant incongruent vs. congruent
differences at particular post-target times are shown in
Fig. 2 (session POST1) and 3 (session POST2). At session
POST1, trained children show the expected N2 effect (i.e.
larger negative amplitude for incongruent compared to

Fig. 3. Topographic maps of signiﬁcant amplitude differences between congruency conditions (a) and corresponding source solutions (b) for each group
at session POST2. Arrowheads show the particular time points (in ms) between the presentation of the target and the averaged time of the response to
which each topo map corresponds. Dark blue areas in the topographic maps indicate sites in which amplitude of the ERPs was signiﬁcantly more negative
for incongruent, compared to congruent, trials. The top part of the topo maps corresponds to the front of the head.
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congruent trials) from around 400 ms after presentation
of the target, whereas untrained children show the effect
around 580 ms post-target. Also, the effect is observed in
more posterior sites (around Fcz) for trained compared
to non-trained children, who show the effect in the same
sites (around Fz) as was observed in the PRE intervention
session. This difference between trained and untrained
children in the timing of the conﬂict effect is still present
in data obtained at session POST2, where trained children
show the expected N2 effect around 360 ms post-target,
and children in the control group show the effect at about
500 ms after presentation of the target. We also found an
early negative deﬂection around 170 ms after stimulus
presentation that was signiﬁcantly more negative for the
incongruent condition at frontal sites in POST1 only in the
trained group. This early effect was also evident at POST2
although its topography moved to more posterior channels
(see waveforms in Fig. 1 and topo maps in Figs. 2 and 3).
The topographic distribution of signiﬁcant differences
between ﬂanker conditions changes differentially for
trained and non-trained group in sessions POST1 and
POST2. As shown in Fig. 2, the larger negativity associated
with the incongruent condition moves from anterior sites
in session PRE to a more posterior and right lateralized
localization in sessions POST1 and POST2 for the trained
group. However, this pattern of activation is not observed
for children in the non-trained group who showed the
conﬂict effect later in time and with a more anterior and
left lateralized distribution in POST1, similar to the one
observed in session PRE, and a more distributed effect in
session POST2 (see Figs. 2 and 3).
4.2.2. Source localization analyses
Grand averaged (across subjects) ERPs data for each
group were used to compute the most likely cortical generators of the pattern of electrical ﬁelds registered on the
scalp with a source localization software (GeoSource, EGI,
Eugene, OR). A Finite Difference Model (FDM) was used
for inverse modeling,2 in which the Minimum Norm Least
Squares (MNLS) algorithm is used with a set of 2447 dipoles
triples (comprising dipoles in the x, y, and z orientations)
sampling the cerebral cortex. The Sun-Stok 4-Shell Sphere
was used as a forward head model. Weighting was placed
equally across locations with regularization carried out via
TSVD (1 × 10−4 ) using LAURA (Local Auto-Regressive Average; Grave de Peralta Menendez et al., 2004) as a constraint.
The Radius of inﬂuence was set to 12.2 mm with an exponent equal to 3.
Data corresponding to the entire sample at session
PRE, and subsequently with trained and untrained groups

2
The Finite Difference Model (FDM) that is used by GeoSource is based
on the Montreal Neurological Institute (MNI) database for estimating its
geometrical constraints. The MNI brain model is based on adults. By using
GeoSource to isolate neural sources in preschool children we recognize
that the source models may be subject to some error as brain size and level
of maturation for cortical structures in children will differ from those of
adults. Nevertheless, in our study the source modeling error derived from
using an adult brain model remains constant for both the within group
comparison as well as across groups, given the fact that children in the
two groups were matched in age and gender.

