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Abstract

Executive attention (EA) encompasses a variety of attention mechanisms implicated in the control of thoughts
and behavior. The emergence of EA skills depends on the maturation of frontal brain structures. Evidence in the
past years has shown that frontal brain structures related to EA are already functional in the first months of life and
first signs of EA can be observed by the second half of the first year of life. Given the importance of EA to a wide
range of developmental outcomes (e.g. academic and professional outcomes, socialization, psychological well-
being, etc.), understanding early stages of development is of great interest for the promotion of EA and the
prevention of EA-related deficits over the course of development. Despite its relevance, relatively little is known
about the development of EA before the preschool years. This paper aims at providing a selective review of the
existing literature about the early development of EA. We present the principal measures of EA for infants and
toddlers available to date. We also review main findings on behavioral as well as brain mechanisms of EA in infancy
and toddlerhood. Finally, we summarize research on early indicators of EA and its implication for the early detection
of some developmental disorders.
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Introduction
Attention has to do with a variety of cognitive functions that are

essential to carry out almost any common activity in daily life.
Attention is a multidimensional construct that refers to a state in which
we have an optimal level of activation that allows selecting the
information we want to prioritize in order to control the course of our
actions. Hence, it serves as a mechanism to control both sensorial
input and voluntary actions, by maintaining a state of high sensitivity
to incoming information and selecting the most relevant information,
as well as regulating thoughts, emotions, and behavior. The role of
attention as a mechanism of control is what Posner and colleagues
have identified as executive attention (EA) in their Attention Networks
Model. This model differenciates three main functions of attention: 1)
achieving and maintaining an optimal state of activation (Alerting); 2)
orienting to and selecting a particular source of stimulation, either
internal or external, for priority processing (Orienting); and 3)
voluntarily regulating behavior, particularly in situations that involve
conflict between dominant but inappropriate responses and non-
dominant course of actions (i.e., novel actions, overcoming automatic
tendencies, inhibiting immediate rewards in order to reach future
goals, etc.). According to Posner’s model, different networks of brain
regions are involved in carrying out the three functions of attention
[1,2].

Numerous studies have associated EA with the activation of
prefrontal brain structures, in particular the anterior cingulate cortex
[3]. In fact, the anterior cingulate cortex is considered the main node
of the EA network. This region is part of the so-called cingulo-
opercular network, responsible of maintaining the mental set (task
instructions or goals) associated with the current course of action, and
closely linked to the dorsolateral prefrontal network, implicated in

switching between mental sets [4]. Also, the neurotransmitter
dopamine is thought to have a key role in modulating the activation of
the EA network. Low levels of dopamine in prefrontal areas of the
brain have been related to difficulties in inhibitory control, attention
flexibility and conflict resolution [5].

The concept of EA greatly overlaps with what has been called
“Executive Functions”. The executive functions construct refers to a
number of different cognitive processes involving flexibility in
adapting to new environmental demands, monitoring changes in
upcoming stimulation and own internal states, and the ability to
manage with conflicting information [6], which greatly overlap with
EA. However, executive functions is a broader construct that not only
includes cognitive processes related to inhibitory control and cognitive
flexibility, but also the ability to maintain and manipulate information
in memory, what is called working memory [7]. Thus, EA partly
corresponds with the concept of executive functions, comprising
executive functions under the domains of inhibitory control and
cognitive flexibility.

The study of EA has interested to numerous researchers in the field
of developmental psychology due to its implication in a wide range of
developmental outcomes. EA skills are thought to underlie the
development of higher-order cognitive functions, such as planning,
problem resolution, and reasoning, which are core functions of fluid
intelligence [6]. There is, in fact, a substantial overlap between brain
structures associated with general intelligence and those of the EA
network [8]. Likely due to the relationship between EA and general
intelligence, individual differences in the ability to control attention are
associated to school competence [9]. Likewise, EA is thought to be on
the basis of the development of self-regulatory skills, sharing common
neural substrates [10] and predicting later social adjustment, as well as
internalizing and externalizing problems [11].

Although considerable research has focused on the early
development of EA during the preschool years, much less attention has
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been paid to development of EA during the first years of life. In this
article, we present a selective review1 of existing research on the
development of EA during infancy and toddlerhood, including studies
examining early measures of EA skills and longitudinal studies
investigating either early predictors of EA skills or developmental
changes on this function during the first three years of life.

In the sections that follow, we begin by presenting a general
overview of the different experimental paradigms that have been used
to investigate EA in the early stages of development. Next, we review
existing evidence on the development of EA in early years at both the
brain and cognitive levels. Finally, we discuss literature on early signs
of EA and their implication for the detection of developmental
disorders involving this particular function.

