
377

Emergencia y desarrollo cerebral de las funciones ejecutivas

REVIEWS

INTRODUCTION

The term «executive functions» (EF) has traditionally
been considered as synonymous of «frontal lobe func-
tions», since frontal lobe disease, mainly in dorsolateral
prefrontal region, is frequently associated with an altera-
tion in them. However, this relationship is not biunivo-
cal. Thus, there are patients with posterior lesions that
also cause problems in EF task execution1. 

In the same way, although there is a strong relationship
between frontal lobe maturation and EF emergence 
during childhood and adolescence2-5, this relationship is
also not biunivocal. Thus, it has been suggested that EF
development does not exclusively depend on prefrontal
cortex maturation, but also on maturity and integrity of
other brain regions, this being both cortical as well as
subcortical6, and of the efficient interaction between
these and the prefrontal cortex7-8. 

FRONTAL LOBE DEVELOPMENT

Frontal lobe anatomic development

After birth, a series of maturative processes shape
and give form to the fine anatomy of the infant’s brain6

Summary

Development of executive functions (EF) during
childhood and adolescence is closely related to frontal lobe
maturation and its connections with other cortical and
subcortical structures. The main maturative processes are
myelination and synaptic pruning, both of which work on
the brain following a hierarchical model. Different studies
agree with the fact that EF emerge at the age 
of 6 years. However, these studies have used complex
neuropsychological tests, which require appropriate
functioning of several cognitive functions. This is why
differential development of different EF components cannot
be observed. To do so, other studies have designed simpler
tasks, which only need active maintenance of information
and inhibition, both basic functions for the appropriate
execution of more complex EF tasks. When these simple
tasks are used, an early appearance of EF can already be
noticed at the age of 12 months, and there are important
advances between the third and fifth year. Consequently, the
idea of the frontal lobe being «functionally silent» until
adolescence seems definitively discarded.
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Resumen

El desarrollo de las funciones ejecutivas (FE) durante la
infancia y la adolescencia guarda una estrecha relación
con la maduración del lóbulo frontal y de sus conexiones
con otras estructuras corticales y subcorticales. Los
principales procesos madurativos son la mielinización y la
eliminación sináptica selectiva (o poda sináptica), que
actúan sobre el cerebro siguiendo un modelo jerárquico.
Distintos estudios coinciden en señalar que las FE emergen
evolutivamente a los 6 años de edad. Sin embargo, estos
estudios han empleado tests neuropsicológicos complejos 
que requieren un adecuado funcionamiento de varias
funciones cognitivas, por lo que no permiten apreciar el
desarrollo diferencial de los distintos componentes de las FE.
Para ello otros estudios han diseñado tareas más simples
que únicamente necesitan un mantenimiento activo de la
información e inhibición, funciones que se consideran
básicas para la adecuada ejecución de tareas más
complejas de FE. Utilizando estas tareas simples se pueden
observar inicios de FE ya a los 12 meses de edad e
importantes avances entre los 3 y los 5 años, por lo que la
idea de que el lóbulo frontal es «funcionalmente silente»
hasta la adolescencia parece definitivamente desechada.
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(table 1). These processes are twofold: progressive and
regressive. The progressive phenomena refer to cellular
proliferation, dendritic arborization and myelination,
while the regressive phenomena would mainly be neu-
ronal death (apoptosis), which means regression of den-
dritic spines and synapsis, and selective synaptic elimi-
nation or synaptic pruning9. The two events that are
considered maximum responsible for the brain matura-
tion process are myelination and synaptic pruning. It has
been suggested that both processes could co-occur in
development, so that the space that becomes vacant as a
consequence of the decreased synaptic density may be
occupied by myelin4. These two phenomena have 
been related with, and are consistent with, the changes
observed in magnetic resonance (MRI) studies in the cere-
bral white matter (myelination) and gray matter (synaptic
pruning)4.

Progressive phenomena: myelination

Myelinization greatly contributes to the improvement
of brain functionality, since it produces an increase in
nerve impulse conduction rate15.

