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Abstract:

Advances in neuroimaging techniques
have significantly enhanced our ability to
study differences in cognitive efficiency in
children and adolescents. However, these
studies have traditionally used intelligence
quotient (IQ) as the sole measure of cogni-
tive ability. Talent development experts are
increasingly drawing attention to the major
limitations of exclusively using this mea-
sure to identify the variables associated with
giftedness, in terms of the validity of the con-
struct they intend to measure and in respect
of the measurement’s reliability and stability.
The aim of this study is to analyse whether
the construct of intelligence on which recent
neuroimaging studies are based, the type of
instrument used to quantify giftedness and
the corresponding neurobiological results
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are consistent with the advances made by
differential pedagogy in respect of the multi-
dimensional construct of intelligence. To this
end, a systematic review both of neuroimag-
ing research that seeks to explain the neural
correlates of giftedness in children and ado-
lescents, on the one hand, and of research fo-
cussing more prominently on the field of gift-
edness development, on the other, has been
carried out. The findings suggest that brain
networks and dynamics associated with crea-
tivity and motivation may have a bearing on
cognitive performance variability. However,
as the majority of neuroimaging studies con-
tinue to use IQ as the sole measure of intel-
lectual ability, most of the data produced by
these studies cannot be generalised for the
purpose of determining what differential ped-
agogy experts refer to as “giftedness”.
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Resumen:

El avance en las técnicas de neuroimagen
ha supuesto una poderosa herramienta para
estudiar las diferencias en la eficiencia cog-
nitiva de nifios y adolescentes. Sin embargo,
tradicionalmente estos estudios han utili-
zado el cociente intelectual (CI) como tni-
ca medida de capacidad cognitiva. Cada vez
mas expertos del desarrollo del talento se-
nalan serias limitaciones en el uso exclusivo
de esta medida para identificar las variables
que configuran la alta capacidad intelectual
(ACI), tanto en cuanto a la validez del cons-
tructo que pretende medir como en cuanto
a la fiabilidad y estabilidad de la medida. El
objetivo de este estudio es analizar si el cons-
tructo de inteligencia en el que se basan los
estudios de neuroimagen recientes, el tipo
de instrumento utilizado para cuantificar la
ACI y los resultados neurobioldgicos obteni-

dos son coherentes con los avances hallados
por la pedagogia diferencial en cuanto al
constructo multidimensional de la inteligen-
cia. Para ello, se ha realizado una revisién
sistematica tanto de las investigaciones en
neuroimagen que intentan explicar los co-
rrelatos neuronales de la ACI en nifios y ado-
lescentes como de aquellas investigaciones
con mayor relevancia en el ambito del desa-
rrollo de la ACI. Los hallazgos sugieren que
las redes y dindmicas cerebrales asociadas a
la creatividad y la motivacion podrian influir
en la variabilidad del rendimiento cogniti-
vo. Sin embargo, la mayoria de los estudios
de neuroimagen contintian utilizando el CI
como Unica medida de capacidad intelectual,
por lo que la mayoria de los datos obtenidos
a través de estos estudios no pueden genera-
lizarse a lo que los expertos en la pedagogia
diferencial denominan ACI.

Descriptores: alta capacidad intelectual,
inteligencia, pedagogia diferencial, neuro-
imagen, evaluacién, identificacion, cociente
intelectual.

1. Introduction

The human brain is designed predom-
inantly to improve efficiency, that is, to
minimise the effort involved in process-
ing information and maximise the ca-
pacity for growth and adaptation. But
why do some people appear to have more
efficient brains than others? In recent
years, this topic has been extensively re-
searched in the fields of education and
neuroscience.

The advances made by genome-wide
association studies (GWAS) have revolu-
tionised the research conducted into the
genes that regulate variation in intellectual
capacity. Moreover, data produced by brain
imaging (neuroimaging) techniques have
transformed our understanding of the neural
correlates of these differences. It has been
shown that genetics have no direct bearing
on variations in intelligence. Genetics shape
phenotypes which in turn affect intelligence
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(Goriounova & Mansvelder, 2019). Conse-
quently, neuroimaging techniques have be-
come indispensable to our understanding of
the effects of evolution (phylogeny) and de-
velopment (ontogeny) on learning and intel-
lectual capacity during the life cycle.

Inlight of recent advances in neuroimag-
ing techniques, paving the way for higher
resolution, and of the particular emphasis
placed on paediatric populations, short-
and long-range structural and functional
connections have been established with a
view to understanding typical and atypi-
cal brain maturation. These studies have
shown that neural efficiency is linked to
certain quantitative and qualitative char-
acteristics of the neural network, such as
a greater density of grey and white matter,
an advanced maturation rate, an extend-
ed myelination period, greater structur-
al and functional interconnectivity and a
greater degree of inter-hemispheric acti-
vation (Gomez-Ledn, 2020d; Goriounova
& Mansvelder, 2019). These characteristics
have been linked to differences in intellectu-
al functioning, such as increased processing
speed, reduced energy consumption, great-
er executive efficiency, and a proficiency in
analogical, abstract and creative thinking
(G6émez-Leon, 2019, 2020c; Sastre-Riba &
Ortiz, 2018). One conclusion consistently
drawn from network neuroscience theo-
ry is that functional and structural brain
networks with higher global efficiency are
associated with higher scores in general in-
telligence assessments both in children and
adults (Barbey, 2018).

This research has traditionally focussed
on psychometric intelligence quotient (IQ)

tests to measure intelligence, whether
they involve a single-factor model such as
Raven’s test, or a multi-factor model such
as the Wechsler Scales (Barbey, 2018; Sas-
tre-Riba & Castelld, 2017). 1Q tests mea-
sure convergent thinking based on the se-
lection of a single correct answer, unlike
tasks designed to assess divergent think-
ing in which the child is able to provide a
solution to a problem via a free-flowing,
intuitive or creative approach.

There is quite a broad consensus that in-
telligence represents not one, but a group of
abilities and skills upon which one draws to
think rationally, plan, understand complex
ideas, learn quickly, solve problems effective-
ly and adapt to the environment (Castello,
2008; Sternberg, 2012). The capacity to cre-
ate and innovate is one of the key skills that
human beings need to adapt, thrive in rapid-
ly changing environments, undertake com-
plex tasks and make high-quality decisions.
Gifted children and adolescents not only
perceive complex relationships, form con-
cepts more quickly and store data more ef-
ficiently, but they also fare better in solving
problems they have not previously encoun-
tered and manipulate information more cre-
atively (Gémez-Leon, 2020b). They exhibit
creative aspects of intelligence as well as a
greater capacity for fluid reasoning, working
memory and mental imagery (Gomez-Ledn,
2020Db; Jiménez et al., 2008). That is why
talent development experts point out that
giftedness is not merely a cognitive phenom-
enon that can be measured by conventional
tools such as IQ tests. They take the view
that it also requires the integration of differ-
ent cognitive and emotional resources which
promote learning at an earlier age, differ-
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ent kinds of reasoning and the generation
of useful and original ideas (Pfeiffer, 2020,
Renzulli, 2021).