 Infants/Toddlers Adults

Cognitive Conflict

Shape Stroop task [28]; Baby
Stroop [29] Stroop task [89]

Young-Child ANT (adapted
from [90]).

Flanker task [91]

Attention Network Test
[92]

Spatial Conflict task [30]} Simon task [93]

Flexibility

A-Not B task [12]

Task switching paradigm
[94]Detour Reaching task [23]

Shifting task [17]

Reverse Categorization task
[26] Wisconsin Cards Sorting

Test [95]Dimension Card Sorting Test
[70]

Error monitoring

Arithmetic errors [20]
Any of the conflict or
inhibitory control tasks
adjusting difficulty to
provoke the commission of
errors.

Unexpected action ending
[21]

Errors in building simple
animal puzzles [27]

Inhibitory control

Anti-saccade paradigm [14] Anti-saccade paradigm
[96]

Freeze-Frame task [16] Go-No Go [98]

Walk-in-a-line [97] Stop-Signal [99]

Self-regulation
Snack Delay task [28] Academic Delay of

Gratification scale [101]Delay of Gratification [100]

Table 1: Summary of Executive Attention measures for infants and
toddlers and equivalent adults’ measures.

Methods to study the early development of executive
attention

Measuring cognitive processes in infants can be challenging for
obvious reasons. Infants’ impossibility to develop instructed behavior
traditionally left babies out of experimental paradigms designed to
measure cognitive processes by using reaction time or response
accuracy variables. Much less so for frequently used attention control
tasks (e.g., Stroop), which involve following instructions to overcome
automatic behavior tendencies. Also, language competences at these
ages may be insufficient for understanding the rules and instructions
typically required by this type of tasks. Finally, researchers need to take
into account young children’s shorter attention spans, greater
distractibility, and the relative facility with which their emotional state
can be altered when designing experimental protocols and tasks
suitable for children of this age. In an attempt to deal with these
challenges, researchers have adapted existing experimental paradigms
by simplifying stimuli and making them more child-friendly. Common
strategies consist on making tasks more attention-catching with the
use of colorful and dynamic stimuli, finding alternative ways to
measure performance that do not require complex motor responses
(e.g., registering gaze patterns), and including more breaks or shorten
the procedures. Table 1 presents a selection of EA tasks appropriate for
infants and toddlers and equivalent measures in adults, grouped by the
type of process they tax. In the following section, we review the main
tasks and measures that have been used for assessing EA in the first
three years of life.

Tasks suitable for infants
Probably the most used procedure to study the early development of

EA is the A-not-B task [12]. The simplicity of the procedure allows
researchers to use this task from very early in development, extending
from infancy to early childhood. The task consists on hiding a toy in
location A in front of the child sight. Then, after a delay of a few
seconds, the experimenter encourages the child to retrieve the toy.
Once children learn to retrieve the toy from location A, the toy is
hidden in a new location (B). Flexibility of attention is needed in order
to adapt to that change and look for the object in the new location B.
Thus, perseverative errors (that is, searching for the toy in the previous
learned location A) indicate poor cognitive flexibility.

The reaching task [13] represents another example of a lab measure
of attention flexibility in infants. In this task, babies are shown an
attractive toy in a clear-sided box. The box is opened only in one side
that is different from the line of sight in which babies are viewing the
toy. In order to success in getting the toy, infants need to inhibit the
natural tendency of reaching the toy in a direct way, and detour the
box to retrieve the toy by the open side.

In addition to these two tasks, researchers investigating EA in pre-
verbal infants have recurred to experimental paradigms based on
learning contingencies between stimuli, combined with the registration
of looking behavior. This is the case of the anti-saccade paradigm [14],
in which the automatic tendency to look at a cued position has to be
inhibited. This task has been adapted for use with babies as young as 3

1 Instead of a systematic review, we carried out a selective review of the literature in which we searched for up-to-date publications in two
different online databases: Scopus (Elsevier Co.) and Web of Science (Thomson Reuters). Search terms included “attention”, “attention
control”, “executive functions”, “executive control”, “inhibitory control”, “flexibility”, “infancy”, “toddlers”, “brain development”, “cognitive
development”, “longitudinal”, and “developmental disorders”. Searches were limited to peer-reviewed articles written in English language
and published in ISI-ranked journals.
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months of age. As infants cannot be given instructions on how to
perform the task, researchers build their tendency to look toward the
opposite direction of the cued location by reinforcing them with an
animated cartoon that appears every time they look toward the
opposite side of the cue. Although this task mainly implicates orienting
of attention, it also involves elementary mechanisms of control of
attention necessary to inhibit attention to a previously cued location.
Thus, these rudimentary mechanisms of control over orienting of
attention may lay the foundation for the development of EA
mechanisms of control and may be considered as an early indicator of
that function.

