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Abstract

The attainment of the school activity is comprised of the functional matura-
tion of specific brain structures. The neuropsychological analysis enables to
determine weak and strong neuropsychological factors in the course of de-
velopment. The objective was to show the characteristics of the performance
of normotypical adolescents during tasks which evaluate the “analysis and
spatial synthesis” and “regulation and control” neuropsychological factors in
adolescents with high and low academic performance. A total of 48 adoles-
cents, between 12 and 15 years old, who attended middle school in an urban
public institution in Puebla, México, were assessed. Groups of students with
high (24) and low (24) academic performance of the three grades were formed.
The qualitative neuropsychological assessment was process-oriented, including
the specific quirks of execution of the tasks that assess the functional status of
the neuropsychological factors proposed by A. R. Luria. Mixed analysis was
implemented. The results reveal functional weakness of the neuropsycholog-
ical factors “regulation and control” and “spatial analysis” (in the global spa-
tial perceptual modality) in the group with low performance, and a systemic
effect in the assessment tasks: visual and verbal retention and alertness. The
incorporation of neuropsychology in the educational systems is the key.

Keywords

Regulation and Control, Spatial Analysis and Synthesis, Neuropsychological
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1. Introduction

School activity during secondary education includes the fulfillment of complex
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writing, reading and calculus tasks as essential tools to gain knowledge and the
construction of reality (Méndez, 2015), such tasks require complex intellectual
processes and greater demands to brain functioning, representing complex psy-
chological activities (Akhutina & Pylaeva, 2012). It has been proposed, in the
Historical-Cultural neuropsychological approach, that complex mental processes
require collaboration from the three main brain functional units. The first unit is
for regulating cortical tone and the waking state, the second unit processes and
stores outer information, and the third unit is for programming, regulation and
verification of the activities (Luria, 1995a). The three units contribute to the ful-
fillment of conscious, objective-oriented, activity through the particular share of
every one of the neuropsychological factors, which are regarded as the outcome
of the work from a specialized brain zone or group of zones (Quintanar & Solo-
vieva, 2008).

On the third unit, the prefrontal areas play a decisive role in the formulation
of intentions and programs, and in the regulation and verification of complex
forms of human behavior; it contains rich ascending and descending connec-
tions with subcortical nuclei, as well as with almost the rest of the cortex. The
modulating influence of the prefrontal area over the reticular formation gives
rise to activating impulses of differential character “making them fit to the dy-
namic behavior schemes which are formed directly by the frontal cortex” (Luria,
1986: p. 85). There are functional changes of the different brain structures due to
they maturing gradually and heterocronically during ontogeny (Solovieva, Ma-
chinskaya, Quintanar, Bonilla, & Pelayo, 2009). The optimal functional level of
the “regulation and control” neuropsychological factor can predict, since the
preschool age, the academic success, especially for the learning in writing, read-
ing and mathematics; during adolescence these actions become more complex
requiring, as well as changes on the prefrontal cortex (Blair & Razza, 2013; Solo-
vieva, Bonilla, & Quintanar, 2006). From the position of cognitive neuropsy-
chology, it has been proposed that such changes may explain the late maturation
of executive functions and social cognition (Cotton, 2011; Valeri, 2011; Fabes, et
al., 1999). Self-regulated children can delay gratification, suppress immediate
impulses and anticipate the consequences of their actions (Bodrova & Leong,
2012), thereby they will be able to maintain the regulation and voluntary control
of their actions (Akhutina, 2002).