Some authors make the distinction be-
tween academic abilities related to IQ and
productive/creative skills related to induc-
tive reasoning and creative problem-solv-
ing (Renzulli, 2021). The predominance of
some over others may result in different
gifted profiles with distinctive cognitive
and behavioural characteristics. While
there is no single intellectual profile that
is able to define individuals with a greater
capacity to adapt successfully to the envi-
ronment, as a profile increases in complex-
ity, i.e., it presents both convergent and di-
vergent characteristics, the response that
a subject is able to deliver to a problem is
more effective (Sastre-Riba & Ortiz, 2018).
Efficiency in this respect depends both on
the amount of stored information and on
the number of available intellectual re-
sources and the capacity to manage them
(Castelld, 2008; Renzulli, 2021).

Some of the most relevant authors from
the field of giftedness (Renzulli, 2021; Sas-
tre-Riba & Castell6, 2017; Tourdn, 2020)
posit that the use of IQ as a sole measure
of intelligence means that:

- The corresponding results are only
applicable to some of the aptitudes
that give rise to intelligent be-

- The samples of gifted children and
adolescents may be distorted by
false positives and false negatives.

The aim of this study is to analyse
whether the construct of intelligence on
which recent neuroimaging studies are
based, the type of instrument used to
quantify giftedness and the corresponding
neurobiological results are consistent with
the advances made by differential peda-
gogy in respect of the multidimensional
construct of intelligence.

To this end, the studies examining the
neural correlates of substantial cognitive
ability in children and adolescents are com-
prehensively reviewed. The following par-
ticular aspects shall be assessed: 1) the con-
cept of intelligence defended by the authors;
2) the kind of instrument used to measure
intellectual capacity, or intelligence; 3) any
cut-off point used to determine giftedness;
4) the brain areas under consideration; 5)
the results and the potential scope to gen-
eralise them among the gifted population.

The validity of the results produced by
neuroimaging studies is addressed on the
basis of a comparison with arguments pro-
posed by some of the authors of the most
up-to-date intelligence models who are
broadly supported by research and the sci-
entific community (Gagné, 2015; Pfeiffer,
2020; Renzulli, 2021; Sastre-Riba & Cas-
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2. Methodology

Neuroimaging studies linking neurobi-
ological variables to the cognitive ability of

- It is not possible to link the results
to the differential complexity of the
intellectual profiles of giftedness.
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subjects were systematically reviewed in
accordance with the criteria of the PRIS-
MA statement. To search for these studies,
the following terms were entered into the
search menus of Pubmed, Scopus, Web of
Science and Google Scholar without any
language restrictions: gifted* OR talent
OR “high ability” OR “high intellectual
ability” OR “intelligence” OR “IQ”; AND
“neuro*” OR “MRI” OR “brain networks”
OR “structural connectivity” OR “func-
tional connectivity” OR “morphometry”
OR “DTI” OR “functional magnetic reso-
nance imaging”; AND “development” OR
“children” OR “adolescents”. The search
identified a total of 688 scientific articles.

For the purpose of applying inclusion
and exclusion criteria, database entries
were imported into the Rayyan QCRI tool
(Ouzzani et al., 2016). Duplicates were
deleted and a preliminary analysis was
carried out on the basis of the abstract

sections of the articles. Since the aim of
this study was to analyse the construct
of intelligence used by these authors, any
research focussing exclusively on one or
more cognitive skills were excluded as
they did not address the global cognitive
ability or intelligence of the subjects. After
also excluding studies that did not meet
the inclusion criteria set out in Table 1, a
total of 124 articles remained.

A classification system was established
on the basis of the Airtable database in
order to extract specific information: au-
thor and year; size of sample and sex; age
range, mean and standard deviation; in-
telligence test, analysed IQ interval and
cut-off point; principal findings; and brain
parameter under examination. After re-
viewing all the articles, those that failed to
meet the inclusion criteria were excluded.
As a result, the remaining 24 articles were
analysed in depth.

TaBLE 1. Inclusion and exclusion criteria.

Inclusion criteria

Exclusion criteria

Years of publication: 2010-2021

Year of publication occurring outside of
period between 2010-2021

Use of neuroimaging techniques

Review articles and case studies

Samples of children and adolescents

Focussing exclusively on adults

Linking structural and functional character-
istics of the brain to global cognitive ability

Linking structural and functional charac-
teristics of the brain to one or more specific
cognitive skills (not defined as global cogni-

tive ability)

Assessing scores above population mean or
any from the upper portion of the scale

Only analysing scores under the population
mean.

The sample does not present any medical or
psychological condition that may affect the
development of the nervous system.

The selected samples present a medical or
psychological condition that may affect the
development of the nervous system.

Source: Own elaboration.
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A subsequent search was performed to
identify the most relevant authors from
the field of giftedness development. The
Dialnet and Eric databases were added
for this purpose. The terms used in this
search were “gifted*” OR “talent” OR
“high ability” OR “high intellectual capac-
ity”; AND “identification” OR “Diagnosis”
OR “development”. It included articles
published within the past 4 years of the
systematic review that meet the eligibility
criteria of this research. After the articles
were comprehensively reviewed, indirect
searches were carried out to identify the
most widely cited authors or those whose
data are deemed to be relevant or original
for the study.

3. Results

The characteristics of the sample
(number, sex and age) are specified for the
purpose of determining the cognitive con-
struct to which the neural correlates found
in the selected studies refer. Moreover, the
type of instrument used to measure intel-
lectual ability and the point at which the
term “Giftedness” begins to apply are also
established.

Magnetic resonance imaging makes
it possible to study the neural correlates
of cognitive ability via different imaging
methods. The corresponding data have
been arranged according to the method
adopted by the author: structural reso-
nance imaging (Table 2); diffusion ten-
sor imaging (Table 3); and functional
MRI and properties of the neural net-
work via graph-theoretic approaches
(Table 4).

One of the principal assumptions
which sought to link brain characteristics
to cognitive ability was that brain volume
may be associated with intelligence. It is
now feasible to examine the relationship
between the morphology of various types
of brain tissue and anatomic regions, on
the one hand, and cognitive ability, on the
other (Table 2).

White matter consists of myelinated
axons which transfer information from
one region of the brain to another. It
makes up around half of the human brain
and plays an essential role as primary
conductor of nerve signals and also regu-
lates cognitive function. Diffusion tensor
imaging has made it possible to measure
the properties of the micro-structure of
the brain’s white matter tracts, such as
fractional anisotropy (FA).