at sessions POST1 and 2, were source analyzed at the
post-target times in which signiﬁcant differences between
congruency conditions were found. With the PRE session
data, the main sources were obtained at bilateral medial
frontal gyrus (r and lMFG; BA10), medial inferior frontal
gyrus (mIFG; BA11), bilateral medial temporal gyrus (lMTG
and rMTG; BA21), and a weak source at dorsal ACC (BA32).
A ROI montage was then created with these areas with a
radius of 7 mm around the dipole of maximum activation,
in order to trace changes in the intensity assigned to these
dipoles in function of training at the POST sessions. Sources
obtained at these ROIs (and additional areas) for trained
and untrained groups are presented in Fig. 2 (session
POST1) and Fig. 3 (session POST2).
5. Discussion
In this study, we extended the training program applied
by Rueda et al. (2005b) with several new exercises, and
increased from 5 to 10 the number of sessions used to
train attention with a group of preschoolers. The study
aimed to replicate and extend prior results on the effect of
training attention on the efﬁciency of the executive attention network and related abilities. The speciﬁc goal was to
investigate whether applying the extended training program has an effect on the efﬁciency of executive attention
and the underlying brain mechanisms and to test durability of the effect in a short-term follow-up two months
after completion of the training. We also aimed at examining whether training attention produces transfer effects to
untrained abilities, although related to attention, such as
intelligence and regulation of affect.
5.1. Effects of training on the performance of the child
ANT
As revealed by the analyses, training had no signiﬁcant
effect on the behavioral performance of the ANT. Overall
RT and percentage of errors data clearly show that children in both groups become more proﬁcient performing
the task in post sessions. Also, attention network scores,
particularly the executive attention and alerting scores,
show some evidence of increased efﬁciency. However, the
fact that the pattern of change is very similar for trained and
untrained groups indicates that repetition of the task itself
is responsible for the improvement. Mean interference
scores showed some evidence of a reduction of the conﬂict
effect, indicating gains in efﬁciency of executive attention
skills, for both the trained and untrained groups at session
POST1. However, none of the observed reductions in conﬂict interference reached statistical signiﬁcance. A similar
pattern was observed for the Alerting score. The trained
group exhibits an increase in alerting after training, which
is marginally signiﬁcant when comparing the PRE vs. POST2
scores. Mean scores of the untrained group also show an
increase at session POST2, indicating that the mere repetition of the task is at least partially responsible for the effect.
The increase in alerting scores would indicate that children
become more able to prepare from the presence of warning
cues, making faster responses when this happens. Nevertheless, despite showing changes in the network scores in

M.R. Rueda et al. / Developmental Cognitive Neuroscience 2S (2012) S192–S204

the expected direction, those changes did not reach statistical signiﬁcance. This is likely due to the high variability that
children of the age included in the study show in reaction
time when performing this task (large SDs, see Table 1). It
is also probable that children reach a ceiling level of performance when carrying out the task in repeated occasions
because the network scores obtained by the participants
(particularly those in the trained group) in post-sessions
are similar to the ones shown by adults (Conﬂict score:
61 ms; Alerting score: 30 ms) when performing the same
task (Rueda et al., 2004a).
5.2. Transfer of training to ﬂuid intelligence
Transfer of training to ﬂuid intelligence was highly
expected given prior results described in the literature.
Both trained and untrained children showed and increase
in the matrices subscale score at session POST1 as indicated
by the signiﬁcant main effect of Session. However, planned
contrasts showed that only observed gains for trained
children reached the signiﬁcance level. This result replicates previous ﬁndings that training of executive attention
improves non-trained reasoning abilities. The effect of
training is speciﬁc for ﬂuid intelligence and does not have
an impact in the verbal scale related to learning-dependent
or crystallized intelligence. Interestingly, we found some
evidence (as indicated by a marginally signiﬁcant PRE
vs. POST2 contrast) suggesting that the generalization of
training to ﬂuid intelligence is still observed two months
later without further training, whereas the matrices score
returned to the initial level (F < 1 for the PRE vs. POST2
contrast) for the untrained group. Transfer to ﬂuid intelligence skills was expected because it has been shown that
there is an extended overlap between the brain structures
implicated in general intelligence and those of the executive attention network (Duncan et al., 2000). Our data
add on to evidence provided by other studies indicating
that ﬂuid intelligence can be improved with intervention
(Jaeggi et al., 2008; Nutley et al., 2011; Rueda et al., 2005b).
The modest effect observed in our study could be due to
the fact that more extended interventions are required to
change cognitive abilities such as reasoning that appear to
be heritable to an important extent (Cattell, 1987; Gray and
Thompson, 2004). However, data of this sort challenge the
idea that ﬂuid intelligence is not subject to the inﬂuence of
education and socialization.
5.3. Transfer of training to regulation of affect
Another question that was addressed in this study was
whether training of attention would generalize to tasks
that are thought to rely on attention control skills. In our
study, we included two tasks, Children’s Gambling and
Delay of Gratiﬁcation (DoG), to examine transfer of training to regulation of affect and motivation (also known
as “hot” executive function; Hongwanishkul et al., 2005).
Regulation of motivational tendencies can be observed in
situations in which inhibition of immediate rewards is
required in the face of a higher price in the long term. We
found that children trained with our program increased
the number of advantageous choices in the Gambling Task