The elementary school period is as well characterized for the functional ma-
turation of brain structures that provide downward modulation from specific
frontal lobe areas, taking part during the visuospatial information processing
(Machinskaya, Semenova, Absatova, & Sugrobova, 2014). The spatial analysis
and synthesis mechanism, located on the second brain unit, guarantees the per-
ception and production of essential features and their location (analytical com-
ponent) as well as the perception and production of forms, the metric aspects
and proportions of the objects (global component) (Quintanar & Solovieva,
2008). The visuospatial analysis and synthesis involves a constellation of per-

ceptual and constructional abilities (Bravo, 2004). The spatial analysis comprises
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the whole first and progressively, as the brain matures, the elements are ana-
lyzed, this spatial analysis is successful between 6 and 7 years of age. The way in
which visuospatial information is processed has an impact on the skill with
which visuoconstructional tasks are carried out (Ardila & Rosselli, 2007) and
calculation, mainly in its written form (Venneri, Cornoldi, & Garuti, 2003).
Therefore, complex functional systems are integrated during the development
and maturation of the brain (Luria, 1986, 1995a). Vygotsky (1995a, 1995b), rais-
es the social theory of cognitive development, proposing that children and ado-
lescents learn through interaction with their social environment in collaboration
with adults. In addition, in the case of school activity, high motivation from the
student and adequate habits, that encourage the acquisition of cognitive skills,
are required (Talizina, 2009, Cérdoba, Quijano, & Cadavid, 2013). Belonging to
a socio-cultural level, living conditions and the characteristics of pedagogical
methods and the educational system influence child psychological and neurop-
sychological development (Solovieva, Quintanar, & Lazaro, 2006). Neuropsy-
chology studies the relationships between the psyche and brain activity through
the actions of the subject, which require the functional participation of various
neuropsychological factors. Neuropsychological analysis allows to determine
weak and strong neuropsychological factors during development, not only in the
presence of learning disorders, but also in normotypical development conditions
in regular education, where students may also have poor academic performance,
understood as the difficulty to approach the level of knowledge, skills and atti-
tudes demonstrated by students in an area or subject compared with the norm of
age and academic level (Edel, 2003). In many cases, teachers and researchers ap-
proach the level of academic performance based on the student’s school grades.
However, it would be convenient to consider not only this, but also the intellec-
tual development and family integration, since a high correlation between these
variables and academic performance has been identified, both in upper second-
ary and higher level students (Mufioz, 1993). Other studies (Castillo-Parra,
Goémez, & Ostrosky-Solis, 2009) have also identified that good school perfor-
mance in basic education students requires an adequate memory capacity and
the development of executive functions. On the other hand, neuropsychological
studies related to the level of academic performance of students of basic second-
ary education in public secondary are not currently reported.

The objective is to show the performance characteristics of normotypical ado-
lescents during tasks that assess the neuropsychological factors of “analysis and
spatial synthesis” and “regulation and control”, with the purpose of identifying
the strong and weak functional characteristics of said factors, in adolescents with

high and low school performance.

2. Method
2.1. Study Design

A cross-sectional, exploratory and descriptive study was carried out. A neurop-
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sychological assessment instrument was applied to evaluate the neuropsycho-
logical factors proposed by Luria (1995a). From the performance of the syn-
dromic analysis, the typical performances of the adolescents were obtained, the
qualitative and quantitative characteristics of execution that indicated the func-
tional state of the neuropsychological factors were analyzed, the negative and/or
positive tendencies in the functional level of said factors were identified as well
as their contributions to functional systems for school reading and writing activ-

ities.
2.2. Sample Selection

The sample was selected from the Federal High School no. 1 “President
Cérdenas”, in themorningshift, located in Colonia Resurgence in the City of
Puebla, Mexico. The campus has a population of 700 students, onaverage, in
themorningshift, dividedinto 18 groups (6 groupsforeach of thefirst, second and
third grades). The students who attend this school belong to working class
families with a medium-low socioeconomic level.

The sample was arranged with a total of 48 adolescents, gender indistinct,
between 12 and 15 yearsold. The sampling had the advantage of taking into
account high and low academic performance students. The assessment groups
were formed by the managers of the participating institution according to the
valuation scales stipulated by the Ministry of Public Education (SEP) in Mexico.
These scales reported that highschool performance participants had obtained an
average score between nine and ten (1 to 10 range). As for the low school
performance, participants had obtained an average score between six and seven
pointfive. In addition, the criteria of not repeating school grades as well as the
absence of neurological, neuropsychological or psychopathological disorders
clinically demonstrable in the adolescent record were taken into account. Two
research groups were formed, High School Performance (HSP) (8 students) and

Low School Performance (LSP) (8 students) foreach grade level.

