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Abstract

Objective: This proposal addresses the neuropsychological characterization of dorsolateral and orbitomedial executive 
functions in children with behavioral problems, to identify the functioning level of the cognitive skills associated with this brain 
area. Materials and methods: The Latin American version of Swanson, Nolan, and Pelham IV scale was applied for the 
cutoff point of the behavioral difficulties and the Neuropsychological Assessment Battery of Executive Functions (II) with 
orbitomedial and dorsolateral scales. Sample: The sample was 71 in-school students (43 girls and 28 boys between ages 
8 and 14). Results: There is evidence of association of the group under analysis with difficulties in orbitomedial executive 
skills (in Stroop A [time], and Stroop B [time]) and dorsolateral executive skills (in Semantic Classification [time]). Conclu-
sions: The fullness and efficacy of executive functions dependent on the dorsolateral cortex will depend on the maturity and 
development of the orbitomedial cortex.
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Estudio piloto: Asociación neuropsicológica de funciones ejecutivas de tipo 
orbitomedial y dorsolateral en niños con problemas de comportamiento

Resumen

Objetivo: Esta propuesta aborda la caracterización neuropsicológica de funciones ejecutivas de tipo dorsolateral y orbito-
medial en niños con problemas de comportamiento, para identificar el nivel de funcionamiento de las habilidades cognitivas 
asociadas con estas áreas del cerebro. Materiales y métodos: Se aplicó la versión latinoamericana de las escalas Swanson, 
Nolan y Pelham IV, para evaluar las dificultades de comportamiento y la batería de funciones ejecutivas de evaluación neu-
ropsicológica (II) para examinar las áreas orbitomedial y dorsolateral. Muestra: La muestra fue de 71 estudiantes escolares 
(43 niñas y 28 niños de entre 8 y 14 años). Resultados: Se evidenció la asociación del grupo analizado con dificultades 
en las habilidades ejecutivas orbitomediales (en Stroop A [tiempo] y Stroop B [tiempo]) y habilidades ejecutivas dorsolate-
rales (en clasificación semántica [tiempo]). Conclusiones: La plenitud y la eficacia de las funciones ejecutivas que depen-
den de la corteza dorsolateral dependerá de la madurez y el desarrollo de la corteza orbitomedial.
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Correspondence: 
*Ángela María Polanco Barreto  

E-mail: angela.polanco@ibero.edu.co

Available online: 04-12-2019 

Rev Mex Neuroci. 2019;20(6):266-274 

www.revmexneurociencia.com

Date of reception: 22-05-2019

Date of acceptance: 09-07-2019

DOI: 10.24875/RMN.M19000088

1665-5044/© 2019 Academia Mexicana de Neurología A.C. Published by Permanyer. This is an open access article under the CC BY-NC-ND license (http://
creativecommons.org/licenses/by-nc-nd/4.0/).

mailto:angela.polanco%40ibero.edu.co?subject=
http://dx.doi.org/10.24875/RMN.M19000088
http://crossmark.crossref.org/dialog/?doi=10.24875/RMN.M19000088&domain=pdf
http://creativecommons.org/licenses/by-nc-nd/4.0/
http://creativecommons.org/licenses/by-nc-nd/4.0/


267

A.M. Polanco-Barreto, E.A. Bulla: Executive functions in children

Introduction

The evolution of the prefrontal cortex (PFC) and the 
development of the frontal lobe show common varia-
tions between old world monkeys, apes, and human 
beings. Different experimental models have shown in 
the case of the Rhesus monkeys who can learn de-
tailed expectations of the reward, and in their negative 
favor they reproduce an emotional behavior of frustra-
tion1. This allows to observe that primates and 
the improvement of the frontal lobe in the control and 
coordination of cognitive and behavioral processes, 
manage to organize the behavior according to the en-
vironment and the expectations learned, which admit 
reaching contingencies and, therefore, the organism’s 
adaptation, which has been related to the negative 
evaluation of the experiences by the amygdala, and the 
emotional expression or control of it by the orbitofrontal 
cortex (OFC) and the medial OFC2,3.