Likewise, in the visual expectation paradigm [15] a predictable
sequence of visual stimuli is shown to infants repeatedly while infant
eye movements are recorded. Anticipatory looks, as those occurring
prior to the appearance of the stimuli, and reactive looks are coded.
Reactive looks are thought to reflect exogenous (stimulus-driven)
control of attention, whereas anticipatory looks may involve
endogenous (goal-directed) control of attention and are thought to
reflect the early functioning of the EA network.

Another task measuring inhibitory control during infancy that is
based on learning of contingencies is the so-called freeze-frame task
[16]. This task was designed to automatically respond to infants
looking behavior with the help of an eye tracking system. Infants have
to look to a target stimuli while ignoring other irrelevant stimuli that
act as distractors. Babies are rewarded with the animation of the target
as long as they look at it, for which they must inhibit looking to the
distractors. This task is suitable for preverbal infants and provides a
general index of inhibition to distractors, as well as a selective
inhibition to distractors (depending on whether target was an engaging
stimulus or not) measure that has been related to later performance in
conflict tasks.

A similar logic applies to the shifting task designed by Kovács and
Mehler [17]. This task was conceived to measure flexibility of attention
during infancy. In this task, infants learn first to expect a target
stimulus in a certain location as it appears repeatedly in the same side
of the screen for a number of consecutive trials. After the first block of
trials, the target stimulus appears in a different location as the previous
block for a number of trials. Infants able to switch attention reallocate
their attention to the new location within a few trials and stop
anticipating gaze to the previously reinforced location. Thus, the
percentage of perseverating looks to the locations learned in block 1
provides a measure of infant’s attentional flexibility (the more
perseverations the less attentional flexibility).

Error detection is also a process associated with EA and self-
regulation [18]. Regarding the early development of error detection,
researchers have mainly employed violation of expectancy tasks based
on the habituation paradigm. In this type of tasks, infants’ looking time
to expected and unexpected events is registered. Researchers assume
that infants’ longer looking times to unexpected events indicate that
they are able to anticipate forthcoming events and learn about objects’
features. This idea was applied to test babies’ arithmetic knowledge by
means of an experimental paradigm in which researchers presented
correct and incorrect solutions of simple arithmetic operations (e.g.
1+1=2; 1+1=1; etc.) to infants using puppets as stimuli [19]. As
expected, infants looked longer to incorrect solutions. In an attempt to
investigate underlying brain mechanisms of error detection in infancy,
some studies have incorporated electrophysiological brain measures.
For instance, Berger, et al. [20] used the same paradigm designed by
Wynn to test the ability of babies between 7 and 9 months of age to

detect arithmetic errors, but registering EEG. Reid, et al. [21] designed
a task in which babies were shown a model performing a set of
common simple actions. Action sequences are completed as expected
or in an unexpected way (e.g., the action of eating finish in the ear
instead of in the mouth). In both studies, infants showed the frontal
activation typically observed in adults and older children following the
observation or commission of an error, the error-related negativity
(ERN; [22]), indicating that infants are already able of processing
errors.

Tasks for infancy development research are limited by the
impossibility of using verbal instructions. However, children verbal
comprehension and motor skills experiment a great progress during
the second and third years of life. The unintelligible babbling that is
characteristic of babies gives rise to few words sentences with which
children start to express their desires and feelings. Improvements in
language are further accompanied by advancements in physical
strength and motor coordination that allow children to start walking
or employ more refined movements. As we discuss next, these
developmental changes lead to qualitative changes in the type of tasks
procedures used to tax the development of EA.

Tasks suitable for toddlers
Progressively, toddlers become able to understand simple

instructions and follow easy rules, being able to produce some more
complex responses, as pushing buttons, ordering objects, selecting by
pointing among different options, or answering simple concrete
questions. From this age, measuring the control of impulses becomes
possible as well, thus different tasks suitable for toddlers have been
used to measure EA and self-regulation.

As in infancy research, the A-not-B task has been widely used to test
attention flexibility in toddlerhood. Concerned about the low difficulty
that the original task represents for toddlers, experimenters made an
effort for making the task challenging enough for two-year-olds by
either increasing the delay [23], or including additional possible
locations and introducing some means actions necessary to retrieve
the toy from a special device [24]. Despite these modifications, the A-
not-B a task does not demand too much cognitive flexibility for
children older that 24 months, not being sensitive enough for
measuring individual differences in flexibility beyond this age [25], and
some evidence suggests that the reverse categorization task [26] may
be a better choice for toddlers. In the reverse categorization task,
children have to classify a number of blocks according to its size: big
blocks in a big bucket, small blocks in a small bucket. After sorting a
number of blocks according to this simple rule, the sorting rule is
reversed and children are asked to put big blocks in the small bucket
and small blocks in the big one. Errors after changing the rule,
similarly to errors in the A-not-B task, indicate low flexibility.