2.3. Instrument

The “Brief Neuropsychological Assessment for Adolescents” was applied (un-
published), as well as an instrument based on the exercises and methodology of
the “Evaluacién Neuropsicoldgica Infantil Breve” (Solovieva & Quintanar, 2009),
which are based on the methodology of the neuropsychological school of A. R.
Luria (1995a). It includes tasks that assess the functional status of the neuropsy-
chological factors of: 1) Regulation and Control (RC); 2) Audio-verbal Retention
(AVR); 3) Sequential organization (SO); 4) Visual retention (VR); 5) Tactile Ki-
nesthetic Integration (TKI); 6) Phonematic integration (PI); 7) Analytical Spatial
Perception (ASP); 8) Global spatial perception (GSP); 9) Alertness (AS).

2.4. Procedure

Once the study groups were formed, the school records of each of the partici-
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pants were reviewed. A one-session individual assessment was carried out within
the campus of the secondary school, the average time was 60 minutes. The im-
plementation of the instrument was carried out by neuropsychology profession-
als, with the informed consent of both adolescents and their respective parents,
according to the ethical principles of research on human subjects of the Declara-
tion of Helsinki (Asociacién Médica Mundial, 2013).

2.5. Qualitative Analysis

The qualitative neuropsychological analysis was oriented to the process and to
the specific quirks of the adolescents performance in each of the evaluated tasks,
as well as to the error type they presented and the help provided by the examiner
during the assessment (Glozman, 2002) with the purpose of identifying strengths
and weaknesses in the development of neuropsychological factors (Table 1).

Table 1. “Brief Neuropsychological Assessment for Adolescents”: Assessed factors, error
type and type of help provided.

Neuropsychological
E t T f hel] ided
factor rror type ype of help provide.
Regulation and Impulsiveness Instruction repetition
control (RC) No verification Outer verbal regulation

.. . . Sentence repetition/sentence
Imprecision during evocation

Audio-verbal . i R fragmentation
R Change in the information order .
retention (AVR) e . . Phonological help
Diminished volume of information :
Semantic help
Perseverations
Lack of fl
Sequential ack of fuency Outer verbal regulation

Lack of aut ti
organization (SO) ack otautomation Perform the sequence model

Sequence simplification
Micrograph/Macrograph

Missing elements . .
X . . . . Verbal orientation on the
Visual retention (VR) Absence of essential and differential
o number of elements
characteristics

Articulatory Inaccuracies Stimulus repetition

Tactile kinesthetic

. . Incorrect recognition of objects.
integration (TKI)

Outer verbal regulation

Place and Manner articulatory substitutions Stimulus segmentation

Phonematic Difficulty in the differentiation of sounds, Repetition or segmentation of
integration (PI) syllables or words the series
Inadequate understanding of
logical-grammatical sentences. Sentence repetition
Analytical spatial & . 8 L . L1 . P
. Error in following instructions. Guiding questions or request
perception (ASP) . o
Inadequate location of elements. verification
Rotation of figures and/or their elements.
Global spatial Model disintegration. Guiding questions or request
perception (GSP) Inadequate proportion and metric. verification
Objective loss or inconsistency Instructi it
nstruction repetition or
Alertness (AS) during the executions. P

. request verification
Need for motivation

Note: the type of help provided was designed in order to qualify the level of the factor’s functional weakness
as well as to identify false negatives. With this, the strong and weak neuropsychological nuances were hig-
hlighted with greater acuracy. Source: authors’ own elaboration.
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2.6. Statistic Analysis

The analysis was based on the identification of the errors, on whether it is of
primary or secondary origin, the severity of the error in comparison with other
participating adolescents and their corresponding level of education, and on the
type of help that the examiner gave to the adolescent (Glozman, 2002). Statistical
analysis was carried out based on frequency analysis according to the execution
type of the adolescents of the three academic grades. The value 1 was assigned
for incorrect execution, even with the help of the examiner; value 2 for correct
execution, with the help of the examiner; and 3 for correct execution indepen-
dently. The intergroup comparative analysis between high and low performance
and between school grades was performed using the SPSS program, using the

Kruskal-Wallis and Mann-Whitney U tests for contrasting the groups.