Certainly, environmental experiences endow the or-
ganism with behavioral patterns necessary to respond 
to contextual demands; a stress response will be me-
diated by the cerebral amygdala. However, the neuro-
vegetative substrate that allows a hormonal adaptation 
according to the stimuli will be mediated by the hypo-
thalamus3,4; obeying that the amygdala is a structure 
that allows the association of different stimuli, reward, 
and punishment functions. However, thalamic and 
amygdala afferents, which are shorter and are activat-
ed in the first order, send information to the cortex 
through the thalamocortical connections to provide the 
organism with more complex meaning; this way, the 
unification of these sensory and emotional systems, 
sent to the cortex through the thalamus, allows this 
continuous feedback to dissociate emotional functions 
from the exterior and generate patterns of behavior 
adjusted to the context3,4.

According to the aforementioned, the predominant 
factor or the fundamental role given to the OFC in emo-
tional control and the dorsolateral cortex in the complex 
planning of behavior toward the environment is evident. 
It is well known that the efferent pathways of the cere-
bral cortex toward the thalamus are wider than the af-
ferent ones, because the complex response of behavior 
will be the specific organized response of the PFC in 
accordance with the organism’s adaptation to environ-
mental contingencies4; this way, the medial dorsal nu-
cleus (or dorsomedial nucleus of thalamus) generates 
projections toward the PFC and provides it with com-
plex functional variables; considering, at a morpholog-
ical level, that this area of association has a greater 

number of dendritic spines, which leads to a high 
functional metabolism5.

The PFC receives considerable afferents from the 
thalamus, hypothalamus, limbic system, and different 
areas of the cerebral cortex, this is how the evolution 
of this structure in humans has specialized to process-
es associated with working memory, executive 
functions, decision-making, the complex function in be-
havior planning, and discrimination of emotional sig-
nals/signaling5.

The evolutionary process of the PFC is also well 
known in other species, such is the case of the albino 
rat whose medial dorsal nucleus (or dorsomedial nu-
cleus of thalamus) generates projections toward the 
medial PFC, involving different functions along with 
other basal projections such as motor, olfactory, and 
autonomic visceral patterns, among others. In line with 
the aforementioned, the different afferent innervations 
of the PFC (both thalamic and from different regions of 
the brain) allow neural activation by AMPA receptors or 
monoamine receptors from the mesencephalic region, 
generating cortical excitation; this way, dopaminergic 
innervation in the PFC of primates has been widely 
studied, as well as its reciprocation with GABAergic 
neurons that project to the nucleus accumbens (NAc 
or NAcc), mediating, and in turn inhibitory regulatory 
functions6.

The PFC has serotonergic innervations that come 
from the raphe nuclei, which apparently helps to medi-
ate the interaction of other neurotransmitters such as 
catecholamines. Clearly, prefrontal or analogous struc-
tures are recognized in primates: to a certain degree 
Goldberg (2001) – picking up on Brodmann’s findings 
– describes that apes such as chimpanzees would 
have 17%, the gibbon and the macaque (the monkey 
of the old world) 8.5%, and the lemur 7%. Neverthe-
less, the percentage in humans rises to 29%, which 
recognizes a greater development in structure and in 
adaptive processes in comparison to other species. It 
is also known that this association cortex matures late 
which is absolutely related to the delay of control of 
associated behaviors, such as elaborated language in 
context and reasoning3.

Several models have been proposed to describe the 
different components that make up executive functions, 
sometimes referring to them as an integrated set and 
at other times as different connectionist structures that 
allow the development of executive processes with a 
defined hierarchical structure (such as attentional flex-
ibility, inhibitory control, and working memory)7. Thus, 
it can be determined that the functions of attention 



268

Rev Mex Neuroci. 2019;20

receive vital importance since selective attention 
modulates the flow of information as well as its pro-
cessing, which in turn allows the consolidation of im-
plicit memory. The theories on the importance of the 
PFC – already mentioned by Luria posit that dysfunc-
tions in behavior management (e.g.,  planning, among 
others), derive from the channeling of such attentional 
flow as the basis of executive processes; however, 
comparative studies show differences in their findings 
suggesting that, possibly, the alternation of different 
regions is not hierarchized and that, from another per-
spective, an intertwined collaboration in the present 
task generates emerging behaviors8,9.