The networks analysis describes the
brain as a set of nodes, or regions of the
brain, that are linked via white matter
connections (Barbey, 2018). The brain’s
functional connectivity data, obtained
during rest or task conditions, have been
used to assess the functional efficiency of

the brain network in relation to cognitive
ability (Table 4).

While numerous hig data studies
have been produced in the past decade
around the world to assess the function
and structure of the developing human
brain on the basis of magnetic resonance
imaging, they have not been included
because the reviewed samples failed to
meet one or more of the inclusion crite-
ria of this study.
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4. Discussion

4.1. Sample analysis

Despite advances in the exploration
methods by which initial stages of brain de-
velopment are studied, these methods have
rarely been applied to developing popula-
tions, especially during early childhood at
an age when substantial cognitive changes
take place. The samples of all the studies
under analysis exceed the ages of 4 years
and 10 months. The drawback of working
with younger subjects predominantly con-
cerns the anxiety that these children will
feel as they undergo the MRI, which may
make them less cooperative. Moreover, the
limited attention span and low accuracy in
respect of task performance, coupled with
excessive head movement, may potential-
ly undermine the quality of the data and
ultimately hinder effective interpretation.

Research shows that, from the age of
4, exposure to favourable or unfavourable
environments, or a focus on some domains
at the expense of others, has the greatest
influence on cognitive and creative devel-
opment (Gomez-Ledn, 2020¢). That is why
there is a growing consensus that skills
associated with gifted individuals start,
peak and end their trajectories at differ-
ent stages depending on the particular
domain in which they develop (e.g., math-
ematics, creative writing, etc.) (Pfeiffer,
2020). However, the study produced by
Navas-Sanchez et al. (2014) is the only re-
search to consider the particular domain
in which skills are developed.

On the other hand, according to the
study carried out by Schnack et al. (2015),

the results corroborate and complement
other longitudinal research studies which
show that the pattern of cortical matu-
ration in children with high 1Q scores is
atypical. For instance, the cortical devel-
opment of children with a high IQ acceler-
ates between the ages of 11 and 12.5 and
slows down between the ages of 12.5 and
14. On the other hand, the cortex of chil-
dren with an average 1Q develops slow-
ly between the ages of 11 and 12.5 and
speeds up between the ages of 12.5 and 14
(Gémez-Leon, 2020d). This piece of data
is particularly important when cross-sec-
tional samples are studied, as measure-
ments only provide a general insight into
changes expected during development.
However, of all the studies consulted, not
one takes into consideration the differ-
ences in the pattern of maturation of the
samples.

4.2. Construct of intelligence

Save for the study produced by Na-
vas-Sanchez et al. (2014), all research
studies adopt a monolithic approach to
measure intelligence via 1Q tests. These
scales are based on Spearman’s factor
model whereby performance in mental
capacity assessments jointly reflects a
specific factor, s, which is unique to every
test, and a general factor, g, which is com-
mon to all tests. In terms of general skill
level, individuals who fare well in one do-
main also tend to perform well in others,
which is referred to as positive variety.
The authors of the studies under review
justify the validity and relevance of this
instrument as the sole measure of intel-
ligence, by contending that scores: are
highly correlated and generate a strong
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general factor that underlies different
abilities; are stable over time; are char-
acterised by high heritability; and predict
major life outcomes (Goriounova & Mans-
velder, 2019).

However, some authors have analysed
whether differences in average 1Q be-
tween groups with different academic
levels can be attributed to g, based on the
finding that there is no significant associ-
ation between the scientific construct of
general intelligence (g) and the differences
in intelligence in general (IQ) assessed un-
der WAIS-III (Wechsler Adult Intelligence
Scale) (Colom et al., 2002).

On the other hand, scientific evidence
has shown that cognitive ability is subject
to highly dynamic processes governed by
neuronal activity. The structure and func-
tionality of the regions of the brain asso-
ciated with IQ change during childhood
and adulthood and are shaped by learn-
ing, hormonal differences, experience and
age (Gomez-Leon, 2020c; Goriounova &
Mansvelder, 2019), which is why IQ scores
may also change significantly during the
life cycle. The Study of Normal Brain De-
velopment (NIH) revealed that the scores
recorded by 25% of participants between
the ages of 6 and 18 in tests-retests taken
at an interval of 2 years were marked by
differences of 9 points or more (almost 2/3
standard deviation) (Waber et al., 2012).
Moreover, the number of hours devoted to
practice is a predictor of the level of success
achieved in various domains (Pfeiffer, 2020)

In respect of heritability, genome-wide
association studies show that intelligence

is a highly polygenic trait where genetic
variants can only predict between 20%
and 21% of 1Q variance, less than half of
heritability estimates in studies of twins
(> 50%), and 0.022% of variance when it
is associated with academic achievements
as a phenotype of intelligence (Gori-
ounova & Mansvelder, 2019). Conse-
quently, genetic effects on cognitive abili-
ty do not materialise independently of en-
vironmental factors, but are revealed via
transcriptional regulation by signals pro-
moted by experience. As such, some data
show that socio-economic status modifies
the heritability of IQ in young children
(Turkheimer et al., 2003) and that the ed-
ucation of parents has a strong bearing
on the IQ of children, without being af-
fected by total or regional brain volumes
(Lange et al., 2010).

Moreover, there is growing body of evi-
dence to suggest that I1Q scores are not an
effective predictor of academic achieve-
ments and success in life (Sastre-Riba &
Castelld, 2017). In Spain, statistics show
that 70% of gifted pupils underachieve
at school and between 35-50% fail (Nolla
et al., 2017). On the labour market, em-
ployees who have achieved a satisfacto-
ry academic level do not always reach a
professional status that reflects their 1Q
(Sugiarti et al., 2018). Some authors have
taken the view that the selection of indi-
viduals based on their high 1Q gives them
access to a greater number of resources,
which facilitates the development of in-
tellectual capacities and enables them
to perform better at work (Byington &
Felps, 2010), this would be an alternative
explanation to the prevailing statement
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that professional performance is facilitat-
ed by IQ in and of itself. More recently,
according to the data of the Adolescent
Brain Cognitive Development (ABCD),
one of the leading neuroimaging stud-
ies involving adolescents shows that so-
cio-economic status has a bearing on cog-
nitive development (Sripada et al., 2021),
and not necessarily the inverse.

Current talent development models
are distancing themselves from this re-
ductionist, static and immutable vision of
intelligence and now consider it to be a dy-
namic, ecological, transactional and devel-
opmental status (Renzulli, 2021; Tourén,
2020). From this perspective, every devel-
opment stage is affected by variables such
as available resources, opportunities pre-
sented and exploited, social and emotional
support system, personal choices, certain
personality traits, unforeseen events and
even good fortune. This set of variables
is thought to determine the score of 1Q
tests and, ultimately, life success (Pfeiffer,
2020).