As we will comment on later, the maturative proces-
ses do not act simultaneously in all the brain regions, but
follow a hierarchical model, in which the projection 
areas mature before the associative ones8,11. Thus, the last
areas to acquire a «myelinated appearance» in the MRI
are the white matter of the frontal, parietal and occipital
lobes, which can be seem at 8-12 months14. During the
course of the development, an increase has been obser-
ved both in volume as well as myelination of the white
matter14,16,17. In the frontal lobe, the amount of white
matter increases linearly from 4 to 13 years16, although
its myelination process and that of other association are-
as, such as the temporal and parietal regions, are not to-
tally completed even until adult age8.

Possibly, myelination plays a crucial role in the deve-
lopment of EF in the infant. These functions do not ex-
clusively depend on the correct functioning of the pre-
frontal cortex. Rather, we should consider the prefrontal

regions as one more step in a circuit that involves both
cortical as well as subcortical regions7,18,19. Thus, EF deve-
lopment in the infant depends not only on specific brain
region maturation (i. e., prefrontal cortex) but also on con-
nection maturation (i. e., myelination) between them7,8.

Regressive phenomena: synaptic pruning

During childhood, a polyneural innervation pheno-
menon is observed, that is, there are more synaptic con-
nections than in the adult20, but not all of them are func-
tional. Thus, pruning is necessary to selectively elimina-
te the less relevant synapses. Therefore, those synapses
that repeat will be maintained («neurons that fire toge-
ther wire together»), while those that do not repeat will
be eliminated21. In layer III of prefrontal cortex, the 
pruning process is continuous from 5 to 16 years of age,
which is reflected in a decrease of synaptic density11. De-
crease in synaptic density has been related with changes
in the gray matter that is observed during childhood and
adolescence22.

According to Giedd et al.16, the frontal gray matter vo-
lume increases until adolescence, where it reaches its
maximum, and after which it decreases. However, So-
well et al.4 observed a reduction in gray matter density,
both in the posterior parietal cortex as well as in some
frontal regions, even during childhood and adolescence.
During the post-adolescent period, they observed a sta-
bilization of these changes in the parietal cortex while
the loss of gray matter continues in the superior frontal
gyrus. Several authors coincide in mentioning that late
decrease of the gray matter during adolescence is charac-
teristic of the parietal and frontal regions4,22,23. Specifically,
an even later development, which is prolonged to adult
age, is produced in the dorsolateral prefrontal cortex4.

Thus, it seems that synaptic pruning is also a funda-
mental process in the infant’s cognitive development. 
Sowell et al.24 have observed that there is a relationship
between these changes in the frontal gray matter and the
cognitive task performance course from 7 to 16 years 
of age.
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TABLE 1. Maturative processes in frontal lobe

Neurons

Number Maximum at 2 years Rakic, 198810

Density Maximum at birth Huttenlocher, 197911

Rapid decrease 0-6 months
Slow decrease 2 years-maturity

Dendritic arborization Until 7 years, at least, in middle frontal gyrus Huttenlocher, 199012

Synaptic development

Synaptogenesis (synaptic density) Maximum at 12 months Huttenlocher, 197911

Gradual decrease until 16 years
Synaptic pruning Until 20 years in middle frontal gyrus Huttenlocher, 199413

Myelination «Myelinated appearance» at 8-12 months Paus et al., 200114

Continuous during the second decade of life Klinberg et al., 199915
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Frontal lobe functional development 

It was initially thought that the frontal lobe was «func-
tionally silent» during childhood, so that the functions re-
lated with it could not be evaluated until the second de-
cade of life6. The first studies that demonstrated the exis-
tence of frontal metabolism in earlier moments of deve-
lopment were those performed by Chugani and
Phelps25,26 with positron emission tomography (PET).
These authors observed that there was an increase in the
local cerebral metabolic rate for glucose in the lateral pre-
frontal cortex at 6 months of age and in the medial pre-
fontal cortex at 8 months of age. The metabolic pattern
was similar to that of the adult brain at 12 months of age26. 