3. Results

The results are presented following the concept of syndromic analysis, proposed
by Luria. We present the results of the neuropsychological factors identified as
primary (those that underlie the errors that the adolescents presented), which
are “Regulation and Control” (RC) and “Spatial Analysis and Synthesis” in the
modality of “Global Spatial Perception” (GSP). It is also showed the effect of the
functional weakness of the primary factors in the rest of the tasks that assess
“Audio-Verbal Retention” (AVR) and “Visual Retention” (VR), and “Alertness”
(AS), in the intergroup comparison.

The quantitative comparisons of the results obtained between the groups with
HSP and LSP, resulted in five neuropsychological factors with statistically sig-
nificant differences in favor of the HSP group: RC (p < 0.001), GSP (p < 0.001),
AVR (p<0.005), VR (p < 0.005) and AS (p < 0.005) (Figure 1).

Although quantitatively significant differences were observed in these five
factors between both groups, when applying the syndromic qualitative clinical
analysis, only the RC and GSP factors were considered of primary origin and the
other tasks of the AVR factors, VR and AS were affected secondarily. The sys-
temic effect in the tasks of the AVR factors (repetition and evocation of sen-
tences) was evidenced by the identified errors: volume reduction and impreci-
sion during the evocation, and order change of the sentence components (Table 2).

As for the tasks that assess the visual retention factor (which guarantees the
stability of the mnestic traces and the volume of perception in the visual modal-
ity) again, the HSP students show better results compared to those of LSP, who
obtained low scores due to reduction of the volume of elements during the re-
production without model and reproduction before heterogeneous interference,
in the copy of figure series (Table 3).

Another of the neuropsychological factors identified as primary was “analysis
and spatial synthesis” in the GSP modality (which guarantees the perception and
adequate reproduction of the general shape, of the metric aspects and the pro-

portions of objects). The students of the HSP group managed to integrate a
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Figure 1. Comparison between obtained scores during the assessment tasks of the neu-
ropsychological factors between high and low performance students of the three school
grades. Results obtained with significant differences in favor of the HSP group: **significant
differences, p < 0.001; *significantdifferences, p < 0.005. Source: authors’ own elaboration.

Table 2. Performances of high and low performance students during sentence repetition
task from the Instrument “Brief Neuropsychological Assessment for Adolescents”.

Sentence to repeat

1. The kids play with the ball on the courtyard of the neighbour’s house.
“Los nifios juegan a la pelota en el patio de la casa del vecino.”

2. Our uncle, who lives far away, comes to spend the holidays with us
“Nuestrotio, que vive muylejos, viene a pasar las vacaciones con nosotros’

3. My older brother is helping to set the table for my mom, while I do the homework.
“Mihermano mayor estdayudando a poner la mesa a mi mamd, mientrasyohagola tarea’

4. The third grade students went to the zoo last Sunday and saw many different animals
“Los alumnos del tercergradofueron al zooldgico el domingopasado y vieron a muchosanimales
diferentes’

Repetition, student CR.  Repetition, student CJ.
HSP group LSP group

1. The kids play with the ball next to the neighbour’s house.*
Los nifiosjuegan a la pelota al lado de la casa del vecino.”

2. Accurate repetition

Sentences 1, 2, 3, 4. 3. My older brother is setting the table while I do the homework.**
Accurate repetition Mihermano mayor estiponiendo la mesa mientrasyohago la tarea.*

4. The third grade students went to the zoo last weekend and saw
many different animals.*

Los alumnos del tercergradofueron al zoologico el fin de
semanapasado y vieron a muchosanimalesdiferentes.*

*The underlined part indicates the change of words of the adolescents, according to the sentences to be re-
peated. **Indicates sentence with word omission from the adolescent of the LSP group. Source: authors’
own elaboration.
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Table 3. Performances of students with high and low school performance in the non-
sense-figures repetition task.