As we mentioned in the previous section, there are some studies
that have observed the ability of infants to detect errors. A recent study
has also investigated error detection in 16-18 months old toddlers
using a novel paradigm in which children observe animal puzzles
being completed on the screen either in a correct or in an incorrect
way [27]. The study shows that toddlers’ brain activity increases in
response to errors, showing an ERN-like component with a burst of
oscillatory activity in theta (4-7 Hz) range. Interestingly, results also
show that the amplitude of toddlers’ brain response to errors is
partially predicted by socio-economic status of the family, suggesting
an important vulnerability of the executive attention network to early
experience.
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The ability to resolve cognitive conflict can also be examined at this
age. Diverse authors have ideated different Stroop-like conflict tasks
that are suitable for toddlers. Kochanska et al. [28] in their shape-
stroop task employed a set of three cards depicting three different
fruits. Fruits are represented in both big and small sizes in a way that
small fruits are embedded inside the picture of a different big fruit
(e.g., a card with a small banana inside a big apple). Children are asked
to point to a particular small fruit (e.g., the small banana). A card with
the same fruit the experimenter asks for but in the large size, is placed
next. Toddlers have to inhibit the prepotent response of pointing to the
big fruit, which is more prominent, and search for the small one.
Another example of an adapted Stroop paradigm for children of this
age was provided by Hughes and Ensor [29]. These authors created the
baby stroop task in which toddlers are required to feed a mummy doll
with a “baby” spoon and a baby doll with a “mummy” spoon. Children
have to manage the incongruence between doll size and spoon size and
avoid the natural tendency of pairing objects by size.

Gerardi-Caulton [30] also adapted a conflict paradigm, the spatial
conflict task, for use with toddlers. This task is based on the Simon
effect, which refers to a delay in reaction time (RT) usually found when
the mapping between the stimulus location (either left or right) and
the response hand is inconsistent. Unlike the previously described
tasks, Gerardi-Caulton’s adaptation of the spatial conflict task provides
a RT-based measure of conflict, and it is normally performed in a
touch-screen device. In the toddler adaptation of the task, children are
told to select the response button matching a target stimulus’ identity,
usually a funny cartoon representing an animal. Response buttons,
which represent “houses” of two different cartoons (e.g., a bunny and a
turtle), are located either on the right or left of the screen and the
target appears either just above the matching response (e.g. a bunny
appears just above the bunny house; spatial compatible trial) or in the
opposite side (e.g., a bunny appears just above the turtle house; spatial
incompatible trial). As in the adult version of the task, incompatible
trials are responded with higher proportion of errors and slower
reactions times. Also, a conflict index can be calculated by subtracting
percentage of errors or RT in compatible from incompatible trials. The
greater the conflict effect the poorer efficiency of EA inhibiting the
dominant but incorrect response tendency.

Measuring behavioral self-regulation also becomes easier from the
second year of age on. Self-regulation tasks characteristically involve
suppressing impulses towards some appetitive stimuli. Both the snack
delay and gift delay tasks are part of the inhibitory control battery
developed by Kochanska, et al. [28], and are frequently used measures
of behavioral self-regulation. In the snack delay task, the experimenter
locates a tempting snack (usually a cracker) under a transparent cup
and asks children to wait until s/he rings the bell before taking the
snack. In four consecutive trials the delay to the ring of the bell is
progressively increased from 5 to 20 seconds. Children who patiently
wait during the entire trial and do not make gestures as to approach
the snack get the maximum score, whereas eating the snack or even
touching it before the experimenter rings the bell cause lower scores.
On the other hand, the gift delay task measures the ability of children
to override the impulse of opening a wrapped gift. In this task, the
experimenter gives a wrapped gift to children but leaves the room for
some minutes with the excuse of looking for a bow to put on it. The
experimenter asks the child to wait while s/he returns without opening
the gift. As in the snack delay task, being unable to wait and peeking
the gift is indicative of poor self-regulation.

Finally, another task measuring self-regulation in toddlers is the so-
called walk-in-a-line-slowly [31]. In this task, toddlers have to inhibit
the impulse of walking without any restrictions. Children are asked to
walk toward their mum following a line painted in the floor as slow as
possible. The time that children spend on walking along the line is
registered. A child who typically fails in this task normally runs right
toward the mum, not necessarily following the line.