The local cerebral metabolism for glucose in cortical
regions increases from birth to 2 years, an age at which
it reaches the adult levels. After this, it continues to in-
crease until 3 or 4 years, moment in which it presents
maximum metabolic rates, approximately 2.5 times gre-
ater than those of the adult brain. This high rate is main-
tained until approximately 9 years of age, when it begins
to decline until returning to the adult levels, which it 
reaches during the second decade of life25. There is no sin-
gle explanation for this increase in energetic demands
during development. Two explanations that are not ex-
clusive have been proposed, since each one of them is
related with one of the two types of previously mentio-
ned phenomena: progressive and regressive phenome-
na. The explanation referring to the progressive pheno-
mena proposes that the greater metabolic rate during de-
velopment is due to excessive fuel expenditure by oligo-
dendroglias during the myelination process. The second
explanation, referring to the regressive events, proposes
that the synapsis excess existing during development
means that there is a greater metabolic rate, that is ne-
cessary to maintain the membrane potentials26,27. Thus,
as the synaptic density decreases, as a consequence of
the pruning process of the irrelevant connections, the
metabolic needs should also decrease. In fact, the mar-
ked decrease observed in metabolism during adolescen-
ce co-occurs with the reduction of the gray matter den-
sity observed during this same period. 

Hierarchical model of brain development 

Not all the brain regions develop at the same time.
Rather, the progressive and regressive maturation phe-
nomena follow a hierarchical model, acting first on the
projection areas and then on the association ones8,11.
Thus, the prefrontal cortex, together with the supralim-
bic region (parieto-temporal associative areas) are the
last areas to complete their development8.

In addition to there being a hierarchy in development,
we could consider that the brain is also hierarchically or-
ganized. Within this hierarchy, the prefrontal cortex
would be one of the structures that maintains the most
connections with the remaining cortical as well as sub-
cortical regions28. Thus, the development of the «frontal»

or executive functions would not only depend on the
prefrontal cortex maturation but also on the integrity
and maturity of all the brain areas from which it receives
inputs2,6,8. 

EMERGENCE AND DEVELOPMENT 
OF EXECUTIVE FUNCTIONS

Definition of executive functions

The first step in the study of EF development should
be its conceptualization. However, this issue is not easy
since there has been no agreement on the definition of
the term up to now1. Most of the EF definitions list a se-
ries of cognitive processes that are supposed to be «exe-
cutive». These are cognitive flexibility, goal selection,
planning, monitoring, feedback use, problem solving,
formulation of abstract concepts, self-control and self-
consciousness29, among many others. In fact, the EF
term has become a «conceptual umbrella» since all those
functions that are considered «upper order» have been
included in it. This lack of specificity of the term has ma-
de it lose all operativeness1.

One of the debates of present interest in the study of
executive functions is that referring to the unity or di-
versity of executive functions. In a recent up-dating on
the question, Miyake et al.30 evaluated the relationship
existing between three functions, considered basic for
the correct performance of the EF tasks: shifting between
tasks or mental set, updating and monitoring of the wor-
king memory representation, as well as inhibition of 
prepotent responses. The results show that these three
executive functions are separable constructs but not to-
tally independent, which would support both the unity
hypothesis, that defends that the executive system is
one with different components, as well as the diversity
hypothesis, according to which the central executive
is fractionated into different independent subsystems.

The questions that then arise are: what is common to
all these EF? What makes them moderately correlated
and not totally independent subsystems? According to
Miyake et al.30, there are two functions that could be the
basis of this commonalities: working memory and inhi-
bition. These two functions, besides being key milesto-
nes for adequate functioning of EF tasks, maintain a rela-
tionship between each one, so that those individuals
who has better performance on working memory tests
are also more effective to inhibit irrelevant information3.
The nature of this relationship is not clear. According to
some authors, both would depend on the same limited
capacity system, so that an increase in demands of one
of them would affect the capacity to perform the other31.
According to others, working memory would be a pri-
mary function, while inhibition would be a secondary
one32. Authors such as Barkley33,34 however, would 
defend the contrary posture. According to the model 
developed by Barkley, behavioral inhibition would be 
essential for good functioning of four EFs: working me-
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mory, internalization of speech, self-regulation of affect-
motivation-arousal and reconstitution. These four EFs ha-
ve an influence on the motor system to, finally, perform
a goaldirected behavior33.

In summary, both inhibition as well as working me-
mory seem to be basic cognitive processes for the co-
rrect performance of other functions considered execu-
tive. The study of «building-up» and evolution of inhibi-
tion and working memory in the infant could be very
useful to distinguish up to what extent these processes
are involved in executive functioning, increasing our un-
derstanding on the nature of the EFs in this way. 