Model of two series of figures

> O e >

Student AB. HSP group Student RM. LSP group
Copy of the model
Reproduction without the model

Reproduction after heterogeneous interference

Source: authors’ own elaboration.

drawing by copying, accurately, the metrics and depth. The students of LSP did
not achieve this type of execution showing absence of depth (Table 4).

Finally, the tasks of the last neuropsychological factor related to the systemic
effect of the primary factors of RC and GSP, were the tasks of the alertness fac-
tor, defined by Luria (Xomskaya, 2002) as the general activation background,
which guarantees the stability of the execution during an action. The adolescents
of the HSP group managed to set the objective of the proposed task, they stayed
in the activity for the necessary time, finishing it effortlessly and without help
from the examiner. While, in the LSP group, instruction repetition was needed,
requiring continual motivation from the examiner to complete it, in addition to
not verifying and correcting their errors on their own.

The systemic effect of the primary neuropsychological factor of RC, in the
group of LSP students, was also observed during writing; spelling errors and im-
precise organization of the graphic space were identified. On the other hand, er-
rors in reading were characterized by omission of connectives or the read com-
position’s title and by divinatory reading. These errors did not favor the com-
prehension of the subject read.

Regarding the comparison of student performances between the three school
grades, statistically significant differences were only found for the spatial percep-
tion factor in the analytical modality (ASP) U = 83.5, Z = -1.691, P < 0.005;
third grade students of secondary school performed adequately compared to the
first and second grade, regardless of the HSP or LSP groups (Figure 2).
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Table 4. Model and copy of a house of the students of the HSP and LSP group.

House model

Student LM. HSP group Student IR. LSP group

Source: authors’ own elaboration.

Factor Comparison between Academic Grades

3.5

3

. ii' II
2
A\

Average score of tasks

)

W First Grade
Neuropsychological Factors
@ Second Grade
B Third Grade
Figure 2. Comparison of scores obtained in the assessment tasks of neuropsychological
factors among 1st, 2nd and 3rd graders. *Significant differences, p < 0.005; Source: au-
thors’ own elaboration.

The main errors, related to the ASP factor, (whose essential function is to
guarantee the perception and adequate production of essential features and their
spatial location, in addition to identifying the spatial relationships between the
elements of a given situation) were found during the understanding complex
logical-grammatical sentences task and follow-up instructions with quasi-spatial
elements (prepositions). Other errors were inadequate location of elements in

drawings and/or the elements that make them up.

4. Discussion

In the neuropsychological school of A. R. Luria, the location of the higher forms

of mental activity is identified as complex functional systems where diverse ce-
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rebral areas that work in concert participate. This location changes during child
development and in subsequent periods of learning (Luria, 1995a, 1995b). The
functional changes of the different brain structures that make up the three func-
tional blocks can help predict school success from preschool age (Blair & Razza,
2013; Akhutina, 2002). Although complex school actions are carried out as com-
plex functional systems, the neuropsychological factors of spatial analysis and
synthesis in the modalities of global and analytical perception, and the regula-
tion and control of activity, constitute the essential psychophysiological me-
chanisms for school activity in adolescence (Machinskaya, 2005). The results
show that the LSP students presented errors mainly in the tasks that assess the
functional level of the RC and GSP mechanisms. The functional weakness of the
GSP factor negatively affects the perception and the adequate production of
forms, in the conformation of letters, the general image of the word, substitution
or omission of letters and difficulties in all actions that require global spatial
analysis, especially in the actions in the graphic, perceptive and written language
level (Akhutina, 2002; Solovieva, Lazaro, & Quintanar, 2008).