Reviewed tasks constitute good examples of the efforts researchers
made to address EA development in early years. Developing sensitive
measures of EA suitable for infants and toddlers is still a big challenge.
Much work remains to be done with regard to the validation and
reliability of these tasks as early measures of EA. Infants and toddlers’
limited motor and verbal comprehension skills call for designing
relatively simple experimental paradigms that seem not to represent
high EA demands. Furthermore, some tasks rely on children’s ability to
learn about contingencies, making unclear whether individual
differences in performing these tasks are completely attributable to
differences on executive skills. Future studies may try to disentangle
the processes involved in particular tasks and examine which are the
ones most directly associated with performance of well-established EA
tasks later in development.

Development of Executive Attention during Infancy
and Toddlerhood

Early development of the EA network
For many years, the study of executive functions was limited to

older children and adults due to the belief that brain structures in the
prefrontal cortex subtending this function did not become functional
until later developmental stages [32]. Thanks to the introduction of
neuroimaging technology together with novel child-appropriate
methods in developmental research, we currently know that the
development of executive skills occurs much earlier than was
previously thought [33].

EA brain networks are present in infants by term, including fronto-
parietal and cingulo-opercular circuits, which already show a
connectivity pattern that in some aspects is similar to that observed in
adults [34]. The development of brain networks occurs throughout a
segregation-integration process in which short-range connections
decrease within the network whereas longer-range connections
between distant brain regions increase with age [35,36]. There is some
evidence that this process is already taking place in neonates and is
explained by both synaptic pruning and the myelination of white
matter [37]. Particularly, the first two years of life may be key for the
development of the EA network. A rapid exponential myelination
growth takes place over frontal areas about the 6th month of life [38].
Cortical grey volume also increases substantially in the first two years
of life, with a faster growth of frontal structures during the second year
of age [39,40]. There is also an increment in the thalamo-cortical
connections during the first two years of life that has been related to
toddlers’ working memory skills and general cognitive development
[41]. These structural changes correspond to the restructuring of the
network configuration, leading to more efficient and stronger
connections that has been also related to a general increase in the
modularity of the different brain networks in toddlerhood [37].

Apart from the structural changes within the EA network, studies
utilizing electroencephalography (EEG) suggest that this network
becomes functional during the first year of life. EEG and event-related

Citation: Conejero A, Rueda MR (2017) Early Development of Executive Attention. J Child Adolesc Behav 5: 341. doi:
10.4172/2375-4494.1000341

Page 4 of 10

J Child Adolesc Behav, an open access journal
ISSN: 2375-4494

Volume 5 • Issue 2 • 1000341



potentials (ERP) provide direct measures of the neural activity with
great temporal resolution, which has been used to investigate
functional developmental changes of brain circuits. Studies about the
early development of functional brain activity usually report a negative
ERP component in fronto-central areas over the scalp labelled Nc
(Negative central), which is observed about 350–650 ms after a
stimulus onset, and appears to have a source or activation in the ACC
[42]. This ERP component has been widely investigated in the field of
early development of attention as can be observed from a few weeks
after birth [43]. Larger amplitudes of the Nc are thought to reflect
attention engagement because its amplitude increases in response to
novel stimuli [44], incongruence [45] or during attentiveness periods
[46].

Earlier in this article, we alluded to a negative component named
ERN that has been generally described between 100-200 ms over the
frontal midline being associated with error processing in adults [47].
This ERP component can be observed not only after the commission of
errors, but also in response to perceived errors or even in the absence
of awareness about perceiving the error [48-55]. As we previously
mentioned, a fronto-central negative component comparable to the
adults’ ERN is also observed in infants and toddlers [21,22,56,57]. In
all these studies, infants and toddlers’ brain responses were
functionally equivalent to that observed in adults in the same
experimental paradigm with the only difference that babies’ ERP
effects occurred later (about 350–650 ms) and were more extended in
time. This ERN-like component observed in infants and toddlers is
seen as a precursor for the later adult ERN, being associated with the
activation of the ACC [51] the main node of the EA brain network.
This suggests that the EA network is already functional as early as by
the end of the first year of life.

The study of brain’s oscillatory activation in different frequencies,
particularly in theta band, has also provided a useful tool for
understanding infants’ EA development. Theta band comprises
frequencies in a range between 4–7 Hz and has been related to
cognitive control [52]. Recent research suggests that frontal theta is an
important mechanism supporting changes in white matter fibbers.
Evidence from animal and human studies show increases in
myelination and connectivity following bursts of frontal theta that are
mediated by activation of the protease calpain [53]. Frontal theta
activation in young children may thus be an important mechanism
promoting the development of optimal structural connections between
regions within the EA network. Indeed, there is an increase in theta
power during infancy that might underlie the development of cortical
pathways associated with the shift from the primarily exogenous to the
more internally controlled attention observed by the end of the first
year of life [55,56]. As mentioned earlier, a recent study investigating
neural mechanisms of error detection in toddlers found a significant
increase of frontal theta power associated with the processing of errors,
suggesting that evoked theta power may also serve as a neural marker
of early EA skills [27].