4.3. Measurement instrument

All the research papers examined
under this study have used different
Wechsler scales, save for the research of
Langeslag et al. (2013), which was based
on the Snijders-Oomen (SON) non-ver-
bal intelligence test. In total, 37% of the
research papers have used the Wechsler
Intelligence Scale for Children (WISC).
This scale is designed to estimate Spear-
man’s g factor, according to which a full
IQ scale is not regarded as a unitary and
interpretable construct unless there is a
standard deviation of 1.5 in composite

scores (23 points) (Silverman & Gilman,
2020). While this scale is one of the most
commonly used to measure 1Q, gifted
children tend to achieve average/high
scores in abstract reasoning tasks (ver-
bal, visuospatial, and fluid reasoning)
and lower scores in working memory and
processing speed tasks. Discrepancies
between these scores may be so signifi-
cant that the results are not able to be
interpreted. As such, according to the
recommendation of the National Asso-
ciation for Gifted Children (NAGC), the
General Ability Index should be ascer-
tained by performing 6 Verbal Compre-
hension and Perceptual Reasoning tests
broadly related to the abstract reasoning
skill which represents the most effective
measure of giftedness.

In total, 54% of the studies under as-
sessment used the abbreviated version
of Wechsler WASI (Wechsler Abbreviat-
ed Scale of Intelligence) with 4 sub-tests
(similarities, vocabulary, matrix reason-
ing, block design). This shortened form
has been used to produce a quick and
reliable assessment of intellectual abil-
ity. WASI is underpinned by a number
of sub-tests which assess high-level cog-
nitive skills such as verbal comprehen-
sion and perceptual reasoning. While
these tests have proven to be broadly ef-
ficient in the field of giftedness (Aubry
& Bourdin, 2018), the position statement
of WISC IV and V of NAGC advises that
some variables may reduce IQ scores in
this population. One of which is the es-
timated administration time for every
test. By and large, these children are
more contemplative than their normo-
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typical peers and are not particularly
quick to complete timed and randomised
paper and pencil tasks. They tend to
achieve higher scores in non-timed sub-
tests involving abstract reasoning than
in timed reasoning sub-tests. Moreover,
examiners have reported numerous addi-
tional correct answers in some sub-tests
if the test continues to be administered
until its conclusion, despite the child
reaching the interruption criterion of
three consecutive failures. That is why
the removal of suspension criteria may
accelerate test administration. Howev-
er, it penalises gifted children and may
underestimate their abilities (Silverman
& Gilman, 2020). There is no indication
that any of the examined studies took
these recommendations into account,
which may affect the quality of the mea-
surement.

It has been shown that differences in
measurement quality have a moderating
effect on the correlation between brain
volume and intelligence and function-
al connectivity and intelligence under
rest conditions. In a bid to ascertain this
quality, Gignac & Bates (2017) have pre-
sented an essential guide which lists the
number of tests, their cognitive dimen-
sions, testing time and correlation with
g on a 4-point quality scale: 1: “poor”;
2: “fair”; 3: “good”; and 4: “excellent”.
In accordance with these criteria, 42% of
the 23 articles that were reviewed would
be categorised as “good” (Bathelt et al.,
2019; Clayden et al., 2012; Kim et al.,
2016; Kocevar et al., 2019; Langeslag
et al., 2013; Navas-Sanchez et al., 2014;
Nusbaum et al., 2017; Solé-Casals et

al., 2019; Tamnes et al., 2011; Suprano
et al., 2019) while the remaining 58%
would classify as “fair”.

4.4, Cut-off point between giftedness
and normotypical 1Q

While 79% of the selected studies
correlate neurobiological measures with
IQ, they do not produce a statistical
comparison between gifted and non-gift-
ed groups. It may be a misinterpreta-
tion to consider that both study types
should inevitably converge towards
the same results, as it may be that the
group with a high 1Q is not simply found
at one end of the continuum of gener-
al intelligence and corresponding brain
properties, but may present qualitative-
ly different structural and functional
characteristics (Navas-Sanchez et al.,
2014). Moreover, only three of the five
studies that make inter-group compar-
isons (Nusbaum et al.,2017; Solé-Casals
et al., 2019; Suprano et al., 2019) follow
the recommendations of the APA (Amer-
ican Psychological Association) (Ameri-
can Educational Research Association,
American Psychological Association,
National Council on Measurement and
Education, 2014) predicated on a cut-off
point of 2 standard deviations above the
mean (IQ of 130 in Wechsler) to identify
gifted and non-gifted children. The cut-
off points established in the remaining
two studies (Khundrakpam et al., 2017,
Navas-Sanchez, 2014) are close to the
population mean, despite research in-
dicating that as the intellectual profile
distances itself from the normotypical
scores, the differential characteristics of
cognitive functioning are quantitatively
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and qualitatively greater (Sastre-Riba &
Ortiz, 2018).

4.5. Regions of brain under study and
|Q-related neurobiological findings

The findings of the morphometric
research under review show that brain
volume, volumes of grey and white mat-
ter, the volume of some sub-cortical
structures, such as the striatum, and
the thickness and surface area of some
cortical regions have positive correla-
tions with 1Q. However, 72% of the re-
search papers predominantly focus on
the anatomical characteristics of the
cerebral cortex, related to logico-deduc-
tive reasoning, whereas only 28% ex-
amine sub-cortical structures related to
creativity and motivation, despite the
extensive evidence that they are linked
to higher order cognition (Gomez-Ledn,
2020a; 2020b).

White matter plays a key role during
the development of cognitive functions.
Indeed, as distant regions of the brain
become more efficiently interconnected,
so the capacity to transfer and analyse
information also increases in efficien-
cy, thereby contributing significantly to
processing speed and cognitive develop-
ment. In respect of the research papers
that have assessed the integrity of white
matter in the brain, 87% have examined
both cortical and sub-cortical regions
and detected positive correlation with
IQ. While this greater number of inter-
and intra-hemispherical connections
has also been frequently associated with
creative thinking (Gomez-Ledn, 2020b),
none of the reviewed research papers

has assessed whether or not, or the ex-
tent to which, these results are due to
the overlapping effects of complex pro-
files where convergent and divergent
processes interact.