201

when comparing performance at sessions PRE vs. POST2,
whereas untrained children performed similarly in all three
sessions (PRE, POST1 and POST2). In this task, it is necessary
to reappraise the motivational signiﬁcance of immediate
rewards in order to learn to choose advantageously. Our
results indicate that trained children became more able to
control their choices according to the wins/looses contingencies of each deck, being more able to inhibit choosing
from the dominant high-reward deck but subject to higher
potential looses.
For the DoG task the pattern was somewhat different. In
the two versions of the task used in our study (DoGself and
DoGother ), untrained children showed a signiﬁcant decrease
in the number of delay choices the second time they played
the task (session POST1 compared to PRE). Trained children,
however, did not show a decrease in the percentage of delay
choices. A plausible explanation for the drop in the percentage of delay choices shown by children in the control
group at the POST1 session is that the second time children
perform the task they know how long the delay period is,
because they experienced it at the PRE session, which may
discourage them from choosing the delay option. This circumstance is also true for the trained group. However, in
this case, training may have helped children to be more able
to control dominant, yet unfavorable, responses, therefore
preventing them from showing a decline in the percentage
of delay choices in post-intervention sessions.
5.4. Effects of training on brain function
A major goal of our study was to advance understanding of the neural mechanisms of training and to examine
whether the effect of the intervention on brain function
shows signs of stability over time in a relatively short
follow-up two months later. Brain electrical activity was
recorded with a high-density electroencephalography system while children performed a child-friendly ﬂanker task.
As expected, the congruency of ﬂankers modulated a negative component of the ERPs that was frontally distributed
(often referred to as the N2). This component showed larger
amplitude in trials involving conﬂict (i.e. with incongruent
ﬂankers). Prior studies had reported that preschool children show modulation of the frontal negativity sometime
later than adults and at more anterior channels (Rueda
et al., 2004b). In the current study, we observed modulation
of the frontal negativity starting around 500 ms post-target
at session PRE (see Fig. 1). Additionally, our results replicate previous ﬁndings that training affect both timing and
topographic distribution of ERPs related to conﬂict monitoring (Rueda et al., 2005b). The effect of ﬂankers on the
amplitude of the ERPs at frontal leads is shown earlier
and in more posterior channels for trained children compared to children in the control group (Fig. 1). Moreover,
the pattern appears to be maintained two months later,
as trained children show the expected larger negativity for
incongruent trials earlier (from 360 ms post-target on) than
non-trained children (see also topo maps of signiﬁcant congruency effects in Figs. 2 and 3). In adults, the conﬂict N2
effect has been associated with a source of activation in the
ACC (van Veen and Carter, 2002). There is evidence suggesting that the ACC is involved in detecting the occurrence of
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conﬂict, which is then conveyed to prefrontal structures
in charge of resolving the conﬂict (Botvinick et al., 2004;
Walsh et al., 2011). Thus, a delayed frontal negativity may
be indicative of poorer efﬁciency of the executive attention network related to a slower detection of conﬂict in
children compared to adults. Data from our study suggest
that one of the processes by which training may inﬂuence
the executive attention network is by hastening the neural mechanisms supporting the detection and signaling of
conﬂict from the ACC to prefrontal structures.
Data from source localization analyses are also consistent with the idea of a more efﬁcient activation of
the executive attention network in trained children. Modeled images of electrophysiology data identiﬁed the more
likely neural generators of the effects observed in the
ERPs. Figs. 2 and 3 show the sources of activation modeled from the topographic maps of the incongruent minus
congruent difference in electrical recordings at times in
which signiﬁcant differences in amplitude between those
two conditions were observed. Overall, generators were
localized at medial inferior frontal (BA11), medial–lateral
PFC (mlPFC), medial frontal gyrus (BA10), and dorsal ACC
(BA24/32). The pattern of activation is consistent with the
one observed with similar tasks in somewhat older children
using fMRI (Bunge et al., 2002; Konrad et al., 2005). Besides,
source modeling data demonstrate that children in the
trained group show earlier engagement of dorsal ACC than
the untrained controls, who only show a clear ACC generator the third time they perform the task (session POST2). In
addition, sources of activation in mlPFC become more lateralized to the right hemisphere as children gain experience
with the task (POST2 compared to POST1). However, this
lateralization to the right is only observed for the trained
group. Imaging studies of interference suppression have
reported activation in ventro-lateral PFC that is left lateralized in children but right lateralized in adults (Bunge
et al., 2002; Konrad et al., 2005). Moreover, the right vlPFC
activation in adults correlates positively with the ability to
suppress interference (Bunge et al., 2002). These data suggest that children in the trained group may be showing a
more adult-like pattern of brain activation while performing the task than children in the control group. However,
comparison of source modeled ERPs data in children and
fMRI data obtained with adults must be done with caution (see Note 2) and this interpretation should be subject
to replication using more comparable brain imaging techniques.
A ﬁnal remarkable result of the source localization data
is related to the strength of activation and focalization of
the modeled sources. Overall, children in the non-trained
group show broader and stronger activations than children in the trained group. The idea that cortical function
becomes less diffuse and more focal with maturation is
well documented in recent neuroscience research (Casey
et al., 2005; Durston and Casey, 2006). Moreover, tuning
of activations appears to be dependent of the functional
signiﬁcance of the circuitry of brain structures, displaying attenuated activations in areas relatively less involved
in a particular function and more focal activation of areas
related to that function (Durston et al., 2006; Fair et al.,
2007). Our source modeling results show more focused