In summary, brain circuits underlying the executive control of
attention start to be functional from very early on. Of course, this does
not mean that we are not to expect great further functional and
structural changes of the EA network later in development. On the
contrary, the development of the EA network follows a protracted
trajectory that extends throughout childhood well into adulthood.
However, important changes in brain structure and function support
the observed cognitive and behavioral changes occurring during the
first three years of life. Studies investigating the development of

prefrontal structures in early years rarely extend beyond the second
year of life. Further longitudinal studies exploring brain development
throughout the life-span may serve to understand the importance of
brain changes during infancy and toddlerhood for future brain
development. Including cognitive measures may also help establishing
a relationship between brain structural and functional changes and
maturation of EA skills.

Development of executive attention: behavioral evidence
Along with the development of the EA brain network in the first

years of life there are improvements in the ability of infants and
toddlers to control attention. There is some evidence suggesting that
primary mechanisms of attention control start to develop from early
infancy. At about the third-to-forth month of age, babies already show
some endogenous control of attention [56]. Before that age, babies’
attention is considered as essentially reactive, responding preferentially
to exogenous events and relying in low-level arousal mechanisms [57].
In line with this form of attention, young infants commonly show
difficulties disengaging attention from objects, even after they become
uninteresting or boring [58]. This phenomenon has been labeled as
“obligatory attention” or “sticky fixation” and is explained as a result of
the prominent role that the superior colliculus, a sub-cortical structure
involved in visual attention, may have in the reallocation of attention at
this age [59]. The voluntary control attention may require the
maturation of prefrontal brain structures with the potential to inhibit
the colliculus, such as the frontal eye fields, which might facilitate the
disengagement of attention from already explored objects. By 3 months
of age, babies are able to disengage attention from a central stimulus
[60], significantly diminishing the time they need to disengage
between 4 and 6 months of age [61]. Infants from 6 months of age
regulate their attention differently according to whether the stimuli are
boring (habituating more rapidly) or engaging (increasing the time
they expend looking at it), also reflecting an initial endogenous control
of attention [62].

Another early indicator of EA in infancy is the ability of infants to
deploy attention according to internal expectations or task goals. By 4
months of age, infants learn to anticipate their attention to the location
in which a particular stimulus embedded in a fixed sequence will
appear [63]. This is thought to reflect EA given that it requires
orienting attention voluntarily toward a particular location according
to a repeated sequence of locations. Anticipating the location of the
upcoming stimuli requires monitoring the sequence of locations,
which in adults has been shown to depend on attentional resources. In
fact, the proportion of anticipatory looks that babies produce during
the task is associated with genes that regulate the levels of dopamine in
frontal brain structures related to EA network [64]. Another piece of
evidence indicating the early development of attentional inhibition
during the end of the first year of life comes from studies showing that
9 months old infants are also able to inhibit attention to irrelevant
stimuli that try to distract them from a target stimulus in the so-called
freeze-frame task [16].

About the end of the first year of life children become more flexible
at both cognitive and behavioral levels. By this age, infants performing
the A-not-B task are able to inhibit searching for a toy in the location
in which the toy was initially hidden and learn to retrieve it from a new
location [23]. Similarly, 7-months olds can redirect attention from a
previously rewarded location (e.g., with an animated cartoon) to a new
one [17]. Further improvements in attention flexibility are observed in
the performance of the detour-reaching task at this age [23]. Babies are
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able to inhibit directly reaching a toy presented in a transparent box
(open by only one side) to detour the box and retrieve the toy by the
open side instead.

During toddlerhood, the development of EA capabilities becomes
more apparent. By two years of age, children are able to overcome a
more sophisticated version of the detour-reaching task that requires
performing a means-action before they can reach the desired object
[65]. The enhancement in EA also results in improved performance in
a set of executive function tasks that children failed before that age,
such as a multiple hiding locations in the A-not-B task or the
forbidden toy task [66]. All these changes in EA are accompanied with
an increase in self-regulation skills. Infants self-regulatory strategies
are focused on reducing reactivity levels and mainly rely on the use of
simple mechanisms to reduce distress such as disengagement of
attention and distraction (e.g., looking away from distressful stimuli)
and self-comforting [67]. However, toddlers not only try to regulate
their reactivity levels but also try to self-regulate actions in order to
behave according to goals and social demands. This means that
toddlers potentially can adjust their behavior to follow simple rules,
first with some external help (caregivers guidance), but later, about two
years of age, becoming more independent and self-regulated as long as
their inhibitory control capabilities get more efficient [68].