Studies that refer to the relationship
between the functional connectivity of
neuronal connections and cognitive abil-
ity show positive correlation between the
local and global efficiency of the network
and the logico-deductive skills measured
by 1Q. It is thought that cognitive ability
depends on the contributions of different
regions of the brain which work together
as an integrated network and interact to
produce variations in the system at every
stage of development. When gifted groups
are compared to different profiles on the
Wechsler scale, from a heterogeneous
(score >130 in verbal comprehension or
perceptual reasoning) and homogeneous
perspective (score >130 on both scales),
greater structural and functional con-
nectivity is detected in the homogeneous
group (Nusbaum et al., 2017; Suprano et
al., 2019). Furthermore, recent neurocog-
nitive research has shown that the inte-
gration of the neural network, its dynam-
ic interaction, and the capacity to reach
complex network statuses which facili-
tate adaptive problem-solving is greater
in processes related to creativity than in
those related to intelligence (Kenett et
al., 2018). However, the study produced
by Navas-Sanchez et al. (2014) is the only
one to have used open-response tasks
which enable the relationship between
network integration and interaction, on
the one hand, and creativity, on the other,
to be studied in complex gifted profiles.
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4.6. Generalisation of results produced
by neuroimaging techniques among gift-
ed profiles

The reduction of the intelligence con-
struct to a single dimension may compli-
cate the task of identifying a suitable in-
strument with which to measure it. Binet,
as author of the first IQ tests, was aware
of the limitations of their scale and had to
disregard creativity tasks because he was
unable to identify a rigorous method by
which to assess them, which conditioned
the instrument that he subsequently

used to measure intelligence (Sternberg
& O'Hara, 2005).

Wechsler, the author of the tests used
by 96% of reviewed studies, admits that
intelligence, as he perceives it, cannot
be measured by any test, or at least, not
entirely and, in any event, not directly,
“our intelligence tests measure effec-
tively only a portion of and not all of the
capacities entering into intelligent be-
haviour” (Wechsler, 1943, p. 101). This
author suggests that intelligence tests, as
a measure of intellectual ability, only ex-
plain between 50% and 70% of intelligent
behaviour, while the rest is dependent
upon non-intellective factors. Moreover,
if there is a contradiction between psy-
chometric and qualitative data, he advis-
es that the latter should prevail over the
former (Wechsler, 1943).

While most differential pedagogy au-
thors agree that basing the concept of
intelligence exclusively on the scores of
IQ tests overlooks many important as-
pects of mental capacity (Pfeiffer, 2020),
all the studies under review have asso-

ciated intelligence with logico-deductive
reasoning and academic ability mea-
sured by IQ. This kind of test is relat-
ed to memorisation and reproductive
learning processes. However, it does not
assess the capacity to adapt to unfamil-
iar situations or solve new and complex
problems, which requires skills relat-
ed to creativity and divergent thinking
(Sternberg & O’Hara, 2005).

High levels of creativity are associat-
ed with a higher-than-average 1Q score.
Furthermore, the greater the demand for
creative potential, the higher the neces-
sary minimum IQ thresholds (Jiménez et
al.,2008). Scientific evidence has repeatedly
shown that gifted children and adolescents
not only have a higher IQ and better execu-
tive functioning, but also an extraordinary
level of creativity and a higher level of mo-
tivation for the task at hand (Gémez-Ledn,
2020a; 2020b; Jiménez et al., 2008; Pfeiffer,
2020; Renzulli, 2021; Sastre-Riba & Ortiz,
2018). That is why 92% of the authors of
the most commonly used in giftedness as-
sessments, including Renzulli, Pfeiffer,
Reynolds (RIAS), Kaufman, Elliot (BAS3),
Raven, and the Wechsler authors, agree
that the use of a single dimension to iden-
tify giftedness provides a limited sample of
the ability profile of a child or adolescent,
which means that their ability or potential
may be over or under-estimated. Notwith-
standing the foregoing, the only research
paper to consider this aspect is the study
produced by Navas-Sanchez et al. (2014).
By way of tasks that can be classified as
cognitive, motivational and creative, these
authors have discovered that gifted chil-
dren (high IQ and high level of creativity),
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as opposed to children who only exhibit a
high IQ, not only used more efficient and
innovative strategies to solve new and com-
plex problems, but were also characterised
by a different brain structure:

- Greater intra-hemispheric connec-
tivity in some regions of the corpus
callosum related to fluid reasoning,
executive functioning and working
memory.

- Greater connectivity in frontopari-
etal networks and frontostriatal cir-
cuits involved in creative thinking,
analogy processing and motivation.

- Greater surface area on the bilater-
al visual cortex related to the pro-
cessing of enriched mental imagery
related to visuospatial working
memory.

According to these authors, a high 1Q
could improve information processing
capacity between hemispheres, but gift-
edness, i.e., a high IQ along with a high
level of creativity and motivation, may
pave the way for greater participation in
increasingly difficult and unfamiliar sit-
uations, which would equate to an adap-
tive advantage, since it would increase the
pace of learning, cognitive flexibility and
the adaptation of the whole system to con-
stant changes in the environment and the
system itself.

5. Conclusion
Individual differences affect the ability
to learn, adapt to changes in the environ-

ment and solve new and complex problems.
The latest neuroimaging studies have rep-
resented an unprecedented advance in the
development of instruments that enable
the neural correlates of these differences
to be examined. However, these advances
are in contrast with the instrument used
to measure intelligence. An instrument
based on the traditional and reductionist
concept developed in the early 20th centu-
ry, in which intelligence is deemed to be
synonymous with 1Q.

Differential pedagogy specialists take
the view that giftedness represents a mul-
tidimensional neurobiological configura-
tion that may or may not be linked to the
scores obtained in IQ tests. This discipline
considers giftedness to be underpinned by
logico-deductive and creative components
that must be measured for the purpose
of identifying giftedness. However, neu-
roimaging studies that examine how these
components interact in the development
of gifted children are few and far between.
One of the main reasons may be that the
relevant systems and processes have been
researched separately and independently
of each other.

Only one of the reviewed studies has
taken into consideration the intellectual
profile of participants, based on conver-
gent and divergent tasks, and reaches the
conclusion that a high 1Q and giftedness
(high IQ and high level of creativity) are
two different constructs. Gifted children
have more efficient brains with densely
interconnected regions which facilitate
mutual interaction between various cogni-
tive processes. This, in turn, paves the way
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for the children to propose more effective
solutions adapted to the specific domain in
which they are active.

These results suggest that most of the
data currently extracted from neuroimag-
ing studies cannot be generalised within
the gifted population. It is evident that a
genuine inter-disciplinary study is needed
to establish a consensus as to the validity
and reliability of the construct that is to
be measured, and of the instruments used
to this end.

In order to adopt suitable educational
programmes, it is essential to ascertain,
both from a biological and a cognitive per-
spective, the various skills and processes
by which giftedness is able to develop. If
the development of skills in the 21st cen-
tury “consists of applying relevant knowl-
edge, research skills, creative and critical
thinking skills, and interpersonal skills to
the solution of real problems” (Renzulli,
2021, p. 25), it is suggested that the study
of neural correlates of intelligence should
focus on these skills.

References

American Educational Research Association, Ameri-
can Psychological Association y National Council
on Measurement and Education (2014). Stan-
dards for educational and psychological testing.
American Educational Research Association.