Researches show that executive processes respond 
to coordinated variables of different regions of the PFC 
that is modulated in accordance with demanding adap-
tive processes in the environment. The diversity and 
heterogeneity of the results reveal functions that may 
have a hierarchical predominance, but this is not the 
rule, it seems it is an intermodal function closely related 
by specific connections that evolved due to adaptive 
needs. Thus, it can be reductionist to assume that the 
attentional system can be the regulator of the present 
information flow, in the sense that it is possible for 
memory to determine which stimuli to target10.

Hence, attention presents a complex arrangement con-
sistent with its close relationship with cognitive flexibility, 
already referred to by Miyake as a component of alterna-
tion that needs several systems which, together, allow 
access to more complex processes; among these are 
some systems such as: complex neural systems, multi-
modal, selective filter, hierarchical system, dynamic sys-
tem, and supervision of mental activity. Clearly, because 
of this, the infinity of the intertwined subsystems also 
links other variables that are important to bear in mind 
when talking about attention, since it is not only a pro-
cess that begins with awakening or focusing attention but 
also involves other processes such as orientation, moti-
vation, processing speed or speed of thought, level of 
consciousness or concentration, among others10,11.

Finally, attention, as a tracking mechanism of different 
environmental events presents fundamental bases in 
the brain stem by means of the ascending reticular ac-
tivating system. These projections must reach the fron-
tal association cortex, with the right hemisphere as the 
largest exponent; this way, the involuntary attentional 
processes will be characteristic of structures related to 
the diencephalon and mesencephalon, and the more 
complex processes that require voluntary attention will 
be related to cortical association structures. This re-
flects chemical actions to the prefrontal lobes that allow 

the maintenance of executive actions, which means that 
an optimal state of attention will be closely related to 
other basic processes such as memory. Clearly, injuries 
or affectations in these areas can generate behaviors 
contrary to those expected by the PFC, such as perse-
veration and impulsive actions, difficulty in planning and 
inadequate organization of behavior, among others12.

Following attention, it is important to focus on those 
contributing processes in the global integrative of ex-
ecutive functions supported by the PFC. The relevance 
of the substantive actions of social adaptation also 
depends on the coordination of language, verbal fluen-
cy, the way the different verbal constructs are coordi-
nated according to a behavior in a specific context, 
being able to differentiate semantic content, the rele-
vance of such content in what one wishes to verbalize, 
the quantity of morphemes, the graphemes used, are 
all characteristic of a coordinated action of the dorso-
lateral cortex and OFC. However, it is important to bear 
in mind that this depends on the access to constructs 
structured and developed by long-term memory13.

In accordance with the above, it is important to deep-
en in basic aspects to understand the synergy related 
to executive functions and those processes that the 
PFC materializes, since the PFC is the fundamental 
structure to process information and to generate: cog-
nitive flexibility, control in interference, and observation 
of how memory provides all the significant information 
in complex tasks.

Executive processes and the compromise 
the dorsolateral cortex and OFC

Different measurement methods in neurosciences al-
low to demonstrate affectations in different areas of the 
PFC. According to the evaluation, different compromises 
can be determined in variables such as cognitive flexibil-
ity, attention, and memory. Magnetic resonance imaging 
(MRIs), computerized axial tomography scan, new tech-
nical trends in neuroimaging with a high temporal reso-
lution like the magnetoencephalography, and the new 
applications created for MRI, have allowed to find func-
tional relationships between trauma and control groups14.

Such traumatic processes alter the normal develop-
ment of information processing, cognitive flexibility, and 
the mastery/domain of interference to different and re-
petitive stimuli in the environment. After a traumatic 
brain injury low-level processes such as the speed of 
information processing are affected, manifested in dif-
ficulty to focus attention on different environmental 
stimuli, reducing not only visual tracking processes but 
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also the ability to process information and to voluntarily 
plan answers or possible behaviors in context14; it is 
important to point out that the aforementioned lesions 
keep correspondence (in an integrated manner) with 
acquired deficits in cognitive flexibility. The evaluation 
of these processes relies on the capacity (high-level 
processes) to regulate interference not only environ-
mental but also proprioceptive, possible emotional in-
formation coming from the anterior cingulate cortex, 
and on the ability to use working memory9.