Later, between the second and the third year of life, children become
more and more competent in resolving cognitive conflict. Using the
child-friendly version of the spatial conflict task described earlier,
Gerardi-Caulton [30] compared performance of children of 24, 30 and
36 months of age. Children’s proficiency resolving spatial conflict
increases with age within this are range, first by making fewer errors
and then by resolving the cognitive conflict faster.

Between the second and third years of age children become
increasingly skilled in inhibitory control and attention flexibility. At
two years of age, children are able to switch between different rules in a
simplified version of the dimensional sorting task that includes only
distracting information (e.g., a target stimulus does not match with the
distractor stimuli in any relevant category, either shape or color)
instead of conflicting information (e.g., the target stimulus match with
a distractor in a relevant category) [69]. It won’t be until the third year
of life that some children will be able to complete the original
dimension card-sorting test, although they still make a big proportion
of perseverative errors [70]. It has been shown that children who
perform better activate prefrontal areas to a greater extend than
children performing poorer during the task [71].

In parallel to enhancements in inhibition and conflict resolution,
there are significant improvements in self-regulation between the
second and the third year of age. Whereas self-regulation in don’t
contexts (that is, when children are required to inhibit certain
behavior) seems to develops more rapidly, the increase in the ability to
in self-regulate in contexts where children are required to sustain an
unpleasant activity is specially noticeable between the second and third
year of life [68].

All in all, during the first three years of life, huge changes are
observed in the ability of children to resolve different EA-related tasks
that reflect the development of the EA network. Over the next section,
we discuss how individual differences in the early development of EA
may predict later EA skills and related outcomes.

Early signs of Executive Attention as a Predictor of
Developmental Outcomes

Increasing research indicates that EA plays a key role in children’s
social adjustment and academic performance [72], being also affected
in a range of developmental disorders such as autistic disorders or
ADHD [73]. Therefore, the early detection of EA deficits is going to be
important for prevention and early intervention. Nonetheless,
longitudinal studies from infancy and toddlerhood that extend over
childhood are relatively scarce. In the following lines, we review studies
that have tried to examine the predictive power of early measures of
EA.

Early predictors of EA
Some early measures of attentional processes may be indicative of

later EA skills. One of these measures is the duration of infants’
attention fixations when encoding a stimulus. According to the
duration of attentional fixations, infants can be divided in two different
attentional styles: short-lookers and long-lookers. Shorter fixations are
thought to reflect a more efficient cognitive processing. In fact, long-
lookers usually have more difficulty in disengaging attention compared
to short-lookers [74]. Infants classified as short-lookers by 5 months of
age also exhibit better EA skills (e.g., inhibitory control, attention
flexibility, conflict resolution) than long-lookers by 2, 3 and 4 years of
age [75]. Further, the duration of fixations at 7 and 12 months of age
also predicts shifting and working memory skills at 11 years of age
[76]. Likewise, shorter duration of fixations during infancy is related to
better inhibitory control in adolescence [77]. Overall, although not a
direct measure of EA, duration of fixations seems to be a quite reliable
predictor of EA development.

Similarly, attention focusing in infancy has been associated with
later development of EA. Infants’ levels of focused attention in a free-
play context are associated with less distractibility by 4 years of age
[78]. A more recent study found that sustained attention of children
during free play at 12 month of age also predicts both children’s
attention flexibility in the A-not-B task and effortful control by 2 years
of age [79]. Additionally, focused attention by 9 months of age predicts
inhibitory control (measured with a battery of behavioral tasks such as
the snack delay task) by 24 months, although no longer predicts
inhibitory control later, by 33 months of age [28].

Early individual differences in inhibitory control also predict later
EA. Holmboe, et al, [16] found that the ability of children to resolve
cognitive conflict in a spatial conflict task at 2 years of age is predicted
by their ability to inhibit attention to distractors at 9 months of age.
Interestingly, they also showed that infants who differentially inhibit
attention depending on the interest of the target (i.e., infants who
inhibit attention to distractors in a greater proportion when engaging
targets are presented compared to boring targets, reflecting a more
endogenous control of attention) are the ones that resolve spatial
conflict more efficiently later by 2 years of age. Similarly, toddlers who
demonstrate greater inhibitory control skills by 14 months of age,
waiting longer to touch a toy that they were asked not to touch, also
show better general EA skills at 17 years of age [80].