Aubry, A., & Bourdin, B. (2018). Short forms of We-
chsler scales assessing the intellectually gift-
ed children using simulation data. Frontiers
in psychology, 9, 830. https://doi.org/10.3389/
fpsyg.2018.00830

Barbey, A. K. (2018). Network Neuroscience Theory of
human intelligence. Trends in cognitive sciences, 22
(1), 8-20. https://doi.org/10.1016/.tics.2017.10.001

Bathelt, J., Johnson, A., Zhang, M., & Astle, D. E.
(2019). The cingulum as marker of individ-
ual differences in neurocognitive develop-
ment. Scientific Reports, 9 (1), 2281. https://
doi.org/10.1038/s41598-019-38894-z

Burgaleta, M., Johnson, W., Waber, D. P, Colom, R.,
& Karama, S. (2014a). Cognitive ability changes
and dynamics of cortical thickness develop-
ment in healthy children and adolescents. Neu-
rolmage, 84, 810-819. https://doi.org/10.1016.
neuroimage.2013.09.038

Byington E., & Felps W. (2010). Why do IQ scores
predict job performance? An alternative, so-
ciological explanation. Research in Organiza-
tional Behavior, 30 (C), 175-202. https://doi.
org/10.1016/j.riob.2010.08.003

Castells, T. A. (2008). Bases intelectuales de la
excepcionalidad, un esquema integrador [In-
tellectual foundations of exceptionality, an in-
tegrative framework]. revista espanola de
pedagogia, 240, 203-220.

Clayden, J. D., Jentschke, S., Mufoz, M., Cooper,
J. M., Chadwick, M. dJ., Banks, T., Clark, C. A.,
& Vargha-Khadem, F. (2012). Normative de-
velopment of white matter tracts: similarities
and differences in relation to age, gender, and
intelligence. Cerebral cortex, 22 (8), 1738-1741.
https://doi.org/10.1093/cercor/bhr243

Colom R., Abad F. J., Garcia L. E., & Juan-Espinosa,
M. (2002). Educacién, coeficiente intelectual
de escala completa de Wechsler y g [Educa-
tion, Wechsler’s Full Scale IQ, and g]. Intelli-
gence, 30 (5), 449-462. https://doi.org/10.1016/
50160-2896(02)00122-8

Fiell, A. M., Westlye, L. T., Amlien, I., Tamnes, C.
K., Grydeland, H., Engvig, A., Espeseth, T.,
Reinvang, 1., Lundervold, A. J., Lundervold,
A., & Walhovd, K. B. (2015). High-expanding
cortical regions in human development and
evolution are related to higher intellectual abil-
ities. Cerebral Cortex, 25 (1), 26-34. https://doi.
org/10.1093/cercor/bht201

Gagné, F. (2015). From genes to talent: the DMGT/
CMTD perspective. Revista de Educacion,
368, 12-317. https://doi.org/10.4438/1988-592X-
RE-2015-368-289

Gignac, G. E., & Bates T. C. (2017). Brain volume
and intelligence: The moderating role of intelli-
gence measurement quality. Intelligence, 64, 18-
29. https://doi.org/10.1016/j.intell.2017.06.004

€LY-1G¥ ‘220z Jaquadig-aiquiaidas ‘€gg U ‘08 Jedk

ej3o3epad ap ejouedsa ejsinal

_Q‘um 2\
= 5
%Ill “\5

469 EV



year 80, n. 283, Septembre-Dicember 2022, 451-473

revista espaiiola de pedagogia

2
S

2

&
>

s>

&

e,

2

Maria Isabel GOMEZ-LEON

Gémez-Ledn,M.1(2019). Psicobiologiadelasaltasca-
pacidades. Una revision actualizada [Psychobi-
ology of giftedness. An updated review]. Psi-
quiatria bioldgica, 26 (3), 105-112. https://doi.
org/10.1016/j.psiq.2019.09.001

Gomez-Ledn, M. I. (2020a). La psicobiologia de la moti-
vacion en el desarrollo de las altas capacidades inte-
lectuales. Revision bibliografica [Psychobiology of
motivation in the development of giftedness. Bib-
liographical review]. Psiquiatria bioldgica, 27 (2),
47-53. https://doi.org/10.1016/j.psiq.2020.01.003

Goémez-Leon, M. 1. (2020b). Bases psicobioldgicas
de la creatividad en los nifios con altas capacida-
des [Psychobiological bases of creativity in gift-
ed children]. Psiquiatria bioldgica, 27 (1), 28-
33. https://doi.org/10.1016/j.psiq.2020.01.004

Gomez-Leon, M. I. (2020c). Desarrollo de la alta
capacidad durante la infancia temprana [High
capacity development in early childhood]. Pa-
peles del Psicologo, 41 (2), 147-158. https://doi.
org/10.23923/pap.psicol2020.2930

Goémez-Ledn, M. 1. (2020d). Psicobiologia de la alta
capacidad intelectual y el trastorno por déficit de
atencion con hiperactividad. Diagndstico dife-
rencial [Psychobiology of giftedness and atten-
tion deficit hyperactivity disorder. Differential
diagnosis]. Psiquiatria biolégica, 27 (3), 96-
104. https://doi.org/10.1016/j.psiq.2020.06.003

Goriounova, N. A., & Mansvelder, H. D. (2019). Ge-
nes, cells and brain areas of intelligence [Ge-
nes, células y areas cerebrales de la inteligen-
cia). Frontiers in human neuroscience, 13, 44.
https://doi.org/10.3389/fnhum.2019.00044

Jiménez, J. E., Artiles, C., Rodriguez, C., Garcia, E.,
Camacho, J., & Moraes, J. (2008). Creatividad e
inteligencia: édos hermanas gemelas insepara-
bles? [Creativity and intelligence: inseparable
twin sisters?] revista espanola de pedagogia,
240, 261-282.