In terms of the acuity of the PFC, there are also 
features that show the delicate nature of its structures. 
The abundant connections that innervate the prefron-
tal area are substantially connected to different 
subcortical connections; consequently, many explana-
tions are sought to define different pathologies, such 
as schizophrenia, as mesencephalic lesions during 
the neurodevelopmental stage, which result in a low 
mesocortical dopaminergic innervation. This would 
explain the hypofunction of the cortex and, therefore, 
the failure in executive control of the striatum (corpus 
striatum), giving place to the positive symptoms of 
schizophrenia9.

Certainly, such hypofunction would regulate other 
chemical processes, such as glutamatergic and GAB-
Aergic ones, which help mediate the metabolic activa-
tion in the prefrontal lobes. Low activation of the D1 
receptors (excitatory dopamine receptor) innervated 
from the mesencephalic ventral tegmental area would 
lead to low activity of the dorsolateral PFC (DLPFC or 
DL-PFC) which, in turn, results in working memory dif-
ficulties – observing hypofunctionality in the DLPFC of 
people with schizophrenia when developing complex 
tasks15.

The PFC, in its delicate structure, has a wide inner-
vation of granular neurons that have a greater represen-
tation of connection routes with the medial dorsal nu-
cleus (dorsomedial nucleus of thalamus). Llinás (2002) 
promotes the vision of this strong interconnection as the 
one responsible for the determination of consciousness 
(“the self”) and the modification of fixed action patterns; 
such component, confers important variables such as 
the control of external stimuli functions16. It is also pos-
sible to recognize other variables that present alter-
ations during neurodevelopment, some of them charac-
terized by glutamatergic firings in non-NMDA receptors 
that generate extracellular toxicity and damage of den-
dritic spines (Díaz and Tirapu, 2017). This added to the 
synaptic pruning during adolescence – which may be 
precipitated – and to the difficulties regarding the reor-
ganization of the blood flow17.

In this picture, the PFC has striatal and thalamic con-
nections that generate a feedback loop between the 
globus pallidus, the ventral anterior nucleus, and the 
ventral lateral nucleus of the thalamus and the caudate 
nucleus, to which Goldberg (2001) confers importance 
for its role in the control of movement and characterizes 
as part of the frontal lobes. These connections of the 
DLPFC receive entrances from the caudate nucleus, 
which compromise (destruction or interruption) mani-
fests in pathologies such as primary (subcortical) de-
generative dementias, Parkinson, and Huntington’s 
disease, or Huntington’s chorea. On the other hand, 
affectations in the basal nuclei (gray) and the PFC can 
be associated with obsessive-compulsive disorder15.

Within the domain of the executive functions of the 
dorsolateral cortex is the ones that represent more com-
plexity; this way, decision-making, self-evaluation, and 
monitoring of continuous performance, and adjustments 
derived from the performance of multitasking are the 
main characteristic of the operation that defines the DLP-
FC. It is this way – as mentioned above – that the dopa-
minergic actions have been highlighted: in aspects relat-
ed to working memory and to the actions described. 
Certainly, dopaminergic hypofunction remarkably dimin-
ishes the quality of such complex actions. On the other 
hand, the OFC determines variables such as deci-
sion-making based on affective states, emotional control, 
affective, and social behaviors, it allows the evaluation of 
rewarded behaviors as well as the making of adjustments 
according to behavior planning and the environment, 
against the possibility of access to reinforcements; this 
is why it is closely related to the limbic system2.