Executive function development

Most of the studies performed with classical neu-
ropsychological tests agree in stating that the EFs emer-
ge at 6 years of age2. At this age, the capacity to carry out
strategic and planned behavior, a skill that has not com-
pleted its development at 12 years25,26, appears. In re-
gards to problem solving and hypothesis testing, which
in most of the studies have been assessed by execution
in the Wisconsin card sorting test (WCST), a gradual im-
provement has also been observed from 6 to 10 years,
although performance is not comparable to that of the
adult until 12 years of age37-39. Inhibition, or response
modulation, follows a similar development to that 
observed in the WCST, that is, gradually improving during
the middle childhood (6-10 years), reaching its maestry
at 12 years36,38. Verbal and designs fluency seem to be a
later function, whose development is not completed un-
til the first adolescent period (12-15 years)38,40. Accor-
ding to Welsh et al.39, there are three stages in the EF de-
velopment, at 6 years, at 10 years and in adolescence
(from 12 years on) that would be the development times
in which maturation of the different EF is consistently
observed. Table 2 shows the main functions that mature
at these ages, according to different studies.

The results obtained in these studies show that EF de-
velopment is a multistage process, that is, the functions
considered to be executive mature in different ways and
at different times, analogously to the previously mentio-
ned hierarchy in the brain development8,40.

However, these studies have an important limitation,
inherent to all study on EF. The neuropsychological tests
used to assess these capacities have a construct validity
that is somewhat questionable. The EF tasks are non-spe-
cific, since there are several executive and cognitive
skills in general, underlying their correct execution30.
Thus, some classical neuropsychological tests, such as
the WCST or Tower of London/Hanoi test (TLH), depend
on different functions for their execution, so that it is
not clear what executive function the infant has develo-
ped in order to be able to perform them. Rather, the non-
specific nature of these tasks would include the need to
develop different executive functions that are insepara-
ble in regards to the score obtained, before being able to
complete them successfully. 

Consequently, each author characterizes the nature of
these tasks with a different name, as can be observed in
table 3, in which the factorial structure of EF found by
different authors is seen. The content of the factors
found has important parallelisms, since the factors found
in the same row are made up, approximately, by the sa-
me test, while those that do not have parallelisms with
the other studies are mainly constituted by tests only
used in this study. In spite of these parallelisms in the
essence, the manners are very different, since, as can be
observed, the terms used for the description of similar
factors are quite varied38,39,41. This is especially outstan-
ding in the third factor since, although the only test in the
three studies that saturates in it is the Tower of Lon-
don/Hanoi (TLH), each author refers to it differently. This
lack of agreement in terminology is possibly the reflec-
tion of the lack of a solid conceptual framework of the EF. 

Emergence of the executive functions: 
working memory and inhibition 

As has already been mentioned, most of the studies
that have used classical neuropsychological EF tests sta-
te that the EFs appear at 6 years2. However, other studies
in which simpler tests that require basic working me-
mory and inhibition abilities have been used, mark an
earlier beginning, already finding EF rudiments in the
first year of life and important advances between 3 and
5 years. 

Development from 8 to 12 months

We could consider that the first milestone in EF deve-
lopment is object permanence, skill described by Pia-
get42. Acquiring this skill supposes that the infant is ca-
pable of creating a mental representation of the world
surrounding him/her and of maintaining this information
in his/her mind. It has been suggested that the underl-
ying function of this skill is working memory43. Its eva-
luation has been carried out by delayed response tasks,
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TABLE 2. EF that matures at 6 years, 10 years and in
adolescence, according to different studies

6 years

Simple planning Welsh et al., 199139

Simple inhibition Klenberg et al., 200140

10 years

Hypothesis testing Welsh et al., 199139

Impulse control Welsh et al., 199139

Adolescence (> 12 years)

Complex planning Welsh et al, 199139

Goal-directed behavior Anderson et al., 200141

Verbal fluency Welsh et al., 199139

Klenberg et al., 200140
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equivalent to the A-not-B task used by Piaget44, in which
an object is hidden in one of two possible location (one,
on the right; another, on the left). Some seconds after,
the infant should point to where the object has been hid-
den, which means that he/she should hold this informa-
tion in his/her mind for a few seconds. It has been sug-
gested that this task requires both holding the informa-
tion in mind (working memory) as well as inhibiting a
prepotent response (pointing to the location in which
the object was found in the previous trial). When the in-
fant searches for the object in the location in which it
was found in the previous trial, it is considered that an
«A-not-B error» has been committed, which is analogue
to the perseverative errors observed in patients with
frontal lobe damage3.