As for the neuropsychological factor of RC, the main errors were related to the
deficient execution of tasks that require maintaining an objective, which can
condition difficulties during follow-up instructions, in the creation of plans, im-
plementation of strategies of organization, verification and correction of one’s
own activity (Luria, 1995b; Portellano, 2018), and the effect of these difficulties
could be observed in audio-verbal and visual retention tasks, where the students
did not manage to maintain the volume of information and did not generate ef-
ficient memory strategies (Vygotsky, 1995a; Galperin, 2011; Bonilla, 2015; Solo-
vieva, Bonilla-Sanchez, & Quintanar, 2018). Neurophysiological and neurologi-
cal studies indicate that the voluntary components of the cognitive activity of
programming and control, selective activity and action inhibition are achieved
by the maturation of the frontal-thalamic system and its links with various cor-
tical and sub-cortical structures, around 18 years old (Machinskaya, 2005; Bla-
kemore, Burnett, & Dahl, 2010). However, in the adolescent population of LSP it
becomes clear the need to elaborate the strategies that favor the stimulation, de-
velopment and optimal maturation of the functional level of the RC mechanisms
with the purpose of preventing school failure.

The school difficulties evidenced by the students of the LSP group were also
related to the few interests and motivations for carrying out school activities. Ta-
lizina (2009) points out that the ways of motivation for learning can be given
through two ways, one through the social sense that the student has of learning,
and the other, through the same school activity that should be interesting for the
student. In addition, it highlights the importance of the presence of intentions,
plans, programs that are formed in the conscious life, which constitutes accord-
ing to Luria (1995a) one of the main sources of cerebral activation, thus guaran-
teeing the energy background and the stability of the execution of actions. This

could probably support the fact that LSP students also obtained statistically sig-
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nificant differences in the performance of tasks that assess the neuropsychologi-
cal factor of AS compared to the HSP group, since none of the participating stu-
dents had brain activation difficulties, or alertness during the activity.

When considering the results by school grade, without taking into account the
low or high performance, significant differences in favor of the third-year sec-
ondary group were identified, mainly in the tasks of the ASP factor, the students
achieved an adequate understanding of logical-grammatical sentences and com-
plex quasi-spatial elements, sentences that result from complex, hierarchically
constructed codes (Luria, 1995¢). The understanding of this type of linguistic
structures requires the maturation of the more complex left posterior zones (ter-
tiary zones), which mature late into the adolescent age (Roselli, Ardila, Pineda, &
Lopera, 1997, Santana, 2010).

By identifying the cause of the difficulties in school activity, psychopedagogi-
cal strategies may be implemented to favor the functional level of the weak factor
in the corresponding school year (Akhutina & Pylaeva, 2012), and therefore
cause a systemic effect on the various school actions, in which the weak factor
participates. It is important to mention that this assessment not only provides
valuable information of the children and adolescent with learning problems
population (with weak functional factors) but also for the normotypical popula-
tion, in order to enhance their learning. The optimal functional level of the ter-
tiary sectors of the frontal lobes is essential for the regulation and control of the
elementary motor and sensorial processes and the complex forms of perceptual,
mnesic and intellectual activity, whereas the temporal-parietal-occipital sectors
are important for the achievement of diverse operations, from concrete images,
to logical-verbal ones (Luria, 1995a, Xomskaya, 2002). The intervention in ado-
lescents, from this perspective, is just beginning and there is evidence of favora-
ble results (Molina, Garcia, Machiskaya, & Lazaro, 2013, Moreno & Bonilla,
2013).

5. Conclusion

1) The findings revealed functional weakness of the neuropsychological fac-
tors of “regulation and control” and “spatial analysis and synthesis”, in the glob-
al spatial perception modality, in the population with low school performance,
as well as a systemic effect in tasks of visual and verbal retention and of alertness.

2) When considering the school grades, without the condition of high and low
performance, significant differences were identified in favor of the third grade
students on the first and second grades, in the tasks of the analytical spatial per-
ception factor (complex language comprehension tasks).

3) The qualitative evaluation based on the syndromic analysis of the histori-
cal-cultural neuropsychology provides a useful methodology in the identification
of the causes of the errors or difficulties that arise in the normotypic develop-
ment conditions in adolescents.

4) According to the results shown, it is of advise to develop strategies for the
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regulation and voluntary control of various actions, as well as spatial activities of
global and analytical perception in order for the students to have a better school
performance.

5) The neuropsychological analysis would not only allow the creation of
specific psychopedagogical strategies to overcome school difficulties, but also

improve the development in optimal school-performance adolescents.
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