Since the first 5 years of age, the evolutionary devel-
opment of the PFC presents advancements regarding 
executive functions; however, it is during adolescence 
(between 12 and 18 years of age) that it shows a high 
level of activation, generating its greatest process of mat-
uration. Perhaps this development is achieved thanks to 
the fact that during adolescence cognitive processes are 
organized to achieve the legitimacy of a role in the social 
context and, in turn, find new ways of adaptation and 
growth of oneself in the environment. All this implies ce-
rebral and cognitive development and maturation18,19.

These variables allow cognitive control, processes 
that emerge in behavioral and cerebral development 
during adolescence. Different researches in the field of 
MRI-MRFI have allowed to observe this maturational 
process and thus recognizes that inhibition, working 
memory, planning, and attention are key in cognitive 
control. Nevertheless, it goes beyond the execution of 
tasks or multitasking, it allows to cover concepts such 
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as social cognition which are framed in different actions 
that allow individuals to interact with each other from 
perception, facial expression, body posture and gaze, 
representations and the ability to attribute and manip-
ulate mental states when processing social signals19.

As previously mentioned, cognitive control allows the 
temporal ability of organizing behavior, language, and 
reasoning. This enables the resolution of internal prob-
lems that respond to those representations that structure 
the individual from cognitive and affective integrations. 
Regarding the external, it refers to the conditions of inter-
action of the individual with the environment and the cul-
ture, dysfunctions of the executive processes associated 
with the dorsolateral cortex18. As previously mentioned, 
the characteristic dysfunctions in the OFC would present 
difficulties to the individual when he/she modifies his/her 
behavior according to contingencies by virtue of access 
to reinforcers in the social context, and also when repre-
senting the mental states of other individuals through the 
recognition of verbal or non-verbal variables20.

In this order of ideas, these dysfunctions are concep-
tually defined as dysexecutive syndromes. Delgado 
and Etchepareborda (2013) describe them as prefrontal 
syndromes, which are subdivided into three groups: 
dorsolateral prefrontal syndrome; orbitofrontal prefrontal 
syndrome; and medial prefrontal syndrome or anterior 
cingulate syndrome, and they attribute specific 
characteristics to each group. These authors agree with 
others in that the most common dysexecutive syn-
dromes are related to the DLPFC. Consequently, pa-
tients with impairments in this area report difficulties in 
productivity and creativity but preservation of execution 
in repetitive tasks that do not represent a challenge – 
although those that require abstraction or need novelty 
and innovation do present disability7.

These alterations hinder an individual’s normal 
process of social adaptation in accordance with the 
demands of the context and the environment. Thus, 
difficulty in postponing behaviors and controlling impuls-
es; detailed planning of behavior for the execution of 
complex activities; recognition of social cues; anticipat-
ing contingencies; self-monitoring; and modifying be-
havior to find reinforcers; all constitute negative sums in 
the individual that unleash other adjacent pathologies7.

Materials and Methods

Population

Evaluation and process was made in general to 71 
students (43 girls and 28 boys) between 8 and 14 years 

of age, most of them from public schools (59 students 
which represent 83% of the sample) and all of them 
living in stratus 1-3 (correspond to low strata that house 
the users with fewer resources). Selection of the 
sample: the exclusion criteria considered was not being 
in school at the moment of the study and having either 
a mild, moderate or profound intellectual disability. The 
inclusion criteria sample was made up of students 
schooled; it is important to mention that the minors’ 
legal guardians signed the informed consent, and the 
minors themselves agreed to participate in the study 
(informed assent). Moreover, this age was considered 
as it is the age at which it is expected to perform the 
chosen tests, especially the orbitofrontal tests.

Which were classified into two groups: on the one 
hand, children who presented school behavior difficulties 
and, on the other hand, children who did not. The Swan-
son, Nolan, and Pelham (SNAP) IV scale was applied to 
determine which group each child belonged to; this scale 
allows to identify children with significant difficulties at 
the attentional and behavioral levels by means of motor 
distress and impulsivity. It is important to clarify that al-
though this scale is applied to identify attention deficit 
hyperactivity disorder both in school and at home, in this 
case, it was used only to determine whether difficulties 
arose or not, and not to perform a diagnosis as such 
(because it was not the objective of the research and 
the conditions for doing so did not take place).