Object permanence appears at approximately 8
months and develops during the period ranging from 
8 to 12 months of age, in which 2 second increases in de-
lay time is observed each month. This period is a time of
important maturative changes in the infant, both cogni-
tive as well as cerebrally. Considering the cognitive de-
velopment timing, according to Piaget’s theory42, the in-
fant is in substage IV of sensorimotor period from 8 to
12 months. In this substage, besides the appearance of
object permanence, the infant also would acquire the ca-
pacity to coordinate means and goals, and, according to
Piaget, intelligence would appear44. It is possible that the
appearance of the capacity to coordinate means and 
goals would be one more reflection of the emergence of
working memory, since, carrying out this coordination
requires maintenance and manipulation of the internally
represented information. On the other hand, we could
also consider it the most rudimentary state of planning
and problem solving, functions considered executive,
that require an internal representation of the goals and
the means to achieve them, as well as their manipulation
and monitoring. 

During this period, a large amount of maturative chan-
ges is also produced in the infant’s brain, involving, in
great extent, the frontal cortex. As we have already com-
mented, the local cerebral metabolic rates for glucose in-
creases at 8 months in the medial prefrontal cortex, as
well as in most of the frontal cortex25. In this period, a
marked growth of length and extension of the dendritic

branches of the in pyramidal neurons layer III of the dor-
solateral prefrontal cortex is also observed and these 
reach their maximum extension at 12 months45. Given that
the cortex layer III, together with layer II, are formed by
efferent pyramidal neurons that project on other cortical
regions, their maturation could be related with an im-
provement in communication between prefrontal cor-
tex and other cortical areas. Finally, the progress in dela-
yed response task execution has been related with chan-
ges in the electrical activity pattern of the frontal cortex,
as well as in coherence of the EEG between the frontal
and parietal cortex46. This latter fact agrees with the idea
that adequate execution of working memory tasks does
not only depend on activation of local structures but
also on communication between them by the formation
of extensive neural networks7,19. Specifically, involve-
ment of a frontoparietal network in spatial working me-
mory tasks has been suggested19.

Development from 3 to 5 years

From 3 to 5 years, children experience important im-
provements in tasks that only need an active maintenan-
ce of information (working memory) and inhibition for
their performance. This type of task is known as task
switching paradigms and it has been suggested that its
performance requires, in great extent, the functioning of
the dorsolateral prefrontal cortex3. Table 4 shows some
of the task switching tests that have been used to detect
the emergence of basic executive capacities in younger
children. Since it has fewer requirements of other func-
tions than the classical EF neuropsychological tests, it
may detect the emergence of simple EF more accurately.

Different authors, using these tasks, have found that 
3 year old children have a reminiscent error of the «A-not-
B error», that is, they fail to inhibit the ongoing mental set 
and redirect their attentional focus toward the new set.
This fact may be observed in the Zelazo’s card sorting task49,50,
similar to the Wisconsin card classification task (WCST),
with exception that in the former, they are only two di-
mensions to sort: color and shape. Three year old children
are not capable of inhibiting the current perceptive di-
mension in favor of the new one, even when the exami-
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TABLE 3. Comparison of the result of principal component analysis (PCA) performed in three different studies
about EF development

Welsh et al., 199139 Levin et al., 199138 Anderson et al., 200141

Fluency and speeded response Attentional control and processing speed
Hypothesis testing Preservation/disinhibition Monitoring/planning

and impulse control
Planning (TLH) Planning and strategy formulation (TLH) Problem solving (TLH)

Semantic association and concept formation
Accuracy
Organizational abitities

Those factors with a similar content are shown in the same row. TLH: Tower of London/Hanoi.
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ner names the card according to the new dimension3. Ho-
wever, in conditional discrimination tasks, in which chan-
ge from one dimension to another is not necessary, and
thus, does not have the irrelevant dimension inhibition
component, 3 year old children do have correct execu-
tion49. It has been suggested that the dorsolateral prefron-
tal cortex activity only requires change when the atten-
tional focus must be redirected to a different dimension,
and not for the performance of changes within one same
dimension3.