Early executive attention in relation to social and behavioral
adjustment

Early measures of EA in infancy and toddlerhood can also serve as
early indicators of later social outcomes and behavioral adjustment,
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predicting academic competence and psychological well-being. It has
been shown that the habituation rate at 4 months of age accounts for
higher intelligence at 18 months and 8 years of age, as well as for less
behavioral problems by 3 years of age and greater academic
achievement at 14 years [81]. This is explained in terms of a system of
cascades in which early attention development would have an indirect
effect on academic outcomes at 14 years of age, as it would be mediated
by intelligence and the reduced presence of behavior problems during
childhood. In line with these results, it has been shown that selective
attention at 7–12 months of age predicts general intelligence and
academic achievement at age 21 years [82].

Researchers have also observed that toddlers’ “hot” and “cool”
executive control skills might predict different developmental
outcomes [83]. Hot executive control refers to regulation that occurs in
emotional arousing contexts or highly motivating situations (e.g., resist
eating a tempting snack), and is closely related to self-regulation. In
contrast, cool executive control refers to attentional control exerted in
order to select stimuli in the presence of distractors, or responses in the
presence of more dominant courses of action in neutral contexts.
Mulder and colleagues found that cool executive skills (e.g.,
performance in a visual search task or working memory tasks) at 24
months of age predict academic performance and less behavioral
problems at age 3 years, whereas hot executive skills (e.g., performance
in the snack delay) predicted reduced rates of behavioral problems.
Thus, although related, hot and cool executive control might have
similar but separate developmental courses from very early on.

Early executive attention deficits and developmental
disorders
The just reviewed longitudinal data suggest that measuring EA in

infancy might be useful for the early detection of risk for deficits in EA
and developmental disorders. It has been shown that children
diagnosed with autism show difficulties to disengage attention [84].
Longer latencies to disengage are associated with the higher risk of
developing autism by 3 years of age [85]. However, before 12 months of
age seems too early to forecast the later development of autism with
this task because only children with impairments in disengaging
attention at the end of the first year of life who continue to show these
impairments during the second year were later diagnosed with autism
[86].

Also, there is some evidence showing that the duration of attention
fixations in infancy significantly predict hyperactivity-inattention
symptomatology. Infants classified as long-lookers show a greater
proportion of hyperactivity-inattention symptoms between 3 and 4
years of age [87]. Likewise, sustained attention between the first and
the second year of life is also a predictor of hyperactivity symptoms
observed at 3 years of age [88-101]. These results suggest that
individual differences in the development of attention may serve to
detect attention deficit disorders as early as by infancy, such as autistic
spectrum disorders or attention deficit disorders. Measuring early
indicators of executive processes in infancy and toddlerhood can help
to identify first signs of alterations in EA. This may also promote
prevention by facilitating targeted interventions starting as early as the
first year of life. However, existing research mostly involves small
sample sizes, and their conclusions very often rely on correlational
analyses. Future studies will benefit from increasing sample sizes in
order to get higher statistical power, performing appropriated
statistical analyses for establishing the predictive value of early
measures of EA, exploring developmental trajectories by means of

longitudinal researches, and testing a-priori theoretical models (e.g.,
structural equation modeling, multilevel regression analyses).

Conclusions
Although most the investigation has focused on studying the

development of EA from the preschool years onwards, increasing
research shows that it is possible to study EA from earlier in
development. First signs of EA are already observable from the first
year of life. Also, research in the field of cognitive neuroscience is
showing that the EA network is functional as early as form infancy.
Structural changes undergoing in the prefrontal cortex during the early
years are in fact related to the development of EA skills over infancy
and toddlerhood. There is also a growing body of literature aiming at
predicting later EA and related developmental outcomes, including
longitudinal research on the development of EA functions and its
implication for later academic achievement, social adjustment, and
different developmental disorders.

Despite the rising interest on the development of EA in the first
years of life, available research is relatively limited. In the last years, an
increasing number of studies adopt longitudinal approaches to address
cognitive development. However, there are still few age equivalent
measures that could be used from infancy onwards. The development
of age equivalent measures for the different EA processes (i.e., conflict
processing, inhibitory control, switching) would be necessary in order
to expand our understanding of individual differences in
developmental trajectories of EA. Furthermore, exploring more robust
and adjusted statistical methods to analyze data, together with the
increase of sample sizes may lead to stronger models predicting EA
development.

Research on the early development of EA has important practical
implications. Developing reliable tools to predict the development of
executive attention from infancy is key to the early detection of
difficulties involving EA. Future research including children at risk for
diverse developmental disorders is likely to provide insights for the
identification or early signs of dysfunctions in EA, which would allow
an earlier start of interventions to prevent or palliate EA-related
disorders. Besides, more extensive longitudinal research would be
needed to examine individual differences in developmental
trajectories. This type of research will very likely help to identify not
only individual profiles of children at risk of EA difficulties, but also
the constitutional (i.e., temperament, genes, gene x environment
interactions) and environmental factors that may serve as protective
factors for the optimal development of this fundamental cognitive
function.
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