activation for trained children in nodes of the executive
attention network, which suggests that activation of this
network becomes more ﬁne-tuned after training.
5.5. Limitations of the study
In our study, a video-watching non-active control group
was used to examine the effect of training. The videowatching control may not be optimal for disentangling
effects that are speciﬁc to the attention training aspects of
the computerized program. However, the video-watching
situation shares several aspects with the training experience, in that it involves interacting with a computer screen
in the presence of the experimenter for a period of time.
Also, prior studies reported no differences between active
and passive control groups in training studies conducted
with preschoolers (Thorell et al., 2009; Rueda et al., 2005b).
In future studies, it may be more appropriate to include an
active control group. The active control could either carry
out a training program designed to improve a cognitive
ability that is non-speciﬁc for attention or just perform the
most basic levels of the exercises included in the training
program.
To our knowledge, our study is the ﬁrst to examine
durability of training effects on cognitive and brain function in children. However, the amount of training in the
current study was only moderate both in terms of number of sessions (a total of 10) and time (a maximum of
500 min in total over a period of 5 weeks). In spite of
this, we found some evidence of lasting effects of training two months later on some of the measures used in the
study, which were more clearly observed in brain function.
We believe that producing a larger impact on cognition
would require more extended interventions. As a matter
of fact, there is evidence showing that curricular interventions based on Vygotsky’s theory of development involving
teacher–students exchanges or interactions between peers
result in increased performance of conﬂict tasks and hence
better executive attention efﬁciency (Diamond et al., 2007).
Similarly, experiences that are likely to be more extended
in time, such as being exposed to more than one language
during development, appear to have a positive impact in
attention control skills as measured by the ANT (Yang et al.,
2011).
In our study, we did not ﬁnd a clear effect of training on
performance of the ANT. One question that emerges from
the pattern of behavioral results in our study is why, despite
not obtaining signiﬁcant training effects on the task targeting the closest cognitive skills (the child ANT), signiﬁcant
effects were observed for intelligence and moderately for
emotion regulation. Standard deviations of scores for each
task presented in Table 1 suggest that differences in performance variability between the ANT task and the rest of
behavioral measures included in the study could explain
the fact that the effect of intervention is observed in the
paper and pencil tasks and not in the ANT. Additionally,
improvements observed for the control group in the ANT
task at post sessions suggest that practicing may be another
form of useful training. Also, the fact that scores obtained at
post intervention sessions for both trained and untrained
children reached adults levels of performance suggests the
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issue of a possible ceiling effect. For future studies it may
be useful to include additional behavioral tasks designed
to examine executive attention that are more challenging
and sensitive to changes in efﬁciency for preschool-aged
children.
6. Conclusions
Our results show that the brain circuitry involved in
executive attention is activated faster and more efﬁciently
after training. Training appears to accelerate mechanisms
associated with monitoring of conﬂict supported by the
dorsal division of the ACC, an effect that is still apparent two
months after completion of training. More efﬁcient engagement of the ACC is likely to be responsible of transfer of
training to regulation of affect. The dorsal division of the
ACC appears to be involved in reappraising the emotional
value of events (Etkin et al., 2011). Affect regulation in our
tasks require reappraising the positive value of immediate
or high compensations or rewards taking into consideration that they lead to more negative consequences in the
long term. Flexible allocation of attentional resources facilitates ﬂuent reasoning and helps on connecting current
decisions with future consequences. A major conclusion
of our study is that efﬁciency of the executive attention
network can be enhanced by means of an educational intervention and that other cognitive skills that rely on attention
control or are associated with it may also beneﬁt from this
type of intervention.
6.1. Implications for education
Interventions of the type carried out in our study might
be useful to help children get ready for school. They also
have the potential to prevent children with poor attention
skills from school failure, and even to help on the prevention of developing attention-related pathologies and
conduct problems. It was discussed at the introduction
that executive attention is important for a wide range of
aspects in children’s lives, including socialization and emotion regulation. In school, control of attention is important
to adjust behavior in function of norms and goals, stay
focused despite distractions, ﬂexibly allocate attention on
relevant information (either internal or external), and persist to complete difﬁcult tasks even when rewards (i.e.
learning, good grades, etc.) may take time to arrive. We
think that showing evidence of the susceptibility of the
executive attention network to be enhanced by training
is only the start point, but that data of this sort will provide an opportunity for curricular improvement. Results of
the current study point out the potential to produce larger
and more durable impact in children’s attention skills and
related domains with more extended interventions.
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