Research type and design

The study aimed to follow a quantitative approach of 
a descriptive and explanatory type. It was also cross-sec-
tional since, at a certain moment, it sought to explain 
the relationship between executive functions (of the 
dorsolateral and orbitomedial type) in children with 
behavioral difficulties; this was done not only from a 
theoretical basis but also from the analysis of other re-
searches and the results themselves, highlighting the 
particularities in its operation and generating compari-
sons with other groups of children.

Procedure and instruments

The instruments used: sociodemographic data ques-
tionnaire, application of the Latin American version of 
the SNAP IV scale to determine the cutoff point of chil-
dren presenting behavioral difficulties from those who 
do not and application of the Neuropsychological 
Assessment Battery Executive Functions Module (II), 
orbitofrontal (measures inhibition and regulation of 
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Table 1. Neuropsychological tests used

Domain Tests

General intellectual ability (GIA) Raven’s progressive 
matrices (Raven’s 
matrices or RPM)

Orbitofrontal cortex (Measures 
inhibition and regulation of behavior)

Maze
Stroop form “A”
Stroop form “B”
Card game

Dorsolateral prefrontal cortex (DLPFC 
or DL‑PFC)
(Measures planning, organization, 
and classification)

Card sorting test
Verbal fluency 

Anterior prefrontal cortex (aPFC) Semantic classification 

behavior) and dorsolateral (measures planning, organi-
zation, and classification) subscales/subsets.

The following (Table  1) will show the neuropsycho-
logical tests used.

This way, descriptive statistical analysis and associ-
ation analysis were generated in the results. To do this, 
the data obtained were rigorously organized in a dy-
namic table designed in Excel, to favor statistical anal-
ysis. In addition, statistical programs such as Minitab 
and office tools such as Excel were used (since it also 
has relevant tools for data analysis).

Results

Evaluation and process was made in general to 71 
students (43 girls and 28 boys) between 8 and 14 years. 
The established protocol and in general the entire pro-
cedure of neuropsychological characterization were ap-
plied. From the analysis of the results, it has been 
identified that the distribution of the sample, taking into 
account that it is an association study, is given as fol-
lows: about 44% were cases and 56% were controls.

Part of the process is to identify and shows differences 
and possible associations between the two groups 
(case–control) to determine if it is global or if there are 
important differences between them. To do this, within 
the processing of statistical data the following have been 

established: at a general level make box plots to identify 
the distribution and concentration of data and to identify 
the quartiles, since it is important to remember that this 
is done between quartiles 1 ad 3 (Q1 and Q3), and quar-
tile 2 (Q2) is the median, that is, half of the data. The 
results by structural area are the following:

Although differentiated data are identified between 
the two groups, the control group shows greater func-
tionality at a general level, the differences are not so 
marked. From the results shown in figure 1, greater 
diferencial process is evidenced in the resultss of Stroop 
form A and Stroop form B, both in time management.

Figure 1. Box plot by orbit medial groups – comparative control case.
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Likewise, at the dorsolateral level, the same process 
with the applied tests took place, and there is no evi-
dence of marked differences regarding results, except 
for classification of letters and time management. These 
results are evidenced in figure 2.

However, Pearson’s Chi-squared test is carried out 
for association, which is a statistical process that de-
notes the existence of a statistically defined relation-
ship between two variables. Now, in Chi-squared p 
value, fixed by convention in 0.05, means that the 
value should be less than this to be considered an 
association since it shows that the probability of a 
phenomenon occurring randomly is minimal. After per-
forming the analysis, it was possible to identify where 
this association exists in both orbitomedial and dorso-
lateral, that is, table 2.

In general, the significance of the data shows that the 
association takes place in time management.  As seen 
in Figure 3, all are associated with time management, 
with orbitomedial functions being closer.