Karama, S., Colom, R., Johnson, W, Deary, L. J.,
Haier, R., Waber, D. P, Lepage, C., Ganjavi, H.,
Jung, R., Evans, A. C., & Brain Development
Cooperative Group (2011). Cortical thickness
correlates of specific cognitive performance ac-
counted for by the general factor of intelligen-
ce in healthy children aged 6 to 18. Neurolm-
age, 55 (4), 1443-1453. https://doi.org/10.1016/j.
neuroimage.2011.01.016

Kenett, Y. N., Medaglia, J. D., Beaty, R. E., Chen, Q.,
Betzel, R. E, Thompson-Schill, S. L., & Qiu, J.
(2018). Driving the brain towards creativity and
intelligence: A network control theory analysis.
Neuropsychologia, 118 (Pt A), 79-90. https://doi.
org/10.1016/j.neuropsychologia.2018.01.001

Khundrakpam, B. S., Lewis, J. D., Reid, A., Karama,
S., Zhao, L., Chouinard-Decorte, F, Evans, A. C.,
& Brain Development Cooperative Group (2017).
Imaging structural covariance in the develop-
ment of intelligence. Neurolmage, 144, 227-240.
https://doi.org/10.1016/j.neuroimage.2016.08.041

Kim, D. J., Davis, E. P, Sandman, C. A., Sporns,
0., O’Donnell, B. E, Buss, C., & Hetrick, W. P
(2016). Children’s intellectual ability is associ-
ated with structural network integrity. Neu-
rolmage, 124, 550-556. https://doi.org/10.1016/
j-neuroimage.2015.09.012

Kocevar, G., Suprano, I., Stamile, C., Hannoun, S.,
Fourneret, P, Revol, O., Nusbaum, F, & Sa-
ppey-Marinier, D. (2019). Brain structural con-
nectivity correlates with fluid intelligence in
children: A DTT graph analysis. Intelligence, 72,
67-75. https://doi.org/10.1016/j.intell.2018.12.003

Koenis, M., Brouwer, R. M., Swagerman, S. C., van
Soelen, I., Boomsma, D. I., & Hulshoff Pol, H.
E. (2018). Association between structural bra-
in network efficiency and intelligence increa-
ses during adolescence. Human brain map-
ping, 39 (2), 822-836. https://doi.org/10.1002/
hbm.23885

Lange, N., Froimowitz, M. P, Bigler, E. D., Lain-
hart, J. E., & Brain Development Cooperative
Group (2010). Associations between IQ, to-
tal and regional brain volumes, and demog-
raphy in a large normative sample of healthy
children and adolescents. Developmental neuropsy-
chology, 35 (3), 296-317. https://doi.org/10.1080/
87565641003696833

Langeslag, S. J., Schmidt, M., Ghassabian, A., Jad-
doe, V. W, Hofman, A., van der Lugt, A., Ver-
hulst, F. C., Tiemeier, H., & White, T. J. (2013).
Functional connectivity between parietal and
frontal brain regions and intelligence in young
children: the Generation R study. Human
brain mapping, 34 (12), 3299-3307. https://doi.
org/10.1002/hbm.22143



Giftedness from the perspective of neuroimaging and differential pedagogy. Are we talking...

MacDonald, P. A., Ganjavi, H., Collins, D. L., Evans,
A. C., & Karama, S. (2014). Investigating the
relation between striatal volume and IQ. Brain
imaging and behavior, 8 (1), 52-59. https://doi.
org/10.1007/s11682-013-9242-3

Margolis, A., Bansal, R., Hao, X., Algermissen, M.,
Erickson, C., Klahr, K. W, Naglieri, J. A, &
Peterson, B. S. (2013). Using IQ discrepancy
scores to examine the neural correlates of spe-
cific cognitive abilities. The Journal of Neuro-
science: The Official Journal of the Society for
Neuroscience, 33 (35), 14135-14145. https://doi.
org/10.1523/JNEUROSCL.0775-13.2013

Menary, K., Collins, P F,, Porter, J. N., Muetzel, R.,
Olson, E. A., Kumar, V,, Steinbach, M., Lim, K.
0., & Luciana, M. (2013). Associations between
cortical thickness and general intelligence in
children, adolescents and young adults. Intelli-
gence, 41 (5), 597-606. https://doi.org/10.1016/;.
intell.2013.07.010

Navas-Sanchez, F. J., Aleman-Gomez, Y., Séan-
chez-Gonzalez, J., Guzmén-De-Villoria, J. A.,
Franco, C., Robles, O., Arango, C., & Desco, M.
(2014). White matter microstructure correlates
of mathematical giftedness and intelligence
quotient. Human brain mapping, 35 (6), 2619-
2631. https://doi.org/10.1002/hbm.22355

Nolla, G. C., Pareja, E. M. D., Tudela, J. M. O,,
& de la Rosa, A. L. (2017). Analisis y valora-
cién de la situacién actual del alumnado con
altas capacidades en Espafa [Analysis and
assessment of the current situation of high
ability students in Spain]. Revista de Educa-
cién Inclusiva, 5 (2), 129-140. https://revistae-
ducacioninclusiva.es/index.php/REI/article/
view/238/232

Nusbaum, F, Hannoun, S., Kocevar, G., Stamile,
C., Fourneret, P, Revol, O., & Sappey-Mari-
nier, D. (2017). Hemispheric differences in
white matter microstructure between two
profiles of children with high intelligence quo-
tient vs. controls: A tract-based spatial statis-
tics study. Frontiers in neuroscience, 11, 173.
https://doi.org/10.3389/fnins.2017.00173

Ouzzani, M., Hammady, H., Fedorowicz, Z., &
Elmagarmid, A. (2016). Rayyan — a web and
mobile app for systematic reviews. System-
atic Reviews, 5, 210. https://doi.org/10.1186/
$13643-016-0384-4

Pfeiffer, S. I. (2020). Giftedness and talent devel-
opment in children and youth. In P Ward, J.
M. Schraagen, J. Gore y E. M. Roth (Eds.),
The Oxford Handbook of Expertise (pp. 103-
127). Oxford University Press.

Renzulli, J. S. (2021). El papel del profesor en el
desarrollo de habilidades cognitivas complejas
en personas jovenes [The teacher’s role in de-
veloping higher level thinking skills in young
people]. revista espaiiola de pedagogia, 79
(278), 13-32. https://doi.org/10.22550/REP79-
1-2021-01

Sastre-Riba, S., & Castelld, A. (2017). Fiabilidad y
estabilidad en el diagndstico de la alta capaci-
dad intelectual [Reliability and stability in the
diagnosis of high intellectual capacity]. Revis-
ta de Neurologia, 64 (1), 51-58. https://doi.
org/10.33588/rn.64501.2017028

Sastre-Riba, S., & Ortiz, T. (2018). Neurofuncio-
nalidad ejecutiva: estudio comparativo en las
altas capacidades [Executive neurofunctional-
ity: A comparative study in high intellectual
abilities]. Revista de Neurologia, 66 (1), 51-56.
https://doi.org/10.33588/rn.66501.2018026

Schnack, H. G., van Haren, N. E., Brouwer, R. M.,
Evans, A., Durston, S., Boomsma, D. I., Kahn,
R. S., & Hulshoff Pol, H. E. (2015). Changes
in thickness and surface area of the human
cortex and their relationship with intelligence
[Cambios en el grosor y la superficie del cortex
humano y su relacion con la inteligencia]. Ce-
rebral cortex, 25 (6), 1608-1617. https://doi.
org/10.1093/cercor/bht357