After 4 years of age, approximately, children begin to
experience important progresses in this type of tasks3.
At this age, improvement in EF tests correlates with the
improvement observed in Mind Theory tests. It has been
suggested that this simultaneous advance in both types
of tasks could be related with the maturation of the fron-
tal white matter of the right hemisphere55. Approxima-
tely at this age, from 4.5 to 5 years, a growth spurt has
also been in the maturation of the EEG coherence in the
frontal lobe of the right hemisphere which, however,
has not been found in the left hemisphere56. 

In summary, the age period ranging from 3 to 5 years
seems to be a time of important brain and cognitive
changes related with the EF. According to Piaget’s termi-
nology42, the infant would go from being pre-operational
to being operational. One of the milestones that mark
this change is the acquisition of «liquid conservation», a
phenomenon that consists in the fact that a certain
amount of liquid continues to be the same regardless of
the shape of the container in which it is in. When the in-
fant acquires this skill, he/she is no longer dominated by
the more perceptually salient dimension (in this case,
the height of the container), and begins to reason in
terms of representations. In neuropsychological terms,
this change would be produced by the acquisition of
skills to maintain more than one thing in the mind and
to be able to inhibit a prepotent response tendency si-
multaneously3. Although these skills emerge in early
childhood and develop rapidly during middle childhood,
their maturation process is prolonged, also observing
progresses, although slower, during adolescence3,41. De-
velopment, although even incomplete, of the working me-
mory and inhibition skills during childhood could partially
contribute to the previously commented advances in the
EF tests, such as the WCST or TLH. A growing investigation

area is the study of brain functioning in working memory
and inhibition tasks during childhood by the use of neu-
roimaging techniques, especially functional magnetic re-
sonance (fMRI). These studies could supply complemen-
tary information on the brain structures involved in EF task
performance during childhood.

Working memory and inhibition in childhood 
and adolescence: studies with functional 
magnetic resonance

Working memory

Working memory studies performed with fMRI show
that the cerebral regions activated during the perfor-
mance of these tasks in children are basically the same 
as those activated in adults5,19,27. The differences found
between them refer to intensity of the signal more than
its site. According to Casey et al.27, activation intensity
would be two or three times greater in children. It has
been suggested that this increase in signal intensity
could be due to the fact that the task is proportionally
more difficult in children, since they would be exposed
to a greater working memory demand in comparison to
adults27. In fact, an increase in signal intensity as the me-
mory load increases has been observed in adults57. On
the contrary, in other studies, greater brain activation
has been found in adults during the performance of a 
visuospatial working memory task19. 

Another important finding is that, even though the
areas activated in children and adults are similar, there
are also small activations in other prefrontal regions in
the children, which is revealed by a more diffuse activity
pattern. This pattern could be the reflection of an im-
mature cortical organization, in which the synaptic pru-
ning process of the less functional connections has not
yet been completed27.

As we have commented, the regions activated in chil-
dren in comparison with the adults are basically the sa-
me. However, there are some differences that should be
stressed, such as the activation of the right cingulate cor-
tex in adults that does not appear in children. This lack
of activation of the cingulate cortex in children could be
related with the persistence in errors that they show in
the task execution5. 

Finally, it is important to consider that the performan-
ce of these working memory tasks does not only recruit
prefrontal regions. During visuospatial working memory
task execution, an important contribution of the parietal
cortex is also observed5,19. It has been suggested the vi-
suospatial working memory task execution does not
only depend on local computations within specific re-
gions, but also on communication between them19. In
conclusion, according to Luciana and Nelson7, adequate
use of working memory should necessarily involve inte-
ractions between prefrontal cortex and several cortical
and subcortical regions, as the associated parietal and tem-
poral regions, the thalamus, and the basal ganglia. According
to these authors, three processes participate in develop-
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TABLE 4. Tasks with a task-switching format, that
require active maintenance of information
and inhibition for performance3,55

Day-night task Gerstadt et al., 199447

Luria tapping test Luria, 196648

Zelazo card sorting task Zelazo et al., 199549

Zelazo et al., 199650

Appearance-reality task Flavell, 198651

Falvell, 199352

Theory of mind and Hogrefe et al., 198653

false-belief tasks Gopnik & Astington, 198854
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ment of working memory. In the first place, structural
maturation of the specific brain regions. In the second
place, refinement of local circuits within these regions.
It is likely the synaptic pruning participates to achieve
this refinement. Finally, extensive, large scale, neural net-
working would be formed and would integrate the inte-
ractions between different local circuits. There is the
possibility that the myelinization and maturation process
of the white matter contributes to the improvement of
communication between prefrontal cortex and different
cortical and subcortical regions underlying working me-
mory. 