Discussion

According to what is shown in the results section, it 
is possible to see how executive functions present dif-
ferentiated ranges between the control group and the 
analysis group. This posits differences in the way in 
which performance of brain activity presents itself 
among the different participants of the study, with 
grouping of the data in box plots which allows to eval-
uate the integration of executive functions of the orbi-
tomedial and the dorsolateral cortex. It is also possible 

Table 2. Statistics – Chi‑squared probability ratio

Test p‑value case group 

Orbitomedial – Stroop A (time) 0.042

Orbitomedial – Stroop B (time) 0.008

Dorsolateral classification by (time) 0.021

Figure 2. Box plot by dorsolateral groups – comparative control case.
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to see the way executive functions behave according 
to different objectives or specific tasks, and therefore 
transfer these findings to the way in which the behavior 
operates in natural environments.

From this description, it can be inferred that the 
functionality and maturity of the orbitomedial and 
dorsolateral cortex are vital for normal evolutionary de-
velopment and for more complex tasks such as deci-
sion-making, problem-solving, and decision-making 
advocated pragmatic adaptation of the individual to 
his/her social context. This can be seen in the applica-
tion of subtests such as Stroop A and B in comparison 
with the control group and analysis group, since signif-
icant differences are evidenced primarily in time man-
agement because in unnoticed conditions inhibitory 
control is required as well as processing speed and 
cognitive flexibility, to escape previously established 
automatisms. It is a product of development and mat-
uration of the orbitomedial cortex, which means that 
this is associated with the possibility of regulating, plan-
ning and modulating each step of behavior21.

In the same way, another relevant analysis in the 
development of executive functions and the detected 
findings is oriented to the regulatory function of lan-
guage; this seen from behavior control and direction 
with the help of language-oriented toward a specific 
goal and toward obtaining reinforcers in the natural 
context22. Significant differences can be detected 
among the application of subtests such as semantic 
classification, where a higher performance is observed 
in the control group compared to the study group; al-
though this quality belongs to the dorsolateral cortex, 
cold executive functions that involve planning, among 
others21. Development and maturity of the OFC and 
ventromedial PFC are necessary, since it will depend 

to a great extent on inhibitory control and the cognitive 
processes involved in semantic classification tasks 
such as sustained attention; processing speed, cogni-
tive flexibility, semantic memory, working memory, and 
the ability to suppress inappropriate responses – the 
latter oriented to the orbitomedial PFC23.

In this order of ideas, Marino et al. (2011) reported 
that the pragmatic functionality of executive control – in 
charge of the prefrontal lobe in general terms – is ori-
ented to perform an active search for the phonological 
and semantic fields for adequate and meaningful pro-
duction of language, and its adaptive systematic cor-
relation with the social environment. For this reason, 
inhibitory control that allows inadequate answers at the 
time of pragmatic production of language is neces-
sary24, as it was previously mentioned.

On the other hand, the mastery, maturity, and de-
velopment of the orbitomedial PFC could explain fac-
tors related to school failure and alterations, dysfunc-
tions or learning disorders24, since adverse events in 
childhood can present variables of analysis on how 
brain activity and executive functions take place during 
development in childhood and adolescence, taking 
into account that the orbitomedial PFC matures from 
continuous contact with caregivers and social experi-
ence. In causality, it would be relevant to analyze 
these experiences during these years of development 
as well as the performance in tasks like those present-
ed in this study, where the study group presents a 
lower performance in the subtests regarding the orbi-
tomedial PFC7.

In agreement, the findings show a lower performance 
of the study subjects with greater emphasis on an as-
sociation of variables between cerebral activity of the 
orbitomedial cortex (Stroop A and B subtests) and dor-
solateral cortex (Semantic Classification subtests). Con-
sequently, it can be inferred that the study group pres-
ents lower performance in the card game, which allows 
to detect that there is less value in relation to risk ben-
efit, and to the selection of behaviors related to uncer-
tain situations21,25.

In agreement with the different findings, especially 
with the study group, it can be discriminated that the 
fullness and efficacy of executive functions dependent 
on the dorsolateral cortex will depend on the maturity 
and development of the orbitomedial cortex. It seems 
that self-monitoring, the processing and regulation of 
emotions and emotional states, as well as the regula-
tion and control of behavior, are essential for the 
development of cold executive functions with greater 

Figure 3. P value of greater significance.
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performance such as planning, operational memory, 
complex problem-solving, and mental flexibility.
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