Silverman, L. K., & Gilman, B. J. (2020). Best
practices in gifted identification and assess-
ment: Lessons from the WISC-V. Psychology
in the Schools, 57 (10), 1569-1581. https://doi.
org/10.1002/pits.22361

Solé-Casals, J., Serra-Grabulosa, J. M., Rome-
ro-Garcia, R., Vilaseca, G., Adan, A., Vilard, N.,
Bargall6, N., & Bullmore, E. T. (2019). Struc-
tural brain network of gifted children has a
more integrated and versatile topology. Brain
structure & function, 224 (7), 2373-2383.
https://doi.org/10.1007/s00429-019-01914-9

€LY-1G¥ ‘220z Jaquadig-aiquiaidas ‘€gg U ‘08 Jedk

ej3o3epad ap ejouedsa ejsinal

_Q‘um 2\
= 5
%Ill “\5

471 EV



(]
\—
oT]
o
oo
©
=]
o
o
(M)
o
©
o
=
©
o
(2]
o
o]
o’
2
>
o
S

year 80, n. 283, Septembre-Dicember 2022, 451-473

Maria Isabel GOMEZ-LEON

Sripada, C., Angstadt, M., Taxali, A., Clark, D. A.,
Greathouse, T., Rutherford, S., Dickens, J. R.,
Shedden, K., Gard, A. M., Hyde, L. W,, Weigard,
A., & Heitzeg, M. (2021). Brain-wide functional
connectivity patterns support general cognitive
ability and mediate effects of socioeconomic
status in youth. Translational Psychiatry, 11
(1), 571. https://doi.org/10.1038/s41398-021-
01704-0

Sternberg, R. J. (2012). Intelligence. Didlogos en
neurociencia clinica, 14 (1), 19-27. https://doi.
org/10.31887/DCNS.2012.14.1/rsternberg

Sternberg, R. J., & O’Hara (2005). Creatividad e
inteligencia [Creativity and intelligence]. CIC.
Cuadernos de Informacién y Comunicacién,
10, 113-149. https://www.redalyc.org/articulo.
0a?id=93501006

Sugiarti, R., Suhariadi, F,, & Erlangga, E. (2018).
The chance of gifted intelligent students’ suc-
cess in career. Indian Journal of Public Health
Research and Development, 9 (9), 2717. https://
doi.org/10.5958/0976-5506.2018.01009.4

Suprano, I., Delon-Martin, C., Kocevar, G., Stamile,
C., Hannoun, S., Achard, S., Badhwar, A,
Fourneret, P, Revol, O., Nusbaum, F, &
Sappey-Marinier, D. (2019). Topological mod-
ification of brain networks organization in
children with high intelligence quotient: A
resting-state fmri study. Frontiers in Human
Neuroscience, 13, 241. https://doi.org/10.3389/
fnhum.2019.00241

Tamnes, C. K., Fjell, A. M., @sthy, Y., Westlye, L. T,
Due-Tgnnessen, P, Bjgrnerud, A., & Walhovd,
K. B. (2011). The brain dynamics of intellec-
tual development: waxing and waning white
and gray matter. Neuropsychologia, 49 (13),
3605-3611. https://doi.org/10.1016/j.neuropsy-
chologia.2011.09.012

Touron, J. (2020). Las altas capacidades en el sis-
tema educativo espanol: reflexiones sobre el
concepto y la identificacion [Gifted education
in Spanish education system]. Revista de Inves-
tigacion Educativa, 38 (1), 15-32.

Turkheimer, E., Haley, A., Waldron, M., D’Onoftio,
B., & Gottesman, 1. I. (2003). Socioeconomic
status modifies heritability of I1Q in young
children. Psychological science, 14 (6), 623-
628. https://doi.org/10.1046/j.0956-7976.2003.
psci_1475.x

Waber, D. P, Forbes, P W, Almli, C. R., Blood, E.
A., & Brain Development Cooperative Group
(2012). Four-year longitudinal performance of
a population-based sample of healthy children
on a neuropsychological battery: The NIH MRI
study of normal brain development. Journal of
the International Neuropsychological Society:
JINS, 18 (2), 179-190. https://doi.org/10.1017/
S1355617711001536

Wang, L., Wee, C. Y, Suk, H. I, Tang, X., & Shen,
D. (2015). MRI-based intelligence quotient (IQ)
estimation with sparse learning. PloS one, 10
(3), €0117295. https://doi.org/10.1371/journal.
pone.0117295

Wechsler, D. (1943). Non-intellective factors in gen-
eral intelligence. Journal of Abnormal and
Social Psychology, 38, 101-103. https://doi.
0rg/10.1037/h0060613

Westerhausen, R., Friesen, C. M., Rohani, D. A,
Krogsrud, S. K., Tamnes, C. K., Skranes, J.
S., Haberg, A. K., Fjell, A. M., & Walhovd, K.
B. (2018). The corpus callosum as anatom-
ical marker of intelligence? A critical exami-
nation in a large-scale developmental study.
Brain structure & function, 223 (1), 285-296.
https://doi.org/10.1007/s00429-017-1493-0

Westlye, L. T., Walhovd, K. B., Dale, A. M., Bjgr-
nerud, A., Due-Tgnnessen, P, Engvig, A., Gryde-
land, H., Tamnes, C. K., Ostby, Y., & Fjell, A. M.
(2010). Life-span changes of the human brain
white matter: Diffusion tensor imaging (DTI)
and volumetry. Cerebral cortex, 20 (9), 2055-
2068. https://doi.org/10.1093/cercor/bhp280

Author biography

Maria Isabel Gémez-Leon is a post-
graduate Lecturer of the Master’s Degree
in Special Education, the Master’s Degree
in Early Care and Child Development,
the Master’s Degree in Neuropsychology
and Education and the Master’s Degree
in Neuromarketing at the Universidad
Internacional de La Rioja and of the Mas-
ter’s Degree in Educational Processes
of Teaching and Learning, the Master’s
Degree in Attention to Diversity and the



Giftedness from the perspective of neuroimaging and differential pedagogy. Are we talking...

Master’s Degree in Advanced Studies in
Giftedness and Talent Management; and
a graduate professor of the Degree in
Early Childhood Education and Prima-
ry Education at Universidad Antonio de
Nebrija; and a postgraduate Lecturer of
the Master’s Degree in Advanced Teach-
ing Competences and the Master’s De-

gree in Psycho-pedagogical Orientation
and Intervention at Universidad Camilo
José Cela; and Director and postgraduate
professor of the Master’s Degree in Early
Intervention at Universidad Francisco de
Vitoria.

@ https://orcid.org/0000-0001-7466-5441

€/¥-16¥ ‘2202 4equisdig-aiquisldag ‘€8¢ U ‘08 Jeak

ej3o3epad ap ejouedsa ejsinal

17
§\\ ) >\
g8 5

g

473 EV