Inhibition

Inhibition is not a unitary process. According to diffe-
rent authors, inhibitory control would be made up by dif-
ferent dissociable aspects. The first dissociation establis-
hes a difference between inhibition in attention and inhi-
bition in action. Inhibition in attention refers both to se-
lective attention as well as change of attentional focus
from one perceptive dimension to another. In the first, in-
hibition of attention to irrelevant stimuli is required, whi-
le in the second, inhibition of one of the dimensions is re-
quired, which would make it possible to focus attention
on the other dimension. On the other hand, in inhibition
action would include change from one response pattern
to another one and inhibition of a prepotent response ten-
dency3. There is evidence of a dissociation between the
neural circuits of both types of inhibition. Thus, in inhibi-
tion attention would recruit anterior areas of the dorsola-
teral and ventrolateral prefrontal cortex3. Regarding ac-
tion inhibition, inhibition of a prepotent response has 
also been related with activation of dorsolateral and ven-
trolateral prefrontal cortex areas, while change from one
response pattern to another would be more related with
posterior areas of the dorsolateral prefrontal cortex and
immediately posterior premotor cortex3. One of the key
processes in the change of a response pattern is the se-
lection process, which refers to the resolution of the com-
petition between different representations. According to
different authors, the left inferior prefrontal cortex would
be highly involved in this process58,59. 

According to Casey et al.18, the two inhibition in ac-
tion subtypes, change of a response pattern to another
and inhibition of a prepotent response tendency, would
be, in turn, dissociable. Thus, there would be three inhi-
bition types in all that would correspond with different
types information and/or with different of stages cogni-
tive processing: inhibition in stimuli selection (equiva-
lent to inhibition in attention), in the response selection
(change from one response pattern to another) and in
response execution (inhibition of a prepotent response
tendency). There is evidence of dissociations between
these three inhibition types in children with different di-
seases. Thus, for example, children with attention-deficit
hyperactivity disorder (ADHD) would not show problems
in inhibition in response selection, but would show it in

the selection of stimuli, which has been related with dis-
tractibility symptoms, and in response execution, related
with impulsiveness symptoms18,33. 

Finally, it is important to take into account the contri-
bution of Barkley33. According to him, behavior inhibi-
tion, equivalent to inhibition in action, would be made
up of three interrelated processes: inhibition of a prepo-
tent response for a stimulus, capacity to stop an answer
underway, that would permit a delay period to decide
what answer to give and, finally, protection of the delay
period and of the self-directed responses of stimuli and
competitive responses, which is known as interference
control, that has been widely studied under the Stroop 
effect paradigm. 

Studies on inhibitory control performed with fMRI
show inconsistent results, which may be partially due to
the fact that different types of behavior inhibition have
been studied60. For these studies, mainly two types of
tasks have been used. On the one hand, go/no-go tasks,
that require inhibition of a prepotent response tendency
before it is begun61 and, on the other, stop-signal tasks,
that require inhibition of an ongoing response, once it
has already begun62. 

Casey et al.61 show that, during the performance of a
go/no-go task, the same cerebral regions are activated,
both in children and in adults. These are the orbitofron-
tal cortex, the right anterior cingulate cortex, the middle
frontal gyrus (MFG) and the inferior frontal gyrus (IFG).
Differences between children and adults lie in the activa-
tion volume, which is greater in MFG and IFG in children.
Other authors, however, using this same task, have found
that activation is greater in the middle frontal gyrus
(MFG) and superior frontal gyrus (SFG) of the left he-
misphere in children, while it is greater in the IFG of the
left hemisphere in adults60. On the other hand, during the
performance of stop-signal tasks, differences in the re-
gions activated on the basis of age have been observed.
While IFG activation of the right hemisphere and cauda-
te nucleus of the same hemisphere has been seen in ado-
lescents, there is greater activation of the IFG of both he-
mispheres and the MFG of the left hemisphere in adults. 

It is not clear what these activation differences bet-
ween children and adults are due to. In some cases, they
show greater activation volume of the prefrontal regions
in children, while in others, they show lower activation
in comparison to adults. In the same way as for working
memory, it has been suggested that the more extensive
activation found in children would reflect a diffuse acti-
vity pattern, possibly due to inefficient recruitment of
the brain regions involved. As age increases, the selecti-
vity of the regions recruited would also increase, so that
there would be a greater focal activation of specific re-
gions involved in response inhibition18,60.

CONCLUSIONS

Lack of a conceptual framework of the EF is one of the
main obstacles in the study of its development. As we 
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have commented, lack of agreement on what are the EFs
and which are their main components has important re-
percussions on how to evaluate them. For this reason,
neuropsychological tests, designed, in the beginning, to
assess the effects of brain damage on cognitive func-
tions, have been used. These tests are non-specific, sin-
ce the functioning of several EF is necessary for their 
correct performance. In spite of this, these tasks are use-
ful for the purpose they were designed for, that is, to de-
termine if brain damage has affected the EFs, since, if
any of its components are altered, this would be reflec-
ted in the test score. However, the non-specificity of the-
se tasks makes them less useful when the purpose is to
study the EF evolutive emergence and development, sin-
ce it is extremely difficult, if not impossible, to relate the
test score with the acquisition of any specific EF com-
ponent. Thus, studies that use this methodology, more
than describing the development of the EF components,
describe the development of the capacity to perform
certain EF tests. Thus, for example, evolution of capaci-
ties is described as fluidness or maintenance of the set,
which, more than essential components of the EF, 
could be considered as abilities derived from their ade-
quate functioning. It is important to discriminate what
are the essential components of the EF from which are
the skills derived from them because, if not, we continue
increasing the «conceptual umbrella» of the EF.

Thus, although the neuropsychological tests are useful
for that which they were designed, they are not so useful
for the study of EF emergence and development. For this
purpose, it seems to be more useful to design simple cog-
nitive tasks that require the use of basic functions, such as
working memory or inhibition, that is believed to be in-
volved in the performance of complex EF tasks30,32.

The study of the emergence and development of the-
se capacities is a previous step for the investigation of ot-
her questions, such as, for example, what consequences
do a traumatic brin injury (TBI) that occurred during the
neurocognitive development process have on EF deve-
lopment. Before being able to understand how the de-
velopment is transformed as a consequence of an exter-
nal agent, we must know how the development process
naturally develops6. Brain damage does not have the sa-
me consequences on the mature brain of an adult person
as on the immature brain of a infant, since the latter is
continuously developing, so that we must analyze the
consequences from a dynamic approach. According to
the Dennis model63,64, after damage to a developing
brain, there is not only loss of present functions but al-
so, and what is more important, difficulty to acquire fu-
ture functions, so that the children will progressively be-
come delayed in the achievement of appropriate evolu-
tive gains for their age. They will become increasingly
distanced from what their normal development should
be. It is important to know how the pattern of normal
development during childhood and adolescence is, sin-
ce the impact of the damage will be different based on
whether the cognitive ability in question is emerging,
developing, or already established.

Considering that the EF are the last ones to comple-
te their development, it is likely that they are especially
vulnerable to early brain damage that disrupts them be-
fore they have naturally emerged. In the literature, there
are many single case reports that reflect this delayed de-
ficit of the EF after a TBI in an early moment of develop-
ment65-67. The study of the effect that early TBIs have on
the future acquisition of late maturation functions, such
as EFs, may help us to understand something more on
the normal development process, and if this follows a
hierarchical model in which EF maturation and that of
the frontal lobe play a fundamental role in the organiza-
tion and integration of the remaining cognitive functions
and brain regions68.

Finally, studying the infant’s brain, we have the op-
portunity of seeing, briefly, how human cognition has
been «built up» and its maximum phylogenetic advance:
the prefrontal cortex, which «is important for so many
divers cognitive functions and for so much of what ma-
kes us proud to be human beings»3 (p. 494).
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